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Abstract

Community Health Workers (CHWs) provide healthcare in under-served communities,

including refugee settlements, despite various challenges hindering their performance.

Implementers have adopted mobile wireless technologies (m-Health) to improve the perfor-

mance of CHWs in refugee settlements. We assessed the CHWs’ performance and associ-

ated factors in a multi-national refugee settlement, operating mHealth and paper-based

methods. This cross-sectional study employed quantitative and qualitative data collection

methods. Data for 300 CHWs was collected from implementing partners’ (IPs) databases.

Nine focus group discussions (FGDs) with the CHWs and community members, two in-

depth interviews (IDIs) with CHW leaders, and eight key informant interviews (KIIs) with six

IPs and two local leaders were conducted. The qualitative data were analysed thematically

using AtlasTi version 9 while the quantitative data were analysed at the univariate, bivariate

and multivariable levels using Stata version14. The study found that only 17% of the CHWs

performed optimally. The factors that significantly influenced CHW performance included

education level: secondary and above (APR: 1.83, 95% CI: 1.02–3.30), having a side occu-

pation (APR: 2.02, 95% CI: 1.16–3.52) and mHealth use (APR: 0.06, 95% CI: 0.02-.0.30).

The qualitative data suggested that performance was influenced by the number of house-

holds assigned to CHWs, monetary incentives, adequacy of materials and facilitation. Par-

ticularly, mHealth was preferred to paper-based methods. Overall, the CHWs’ performance

was sub-optimal; only 2 in 10 performed satisfactorily. The main factors that influenced per-

formance included the level of education, use of mHealth, having another occupation, work-

load and incentivisation. CHWs and IPs preferred mHealth to paper-based methods. IPs

should work to improve refugee settlement working conditions for the CHWs and adopt

mHealth to improve CHW performance.
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Background

Community health workers (CHWs) have been known to bridge the gap between under-

served households and the formal health system by increasing access to Primary Health Care

(PHC) [1]. CHWs are essentially part of the community that selects them, profoundly under-

stand the community culture and language, have a shorter duration of training than health

professionals and whose primary aim is to provide appropriate health services to the commu-

nity [2, 3]. In the past two decades, community health workers have notably improved access

to healthcare and uptake of health services in the African population [1]. Studies indicate that

the impact of CHWs is more appreciable in vulnerable and resource-limited settings such as

refugee settlements [4]. CHWs considerably enhance the sustainability, cost-effectiveness, and

cultural acceptability of health programs and services in refugee communities, which is crucial

in societies characterized by poverty, diverse cultures, and psychological trauma [5, 6].

However, CHWs usually face numerous challenges while executing their duties, affecting

their performance and retention [7–11]. These challenges include poor financial incentives

and facilitation [12–18], and inadequate support from the health system and beneficiary com-

munities [6, 17–20]. Furthermore, an overwhelming workload, including the CHWs’ assigned

tasks and side occupations, and low education levels (common in refugee communities), sig-

nificantly lower the productivity, quality of service and overall performance of the CHWs [10,

11, 21–24].

Owing to the performance challenges, mHealth has been adopted into the CHW program

[25–27]. mHealth is the use of mobile wireless technologies for public health surveillance and

promotion [28]. Generally, studies on the adoption and advancements in mHealth show a pos-

itive correlation with improved healthcare practice and service delivery [29–31]. Similar corre-

lations have been noted between mHealth and the performance of CHWs in low and middle-

income countries. mHealth has been linked to improvements in various CHWs functions

including community health surveillance, service delivery and data quality [27, 32–37]. How-

ever, using these technologies by CHWs presents challenges including loss of mHealth gadgets,

weak technical support and poor network or internet access, hindering optimal performance

[27, 33, 38, 39]. Nonetheless, there is limited evidence regarding the effectiveness of mHealth

on the performance of the CHWs in conflict affected settings such as refugee settlements.

Uganda hosts the largest refugee population in Africa and is the third largest refugee host-

ing country, worldwide. Over 1,500,000 refugees are distributed in 13 settlements within

Uganda [40], and the number continues to grow due to the civil wars and hostilities in the

great lakes region countries. By February 2022, Kyaka II refugee settlement had more than

135,000 refugees and asylum seekers from over seven nationalities. The settlement is mixed

with Ugandan nationals [41]. The constant influx of refugees from the Democratic Republic of

Congo (DRC) and Rwanda exacerbates the health services delivery demands and challenges

[42]. However, the settlement has only three Health Center III facilities and six medical out-

posts, serving over 141,000 people (including the host communities) [43]. This extremely low

professional healthcare workers to population served ratio creates a great demand and justifi-

cation for shifting the task of health service delivery to CHWs in such vulnerable settings.

Community health workers are expected to perform various tasks in the settlement includ-

ing household visits to record the community’s vital statistics and surveillance; immunization,

referrals, ante/postnatal care promotion, basic disease management activities and community

mobilization. CHW performance is assessed by the monthly, quarterly and annual report anal-

yses premised on the fulfilment of their roles and obligations [44]. Evidence on performance

of CHWs from previous studies has been premised on measuring CHW functions including

household visits conducted, referrals to facilities made, childhood vaccination coverage,
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supervisions and trainings attended [44, 45]. Evidence indicates that the performance of the

CHWs in the national health care delivery system is suboptimal, ranging from 11% to 40%,

[45–47]. However, very few such studies have been carried out in (the more vulnerable) refu-

gee settlements where the CHW approach to healthcare delivery would address cultural appro-

priateness and protection concerns [5].

Nevertheless, mHealth was introduced to Kyaka II by the health implementing partner to

improve CHW performance. CHWs were provided with smart-mobile phones onto which an

online data collection app (Kobo Collect) with a GPS locator were uploaded. This enabled

them to collect and report data during the household visits, instead of using registers and

counter books. The influence of mHealth on the crucial CHW services delivered to the refugee

communities was assessed. We examined CHWs’ performance and associated factors in a

multi-national refugee settlement, implementing mHealth and the conventional paper-based

methods. Using the technology acceptance model (TAM), we evaluated the refugee CHWs’

effective use of mHealth to improve performance [48]. TAM was the more appropriate model

to evaluate feasibility and perceived usefulness of mHealth among the end-users and non-

users [49].

Methods

Ethics statement

The study protocol was approved by the Higher Degrees, Research and Ethics Committee of

Makerere University School of Public Health (Protocol number: 059). Written Informed Con-

sent was sought from each of the study participants prior to their participation in the inter-

views. No identifying information was collected from any of the study respondents.

Study design and setting

This was a cross-sectional study employing concurrent quantitative and qualitative methods of

data collection and analysis. A mixed methods approach was adopted to foster a comprehen-

sive examination of the study subject within this unique but under-studied refugee settlement

context. Using mixed methods was a better approach than quantitative-only or qualitative-

only methods when a single data source is not sufficient [50, 51]. The quantitative methods

analysed secondary data to determine the CHWs’ performance levels and the associated fac-

tors. The qualitative methods explored the stakeholders’ perspectives on the CHWs’ perfor-

mance determinants and on the use of mHealth in the refugee settlement.

