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Abstract

Background: Maintaining a motivated health workforce is critical to health system effectiveness and quality of care.
Scant evidence exists on whether interventions aimed to strengthen health infrastructure in low-resource settings
affect health workers. This study evaluated the impact of an intervention providing solar light and electricity to rural
maternity facilities in Uganda on health workers'job satisfaction.

Methods: We used a mixed-methods design embedded in a cluster randomized trial to evaluate whether and how
the We Care Solar Suitcase intervention, a solar electric system providing lighting and power, affected health workers
in rural Ugandan maternity facilities with unreliable light. Facilities were randomly assigned to receive the interven-
tion or not without blinding in a cluster-randomized controlled trial. Outcomes were assessed through two rounds

of surveys with health workers. We used regression analyses to examine the intervention’s impact on job satisfaction.
We used an inductive approach to analyze qualitative data to understand the study context and interpret quantitative
findings.

Results: We interviewed 85 health workers across 30 facilities, the majority of whom were midwives or nurses. Quali-
tative reports indicated that unreliable light made it difficult to provide care, worsened facility conditions, and harmed
health workers and patients. Before the intervention, only 4% of health workers were satisfied with their access to
light and electricity. After the installation, satisfaction with light increased by 76 percentage points [95% confidence
interval (Cl): 61-92 percentage points], although satisfaction with electricity did not change. Experience of negative
impacts of lack of overhead light also significantly decreased and the intervention modestly increased job satisfaction.
Qualitative evidence illustrated how the intervention may have strengthened health workers'sense of job security
and confidence in providing high-quality care while pointing towards implementation challenges and other barriers
health workers faced.

Conclusions: Reliable access to light and electricity directly affects health workers’ ability to provide maternal and
neonatal care and modestly improves job satisfaction. Policy makers should invest in health infrastructure as part
of multifaceted policy strategies to strengthen human resources for health and to improve maternal and newborn
health services.
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Background quality care to patients [23]. In Tanzania, facility infra-

Improving maternal and newborn care quality is criti-
cal for reaching the Sustainable Development Goals and
achieving universal health coverage. Sub-Saharan Africa
(SSA) has the highest burden of maternal and perinatal
mortality, accounting for 66% of maternal deaths and 42%
of neonatal deaths globally [1, 2]. Most of these adverse
outcomes can be prevented with high quality care [1],
but many health facilities in SSA fall short of care that
is “safe, effective, timely, efficient, equitable, and people-
centered” as recommended by the World Health Organi-
zation [3, 4].

The health care workforce is the most important
resource for health systems to provide high quality care
and a critical building block to meet countries’ health
goals [5, 6]. SSA has only 12.8 skilled health workers per
10,000 population, compared to the global average of
52.8 [7]. For health systems to tackle the health workforce
shortage and to provide high quality of care, it is a prior-
ity to maintain a motivated health care workforce [8, 9].
This is of particular importance for maternity care work-
ers in SSA, who provide essential services around the
clock and often in remote rural areas with inadequate
health infrastructure. However, levels of job satisfaction
and morale are generally low as less than half of midwives
and others who provided maternity care reported being
satisfied with their current job in previous studies in SSA
[10-12].

Health infrastructure, including access to electricity
and light in health facilities, is critical to maternal health
care delivery. According to a study across eight countries
in SSA, 28% of health facilities are not connected to the
power grid and 34% of hospitals suffer from frequent
power outages [13]. Existing evidence suggests that lack
of reliable light affects health workers’ job performance,
job satisfaction, morale, and retention [14-20]. Some
health workers in Kenya, Nigeria, and Tanzania identified
inadequate access to electivity as a critical factor affect-
ing their motivation and retention [14, 17, 20]. Maternity
health workers in Burkina Faso and Tanzania prefer to
serve in urban over rural areas partially due to availability
of electricity [18]. Recent systematic reviews have asso-
ciated poor physical work conditions with high levels of
health worker burnout [21, 22]. A study in Uganda found
that poor infrastructure at maternity facilities frustrated
health workers and made them feel they could not offer

structure and supportive interpersonal relationships were
highly correlated with providers’ job satisfaction [24].
Electricity and light are particularly important to health
workers in rural areas, where power grid access is lim-
ited and health workers typically use accommodations
provided by health facilities [19, 20, 23]. However, there
is little empirical evidence as to whether interventions
aimed to strengthen health infrastructure can improve
health workers’ job satisfaction.

We conducted a cluster-randomized controlled trial
to evaluate the impact of the “We Care Solar Suitcase,” a
solar electric system that provides medical lighting and
electricity, on health workers’ job satisfaction in mater-
nity facilities in rural Uganda. Using a mixed-methods
approach, this study examines whether and how access to
light and electricity affects health workers’ outcomes.

Methods

Study setting

The study was conducted in maternity facilities in Cen-
tral, Eastern, and Western regions of Uganda [25].
Uganda has a population of 44.3 million in 2019, with
a total fertility rate of 4.8 live births per woman [26]. In
2016, about 74.2% of deliveries were assisted by a skilled
birth attendant and 73.4% of deliveries occurred in a
health facility [27]. Uganda’s health system is divided
into public and private sectors. The public sector consists
of national and regional hospitals and a tiered district
health system composed of health centers at four levels.
Most lower-level health centers are not connected to the
central electricity grid and power shortages are frequent
[28, 29]. A 2015 survey suggested that kerosene lamps
supplied 42% of lighting needs in Health Center IIs [29].
In our study, 40% of health facilities did not have electric-
ity or relied on lanterns as the primary source of light at
the time of the baseline survey [30].

Intervention

The intervention, a “Solar Suitcase” manufactured by the
non-government organization We Care Solar, is a com-
plete solar electric system that contains high efficiency
movable LED lights for medical use, rechargeable head-
lamps, USB ports for charging cell phones and small
medical devices, and a portable fetal heart rate Doppler
[30]. One Solar Suitcase was installed in each facility,
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with 2—4 overhead LED lights for each delivery room,
depending on its size. A full description of the Solar Suit-
case and its implementation, including training of health
workers, maintenance, and costs have been previously
published [25, 30].

Study design

We used an embedded mixed-methods design to evalu-
ate whether and how the intervention affected health
workers’ job satisfaction and their experiences of working
at night [31, 32]. Specifically, we embedded qualitative
data collection within an experimental design before and
after the intervention implementation to understand the
study context and interpret quantitative results.

The experimental study was a stepped-wedge cluster-
randomized controlled trial. The trial was conducted
between June 2018 and April 2019. Level II, III, and IV
health centers that lacked access to a reliable, bright
light source in the maternity ward were eligible for
inclusion in the study. Facilities were randomized into
one of two groups of 15 facilities to either receive the
intervention in the first or second sequence. The focus
of this analysis used data collected from the baseline
(when no facility received the intervention) and the
first follow up survey (6 weeks after the first 15 facilities
had received the intervention) (Fig. 1). Within facilities,
we interviewed all consenting health workers who were
involved in labor and delivery. The interview consisted
of both quantitative survey questions and qualita-
tive open-ended questions. The purpose of the open-
ended questions was to elicit narratives of the study
context and intervention impact to facilitate interpre-
tation of quantitative findings. Enumerators followed
an interview guide to ask these open-ended questions
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and recorded health workers’ responses as field notes.
Details of the trial design, including sampling methods,
randomization, and sample size, have been previously
published [25, 30].

A total of 15 female and 5 male enumerators con-
ducted the health worker surveys. These enumerators
had at least a certificate in Comprehensive Nursing or
Midwifery and completed a 2-week training on research
protocol, data collection methods, and human subjects
research. With permission from the district and facil-
ity leaders, enumerators interviewed health workers at
a private space using a questionnaire with both closed
and open-ended questions. The research team com-
prised two researchers with PhDs in health policy and
mixed-methods training (SR and WC), a researcher
with a PhD in economics (JC), a researcher with a PhD
in medicine (PW), and a researcher with a post-gradu-
ate diploma in monitoring and evaluation (BM). Three
team members were female (JC, SR, and WC) and two
were male (BM & PW).

