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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 (CI): 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.

Trial registration socialscienceregistry.org: AEARCTR-0003078. Registered June 12, 2018, https:// www. socia lscie ncere 
gistry. org/ trials/ 3078

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  wei_chang@hsph.harvard.edu
1 Harvard T.H. Chan School of Public Health, 90 Smith St, 3rd Floor, Boston, 
MA 02120, United States of America
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-2949-269X
https://www.socialscienceregistry.org/trials/3078
https://www.socialscienceregistry.org/trials/3078
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12960-022-00722-3&domain=pdf


Page 2 of 22Chang et al. Human Resources for Health           (2022) 20:30 

Background
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 

quality care to patients [23]. In Tanzania, facility infra-
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, 

Additionally registered on: ClinicalTrials.gov: NCT03589625, Registered July 18, 2018, https:// clini caltr ials. gov/ ct2/ 
show/ NCT03 589625)
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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 

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.

Intervention
15 facilities allocated

Control
15 facilities allocated

43 health workers recruited for interview
43 health workers included

25 health workers recruited for interview
25 health workers included

30 facilities randomized across 15 districts

42 health workers recruited for interview
42 health workers included

29 health workers recruited for interview
29 health workers included

Baseline Survey
Jun 2018 – Oct 2018

18 missing at follow-up 13 missing at follow-up

Follow-up Survey
Oct 2018 – Jan 2019

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 

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. 

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

MCH maternal and child health, SD standard deviation. See Table 4 in the Appendix for definitions of outcomes

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) 33.4 (9.7) 35.1 (9.9) 0.43

 Number of deliveries last month, mean (SD) 17.4 (15.4) 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) 7.9 (8.4) 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) 3.2 (1.0) 3.2 (1.0) 3.1 (0.9) 0.64

Panel 2: Health Facility Characteristics

 Number of facilities 30 15 15

 Facility level

  Health Center II 5 (17%) 3 (20%) 2 (13%) 0.77

  Health Center III 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) 33.6 (17.2) 30.2 (18.1) 37.0 (16.1) 0.29
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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 

 

• 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 / procedures
• Unnecessary referrals
• Inadequate care

• Burden on patients/companion
• Loss of privacy
• Facility-acquired infection/ 

injuries
• Discomfort / pain
• Fistula
• Neonatal death
• Maternal death

• 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

• Poor air quality from kerosene 
lamps

• Worse facility hygiene – stained 
walls/ ceilings from kerosene 
lamps/candles

• Fire hazard from 
lanterns/candles

Difficulty in 
providing 
care

Poor 
facility 
conditions

Harm to 
patients

Harm to 
health 
workers

Impact of Insufficient Light/Electricity

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

Table 2 Regression estimates of intervention impact on health worker outcomes

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) I 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, I feel motivated to work as hard as I can. (2) 
Overall, I am satisfied with my job. (3) Overall, the morale level at my department is good (4) I plan on staying at this position for the next year. *p < 0.05, **p < 0.01, 
***p < 0.001

(1) (2) (3) (4) (5)
Satisfied with light 
and electricity

Satisfied with light Satisfied with electricity 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, 0.43] [0.61, 0.92] [− 0.05, 0.43] [− 2.63, − 1.29] [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, 0.47] [0.62, 0.90] [− 0.07, 0.47] [− 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
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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 

Satisfied with 
light & electricity

Job satisfaction 
index

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”. 
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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 

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) I am satisfied with the 
availability and brightness of light in this facility. (2) I 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, I feel motivated to 
work as hard as I can. (2) Overall, I am satisfied with my job. (3) Overall, the morale level 
at my department is good (4) I 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: I 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: I am satisfied with the availability of electric-
ity in this facility

Table 5 Effects of intervention assignment on retention

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

Retained

Assigned to intervention at baseline − 0.04

[− 0.23, 0.16]

Control mean 0.84

Observations 88
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Table 6 Characteristics of health workers for subgroup analyses

SD standard deviation

Retained Not retained p-value

Number of health workers 54 31

Female 54 (100%) 30 (97%) 0.18

Age, mean (SD) 34.4 (9.4) 33.8 (10.6) 0.79

Number of deliveries last month, mean (SD) 18.7 (15.9) 15.0 (14.4) 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) 0.48