The study was conducted in Kyaka II Refugee Settlement located in Southwestern Uganda.

The settlement consists of nine zones and 26 villages hosting a population of an estimated

135,827 refugees and asylum seekers in 43,447 households. Most refugees are from the Demo-

cratic Republic of Congo (129, 367), Burundi (3,424) and Rwanda (3,263) [41]. This settlement

was chosen because it consists of coexisting Ugandan and multi-national refugee communi-

ties, and CHWs employ paper-based and mHealth methods concurrently. The CHWs’ socio-

demographics and functional reports are routinely updated in electronic databases. However,

the paper-based data is backed up electronically using Epicollect and Microsoft excel files.

Therefore, this ensured the reliability and credibility of the secondary data about CHWs who

use both methods, enabling their assessment within the same context.

Participants

The study aimed to use all records of the 308 refugee and national CHWs for 12 months. How-

ever, we included 300 CHWs’ performance records whose data was readily available. We
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considered that sampling would reduce the number of records, leading to the loss of informa-

tion, data variability and power of the study. For the qualitative methods, we conducted 9

FGDs, 2 IDIs and 8 KIIs that sufficed to reach saturation. The two In-Depth Interviews (IDIs)

were conducted with CHW leaders. The eight Key Informant Interviews (KIIs) were con-

ducted with one Local council (LC) chairperson and one Refugee Welfare Councilor (RWC);

two CHW supervisors—public health officers from the health Implementing Partners (IPs);

the HCIII facility head and two medical outpost in-charges; and a UNHCR representative. The

nine FGDs comprised the following categories: female refugee CHWs (1), Host CHWs (1),

host community members (1); CHWs who use mHealth (1) and Paper-based (1) methods; ref-

ugee CHWs from the best (1) and worst (1) performing zones; the beneficiary refugee commu-

nities from the best (1) and worst (1) performing zones—based on the settlement’s records

from the previous year; and. Participants were selected purposively based on their designa-

tions, knowledge and experience pertaining to CHW programs thus gathering rich data on

policy, practice and management. However, all CHW records with less than 10% of the entries

were not considered. Also, among the selected participants for qualitative data, those who did

not give informed consent or were in a poor health state at the time of the study, were

excluded.

Data collection

The qualitative and quantitative data were collected concurrently. A data extraction tool was

developed using Microsoft Excel to capture performance indicators, metadata and variables

relevant to the study. The CHW monthly reports were obtained from the databases of the

Implementing Partners (IPs) from 26th– 28th July, 2022. Data of the CHWs who use mHealth

was retrieved from the KoBo Toolbox database, while that from the paper-based model was

collected from Epicollect and Microsoft Excel files where they had been backed up.

For the qualitative component, the identified KII and IDI participants were contacted via

telephone between the 14th and 20th of July, 2022, while FGD participants were contacted two

days prior to data collection, to schedule an appropriate time and venue. Overall, qualitative

data was collected from 21st July to 14th August, 2022. All interactions with participants were

face-to-face except for two KIIs which were conducted via telephone as they were not on site at

the time of data collection. All the participants gave written informed consent to audio record

the sessions. The reviewed literature informed the topics of discussion in the IDI, FGD and

KII guides. Nevertheless, we further probed about any related concepts that emerged during

the interviews. On average, the sessions lasted 63 minutes.

Prior to data collection, seven research assistants with prior research experience in the set-

tlement were trained for three days on the key study concepts and to strictly observe the ethical

considerations for vulnerable refugee populations. The tools were also translated into Swahili,

a common language in East Africa, which was understood by all the FGD and IDI participants.

However, all KIIs were conducted in English–the official language used by all government offi-

cials and IPs. The qualitative tools were pretested in Kaborogota—one of the zones that had

not been selected to participate in the study—using two CHW FGDs, one Community FGD

and four KIIs from IPs. Adjustments were made accordingly to improve the flow of the ques-

tions in the tools. The principal investigator supervised the data collection and management.

Performance measurement

CHW Performance was either optimal or sub-optimal. Optimal performance was achieved by

scoring well in at least four of the five indicators considered critical to the refugee settlement.

Each CHW was assessed per selected indicator; an average score (over the 12 months) of at
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least 80% in the selected indicators qualified them as good performers. The indicators

included: the percentage of monthly household visits conducted and reported of those

assigned to each CHW over the 12 months; the proportion of children under five (U-5s) years

screened for malnutrition (assessed per CHW catchment area over 12 months), using the total

number of U-5s in each CHW’s catchment area as the denominator; the proportion of train-

ings attended over the 12 months, considering the total number of trainings scheduled for

CHWs by the IPs in 2021 as the denominator; the completeness and coherence of CHWs’

reports on selected pertinent indicators over the 12 months, objectively scored by two IP pub-

lic health officers who had closely supervised the CHWs; and the proportion of expected

adverse medical condition referrals to health facilities over the 12 months guided by the health

IPs. The settlement’s health IPs recommended a minimum of five referrals per month to be

optimal, for each CHW. Previous CHWs’ performance measurement studies informed the

selected performance indicators and variables [44, 45, 52], triangulated by information from

pilot interviews with the settlement’s stakeholders (representatives of IPs, OPM, Health Facili-

ties and CHWs) for context relevance. Indicators were chosen based on settlement-specific

factors, including high stunting levels and a large refugee population with few CHWs.

Data management and analysis

Data management. Quantitative data from the electronic datasets and the CHW registers

was captured using Microsoft Excel, disaggregated into the paper-based and mHealth user

datasets, and cleaned. The Excel datasets were imported into the Stata.14 software for analysis.

The audio data was backed up daily as computer audio files and transcribed. The audios in

Swahili were translated into English for uniformity and transcribed verbatim while iterating

with notes taken during data collection.

Data analysis. Univariate analysis for data was conducted and reported as mean and stan-

dard deviation for continuous variables; and frequencies and proportions for discrete and cate-

gorical variables.

Bivariate analysis was conducted using Chi-square and Fisher’s exact tests to establish

strengths of association between CHW performance and the predictor variables. We obtained

prevalence ratios (PR) since the study found that the CHW performance level was 17%; and

those from previous studies ranged between 11%–40% [45, 53]. Prevalence ratios are preferred

to odds ratio (OR) when the dichotomous outcome (CHWs’ performance) is greater than 10%

[54–57]. To qualify for multivariate analysis, we considered associations of a p-value less than

0.25 at bivariate analysis. At the multivariate level, the modified (robust variance) Poisson

regression model was used [58].