Sample size

Before the trial began, we calculated the minimum
detectable effect size for health workers’ satisfaction
with light and electricity to be 0.62, assuming a total
of 3 health workers per facility across 30 facilities, a
mean health worker satisfaction score of 2 (out of a 1-5
range), and an intra-cluster correlation (ICC) of 0.3. In
practice, our observed sample size was about 2 health
workers per facility, the baseline satisfaction score
was 3.1, and the ICC was 0.2. Using these parameters,
our ex post minimum detectable effect size for health
worker satisfaction was 0.36.

| 30 facilities randomized across 15 districts |

|

)

Intervention
15 facilities allocated

Control
15 facilities allocated

v

v

43 health workers recruited for interview
43 health workers included

Baseline Survey
Jun 2018 — Oct 2018

42 health workers recruited for interview
42 health workers included

—>| 18 missing at follow-up

—>| 13 missing at follow-up

A

4

25 health workers recruited for interview
25 health workers included

Follow-up Survey
Oct 2018 — Jan 2019

29 health workers recruited for interview
29 health workers included

Fig. 1 Study flow chart
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Measures

The pre-registered primary outcomes included health
workers’ overall job satisfaction as well as their satis-
faction with light and electricity. Job satisfaction was
measured via an index and calculated as the mean of
health workers’ responses to four statements about
their motivation to work, how satisfied they are with
their job, the morale level at their department, and
their plans to stay at the same job, with higher scores
indicating greater job satisfaction. Satisfaction with
light and electricity is a binary variable equal to one
if a health worker “agreed” or “strongly agreed” to
both statements: “I am satisfied with the availability
and brightness of light in this facility” and “I am sat-
isfied with the availability of electricity in this facility”
Detailed definitions of quantitative outcomes are pro-
vided in Appendix Table 4.

For pre-registered secondary outcomes, we con-
structed an index to measure health worker’s experiences
of the impact of lack of overhead light during nighttime
deliveries in the past month. The index was calculated
as the mean of 14 items that measured how often health
workers conducted deliveries at night without overhead
light; had to hold a torch (i.e., flashlight) in hand to see
a patient; experienced lack of light that affected normal
care provided; delayed care; feared to move around the
facility; and were affected in ability to suture, find/use
equipment, conduct examinations of the mother, provide
emergency care, provide newborn care, monitor fetal
heartrate, administer medication, clean up after delivery,
and manage infection control. Responses were scored
on a 1-5 Likert scale from “Never” to “Every nighttime
delivery’; so that higher scores on the index indicated
more frequent occurrence of negative impacts of lack of
overhead light.

In addition to the pre-registered outcomes, we exam-
ined each of the indicators that constituted the 4-item job
satisfaction index individually. We further examined out-
comes that measured concepts closely related to health
workers’ job satisfaction, such as job security, self-confi-
dence, adequate support in terms of supplies and equip-
ment, and workload. Responses to these measures were
assessed on a 1-5 Likert scale to indicate levels of agree-
ment, with higher scores indicating greater satisfaction.

As part of the open-ended questions, health workers
were asked to comment on the impacts of lack of over-
head light on their job, difficulties with using kerosene
lanterns or candles, memorable situations where lack of
lighting affected patient care, comparison between lack of
lighting and other challenges at facilities, and their feel-
ings about working without reliable light. After receiving
the intervention, health workers were asked to comment
on whether the intervention helped them to care for
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patients and what kind of challenges they encountered in
using the intervention.

Data analyses

First, we evaluated the effects of the intervention on
health worker outcomes by analyzing quantitative data
collected from health worker surveys. To supplement the
quantitative findings, we analyzed qualitative data col-
lected from the open-ended questions.

Quantitative analysis We used linear probability mod-
els that included facility fixed effects to estimate the
impact of the intervention on primary and secondary
outcomes at the level of health workers. Standard errors
in all models were clustered at the facility level.

To assess the robustness of the models, we used
alternative model specifications including non-linear
models (logistic for binary outcomes and Poisson for
count outcomes), facility random effects, inclusion of
health worker control variables in regression models,
and adjustment of standard errors using the wild clus-
ter bootstrap method given the small number of facili-
ties [33]. In addition, we assessed whether the results
were driven by compositional changes in health workers
after installation of the intervention by examining heath
worker retention rates as a robustness check. Data were
analyzed with Stata version 15.1 [34].

Qualitative analyses We used an inductive analytical
approach to analyze the qualitative data [32]. One mem-
ber of the research team began the qualitative analysis by
reading the field notes in full until reaching a high level
of familiarity with the content of the text. She organ-
ized enumerators’ field notes based on the open-ended
questions, created initial codes by open coding the field
notes, and coded the text to generate themes. A second
member of the research team read the coded text and
provided feedback. The two research team members
iteratively analyzed the codes, coded the field notes, and
finalized categories and themes. Throughout the process,
we considered how our training, identity, and world view
influenced our interpretation of the qualitative findings
and consulted other research team members to draw on
interdisciplinary insights. We did not present the qualita-
tive results to health worker participants for comments,
but we shared the findings with our in-country team who
agreed that the findings reflected the reality in the clini-
cal setting. Qualitative data were analyzed with Taguette
version 0.10.1, a web-based text management and analy-
sis software [35].

Results

Baseline characteristics and context

All eligible health workers agreed to participate in the
health worker surveys (Fig. 1). At the baseline survey, 85
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health workers participated in the health worker inter-
view. At the follow-up survey, 54 health workers were
interviewed. Common reasons for loss-to-follow-up
included being transferred to another facility, having
left the job, or being on maternity leave. The interven-
tion assignment had no effect on health worker retention
(Table 5).

Table 1 shows the baseline characteristics of health
workers and facilities and tests for balance in these char-
acteristics across facilities randomized to the interven-
tion or control group. Characteristics of health workers
retained vs. not retained in the follow-up survey are
presented in Appendix Table 6. The majority of health
workers were enrolled midwives or nurses (68%), fol-
lowed by clinical or nursing officers (16%) and assistants
or traditional birth attendants (15%). Almost all of them
had post-secondary education (98%) with an average of
7.9 years of experience since obtaining their certificates.
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These health workers reported conducting an average of
17 deliveries in the past month. At the facility level, most
of the 30 facilities were Level III Health Centers (73%)
with an average patient volume of 33.6 per month. The
intervention and control groups did not differ in health
worker or facility characteristics. Health workers’ assess-
ment of light and electricity and their job satisfaction lev-
els were also similar at baseline.

Qualitative data provided contextual information
regarding what it was like to work in a maternity ward
at night without sufficient light or electricity (Fig. 2 and
Panel A of Table 7). Lack of light made it more difficult to
provide care, affecting clinical procedures such as sutur-
ing, inserting IV lines, and monitoring blood loss. Some-
times these procedures were delayed until the morning
or skipped altogether. Sometimes health workers referred
out primigravida women by default because of the con-
cern that they may not see clearly enough to suture

Table 1 Baseline characteristics of health workers and health facilities

Overall Intervention Control p-value
Panel 1: Health Worker Characteristics
Number of health workers 85 43 42
Female 84 (99%) 43 (100%) 41 (98%) 0.31
Age, mean (SD) 34.2(9.8) 3349.7) 35.1(9.9) 043
Number of deliveries last month, mean (SD) 174 (154) 15.2(12.1) 19.5(18.0) 0.20
Education
Only secondary 2 (2%) 2 (5%) 0 (0%) 0.27
Certificate 49 (58%) 26 (60%) 23 (55%)
Diploma or Bachelor 34 (40%) 15 (35%) 19 (45%)
Position
Clinical/Nursing Officer 14 (16%) 7 (16%) 7 (17%) 0.11
Enrolled Midwife/Nurse 58 (68%) 26 (60%) 32 (76%)
Assistant/Traditional Birth Attendants 13 (15%) 10 (23%) 3 (7%)
Years of experience, mean (SD) 79 (84) 7.5(8.1) 8.3(8.7) 0.66
Satisfied with light and electricity 3 (4%) 1 (2%) 2 (5%) 0.54
Job satisfaction index, mean (SD) 3.1(0.8) 3.1(0.8) 3.1(0.7) 0.99
Impact of lack of overhead light index, mean (SD) 32(1.0) 32(1.0) 3.1(09) 0.64
Panel 2: Health Facility Characteristics
Number of facilities 30 15 15
Facility level
Health Center Il 5(17%) 3 (20%) 2 (13%) 0.77
Health Center Il 22 (73%) 11 (73%) 11 (73%)
Health Center IV 3(10%) 1 (7%) 2 (13%)
Primary source of electricity
None/lanterns 12 (40%) 6 (40%) 6 (40%) 0.89
Grid 11 (37%) 5(33%) 6 (40%)
Solar 7 (23%) 4 (27%) 3(20%)
Facility gov't owned 28 (93%) 13 (87%) 15 (100%) 0.14
Monthly patient volume, mean (SD) 336(17.2) 30.2(18.1) 370(16.1) 0.29