Satisfied with light and electricity 2 (4%) 1 (3%) 0.91

Job satisfaction index, mean (SD) 3.1 (0.7) 3.1 (0.8) 0.94

Impact of lack of overhead light index, mean (SD) 3.3 (1.0) 3.0 (1.0) 0.25
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Table 8 Estimates of intervention impact on individual items in the satisfaction indices

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) I am satisfied with the 
availability and brightness of light in this facility. (2) I 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, I feel motivated to work as hard as I can. (2) Overall, I am satisfied with my job. (3) Overall, the morale level at my department 
is good (4) I plan on staying at this position for the next year

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

(1) (2) (3) (4) (5) (6) (7) (8)
Satisfied with 
light

Satisfied with 
electricity

Light and 
electricity 
satisfaction 
Index

Motivated 
to work 
hard

Satisfied with 
job

Good morale Plan on 
staying next 
year

Job satisfaction 
Index

Panel A: All health workers presented at baseline

 Solar Suit-
case

2.47*** 0.68 1.46*** 0.60* 0.57* 0.12 − 0.20 0.30**

[1.83, 3.10] [− 0.21, 1.57] [0.76, 2.16] [0.02, 1.17] [0.09, 1.05] [− 0.35, 0.60] [− 0.90, 0.49] [0.08, 0.51]

 Control 
mean

1.51 1.55 1.54 3.18 3.40 3.37 2.74 3.17

 Observa-
tions

138 129 129 139 138 138 138 139

 Health work-
ers

84 82 82 85 85 85 85 85

Panel B: Health workers presented at both baseline and follow-up

 Solar Suit-
case

2.40*** 0.53 1.31** 0.56* 0.49 0.29 − 0.08 0.33**

[1.69, 3.11] [− 0.49, 1.56] [0.51, 2.12] [0.05, 1.07] [− 0.10, 1.09] [− 0.09, 0.67] [− 0.86, 0.69] [0.11, 0.55]

 Control 
mean

1.53 1.56 1.55 3.20 3.49 3.34 2.73 3.19

 Observa-
tions

108 101 101 108 107 107 107 108

 Health work-
ers

54 54 54 54 54 54 54 54

Table 9 Estimates of intervention impact using alternative model specifications

Model 1 Model 2 Model 3 Model 4

Satisfaction with light and electricity 8.68* 0.19 0.19 0.19

[1.30, 58.16] [− 0.03, 0.40] [− 0.03, 0.40] [− 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, 0.40] [− 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] [− 2.46, − 1.47] [− 2.56, − 1.37] [− 2.75, − 1.33]

Observations 136 136 136 136

Control mean 3.28 3.28 3.28 3.28

Job satisfaction index 1.06 0.24* 0.30** 0.30*

[0.95, 1.17] [0.04, 0.45] [0.11, 0.49] [0.09, 0.50]
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Table 10 Estimates of intervention impact on health worker outcomes—controlling for health worker characteristics (age, position, 
deliveries last month, and education)

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) I 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 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, I feel motivated to work as hard as I can. (2) Overall, I am satisfied 
with my job. (3) Overall, the morale level at my department is good 4) I 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, ***p < 0.001

(1) (2) (3) (4) (5)
Satisfied with light 
and electricity

Satisfied with light Satisfied with electricity Impact of lack of 
overhead light index

Job satisfaction 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] [− 2.56, − 1.37] [0.09, 0.53]

 Control mean 0.04 0.04 0.04 3.29 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, 0.47] [0.60, 0.91] [− 0.08, 0.47] [− 2.63, − 1.31] [0.06, 0.56]

 Control mean 107 107 107 3.38 3.20

 Observations 54 54 54 105 107

 Health workers 0.04 0.04 0.04 54 54

Table 9 (continued)

Model 1 Model 2 Model 3 Model 4

Observations 139 139 139 139

Control mean 3.17 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) I 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, I feel motivated to work as hard as I can. (2) Overall, I am satisfied with my job. (3) Overall, the morale level at my department is good (4) I 
plan on staying at this position for the next year

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