The transcripts in English were collectively proofread by two experienced, independent

researchers to ensure coherence with audio recordings. We developed a codebook inductively

with codes having clear definitions, and later developed categories and themes through a con-

sensus process. The analysis was thematic; we used AtlasTi. version 9 software for coding and

managing query reports. The qualitative narratives were used to complement the quantitative

findings [59]; emphasized by illustrative non-attributable quotes from participants.

Results

Both qualitative and quantitative data were analyzed simultaneously, and the results were com-

pared for complementarity. The characteristics and overall performance of CHWs were pre-

sented quantitatively, while the perceptions on the use of mobile health (mHealth) were

presented qualitatively. The factors associated with performance were presented both
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qualitatively and quantitatively. All quantitative results agreed with the qualitative except for

the impact of mHealth use on CHW performance.

Participant characteristics

The mean age of the participants was 34.3 (SD±9.2) years. Most of the participants, 63.0%

(189/300) were aged� 35 years, two-thirds, 67.7% (203/300) were male and the majority,

87.3% (262/300) were refugees. Nearly two-thirds, 61.0% (183/300) had a secondary level of

education, 63.7% (191/300) had another occupation besides CHW work and 68.3% (205/300)

owned mobile phones (Table 1).

Overall performance of the CHWs

Only 17.0% (51/300) of the CHWs exhibited optimal performance. Out of the five indicators,

trainings attended had the lowest score, with only 5.3% (16/300) attending the required sched-

uled trainings. Conversely, reporting quality had the best score at 79.3% (238/300), with all

mHealth users scoring 100% on this indicator. These scores are aggregated across both groups

using paper-based and digital methods (Fig 1).

Factors associated with CHW performance

The CHW performance determinants are categorized under facilitators and barriers and were

quantitatively analysed at bivariate and multivariable levels (Table 2).

The bivariate analysis revealed that the performance level of refugee CHWs was 7.14 times

better than that of CHWs from the host communities (CPR = 0.14; 95% CI: 0.02–0.97).

Table 1. Socio-demographic and work characteristics of the CHWs.

Variable Category Frequency (n = 300) Percentage (%)

Age (mean = 34.3, SD = 9.2) years � 35 189 63.0

> 35 111 37.0

Sex Female 97 32.3

Male 203 67.7

Education level None 2 0.7

Primary 104 34.7

Secondary 183 61.0

Tertiary 11 3.7

Marital status Single 37 12.3

Married 254 84.7

Divorced 9 3.0

Nationality National 38 12.7

Duration of work as CHW (mean = 4.0 SD = 2.3) years Refugee 262 87.3

0–3 146 48.7

4+ 154 51.3

Other/side occupation None 109 36.3

Has other occupation 191 63.7

Mobile phone ownership No 95 31.7

Yes 205 68.3

Mode of reporting m-Health 127 42.3

Paper-based 173 57.7

https://doi.org/10.1371/journal.pgph.0002741.t001
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Facilitators to CHW Performance

The study found that CHW performance was positively influenced by high education levels

and a side occupation, consistent across both quantitative and qualitative components.

Education level. Having attained secondary level education and above was positively

associated with the level of performance. CHWs with secondary education or higher per-

formed 2.24 times better than those with primary education or less. (CPR = 2.24; 95% CI:

1.17–4.29). This association was substantiated at multivariable analysis. (APR = 1.83; 95%CI:

1.02–3.30). Most KIIs and both IDIs reported that CHWs with higher education levels easily

attained knowledge and skills, improving performance. A higher education level was also

linked with improved community integration skills, improving the likelihood of better

performance.

"Education level, we find that the people who are much more educated will understand most
of these things that we need faster than those who are not.”

(Key Informant_Health Professional)

Side occupations. CHWs who had side occupations performed 1.51 times better than

those who did not have any other occupation. (CPR = 1.51; 95% CI: 0.85–2.66); the association

was significantly stronger (twice better) at multivariable analysis (APR = 2.02; 95%CI: 1.16–

3.52). Some key informants mentioned that CHWs with other occupations often performed

better because they had an intrinsic result-oriented self-drive. Moreover, income from addi-

tional occupations covered coordination expenses, a crucial aspect of achieving optimal

performance.

Fig 1. Performance of CHWs in Kyaka II refugee settlement.

https://doi.org/10.1371/journal.pgph.0002741.g001
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"They will not look at VHT work as a source of income but like I said, they are those who are
self-driven and are respected by the community (. . .) he is able to buy his data bundles and
submit reports on time, able to give weekly reports, he is available, he can easily call to link
someone, he can call for an ambulance; so yeah people are always coming to him. Because of
the extra income, he is able to buy his own data and give extra services fully and entirely"

(Key Informant_Health Professional).

The qualitative component of the study revealed other factors that positively influenced

CHW performance beyond those examined quantitatively. The factors included; personal con-

viction, optimal coordination and supportive supervision.

Table 2. Determinants of the performance of CHWs in Kyaka II refugee settlement.

Variable Performance level CPR (at 95% CI) P-values APR (at 95% CI) P-values
Optimal (N = 51) Sub-optimal (N = 249)

F (%) F (%)

Age (years)
� 35 32 (62.8) 157 (63.1) 1

> 35 19 (37.3) 92 (36.9) 1.01 (0.60–1.69) 0.967

Sex
Male 33 (64.7) 170 (68.3) 1

Female 18 (35.3) 79 (31.7) 1.14 (0.68–1.92) 0.619

Education level
Primary and below 10 (19.6) 96 (38.5) 1 1

Secondary and above 41 (80,4) 153 (61.5) 2.24 (1.17–4.29) 0.015* 1.83 (1.02–3.30) 0.043*
Marital status
Single 5 (9.8) 32 (12.9) 1

Married 44 (86.3) 210 (84.3) 1.28 (0.54–3.03) 0.571

Divorced 2 (3.9) 7 (2.8) 1.64 (0.33–7.16) 0.508

Nationality
Refugee 50 (98.0) 212 (85.1) 1 1

National 1 (2.0) 37 (14.9) 0.14 (0.02–0.97) 0.047* 0.80 (0.14–4.53) 0.802

Duration worked as a CHW
0–3 26 (51.0) 120 (48.2) 1

4+ 25 (49.0) 129 (51.8) 0.91 (0.55–1.50) 0.717

Other occupation
None 12 (23.5) 97 (39.0) 1 1

Has other occupation 39 (76.5) 152 (61.0) 1.51 (0.85–2.66) 0.157 2.02 (1.16–3.52) 0.013*
Owns mobile phone
Yes 23 (45.1) 182 (73.1) 1 1

No 28 (54.9) 67 (26.9) 2.63 (1.60–4.31) <0.001* 1.12 (0.70–1.78) 0.646

Households allocated
60 and below 8 (15.7) 17 (6.8) 1 1

Above 60 43 (84.3) 232 (93.2) 0.49 (0.26–0.92) 0.027* 0.61 (0.34–1.09) 0.094

Mode of reporting
Paper-based 49 (96.1) 124 (49.8) 1 1

mHealth 2 (3.9) 125 (50.2) 0.06 (0.014–0.23) <0.001* 0.06 (0.02–0.30) 0.001*

*Statistically significant if p-value < 0.05 at 95%CI

https://doi.org/10.1371/journal.pgph.0002741.t002
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Individual conviction and dedication. Most FGD participants and both IDIs reported

that CHWs were intrinsically motivated by their conviction and devotion to improving the liv-

ing conditions of their communities. They perceived executing their roles well as the uttermost

obligation to their communities that would prevent further suffering and death.