MCH maternal and child health, SD standard deviation. See Table 4 in the Appendix for definitions of outcomes
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* More difficult procedures, esp.
to identify / suture tears, insert
IV lines, examine/monitor blood
loss, prescribe/ administer
drugs, locate supplies,
resuscitate newborns

*  When attending multiple
patients

* Delayed care / procedure

* Unnecessary referrals

* Inadequate care

Difficulty in
providing
care

Poor
facility
conditions

* Poor air quality from kerosene
lamps

*  Worse facility hygiene — stained
walls/ ceilings from kerosene
lamps/candles

* Fire hazard from
lanterns/candles

* Anxiety, fear, stress, irritation,
boredom

* Reduced job security

* Pain, infection, injury, fatigue

* Disrespect from patients

* Lower motivation / morale

* Lack of personal safety

Damage to personal phones

Harm to
health
workers

Impact of Insufficient Light/Electricity

Harm to
patients

Burden on patients/companion

* Loss of privacy

* Facility-acquired infection/
injuries

» Discomfort / pain

* Fistula

* Neonatal death

* Maternal death

Fig. 2 Impact of insufficient light or electricity based on qualitative open-ended questions with health workers

potential tears appropriately. Lack of light or electricity
also harmed health workers directly, as many felt anx-
ious, fearful, or stressed to work at night without suffi-
cient light and a few reported needlestick injuries. Health
workers were also less motivated and felt a loss of dig-
nity when they could not provide good care to patients.
Most health workers used kerosene lamps at night,
which stained the walls and ceilings, created a fire haz-
ard, irritated the respiratory system, and only provided
dim light that led to eyestrain. Other health workers
reported needing to hold a torch or their own cell phone
in the mouth, which made procedures harder to per-
form and led to damages when the phone was dropped
by accident. Patients or their companions were asked to
provide light or hold the torch during procedures, which
eroded patient privacy and reduced community respect

for health workers. Health workers also attributed a few
cases of maternal and perinatal deaths to lack of light and
electricity.

Intervention effects on health worker’s satisfaction

with light and electricity

Table 2 shows the main results from the regression anal-
yses. The intervention did not have a significant effect
on health worker’s satisfaction with light and electricity
together. However, looking at light and electricity sepa-
rately, the intervention increased health workers’ satisfac-
tion with light by 76 percentage points [95% confidence
interval (CI): 61-92 percentage points], an almost 20-fold
increase from the control mean of 4%. In comparison, the
intervention had no effect on health workers’ satisfaction
with electricity. Restricting the sample to health workers
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Table 2 Regression estimates of intervention impact on health worker outcomes

(1) (2) (3)
Satisfied with electricity

Satisfied with light
and electricity

Satisfied with light

@ (5

Impact of lack of
overhead light index

Job satisfaction index

Panel A: All health workers presented at baseline

Solar Suitcase 0.19 0.76*** 0.19 — 1.96%** 0.30**
[— 0.05,043] [0.61,0.92] [—0.05,043] [—263,—129] [0.08,0.51]
Control mean 0.04 0.04 0.04 3.28 3.17
Observations 139 139 139 136 139
Health workers 85 85 85 85 85
Panel B: Health workers presented at both baseline and follow-up surveys
Solar Suitcase 0.20 0.76*** 0.20 — 1.98*** 0.33**
[—0.07,047] [0.62,0.90] [—0.07,047] [—2.71,—1.25] [0.11,0.55]
Control mean 0.04 0.04 0.04 3.38 3.19
Observations 108 108 108 105 108
Health workers 54 54 54 54 54

Linear models that use data from both baseline and follow-up surveys and include facility fixed effects. Results show point estimate and 95% confidence interval.
Standard errors are clustered at facility level. Satisfied with light and electricity is equal to 1 if health worker strongly agrees or agrees with both (1) | am satisfied

with the availability and brightness of light in this facility and (2) | am satisfied with the availability of electricity in this facility. Impact of lack of overhead light index
is an index of 14 items measuring health workers' assessment of impact of lack of overhead light on their ability to conduct job tasks, including how often health
worker: conducted deliveries without overhead light; had to hold torch in hand/mouth to see patient; experienced lack of light that affected normal care provided;
delayed care; feared to move around facility; was affected in ability to suture, find/use equipment, conduct examinations of mother, provide emergency care, provide
newborn care, monitor fetal heartrate, administer medication, clean up after delivery, manage infection control. This is reversely coded so that higher score indicates
more frequent negative impact. Job satisfaction index is the mean score of four statements on a 1-5 scale: (1) These days, | feel motivated to work as hard as | can. (2)
Overall, | am satisfied with my job. (3) Overall, the morale level at my department is good (4) | plan on staying at this position for the next year. *p <0.05, **p <0.01,

#%p 20,001

present at both surveys (Panel B of Table 2) or analyzing
the outcomes as continuous instead of binary (Table 8)
did not change the results.

Similarly, the intervention significantly reduced health
worker’s experience of negative impacts of lack of over-
head light, lowering the index score by 1.96 points (95%
CI: — 2.63 to — 1.29) from a control mean of 3.28 points.
This can be interpreted as a change from lack of overhead
light affecting workers during some nighttime deliveries
before the intervention to almost never affecting workers
during nighttime deliveries after the intervention.

Qualitative data supplemented these results by showing
how the intervention made many clinical and administra-
tive procedures easier to perform, such as conducting
episiotomy, suturing tears, and removing the placenta
(Table 3). In their response to the open-ended questions,
health workers also provided many examples of how the
headlamp, overhead light, and fetal Doppler from the
intervention reduced unnecessary referrals and delays
in care, enhanced health workers’ personal security, and
created a better work environment overall.

Intervention effects on job satisfaction

The intervention significantly increased health workers’
job satisfaction by 0.30 points (95% CI: 0.08-0.51), an
increase of about 10% from the control mean (Table 2).
Restricting the sample to health workers present at both

surveys did not change the results (Panel B of Table 2).
Regarding the individual items included in the job sat-
isfaction index, the intervention increased health work-
ers’ reported motivation to work hard by 0.6 points
(95% CI: 0.02-1.17) from a control mean of 3.18, but
had almost no effect on health workers’ job satisfaction
when assessed as a single question, nor on their morale
or intention to stay (Table 8).

The qualitative data provided insights that may explain
the lack of stronger intervention effects on health work-
ers’ job satisfaction (Panel B of Table 6). First, health
workers mentioned a few problems related to using the
Solar Suitcase effectively, such as the short battery span
of the overhead light, no refill of ultrasound gel for the
Doppler, and lack of training on how to use the Solar
Suitcase for new staff who joined after the original instal-
lation. Based on the quantitative data, 24% of health
workers recruited in the follow-up survey were not fully
trained on how to use the Solar Suitcase. Second, health
workers faced many other challenges at the facility in
addition to insufficient light, such as lack of supplies,
space, clean water, security, and accommodation. Moreo-
ver, poor community relationships and understaffing may
have lowered the feeling of fulfillment health workers
could derive from their job despite better infrastructure.

In addition to the primary outcome on job satisfac-
tion, the intervention had significant positive effects on
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Satisfied with availability and brightness of light i |—|} Satisfied with
Satisfied with availability of electricity S EE— light & electricity
Motivated to work hard €|—|
Satisfied with job overall — Job satisfaction
Good morale at my department H—' index
Plan on staying for the next year |—:3—|
Feel my job is secure 1‘ e
Have enough time to complete daily tasks H—|
Confident that | can take care of patients }r e
Feel capable to do their job E e
Have supplies to my job well and safely H—|
Have equipment to do my job well l—%—i
Have access to drugs and medication |—?:—|
Have access to safe clean water |—i—|
Dread having to work (reversely coded) |—f—|
Workload is manageable |—;—|
Working hours are acceptable |—E‘|
b 1
Change in outcome scores
Fig. 3 Impact of intervention on individual items related to job satisfaction. Linear regression results show point estimates and 95% confidence
interval. Standard errors are clustered at facility level. Sample consists of all health workers present at the baseline survey. Health workers rated to
what extent they agreed with each statement on a 1-5 scale, with 1 being “strongly disagree”and 5 “strongly agree”

health workers’ sense of job security, confidence in their
capacity to take care of patients, and capability to do their
job (Fig. 3). Based on the qualitative data (Table 3), mid-
wives worried about losing their job because they could
not do it well without adequate light, which may explain
the effect on job security. Health workers reported that
the fetal Doppler that came with the intervention made
detecting the fetal heart rate much faster and easier
than a fetoscope, which improved the timeliness of care
and increased patient satisfaction. Health workers also
reported that the intervention provided lighting neces-
sary to monitor patients and detect complications, which
reduced delay in diagnosis and treatment. These qualita-
tive examples illustrated how the intervention may have
strengthened health workers’ confidence in providing
good patient care.

In our robustness checks, we found that using alter-
native model specifications produced generally similar
results (Table 9). The exceptions were for satisfaction with
light and electricity and the job satisfaction index in non-
linear models. In the logistic model, the odds of being sat-
isfied with light and electricity was significantly higher for
the intervention group. In the Poisson model, the inter-
vention had a positive but not significant effect on the
incidence rate ratio for the job satisfaction index. Includ-
ing facility random effects or adjusting standard errors
using the wild bootstrap method did not change the

results presented in Table 2. Adding health worker con-
trols to the regression models did not change the results
(Table 10).

Discussion

Using a mixed-methods approach, this study examined
whether and how an infrastructure-improvement inter-
vention affected the job satisfaction of health workers who
provided maternal and newborn care in rural Uganda. The
results show that the Solar Suitcase installed in maternity
facilities improved health workers’ satisfaction with light
but not with electricity, reduced health worker’s experi-
ences of negative impacts of lack of overhead light during
night-time deliveries, and had a modest effect on health
workers’ job satisfaction. The intervention addressed most
problems posed by insufficient light in maternity facilities
and strengthened health workers’ sense of job security
and confidence in providing high-quality care. However,
a range of challenges may have prevented the Solar Suit-
case from having a larger impact on the job satisfaction of
health workers who often faced many prominent barriers
in a resource-constrained setting.

The installation of the Solar Suitcase increased the pro-
portion of health workers who were satisfied with light
from 4% to more than 80%. The intervention also reduced
how often lack of overhead light negatively affected
health workers’ ability to provide maternity and newborn
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care, essentially reducing the impacts from affecting
some nighttime deliveries to nearly never affecting deliv-
eries. These large impacts on subjective measures of light
and electricity echo our findings previously that the Solar
Suitcase was well-adopted and increased the bright-
ness and adequacy of lighting measured by enumerators
and light sensors [36]. Given these large effects, future
research could explore the Solar Suitcase’s application in
other clinical domains. However, the intervention did not
significantly increase health worker’s satisfaction with
electricity, probably because electric power derived from
the Suitcase was limited to charging mobile phones and
small medical devices, as opposed to, for example, pow-
ering a refrigerator to store blood products or powering
the whole facility. It is also possible health workers inter-
preted “electricity” to mean availability of the electric
grid, which the Suitcase did not affect.

Results from the study also illustrated how improvement
in health infrastructure could enhance health workers’ job
satisfaction, as suggested by previous research in LMIC
[24, 37, 38]. The intervention increased health workers’
score on the job satisfaction index by about ten percent.
Qualitative evidence suggested that better lighting and
electricity improved work environment, living conditions,
and personal security, which are especially important to
female health workers in rural areas [39]. In addition, suf-
ficient light may also have signaled higher quality of care to
the community, earned more respect for health workers,
and made their work more rewarding, which all contrib-
ute to greater job satisfaction [15, 39]. Given the impor-
tance of health workers’ motivation to successful guideline
implementation in obstetric care in LMICs and the lim-
ited existing research on effective approaches to motivate
health workers [9, 40], our study contributes to the litera-
ture by generating rigorous and contextual evidence for
cross-sectional investment in health infrastructure as a
policy option for human resources for health. [7]

However, the intervention’s impact on job satisfaction
was only modest and not always significant in our sensi-
tivity analyses. One explanation could be that while the
intervention provides bright and reliable light, it is lim-
ited in that it is only installed within the maternity ward,
leaving other facility areas unlit, and may not meet all of a
facility’s energy needs. In addition, factors other than light
or electricity, such as financial incentives, career develop-
ment, or management issues [37], also play a significant
role in health workers’ job satisfaction in our study setting.
Qualitative data also underlined other facility challenges
important to health workers, such as lack of medical sup-
plies, equipment, space, security, and training, which are
common challenges for health workers in resource-con-
strained settings [9, 38, 41]. Consistent with previous evi-
dence [9, 40, 42, 43], our findings highlight the necessity
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of reliable light for health facilities to improve quality of
maternal and newborn care while pointing toward the
importance of comprehensive interventions tailored to
address multiple barriers in a health system.

This study has several limitations. First, we were unable
to identify or use a validated scale to measure job satis-
faction of health workers that provide maternal and neo-
natal care in our study setting. However, we drew from
existing measurement developed in similar settings,
covered key aspects that determine job satisfaction for
health workers in general, and supplemented quantitative
surveys with qualitative data [44—46]. Second, there is a
possibility of interviewer bias as health workers might
have felt compelled to report higher job satisfaction after
receiving the Solar Suitcase. However, the main items
included in the job satisfaction index were not directly
related to light or electricity. In addition, qualitative data
provided ample examples of specific patient cases where
the Solar Suitcase was critical to maternity care. Third,
we were not able to conduct a thorough qualitative inves-
tigation that analyzed fully-transcribed in-depth inter-
views with health workers. Future research could conduct
a stand-alone qualitative inquiry for a deeper under-
standing of the intervention’s impact on health workers.
Fourth, the study had a small sample size and due to high
turnover, we were only able to re-interview 64% of health
workers in the follow-up survey, which might explain the
lack of effects on individual job satisfaction outcomes.
However, our power analysis showed that the study was
sufficiently powered on the main job satisfaction index
and health workers lost at the follow-up survey were not
different from the remaining ones based on observed
characteristics. Finally, our study assessed the effects of
the intervention within a relatively short time period. A
longer follow-up survey could reveal whether and how a
one-time investment on health infrastructure could have
sustained impact on health workers and maternity care.

Conclusions

Maintaining a motivated health workforce is essential to
quality of maternal and neonatal care, but evidence on
effective strategies to improve health workers’ job satisfac-
tion in resource-constrained settings is limited. We find
that installation of a solar electric system addresses the
challenges posed by insufficient light in maternity facili-
ties, enhances health workers’ ability to provide maternal
and neonatal care, and may be an important determinant
of health workers’ job satisfaction. Policy makers should
consider greater investment in health infrastructure to
strengthen human resources for health and to improve
maternal and newborn care, as part of multifaceted, sys-
temic policy changes for health system strengthening.
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Appendix
See Tables 4, 5, 6,7, 8,9, 10.