"Honestly speaking, volunteering is very difficult; if you are not devoted, you cannot be used
as a VHT. What made us decide to do this was because we saw our mothers and children suf-
fering; today there was death here and tomorrow, there. So, we decided to stand up and sup-
port our community"

(Focus Group Discussion_CHWs_Mixed)

Coordination and supportive supervision. Some KIIs and FGDs noted that effective

coordination and supportive supervision from the IPs and health facilities enhanced the

CHWs’ skills, confidence and cohesion, enabling them to function adeptly.

"To a bigger extent, we [IPs] have been a support system. This support system is the one that is
helping them [CHWs] to a bigger extent to work well".

(Key Informant Interview_Health facility In-charge).

"What can make me leave this VHT work is if I had a bad VHT leader, but I thank God that
we have a good leader. So even if your heart was breaking, you hang in there".

(Focus Group Discussion_CHWs_Female).

Barriers to CHW performance

Using mHealth. Using mHealth for reporting negatively affected the CHWs’ perfor-

mance. The CHWs that used the paper-based methods performed almost 17 times better than

those that used mHealth at bivariate (CPR = 0.06; 95% CI: 0.014–0.23) and multivariable

(APR = 0.06; 95%CI: 0.02–0.30) analysis. However, the qualitative findings indicated a discrep-

ancy with the quantitative findings. Most FGD, IDI and KII participants expected that

mHealth would enhance CHW performance. They believed that using mHealth methods to

collect and report health data increased data quality and the productivity or efficiency of the

IPs and CHWs.

"But I think mHealth would be performing better than the paper-based because if I have given
a referral, I indicate it there in the mHealth, everything is tallying; the home visits, its auto cal-
culated; the accuracy is better; things are controlled. But for paper-based, someone can forget
his referral, and one would say he is not performing".

(Key Informant _UNHCR)

Number of households assigned to a CHW. Having many households to cover increased

the workload, negatively impacting CHW performance. Bivariate analysis showed that CHWs

with over 60 households had performance levels half that of their counterparts with 60 or

fewer households (CPR = 0.49; 95% CI: 0.26–0.92). To this effect, the findings from most

FGDs, KIIs and both IDIs concurred that CHWs were assigned greater tasks than they could
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effectively accomplish. CHWs complained of the high number of households assigned to them

and the vast distances covered to reach each household. They were also overwhelmed by the

bulk of monthly reports required by various implementing partners.

"It [the workload] is too much because reporting ten households in a day is too much. House-
holds in our villages are scattered, so you have to move from house to house".

(In Depth Interview_Refugee CHW)

“Their [CHWs] plans are usually disorganized by the many assignments from IPs”

(Key Informant_Medical outpost)

Other barriers to CHW performance emerged from the qualitative component of the study,

including inadequate incentivization and poor facilitation of the CHWs.

Most FGD, KII and both IDI participants mentioned that inappropriate financial incentives

demoralized the CHWs. Despite of innovations to enhance performance such as mHealth, low

financial incentives, and the occasional lateness of the payments further reduced the CHWs’

morale to perform optimally.

"It is affecting us because it delays the payment, and yet it is already small. The money is
small, but if they keep paying us on time, it would be good."

(In Depth Interview_Refugee CHW)

Several participants identified poor facilitation of CHW functions, as a key factor that both

CHWs and the communities they served agreed on, to have frustrated and deterred CHW per-

formance efforts. There was reduced productivity when the IPs did not provide CHWs with

the appropriate mHealth materials and medical supplies. to perform optimally.

"How can they send soldiers to war without guns? How can they? Another thing is to give us
transport refund once they call us for training. What they give us usually is very small"

(FGD_CHWs_Best performing zone).

These challenges were linked to the abrupt change of IPs, each with different terms of refer-

ence. Such impromptu changes frustrated the CHWs’ operations and relationship with the

IPs.

"There was one organization that managed affairs in this camp, DRC knew how to deal with
refugees, but now they are out".

(FGD_CHWs_Worst performing zone).

Perceptions and experiences of the settlement stakeholders with using

mHealth

Findings from the Community Health Worker FGDs and KIIs indicated a preference for the

mHealth method over the paper-based one. The participants raised various reasons, including

portability, reduced workload, improved data reporting and validity (reduced data falsifica-

tion), improved data storage and safety, and the ability to report to all pertinent IPs promptly

and satisfactorily.
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"I prefer the phone because since we serve like seven IPs, you can send one report to all instead
of seven long reports repeating the same thing. Furthermore, the bag is too heavy, it breaks the
back so, if you have a phone, you are better off. Today if I am asked to choose between the tab-
let and the book, I will throw the book far away"

(FGD_CHWs_mHealth users).

“The phone will reduce the work load and protect the data. We will not be carrying pens,
MUAC tape and books in the hands. In my area there is a large wetland that I have to cross
yet I have no bag to carry my things, sometimes my materials fall and get dirty or soaked”

(FGD_CHWs_Best performing zone).

Using mHealth also gave the CHWs a sense of achievement, respect and power among the

community members they served. Similarly, the female CHWs found mHealth more efficient,

saving them more time to attend to their domestic duties. Consequently, the CHWs gained

more morale of the CHWs to serve diligently.

"A VHT must have a smartphone and if you give us, I would move from "kapeesa" [analogue]
phone to the smart one. People can know that VHTs are developing and so they will respect
us.

(In Depth Interview_Host CHW_Female).

“but that phone will help us to manage time, because when you finish your work from the field
and send, you will get relief that now you can do house chores without disturbance”.

(FGD_CHWs_Female Group).

Some key informants asserted that rolling out mHealth was inevitable based on experiential

evidence and CHWs’ consensus.

"But in my belief, we are meant to go digital. Based on what I have seen, what I have experi-
enced, and the feedback I have gotten from the VHTs. It is beyond the way to go, and given
how our world is moving, we have no other way"

(Key Informant Interview _Public Health Assistant_Male).

However, mHealth use presented challenges that hindered CHW performance. Some KIIs

were concerned with the program’s sustainability, citing potential theft, loss, sale or damage of

the smartphones given the dire socioeconomic status in this settlement.