Table 4 Outcome measurements and definitions

Outcome Type (No. of Items) Definition

Pre-specified primary outcomes

Satisfied with light and electricity Binary (2) Equal to 1 if strongly agree or agree with both statements: (1) | am satisfied with the
availability and brightness of light in this facility. (2) | am satisfied with the availability
of electricity in this facility

Job satisfaction index Continuous (4) Mean score (1-5) of response to four statements: (1) These days, | feel motivated to
work as hard as | can. (2) Overall, | am satisfied with my job. (3) Overall, the morale level
at my department is good (4) | plan on staying at this position for the next year

Pre-specified secondary outcomes

Impact of lack of overhead light index Continuous (14) Index of items measuring how lack of overhead light in facilities affected health
workers'ability to perform job functions, including how often health worker: con-
ducted deliveries without overhead light; had to hold torch in hand to see patient;
experienced lack of light that affected normal care provided; delayed care; feared to
move around facility; was affected in ability to suture, find/use equipment, conduct
examinations of mother, provide emergency care, provide newborn care, monitor fetal
heartrate, administer medication, clean up after delivery, manage infection control.
Response to items scored (1-5) on following scale: 1. Every delivery, 2. Most, 3. Some,
4. Few, or 5. Never. Overall score is the average of 14 items, yielding a range of 1-5. We
reverse-coded the index so that higher overall score indicates more frequent occur-
rence of negative impact of lack of overhead light

Other outcomes in the main results

Satisfied with light Binary Equal to 1 if strongly agree or agree with: | am satisfied with the availability and bright-
ness of light in this facility

Satisfied with electricity Binary Equal to 1 if strongly agree or agree with: | am satisfied with the availability of electric-
ity in this facility

Table 5 Effects of intervention assignment on retention

Retained
Assigned to intervention at baseline — 004

[—0.23,0.16]
Control mean 0.84
Observations 88

A health worker was considered “retained” if she was (1) either interviewed for
the health worker survey or observed in delivery observations at baseline and
(2) re-interviewed or re-observed in the follow-up data collection round. Models
included facility fixed effects. Results show point estimate and 95% confidence
interval. Standard errors are clustered at facility level

*p<0.05, *p<0.01, **p<0.001
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Table 6 Characteristics of health workers for subgroup analyses

Page 13 of 22

Retained Not retained p-value

Number of health workers 54 31
Female 54 (100%) 30 (97%) 0.18
Age, mean (SD) 34.4(94) 33.8(10.6) 0.79
Number of deliveries last month, mean (SD) 18.7 (15.9) 15.0 (144) 0.30
Education

Only secondary 0 (0%) 2 (6%) 0.15

Certificate 31 (57%) 18 (58%)

Diploma or Bachelor 23 (43%) 11 (35%)
Position

Clinical/Nursing Officer 9(17%) 5(16%) 0.026

Enrolled Midwife/Nurse 41 (76%) 17 (55%)

Assistant/Traditional Birth Attendants 4(7%) 9 (29%)
Years of experience, mean (SD) 8.4 (8.8) 7.0(7.6) 048
Satisfied with light and electricity 2 (4%) 1 (3%) 091
Job satisfaction index, mean (SD) 3.1(0.7) 3.1(0.8) 094
Impact of lack of overhead light index, mean (SD) 33(1.0) 3.0(1.0) 0.25

SD standard deviation



Page 14 of 22

(2022) 20:30

Chang et al. Human Resources for Health

PaINnINs aq pINom Jayiow ‘1ybij 219M 243yl J| 'PaIn
-NSUN 1JaJ SOM ays 1ybilj oU SM 31243 3snpIag I3} D 10D J3YI0W dAISOd AlH

buinins sood o1 ppaj pjnom 1yby a10nbapoul
asnp23aq $ipal 126 Apwi A3y1 1YL 13y 01 NP Paliajai 1b PPIADID auulid 1SOpY

bujuiow buimojjo) ay1 palipdal [12410M Yi|pay ay1]

Y2IYM ‘3UO pauIpIsns poy UbWOM 3y 1A pub ‘bujuIow |ji1 SIDa] J0J S3sSD
10U pIp [12I0M Y303y 3y ] ‘230] K1aA SDM 31 22Ujs 221n0s 1ybij Aub 3noyiim
AI2AIJ3p 341 pa1onpu02 [13Y10M Y1jpay 3y ] 1 10 aipdaid 0 Jal[1D3 1Y) 3ZI|D3J
LUPIP [110M U303y aya] pub dn pasn uaaq poy uLypiod 3y 1O JUaM UId3ub)
aY1 Uaym abpjs puodas buLipau SOM Jay10wW ay1 pup Kianap 1ybiu b Som |

(2101 3Y1 JOJ UDI [I3Y10M |Day aY3] uaym pabupy>

/D 1nq ‘Uupb3Qq A1aAI13P 23 USYM PUNOID SOM [I9XI0M YDaY 3yl] asnbaq
100} 3Y1 UO UaJ[bj aADY 3,up|nom Aqpq ay1 :1ybi a10nbapb poy ays Ji 1uiafip
aq p|nom 111nq abbis piiyi pup UIOGM3AU a1 03 2103 d1DIPALILI] OP 03 PaLi]
[I2310M 3DaY Y| ] JOOY Y1 UO UMOP SbM AQDQ 341 punoj ays %2bq aupd
[I23I0M Y31DaY 23] UaYM 42AMOH Y2101 aY1 13D 015209 paysni pup jjom
K1an 335 1,UpIno3 ays ‘aiay1 buiyopai 1ay)y Apoaijp panoib ppy ays asnbaq 1
A1ID2 3,Uup|n0> pub Woo1 AIdAII3P dY3 Ul Y240 243 10D104 [19310M Y1jpay ay1]
4aAMOH “awill 10yl 10 buiysnd aq 03 pauiaas oym Jay1o ayi djay pub 0b o)
paysni 1snfays os abpls puoas uj 0s|p pub 2UI0d poy JdYIOW J2YI0UD 1DY]
P3]|D2 SDM [IaYIOM YI[D3aYy 3Y1] 3j1yMmubawl ‘paq AiaAljap ay3 Uo Jaylow Siy3 )
J]om Kian 3y by buisnooy som 31 21aym a20)d D Ul Y2103 3y1 pauoiisod ppy ays
pub AiaAijap b bunonpuod Som [1a310m yi[pay ayi] uaym 1ybiu auo somyj

Apjap Aup 1n0yUM 11 1nD 2ADY pInom ays ‘builybij poob som 213yl J| ssau

=}JDP Ul PI02 341 1N 0] ppy 3YS 0S Pasnjal )i pub 1l Jipdal 01 paliy ays “buiyiom
paddois pub UmMop [ja) yinows Jay uj Ind oM ya1ym Y2101 b pup piod sAqoq
ay1 bunino Aq Aqpq v 01 2103 3UIN0I BUINIG SDM 3JIMPIUI 3Y3 PUD YDID| SDM ]|
Aqpq ay3 s1 upys ay3 Jo 10jod ya1ym buini pub 1ybij ppayiano ou

$,2J241 I SIUSWAAOW 15342 31 225 01 pIbY S, ‘AQDQ 241 JO UONDUISNSa) bulng
121334 106 2y pup Juawipail Houabiowia aAvb

pUD 3Ulj SNOUaADJIUI UD ssbd 01 SAWD|pDay a1 pasn [$iax10m yipay ayl]

PUD SUOIS|NAUOD Y)M DUDIDW 212435 YIIM 14ybNnoiq Som Jubjul up awil auQ
by wip uriooy 3yl

uba|2 01 3jgssodul s ‘SbulLIOW ay3 Ul pauDaj> aq AJUO UDD SJUSLINIISU PIS()
1ybij 210nbapDp JO 32D] JO 35NDIQ YSalj-UOU Y1 pUD POOJQq USal)

ysinbuisip 03 YNdLIp Si 11 ‘Hdd WaYUod 03 buissassp uaym sf1uiod Jayiouy
$§52201d Y1 Ul Jjasiay $224a1d SaUIINdUIOS PUD YINOWI Y1 Ul Y240)

D pjoy 01 Sy aJimMpit a1 AQaIaym JnoLyip si sipal 1o Awojolsida ub burning

2Jed wumj_uwbmc_

S|edlojal \Cmmmwuwch

sainpadoid/aied pakejag

syuaned aidinw buipualle UsYp

saunpadoud 3NdLIp IO aled buipiroid ul Aynoig

bunybiy 1uaipLYNs 2AbY 10U pip NOA pup uaiipd b 104 212 01 BUIAI) 21aM NOA UBYM LUOIIDNIIS 2]QLIOWAU D [IDI3P Ul 9QLISIP dSD3|d
213 JDM UO SYUDW UINQG ‘@YOLWS WOy

bUIYID3Iq YIM SWIBIQOId ‘DYOLS WO SaA3 UM SWajqoid ‘SuINg Xom 3[pupd ‘salinful [puosIad :so YaNs sa|pupd 10 SUIAIUD| 2U2S0I3Y JO SN JNOA WOy BUlyNsal saj3{ndLyip Jo swiajqoid Aup U0 U0 a5Dald

150w ay1 noA spodwi 1ybij poayiano Jo o) a1aym qol INoA JO $12adSD a4l UO JUWIWOD S|
:suoisanb ay) 03 asuodsai uj

19MOd 10 1ybIT uadynsu| Jo 10edw) 1y [sued

sajou p|ay wouy sajdwiexa sanejuasaiday

sapo) saway L

Jamod Jo 3ybi| Juaidyynsul Jo 10edwll Uo suonsanb papua-usdo aalielenb JO sisAjeue diewWaYl JO SHNSaY £ djqel



Page 15 of 22

(2022) 20:30

Chang et al. Human Resources for Health

O 51 A421123)2 3503 Uj pasn 1ybi| JO 82n0s upw
3y 210 A3Y1 3sNDI3Q SaPUDI BUISN USYM ¥D3IQINO 31y JO SYSU 3q UDD 313y |

pasn buiaq 1ualam sduipj J1 pauaddpy aAbY 10U pInom iy
WIOM 2J0W JudwiIpdap buiupa)s ay1 buinib ‘KIspu 500] S|joM a1 SaYDW 100G

Aom 1oyl
pauaddpy aADY 3,UpinOM 31 WIdLYNS 1M 1ybij 1 19K pup 11 33Djd21 03 3Ny
~JIp som 1| pabouupp 106 pup sonbij oul [ja) auoyd ayl ‘buiupajd Jo Aom ayi

buojp 1nQq ‘235 01 SD OS YINOW Y3 U] Y2103 D JO djay 3yl YlIM JoAljap 03 Joy10W
3yl padjay [1a410M Y1pay ayl] pup abpls puoas Ul a3 Jaylow WDE 1y

DaJp 1bY1 pUNOoID 1Ybij OU S 2431
asnp2aq s1 51y )1 buiaas 1noyam ayous b Lo paddals 1sowp ays ‘Jid pjuadp|d
ay1 0] LaUAIDId aY1 BUIYD] SDM 3JIMPIUI 3Y1 SD AIdAIJap JaYD ‘dWil 2UQO

1ybiu 1o Ajjp12adsa uoissajoid buoim o ui says oyl

(994 42U DU 1] “Ul IOM 01 3Y] JUSIOP J2YIOM Y3[D3Y dY3 1DY1 UORIPUOD D 51
Aubip pup 132102

12y buljiods sp [jam sp Jabubp ui 3l sJayiow pup sAQpq ayl sind 31 asnpd>
QoI 13y 9AD3| 3Yl] [93) [IIOM Y3[DY dY1] SIHDW YDIYM JUSWOW 3|qliIaL D 1]

3JIMPILLI 3Y1 01 2A16 UDD UOIUDALIOI 3U1 PUD SIaY10L Y] 12disa4 341 SaYSIUDA

pUD $s31bUIUDAW 3q 0 JBYIOW 3Y3 O] PAPIACIA 31D K133 s3DWi 3 ‘Poq KA

Jjosiay buunins

dn pua up> [1210M Y303y 343] ‘Wip 0S|D S| Y2103 Y1 pub AIaAap D 19NpUOd
0] 42101 UoYyd D 35N 0] SDY [IHIOM Y3[D3Yy Y1] Uaym ‘salianljap 1ybiu buung
1yb1u 10 uipd dojanap saka sayImpiw ayi saypw 1ybij wip asNp23q

2noLyip 210 sa1pp Alidxa bupyayd pup ‘sasop buoinoipd 1uauwiinall buing

AJ12D§ 343 UNJ 0 BWOIUI JO UOIDIdUID

M0j 01 paj SDY bunybIj jqDIj21 JO YOD| IDY] PAUIDID SJIMPIL dY ] YIDP Y1 Ul
butianljap JO 4pay yum AjI2D) 3yl 01 aUI0D 0] 10U SI2YIOW dUIOS DL SDY 1
suaddpy uononyis [p1o)

D 352 Ul QO Jay 350 03 SID3) dJIMPIW ‘suaddpy 31 Jj ‘UOIDNIIS pOq AIdA D S

1yb1u aY1 Ut sUI02 JaYI0W OU JbY] SADId PUD JaMOd INOYUM YI0M

JO SYUIYL [1YI0M D3y 341] ‘Sauiod 1yBiu 1aAauaym ‘buiqinisip pup poq oS
au0b aq [jIm ol Jay suaddpy poq buIYIBWIOS Ji 331f 984 PUD SNOAIU Dupd
13YIOM D3y 3Y} SaYDWI ) SOUDUAIS 53y bunp 1ybjj ou sa4ay1 aspd Uy

S3|puUed/SUIRIUR| WIOJ) plezey ali4

QUAIBAY AM|IDBJ SSIOAN

sauoyd |euosiad 01 abeuwleq

K194€S [RUOSI JO 3BT

9|RIOW/UOIIRAIIOW JISMOT]

syuaned wolj 10adsaisig

ssaupaul} ‘Ainful ‘uonnoayul ‘ured [eoISAYd

A1N23s qof padnpay

wopa.10q ‘palelLl/peq buljas) 'ssa11s 1es) ‘A1aIxuy

SUOINPUOD All|1DB) 00O

124IOM Y1|eay 01 UlieH

sajou p|ay wouy sajdwiexa sanejuasaiday

sapod

saway |

(panunuod) £ 3jqey



Page 16 of 22

(2022) 20:30

Chang et al. Human Resources for Health

£SS2IppD 01 JUDLIOAWI 210U 31D [33) NOA 1DY] SDaID JOYIO0 24841 21D 1O “LWa|qoId Jubloduul 10w Yl 1 5| iAUjIPDy SIY1 1D SWajqoid Jay10 01 2ipduiod 1ybij poayiano JO 3o0] S90p MOKH

AJ1D3 43y patiajal

aADY pInom ays ‘1ybij 210nbapp poy [19410M Ypay ayl] JI JUaIaYIp Uaaq aADY
pinom Ai03s ay Abm ayl uo paip ays ‘Ajaapuniiogun 1nq [plidsoy [x] 01 bui
-UIOW 1XaU 31 JaYI0W 3Y] Paiajad [II0OM Y3|Day aU[ ] DILISUD SDM J2YIOW
3yl 22110U LUPIP [19310M Y1pay ay1] ‘buinybif 1UaidLns ou SOM a3yl a5npIaq
1NQq ‘KiaAljap a3yl pa1onpuod [Ia31om Yipay ay1] 0 ‘2bols puoas ul Appaip
Som ays pup Aoupubaid wia1aid D YiIm WD OYM 410U D SDM 24aY |

PaADS U3aq dADY pINOM SaA| 112y} ‘A1I211193(2 pub 1ybif 21aM 21343 I pUD [jom
DaIDIDSNSI U23Qq SADY PINOM $31QDQ 353 | |D3IASOH Ui SApp 7 123p uo passpd
0SID 1Nq PaLIajal SoM pup (by £°1) Ul | 1D 01/9 JO 31035 10bdYy YiIM 00:77

10 AqDq pary uiw | 10 (6 9°0) 0 40 21025 DAY YUM Y 621 7 1D dUIDD AGDQ
puo2as (b £1) 01,/0 UILW § 1D pUD INUIW (| 1D G JO 21025 IDbdy Yum paid
-Aljap SoM AQDQ | “saupIquIaW paInidpl Yum abpjs puodas U aupd JaY10)

NSy dojarap Jayrow ayi aypul 1ybiw siakbj aA2adsal ay uj Jou buunins
1004 "UO1123JU] 501 3]qISSOd JO YSL 1D J2YIOM Y302y 3y sind 11 1uasqo s11ybiy
PDAYIIA0 341 Uaym pasn 1ybiy jo ssaulybriq pub Ajiqoijas 10od ay1 01 anQ

¥2inb u23q 2ADY pjnom

ssa00.d bulnins ay1 ‘1ybi poob poy [aiMpIw Y] | “SaWIl [DIdASS Jja5iaY
padiaid Jimpiw 34 “UIDd Ul SDM JayloW 3y O aI0M bnip d11ay1saub [D20]
ay1 pub awil buoy p 5003 bulNINS aY1 DY) PIDS [IMPIW 34 [ ] YINOW Jay Ul
SDM U214/ JaY10UW 341 O] Y210) D Pasn0j [1aiom yijpay 3y ] 1ybij wip saonp
-01d 11 SD 3|qDIja1 3,UsbM AjI2D) 3Y1 1D IDJOS 3Y) PUD JJO SOM 1yblj pLb uaym
D3] [pUIbDA D BULININS SDM JIMPIW 3y "9| 0 42qUiada@ punoib pauaddpy 1y