"I will be very honest, it [mHealth]hasn’t been very sustainable (. . .). Basically, when someone
loses their reporting tool, their smartphone or their tablet, it will affect the drop out since, you
can no longer work with the team because your mode of reporting is no more. So, now, with
these gadgets, there are security issues; someone will steal it; it will get spoilt; it will break"

(Key Informant_Public Health Assistant)

Furthermore, some KIIs and FGDs revealed some mHealth usability challenges, including

illiteracy levels which hindered CHWs from readily adapting to mHealth use, and the limited

internet connectivity and electricity sources in several areas within the settlement, frustrating

the reporting.
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"We are trying to roll it out, but the issue was charging the phone, you know most of these peo-
ple do not have power (. . .) Also, the issue of VHTs being unable to use the phone because
they are illiterate, so it will take a long time to train and bring them on board"

(Key Informant_UNHCR).

“The challenge with the phone, sometimes you find there is no network where you have
reached visiting that family, there is no network and it first disturbs you”

(FGD_CHWs_Mixed Host Communities).

Discussion

The study assessed the performance and associated factors, of CHWs who use mHealth and

paper-based methods in a multi-national refugee settlement in Uganda. Performance was

rated either optimal or sub-optimal upon scoring more than 80% in at least four of the five

selected indicators, derived from CHW roles pertinent to the settlement. The study used the

mixed methods approach to investigate the impact of mHealth tools and associated factors on

the performance of CHWs. The qualitative component was particularly important in compre-

hending the context of resource-limited, vulnerable refugee communities. Additionally, since

certain variables were not present in the dataset for quantitative analysis, they were examined

qualitatively to enhance the study’s validity.

At the program level, only 17% of the CHWs in Kyaka II refugee settlement performed opti-

mally. Previous studies carried out in non-humanitarian settings in Uganda found CHW per-

formance ranging between 11%–40% [45–47]. The worst performed indicator was the

proportion of trainings attended, which is critical for the functioning of CHWs. Most CHWs

lacked adequate training due to the inequitable selection criteria for training and logistical

constraints. Particularly, inadequate training and facilitation for the mHealth users in the set-

tlement could have created performance inequalities [33]. Training is a critical determinant of

CHW performance outcomes [6]. However, the indicator on the quality of reports had the

best performance score, which was closely linked to the use of mHealth. All mHealth users

scored maximum points (100%) due to the programmed quality checks within the mHealth

tools preventing falsifications and omission of data. This finding agreed with a previous study

positing that mHealth use improved data validity and reliability [33]. On the other hand,

despite the introduction of mHealth technologies, CHW performance in the settlement

remained sub-optimal, possibly due to sociological, resource and technical constraints [33, 38,

39]. Improving training and facilitation of CHW mHealth initiatives could improve the pro-

gram outcomes in refugee settings.

At the individual CHW level, the study revealed several factors were associated with the

sub-optimal CHWs’ performance. Firstly, CHWs with a higher level of education were signifi-

cantly more likely to perform better because they were trainable, especially in health-related

matters. Various studies allude to the positive association between the CHWs’ education level

and performance [23, 24], and mHealth adoptability [60]. Furthermore, the highly educated

CHWs quickly bonded with the professional health workers and were more frequently selected

for training, including on mHealth use, than their counterparts. These acquired prerogatives

increased their access to knowledge and resources to facilitate better execution of their func-

tions, enabling them to perform better than their less educated counterparts.

The study also found that CHWs with other occupations performed significantly better

than their counterparts without other occupations because of the extra income that they got.

This was attributed to the heightened sense of accomplishment and contentment, which
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propelled the CHWs to serve their communities better, with fewer grievances to counter their

innate drive to serve. However, these findings contradicted the reviewed literature, which pos-

tulated that other occupations distracted CHWs from maximally attending to their roles lead-

ing to sub-optimal performance [8, 9]. This contradiction could result from the stark dire

economic status of the CHWs in the refugee settings that hinders optimal performance. The

income from other jobs helped CHWs pay for transportation, communication, and internet

expenses. These were crucial for using mHealth effectively, attending training, coordinating

tasks, and referring severe cases to health facilities, all critical determinants of CHWs’ perfor-

mance. Transport and telecommunication costs are not catered for by the implementing part-

ners, implying that CHWs, especially the mHealth users, who could not facilitate themselves

risked performing sub-optimally.

Using mHealth was significantly associated with sub-optimal performance in the refugee

settlement. This finding differed from previous studies that showed strong correlations

between mHealth use and improved CHW performance by simplifying and reducing the

workload [27, 31, 35, 36]. These equivocal findings could be due to the refugee settlement

operational settings and methodological discrepancies during analysis. There were limited

resources to replace the mHealth gadgets in the case of loss, sale or damage, given the socioeco-

nomic setting of the settlement. These constraints frustrated the routine data collection and

reporting by the mHealth cohort, yet, data from both cohorts were indistinguishably analyzed

over the entire 12 months. Despite the sub-optimal performance, the mHealth users found it

more efficient as it reduced their workload, thus improving their productivity as postulated by

previous studies. Improvements in the mHealth tool and implementation design could foster

better performance.

The workload—the number of households assigned to each CHW—varied and was a key

determinant of performance. Those with a larger number of households performed poorly

because they could not traverse vast distances with unfriendly terrain and weather to cover all

the assigned households. This finding agreed with previous studies in normal and humanitar-

ian settings that found that the greater the CHWs’ workload, the poorer they performed [10,

11]. The average number of households assigned to the CHWs in the settlements is 100, signif-

icantly exceeding the 30 households recommended by the Ministry of Health [44]. Moreover,

both quantitative and qualitative findings depicted that more workload on CHWs hindered

their performance. However, the qualitative data suggested that using mHealth lessened the

workload and improved their productivity [27, 32, 38]. Despite the availability of technologies

like mHealth, an optimal number of households should be allocated to improve CHW service

delivery.

In addition, the qualitative findings were in agreement with previous studies postulating that

financial and non-financial incentives were crucial determinants of the CHWs’ performance. In

Kyaka II refugee settlement, late or total removal of payments significantly demoralized the

affected CHWs, leading to poor performance and dropout rates as depicted in previous studies

[14, 15]. Similarly, the inadequate provision of materials and facilitation to the CHWs reduced

their morale and ability to serve their communities to the extent of being rejected by their com-

munities for having nothing to offer. The reviewed literature showed similar findings positing

low CHW performance resulting from poor facilitation [16] and the lack of support from the

beneficiary community [17, 18]. The insufficient facilitation hindered the optimal use of

mHealth gadgets contributing to the poor performance of the CHWs who used mHealth [33,

38]. Poor facilitation could result from the resource-constrained nature of the refugee settle-

ment, aggravated by the constant influx of refugees, which increased pressure on the supplies.