JUawWIDdap oyl Ui sAbp 7 104 AD1S pup YIpp 241 Japun
ui0q 21D OYM $31qDQ J0J A||D12adsa SUOII3Jul KIO1DIICSaI 01 SPD3| 100S 3y |

1Y I0M
303y D UaA3 10U SDM UOSIad 3y 9sNDI3q Pasiuiosduiod som AopAld ay)
1NQ 2101125NS31 03 SD []oM SD KIaAljap Y1 YSIUL O1 SD 0S PAIUDM 3YS JoA2IdYM
duwipj ay1 uonisod Jay djay 03 uosiad Jayioup [|pd 01 pby 3YS “Uiaaupj b buisn
SoM pub AQpQq snoiaId D JO K1aAIap D buIdNPUOD SDM [1X10M Y1jpay oy ]

PpIbM [p1pUISOd 243 Ul AQDQ 243 10) padDM 1sn[
3ADY PINOM aH Kianljap 3yl 104 Y2101 aY1 pjoy djay 01 pjol SOM pUDGSNH PIOM
10qD| 23 Ul paauip) pupqsny ayl uaym burioqoj Som Jayiow b ‘Aionupy uj

Y1eap [eulaie|y

1P [e1RUOSN

ejmsiy

uled,/1ojwo3sIg

sapnful/uondajul paiinboe-A1joey

Koeald Jo sso

uojuedwod/s3ualied Uo uaping

SUaUOdWIOD S JO AUD 10 3SD2IINS JDJOS 33 BUISN YlM PDY dANOA S313|NdLIP 10 SWajqoid AUD UO JUaWILLOD 2SD3|d
:suonsanb ayi 03 asuodsai uj

ybnou7 ag 10N 1YBIA 35821ING J8|OG SUOSeRY g |duey

sjualed 01 wieH

sajou pjay wouy sajdwiexs sanejussaiday

sapo)

sawRy L

(Panunuod) £ 3jqey



Page 17 of 22

(2022) 20:30

Chang et al. Human Resources for Health

0U0 2yl
1 pasn AJUo Sby ays asp23INS Ibjos ayl pasn AIpIoy spy [13I0m Yypay a4y ]

swiajqoud Aup 12319p 03 buinybiy 12610y 241 bul
-JaIdIa)ul ‘A123010das $a112110q 3y pub duwip|ppay “sjddoq [p13) 3y buibipyd
Y3IM SWajqoid 3ADY 0] pailjuupp pup 31 3Sn 01 MOY UO PauDI] L,USDM 3JIMPIN

A)nby som 1abipys ay1 asnp3aq pabipy>
10U by 1} 3SNDI3Q PajIp} OS|D 13|ddO( |13} Y d1DJ 1UDAY (D13} 10) ¥23YD 0}
ado3s D13} D 35N J,UpINOd pUD JaYI0W D poY [I3XI0M Yljpay ayl] Abp auQ

auy pup [lam aip sbulyl 13410 1nq 2uop s33b a6 Y1 uaym si wajqoid Ajuo ay |

Wi awos buippal moj pup ybiy
buinb Aq [1x10m yajpay ayi] buiginisip sdaay Jajddo( 013} 241 SaWaUIOS

paonpal 0s|b buipaa)q ay1 Uayl pub 13} 3yl Jipdai

0] dwbjppay ay1 asn 01 ppy [I3I0M yi[pay ay | ] [aboyioway wnypdisod]
Hdd buidojanap som iayiow ay1 pup ybnoua Jou Som Ipjos ay1 oy 1ybi ay1
10/ ID3] 33163p-pU03S D YUM J3YI0W D poy [13310M Y1jpay ayi] 1ybiu aup

paj|pisul

SOM ]I 22UJS 92UO Pa1IN330 SDY 1 AN21413j2 WP Y1 Ul SIdAI3P 3YS ‘Wl 1Y}
SO0 JYI0W D 41 SNy "WDQQ:F pUNOID 10 buiuiow ayl uj Alipa AiaA 1no
0b $3yb1j ‘pauIDI SDY 1 UdYM SUIIIUIOS “UO PaYIUMS 34D SqING 1 || UdYM

95N Jusnbaiyuy

/Buiurely Jo xoe7

sw|qoid buibieyo—is|ddog

1no bujuuni |9b—iajddog

Bulpeal s|geisun—iajddog

ybnous 1ybug 10u—1ybI| 37 pPesYIaAO

1se| 30U sa0p—1YbI| dI7 PEIYIIAD

95e21INS 12J0S UM SW|qOld

s9]0u p|ay wody sdjdwexa aanejuasaiday

sapod

sawiay |

(Panuiuod) £ 3|qel



Page 18 of 22

(2022) 20:30

Chang et al. Human Resources for Health

sbujupi) 921MI3S-Ul ON Judwdinba
JO Ajddns 1004 ‘s10siA1adNS WOIY UOIIDNIDAS [DIIPaLU SNONUIILUOD a1pnbapouy

SYIUOW 10§ KID|DS JaY PaAI2I2I
LUSDY 3YS 3SNDIAQ YIOM 01 PIIDAIIOWIAP 3j2) 3YS 1YL PIDS dJIMPILU Y|

Y3419 423D [pawi D 136 0] |1 UaAd
QWIOS “(SHIYS SUW JO UON0D Ul paddpim 21D $31qpq) Say102 AGpq apinoid 0}
3/qDUN 21D SIYIOW WIOS S 101235 YI[D3Y 341 JO 10| D Pa1dayp Sby A1iaAod

uon
-1pu02 poob uj Jou s1 1id LIUaID|d pub YbNOU3 10U 2D SUIQ UOIDD2IB3S 31SD/)

AINp uo sanmpiw g AJuo Ajjpnsn aip 2124 13 A\IH
‘Ip1pUBIUD ‘BuuUD|d Aj1Lby 10§ SADP DUl bulinp Ajjp12adsa ‘PDOLIBAC YIOM

Juawdinba 4o sbnip jo 1no
Y2015 D 521341 JI K||DI2ads3 ‘SIayI0M Y3|DaY SPIDMO] SIQDY AYUNWLIOD YSIDH

BUIM [DIIPaW 34} UO SWO0I dWOS uj buj
-daa|s Aq pasiroiduul wiay jo awos Ybnoua 10U a1p $i21onb pis ayl asnpIaq
PassalppD aq 0S| PINOYS UOIIDPOUILLOIID JO dNSS| dY) S|93) JANIOM Y303y 34|

$1a11pnb
JD1S SD []am SD A)j1DD) Y3[Day 241 10} 22Uy puUD [2UU0SIad A11in3a5 JO ¥oD7

abD1s pu03S Ul SOWIIAWOS PalId)al

aID SI2YI0UI “Sa1D2I|ALLIOD 1] UYM pUD SIUDPUSND Y1Iq [DUOIIPDI) 03 0D
SIDYIOW SYDbW AUNWILWIOD 3y Ul A11A0d ‘UOIIPPD Uj 2102 ADJap Wyl axpul
Y21ym ‘sppo. 10od pup saoupjsip buoj 03 anp 2bbis puodas Ui W2 SiaY10)y

uospas
Aip ay1 ul Ajp123dsa 4a1om JO X2D] JO a5npdaq Kianijap 431 buiupaps auodisod

01 aADY UaA3 A3y SaWIII 1D 3DUIS pUOIAS dUIOI PINOM SWwiajqold 1ybij pup A1
-101id 151y 43y 1 K120 341 1D Ja1oM bUISSaIoD 10Y] Pa1DIS [IXI0M 3|03y 3y ]

1511 PassaIppp aq UDD 350yl GADIY
|paq [pIDUISOd U0 PUD Paq AIdAIaP 3UO YIM [|DLIS KIA S| pIDM AYUIIDW Y|

ANJ12D) 3Y1 1D Papaau 1SOU aY1 JOU 24D YIYyM sbnip ) sspj2 Ajuo

saljddns JuawiuiaA0b ay) s (s21101gIUD pup UPOAXO “6°3) sbnup aspyoind o)
Spunj Moj 1audinba azjj1121s 01 SADJ20IND JO J0IDISUIDUI UD JO 42D] ‘(5qING
uo12NS buILONOUNYDUI ‘51085125 AWIOIOISIAR ‘Siapjoy a1nins Sp yons) Kianljap ul
pasn uawdinba 10 ‘paq KiaAljap ‘9jqb1 UOIDUDSNSAI D JO ¥2D] ‘Kianljap bulnp
10 S1ISIA [DIDURIUD BULINp 1N0 3N 01 S11Y bUIDWI JO %3] buipnioul A1ij1ob) Y1
bunoayp swajqoid Jay10 21D 21241 ‘A)j1dD) 241 JO Wajqoid Ajuo ayi Jou S

uolsiaiadns/bululely axenbapeu)

Ked 2107

Auanod 1usineq

|esodsip a1sem Jadoidw|

peopIom AAeay/buyels Japun

diysuoneal Aunwuwod 100

uollepouddodoe wpmj_um_umc_

A1Inoas s1enbapeu)

SUonIpuod Umo_\cozmtoamcwb 1004

J121eM UB3JD JO 3DeT]

9oeds Jo e

1awdinba/salddns [edipaw Jo e

sajou p|ay wouy sajdwiexs sAnejuasaiday

sapod

sabuajjeyd Y10

(PanuNUOd) £ 3jqey



Chang et al. Human Resources for Health

Table 8 Estimates of intervention impact on individual items in the satisfaction indices

(2022) 20:30

Page 19 of 22

(1) (2) (3) (4) (5) (6) (7) (8)
Satisfied with  Satisfied with Light and Motivated Satisfied with Good morale Planon Job satisfaction
light electricity electricity to work job staying next Index
satisfaction hard year
Index
Panel A: All health workers presented at baseline
Solar Suit- 247%%* 0.68 1.46%%* 0.60* 0.57% 0.12 —0.20 0.30%*
case [1.83,3.10] [-021,157]  [0.76,2.16] [002,1.17]  [0.09,1.05] [-035060] [—0.90,049] [0.08,051]
Control 1.51 1.55 1.54 3.18 340 3.37 274 3.17
mean
Observa- 138 129 129 139 138 138 138 139
tions
Health work- 84 82 82 85 85 85 85 85
ers
Panel B: Health workers presented at both baseline and follow-up
Solar Suit- 2.40%%* 0.53 1.31% 0.56* 0.49 0.29 —0.08 0.33**
case [169,3.11] [-049,156]  [051,2.12] [005107]  [-010,109] [-009 067] [—086,069] [0.11,055]
Control 153 1.56 1.55 3.20 349 334 273 3.19
mean
Observa- 108 101 101 108 107 107 107 108
tions
Health work- 54 54 54 54 54 54 54 54
ers

Linear models that use data from both baseline and follow-up surveys and include facility fixed effects. Results show point estimate and 95% confidence interval.
Standard errors are clustered at facility level. Light and electricity satisfaction index is the mean score of two statements on a 1-5 scale: (1) | am satisfied with the
availability and brightness of light in this facility. (2) | am satisfied with the availability of electricity in this facility. Job satisfaction index is the mean score of four
statements on a 1-5 scale: (1) These days, | feel motivated to work as hard as | can. (2) Overall, | am satisfied with my job. (3) Overall, the morale level at my department
is good (4) | plan on staying at this position for the next year

*»<0.05,*p <0.01, **p < 0,001

Table 9 Estimates of intervention impact using alternative model specifications

Model 1 Model 2 Model 3 Model 4
Satisfaction with light and electricity 868" 0.19 0.19 0.19
[1.30, 58.16] [—0.03,040] [— 0.03,040] [— 0.00, 0.46]
Observations 139 139 139 139
Control mean 0.04 0.04 0.04 0.04
Satisfaction with light 87.20%** 0.75%** 0.76*** 0.76***
[19.75,384.98] [0.62,0.88] [0.63,0.90] [0.60,0.91]
Observations 139 139 139 139
Control mean 0.05 0.04 0.04 0.04
Satisfaction with electricity 6.88 0.18 0.19 0.19
[0.89,53.01] [—0.03,0.39] [—0.03,040] [—0.00, 0.46]
Observations 139 139 139 139
Control mean 0.05 0.04 0.04 0.04
Impact of lack of overhead light index 0.40%** — 1.96*** — 1.96*** — 1.96***
[0.34, — 0.46] [— 246, —147] [—2.56,—1.37] [—2.75,—133]
Observations 136 136 136 136
Control mean 3.28 3.28 3.28 3.28
Job satisfaction index 1.06 024 030" 030"
[0.95,1.17] [0.04,0.45] [0.11,049] [0.09, 0.50]
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Table 9 (continued)

Model 1 Model 2 Model 3 Model 4
Observations 139 139 139 139
Control mean 317 3.17 3.17 3.17
Regression model Logistic/Poisson Linear Linear Linear
Facility fixed/random effects None Random Fixed Fixed
Bootstrapped standard errors No No No Yes

Linear models report coefficients. Logistic models report odds ratios for binary variables. Poisson models report incident rates for count variables. Standard errors

are clustered at facility level. Bootstrapped standard errors are calculated using the wild cluster bootstrap method. Satisfied with light and electricity is equal to 1 if
health worker strongly agrees or agrees with both (1) | am satisfied with the availability and brightness of light in this facility and (2) I am satisfied with the availability
of electricity in this facility. Impact of lack of overhead light index is an index of 14 items measuring health workers’ assessment of impact of lack of overhead light on
their ability to conduct job tasks, including how often health worker: conducted deliveries without overhead light; had to hold torch in hand/mouth to see patient;
experienced lack of light that affected normal care provided; delayed care; feared to move around facility; was affected in ability to suture, find/use equipment,
conduct examinations of mother, provide emergency care, provide newborn care, monitor fetal heartrate, administer medication, clean up after delivery, manage
infection control. This is reversely coded so that higher score indicates more frequent negative impact. Job satisfaction index is the mean score of four statements on
a 1-5 scale: (1) These days, | feel motivated to work as hard as | can. (2) Overall, | am satisfied with my job. (3) Overall, the morale level at my department is good (4) |
plan on staying at this position for the next year

*p<0.05, *p<0.01, **p<0.001

Table 10 Estimates of intervention impact on health worker outcomes—controlling for health worker characteristics (age, position,
deliveries last month, and education)

(1) (2) (3) (4) (5)
Satisfied with light  Satisfied with light Satisfied with electricity Impact of lack of Job satisfaction index
and electricity overhead light index

Panel A: All health workers presented at baseline

Solar Suitcase 0.19 0.75%** 0.19 — 1.97%** 0.31%*
[— 0.06, 0.44] [0.60,0.91] [—0.06,0.44] [—256,—137] (0.09,0.53]
Control mean 0.04 0.04 0.04 329 3.18
Observations 137 137 137 135 137
Health workers 84 84 84 84 84
Panel B: Health workers presented at both baseline and follow-up surveys
Solar Suitcase 0.20 0.75%** 0.20 — 1.97%** 0.31*
[—0.08,047] [0.60,0.91] [—0.08,047] [—263,—131] [0.06, 0.56]
Control mean 107 107 107 338 320
Observations 54 54 54 105 107
Health workers 0.04 0.04 0.04 54 54

Linear models that use data from both baseline and follow-up surveys and include facility fixed effects. Results show point estimate and 95% confidence interval.
Standard errors are clustered at facility level. Satisfied with light and electricity is equal to 1 if health worker strongly agrees with both (1) | am satisfied with the
availability and brightness of light in this facility and (2) | am satisfied with the availability of electricity in this facility. Impact of lack of overhead light index is an
index of 14 items measuring health workers'assessment of impact of blackouts on their ability to conduct job, including how often health worker: conducted
deliveries without overhead light; had to hold torch in hand to see patient; experienced lack of light that affected normal care provided; delayed care; feared to move
around facility; was affected in ability to suture, find/use equipment, conduct examinations of mother, provide emergency care, provide newborn care, monitor fetal
heartrate, administer medication, clean up after delivery, manage infection control. This is reversely coded so that higher score indicates more frequent negative
impact. Job satisfaction index is the mean score on a 1-5 scale to four questions (1) These days, | feel motivated to work as hard as | can. (2) Overall, | am satisfied
with my job. (3) Overall, the morale level at my department is good 4) | plan on staying at this position for the next year. See Table 1 in the Appendix for definitions of
outcomes. *p <0.05, **p < 0.01, ***» < 0.001
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