Literature in similar settings showed that the increased demand for supplies and materials

among Internally Displaced Persons (IDPs) negatively impacted CHW performance [61].
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The views of most stakeholders indicated a preference for mHealth to paper-based methods

for data collection and reporting because it reduced their workload and was more efficient in

meeting the targets set by the various Implementing Partners. Previous studies showed similar

findings with stakeholders considering mHealth as pivotal to improving CHW performance

[33, 35, 36, 38]. Generally, stakeholders expressed interest in rolling out digital methods (m-

health and digital payments). However, hindrances threatened their effectiveness in refugee

settings, such as inadequate training owing to an essentially illiterate community and unsus-

tainable financial and technical constraints. It would be prudent to design digital methods that

would be feasible and more effective in refugee settlement contexts.

Study limitations and strengths

The study had some limitations. These included the shortfalls of secondary data, including

inadequate information on some variables pertinent to CHW performance including financial

incentives, supervision and data quality, which could have affected the validity of the findings.

Being a pilot program, the mHealth users could have lacked the proficiency to use the tools

due to inadequate training and low education levels, giving inaccurate findings on the effect of

mHealth. Furthermore, selecting a few among the various indicators for measuring CHW per-

formance could have compromised the validity of the findings in other settings. In addition,

social desirability bias could have compromised the validity of the qualitative responses. Super-

visors (IPs) often influence the opinions of their subordinates. As such, the responses of the

CHWs may have been biased towards the interests of the IPs.

However, these shortfalls were controlled by rigorous qualitative tools, source triangulation,

comprehensive probing, assurance of confidentiality and utmost privacy of the IDI and FGD

sites. In addition, the appropriateness of the variables for CHW performance assessment was

informed by the IPs, availability of data and previous literature. Moreover, the secondary data

was cleaned by the principal investigator and reviewed by two IP public health biostatisticians.

These controls ensured the quality and validity of the data.

Conclusion

The overall performance of CHWs was sub-optimal, with only about 2 in 10 performing satis-

factorily. The IPs and CHWs preferred mHealth to paper-based methods because it lessened

their workload and enhanced their efficiency. As health systems strive to digitize operations,

end-users should be consulted and adequately trained on the appropriate mHealth modalities.

Furthermore, service providers like electricity and mobile-network companies should be

involved in the design and strategic implementation of these modalities. This would enhance

the feasibility and sustainability of these mHealth modalities: proven to positively impact

health service delivery in vulnerable settings.
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S1 Data Stata dataset for the mHealth community health worker performance in Kyaka II
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care and community health in Haiti with optimized community health worker placement. PLOS

Global Public Health, 2022. 2(5): p. e0000167. https://doi.org/10.1371/journal.pgph.0000167 PMID:

36962155

PLOS GLOBAL PUBLIC HEALTH mHealth influence on community health worker performance in refugee settings

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002741 December 29, 2023 15 / 18

https://www.afro.who.int/publications/community-health-worker-programmes-who-african-region-policy-brief
https://www.afro.who.int/publications/community-health-worker-programmes-who-african-region-policy-brief
https://doi.org/10.1186/s12960-015-0074-7
https://doi.org/10.1186/s12960-015-0074-7
http://www.ncbi.nlm.nih.gov/pubmed/26346431
https://doi.org/10.1080/16549716.2017.1272223
https://doi.org/10.1080/16549716.2017.1272223
http://www.ncbi.nlm.nih.gov/pubmed/28222653
https://doi.org/10.1097/JAC.0b013e3182a5480f
http://www.ncbi.nlm.nih.gov/pubmed/24402073
https://doi.org/10.3402/gha.v7.23902
http://www.ncbi.nlm.nih.gov/pubmed/25280734
https://doi.org/10.1089/heq.2020.0150
http://www.ncbi.nlm.nih.gov/pubmed/33937612
https://doi.org/10.1093/heapol/czu126
https://doi.org/10.1093/heapol/czu126
http://www.ncbi.nlm.nih.gov/pubmed/25500559
https://doi.org/10.7189/jogh.11.07005
http://www.ncbi.nlm.nih.gov/pubmed/33763219
https://doi.org/10.1093/heapol/czv042
http://www.ncbi.nlm.nih.gov/pubmed/26001813
https://doi.org/10.1371/journal.pgph.0000167
http://www.ncbi.nlm.nih.gov/pubmed/36962155
https://doi.org/10.1371/journal.pgph.0002741


11. Ndambo MK, Munyaneza F, Aron MB, Nhlema B, Connolly E. Qualitative assessment of community

health workers’ perspective on their motivation in community-based primary health care in rural Malawi.

BMC health services research, 2022. 22(1): p. 1–13.

12. Ballard M. and Montgomery P., Systematic review of interventions for improving the performance of

community health workers in low-income and middle-income countries. BMJ open, 2017. 7(10): p.

e014216. https://doi.org/10.1136/bmjopen-2016-014216 PMID: 29074507

13. Saint-Firmin PP, Diakite B, Ward K, Benard M, Stratton S, Ortiz C, et al. Community health worker pro-

gram sustainability in Africa: evidence from costing, financing, and geospatial analyses in Mali. Global

Health: Science and Practice, 2021. 9(Supplement 1): p. S79–S97. https://doi.org/10.9745/GHSP-D-

20-00404 PMID: 33727322

14. Ormel H, Kok M, Kane S, Ahmed R, Chikaphupha K, Rashid SF, et al. Salaried and voluntary commu-

nity health workers: exploring how incentives and expectation gaps influence motivation. Human

resources for health, 2019. 17(1): p. 1–12.

15. Glenn J, Moucheraud C, Payán DD, Crook A, Stagg J, Sarma H, et al. What is the impact of removing

performance-based financial incentives on community health worker motivation? A qualitative study

from an infant and young child feeding program in Bangladesh. BMC health services research, 2021.

21(1): p. 1–11.

16. John A., Newton-Lewis T., and Srinivasan S., Means, motives and opportunity: determinants of commu-

nity health worker performance. BMJ Global Health, 2019. 4(5): p. e001790. https://doi.org/10.1136/

bmjgh-2019-001790 PMID: 31749996

17. Miller NP, Milsom P, Johnson G, Bedford J, Kapeu AS, Diallo AO, et al. Community health workers dur-

ing the Ebola outbreak in Guinea, Liberia, and Sierra Leone. J Glob Health, 2018. 8(2): p. 020601.

https://doi.org/10.7189/jogh.08.020601 PMID: 30023054

18. Siekmans K, Sohani S, Boima T, Koffa F, Basil L, Laaziz S. Community-based health care is an essen-

tial component of a resilient health system: evidence from Ebola outbreak in Liberia. BMC Public Health,

2017. 17(1): p. 84. https://doi.org/10.1186/s12889-016-4012-y PMID: 28095824

19. Ogutu M, Muraya K, Mockler D, Darker C. Factors influencing the performance of community health vol-

unteers working within urban informal settlements in low-and middle-income countries: a qualitative

meta-synthesis review. Human resources for health, 2021. 19(1): p. 1–21.

20. Miyake S, Speakman EM, Currie S, Howard N. Community midwifery initiatives in fragile and conflict-

affected countries: a scoping review of approaches from recruitment to retention. Health policy and

planning, 2017. 32(1): p. 21–33. https://doi.org/10.1093/heapol/czw093 PMID: 27470905

21. Kambarami RA, Mbuya MN, Pelletier D, Fundira D, Tavengwa NV, Stoltzfus RJ. Factors associated

with community health worker performance differ by task in a multi-tasked setting in rural Zimbabwe.

Global Health: Science and Practice, 2016. 4(2): p. 238–250. https://doi.org/10.9745/GHSP-D-16-

00003 PMID: 27353617

22. Mangeni J, Pilkington FB, Mbai I, Abuelaish I. Training and utilization of refugees as community health

workers in protracted displacement situations: policy brief. 2016.

23. Kok MC, Kane SS, Tulloch O, Ormel H, Theobald S, Dieleman M, et al. How does context influence per-

formance of community health workers in low-and middle-income countries? Evidence from the litera-

ture. Health research policy and systems, 2015. 13(1): p. 1–14. https://doi.org/10.1186/s12961-015-

0001-3 PMID: 25890229

24. Sharma R, Webster P, Bhattacharyya S. Factors affecting the performance of community health work-

ers in India: a multi-stakeholder perspective. Global health action, 2014. 7(1): p. 25352. https://doi.org/

10.3402/gha.v7.25352 PMID: 25319596

25. Whidden C, Kayentao K, Liu JX, Lee S, Keita Y, Diakité D, et al. Improving Community Health
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29. Junker M, Dünnebeil S, Böhm M, Krcmar H. Usage of a workplace health promotion app: an evaluation

of app usage data and medical check-up results. Health Informatics Journal, 2023. 29(1):

p. 14604582221148058. https://doi.org/10.1177/14604582221148058 PMID: 36705467

PLOS GLOBAL PUBLIC HEALTH mHealth influence on community health worker performance in refugee settings

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002741 December 29, 2023 16 / 18

https://doi.org/10.1136/bmjopen-2016-014216
http://www.ncbi.nlm.nih.gov/pubmed/29074507
https://doi.org/10.9745/GHSP-D-20-00404
https://doi.org/10.9745/GHSP-D-20-00404
http://www.ncbi.nlm.nih.gov/pubmed/33727322
https://doi.org/10.1136/bmjgh-2019-001790
https://doi.org/10.1136/bmjgh-2019-001790
http://www.ncbi.nlm.nih.gov/pubmed/31749996
https://doi.org/10.7189/jogh.08.020601
http://www.ncbi.nlm.nih.gov/pubmed/30023054
https://doi.org/10.1186/s12889-016-4012-y
http://www.ncbi.nlm.nih.gov/pubmed/28095824
https://doi.org/10.1093/heapol/czw093
http://www.ncbi.nlm.nih.gov/pubmed/27470905
https://doi.org/10.9745/GHSP-D-16-00003
https://doi.org/10.9745/GHSP-D-16-00003
http://www.ncbi.nlm.nih.gov/pubmed/27353617
https://doi.org/10.1186/s12961-015-0001-3
https://doi.org/10.1186/s12961-015-0001-3
http://www.ncbi.nlm.nih.gov/pubmed/25890229
https://doi.org/10.3402/gha.v7.25352
https://doi.org/10.3402/gha.v7.25352
http://www.ncbi.nlm.nih.gov/pubmed/25319596
https://doi.org/10.7189/jogh.08.020418
http://www.ncbi.nlm.nih.gov/pubmed/30333922
https://doi.org/10.1186/s13063-015-0657-6
http://www.ncbi.nlm.nih.gov/pubmed/25873093
https://doi.org/10.1186/s12889-020-8173-3
https://doi.org/10.1186/s12889-020-8173-3
http://www.ncbi.nlm.nih.gov/pubmed/31931773
https://doi.org/10.1177/14604582221148058
http://www.ncbi.nlm.nih.gov/pubmed/36705467
https://doi.org/10.1371/journal.pgph.0002741


30. Palos-Sanchez PR, Saura JR, Rios Martin MA, Aguayo-Camacho M. Toward a better understanding of

the intention to use mHealth apps: exploratory study. JMIR mHealth and uHealth, 2021. 9(9): p.

e27021. https://doi.org/10.2196/27021 PMID: 34499044

31. Al-Azzam M.K., Research on the Impact of mHealth Apps on the Primary Healthcare Professionals in

Patient Care. Applied Bionics and Biomechanics, 2021. 2021. https://doi.org/10.1155/2021/7611686

PMID: 34912474

32. Gatara M.C., Mobile-Health Tool Use and Community Health Worker Performance in the Kenyan Con-

text: A Comparison of Task-Technology Fit Perspectives, in mHealth Ecosystems and Social Networks

in Healthcare. 2016, Springer. p. 55–77.

33. Mengesha W, Steege R, Kea AZ, Theobald S, Datiko DG. Can mHealth improve timeliness and quality

of health data collected and used by health extension workers in rural Southern Ethiopia? Journal of

public health (Oxford, England), 2018. 40(suppl_2): p. ii74–ii86. https://doi.org/10.1093/pubmed/

fdy200 PMID: 30551131

34. McConnell M, Mahajan M, Bauhoff S, Croke K, Verguet S, Castro MC, et al. How are health workers

paid and does it matter? Conceptualising the potential implications of digitising health worker payments.

BMJ Global Health, 2022. 7(1): p. e007344. https://doi.org/10.1136/bmjgh-2021-007344 PMID:

35078811

35. Abreu F, Bissaco M, Silva A, Boschi S, Scardovelli T, Santos M, et al. The use and impact of mHealth

by community health workers in developing and least developed countries: a systematic review.

Research on Biomedical Engineering, 2021. 37(3): p. 563–582.

36. Thondoo M, Strachan DL, Nakirunda M, Ndima S, Muiambo A, Källander K, et al. Potential roles of

Mhealth for community health workers: formative research with end users in Uganda and Mozambique.

JMIR mHealth and uHealth, 2015. 3(3): p. e4208. https://doi.org/10.2196/mhealth.4208 PMID: 26206419

37. Pazarbasioglu C, Mora AG, Uttamchandani M, Natarajan H, Feyen E, Saal M. Digital financial services.

World Bank Group, 2020. 54.

38. Gopalakrishnan L, Buback L, Fernald L, Walker D, Diamond-Smith N, Consortium iatTCE. Using

mHealth to improve health care delivery in India: A qualitative examination of the perspectives of com-

munity health workers and beneficiaries. PloS one, 2020. 15(1): p. e0227451. https://doi.org/10.1371/

journal.pone.0227451 PMID: 31940326

39. Schoen J, Mallett JW, Grossman-Kahn R, Brentani A, Kaselitz E, Heisler M. Perspectives and experi-

ences of community health workers in Brazilian primary care centers using m-health tools in home visits

with community members. Human resources for health, 2017. 15(1): p. 1–10.

40. UNHCR, Uganda Comprehensive Refugee Response Portal. 2021, United Nations High Commission

for Refugees.

41. UNHCR, Uganda Refugee Statistics February 2022—Kyaka II. 2022.

42. UNHCR, Health in Camps, in UNHCR Emergency Handbook, t. Edition, Editor. 2018.

43. UNHCR, UNHCR takes donors to Kyaka II Settlement as flow of refugees continues. 2019.

44. MOH, National Village Health Teams (VHT) Assessment in Uganda. 2015, Ministry Of Health:

KAMPALA.

45. Kuule Y, Dobson AE, Woldeyohannes D, Zolfo M, Najjemba R, Edwin BMR, et al. Community health

volunteers in primary healthcare in rural Uganda: factors influencing performance. Frontiers in public

health, 2017. 5: p. 62. https://doi.org/10.3389/fpubh.2017.00062 PMID: 28424765

46. Musoke D, Ndejjo R, Atusingwize E, Mukama T, Ssemugabo C, Gibson L. Performance of community

health workers and associated factors in a rural community in Wakiso district, Uganda. African Health

Sciences, 2019. 19(3): p. 2784–2797. https://doi.org/10.4314/ahs.v19i3.55 PMID: 32127852

47. Wanduru P, Tetui M, Tuhebwe D, Ediau M, Okuga M, Nalwadda C, et al. The performance of commu-

nity health workers in the management of multiple childhood infectious diseases in Lira, northern

Uganda–a mixed methods cross-sectional study. Global health action, 2016. 9(1): p. 33194. https://doi.

org/10.3402/gha.v9.33194 PMID: 27882866

48. Davis FD, Bagozzi RP, Warshaw PR. User acceptance of computer technology: A comparison of two

theoretical models. Management science, 1989. 35(8): p. 982–1003.

49. Braun M.T. Obstacles to social networking website use among older adults. Computers in Human

Behavior, 2013. 29(3): p. 673–680.

50. Wasti SP, Simkhada P, van Teijlingen ER, Sathian B, Banerjee I. The growing importance of mixed-

methods research in health. Nepal journal of epidemiology, 2022. 12(1): p. 1175. https://doi.org/10.

3126/nje.v12i1.43633 PMID: 35528457

51. Wisdom JP, Cavaleri MA, Onwuegbuzie AJ, Green CA. Methodological reporting in qualitative, quanti-

tative, and mixed methods health services research articles. Health services research, 2012. 47(2): p.

721–745. https://doi.org/10.1111/j.1475-6773.2011.01344.x PMID: 22092040

PLOS GLOBAL PUBLIC HEALTH mHealth influence on community health worker performance in refugee settings

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002741 December 29, 2023 17 / 18

https://doi.org/10.2196/27021
http://www.ncbi.nlm.nih.gov/pubmed/34499044
https://doi.org/10.1155/2021/7611686
http://www.ncbi.nlm.nih.gov/pubmed/34912474
https://doi.org/10.1093/pubmed/fdy200
https://doi.org/10.1093/pubmed/fdy200
http://www.ncbi.nlm.nih.gov/pubmed/30551131
https://doi.org/10.1136/bmjgh-2021-007344
http://www.ncbi.nlm.nih.gov/pubmed/35078811
https://doi.org/10.2196/mhealth.4208
http://www.ncbi.nlm.nih.gov/pubmed/26206419
https://doi.org/10.1371/journal.pone.0227451
https://doi.org/10.1371/journal.pone.0227451
http://www.ncbi.nlm.nih.gov/pubmed/31940326
https://doi.org/10.3389/fpubh.2017.00062
http://www.ncbi.nlm.nih.gov/pubmed/28424765
https://doi.org/10.4314/ahs.v19i3.55
http://www.ncbi.nlm.nih.gov/pubmed/32127852
https://doi.org/10.3402/gha.v9.33194
https://doi.org/10.3402/gha.v9.33194
http://www.ncbi.nlm.nih.gov/pubmed/27882866
https://doi.org/10.3126/nje.v12i1.43633
https://doi.org/10.3126/nje.v12i1.43633
http://www.ncbi.nlm.nih.gov/pubmed/35528457
https://doi.org/10.1111/j.1475-6773.2011.01344.x
http://www.ncbi.nlm.nih.gov/pubmed/22092040
https://doi.org/10.1371/journal.pgph.0002741


52. Agarwal S, Sripad P, Johnson C, Kirk K, Bellows B, Ana J, et al. A conceptual framework for measuring

community health workforce performance within primary health care systems. Human Resources for

Health, 2019. 17(1): p. 86. https://doi.org/10.1186/s12960-019-0422-0 PMID: 31747947

53. Geoffrey B, Lorna M, Clare K. Village health team functionality in Uganda: implications for community

system effectiveness. Sci J Pub Health, 2016. 4(2): p. 117–126.

54. Thompson M.L., Myers J., and Kriebel D. Prevalence odds ratio or prevalence ratio in the analysis of

cross sectional data: what is to be done? Occupational and environmental medicine, 1998. 55(4): p.

272–277. https://doi.org/10.1136/oem.55.4.272 PMID: 9624282

55. Greenland S. Model-based estimation of relative risks and other epidemiologic measures in studies of

common outcomes and in case-control studies. American journal of epidemiology, 2004. 160(4): p.

301–305. https://doi.org/10.1093/aje/kwh221 PMID: 15286014

56. McNutt L-A, Wu C, Xue X, Hafner JP. Estimating the relative risk in cohort studies and clinical trials of

common outcomes. American journal of epidemiology, 2003. 157(10): p. 940–943. https://doi.org/10.

1093/aje/kwg074 PMID: 12746247

57. Barros A.J. and Hirakata V.N. Alternatives for logistic regression in cross-sectional studies: an empirical

comparison of models that directly estimate the prevalence ratio. BMC medical research methodology,

2003. 3(1): p. 1–13. https://doi.org/10.1186/1471-2288-3-21 PMID: 14567763

58. Martinez BAF, Leotti VB, Silva GdSe, Nunes LN, Machado G, Corbellini LG. Odds Ratio or Prevalence

Ratio? An Overview of Reported Statistical Methods and Appropriateness of Interpretations in Cross-

sectional Studies with Dichotomous Outcomes in Veterinary Medicine. Frontiers in Veterinary Science,

2017. 4. https://doi.org/10.3389/fvets.2017.00193 PMID: 29177157

59. Silverman, D. Doing qualitative research: A practical handbook. 2013: Sage.

60. Huong D.T.L. and Long T.D. Does knowledge matter? The role of m-Health literacy to the acceptance

of m-Health applications. Ta
˙
p chı́ Khoa ho

˙
c và Công nghe

˙
ˆ-a

˙
i ho

˙
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