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Community-based service delivery, bridging health facilities and 
households, is recognised as one of the key dimensions of primary 
healthcare (PHC).[1] Drawing on successes in a growing number of 
countries, national community health worker (CHW) programmes 
are returning to favour across the globe.[2] One of these, Brazil’s Family 
Health Programme (FHP), extensively reorganised its PHC system to 
focus on families and communities, and integrate healthcare with 
health promotion and public health actions. It has resulted in 
increased access to healthcare and improved health outcomes for a 
substantial proportion of the population.[3] Inspired by the success of 
the Brazilian model, the South African (SA) government formulated 
a PHC re-engineering strategy in 2011.[4,5] The strategy prioritises 
four ‘streams’: ward-based PHC outreach teams (WBOTs), enhanced 
school health services, district clinical specialist teams (DCSTs) 
supporting maternal, neonatal and child health, and the contracting 
of private general practitioners to provide public services. This article 
focuses on the WBOT stream.

In terms of the PHC re-engineering strategy, each municipal 
electoral ward should deploy WBOTs, with an average of one team 
per 1 500 households. The roles of the teams are to strengthen health 

prevention and promotion and identify and support vulnerable 
individuals and families. Each team should ideally comprise a 
professional nurse and five to six CHWs, as well as a health promoter 
and an environmental health practitioner. An audit by the National 
Department of Health in 2011 determined that there were 72 000 
lay community-based workers linked to provincial health services, 
mostly providing HIV/tuberculosis services.[5] These workers 
received widely varying training and remuneration, had diverse 
educational levels, and performed a variety of roles. By formalising 
them as CHWs into PHC outreach teams, the Department aims to 
ensure that they are similarly trained, have a clear and standardised 
scope of work, and become more fully integrated into the district 
health system.

North West Province (NWP) was an early adopter of the WBOT 
strategy and is regarded as one of the provinces that made the most 
systematic and sustained progress in implementing PHC outreach 
teams.[6] Each team (WBOT) is linked to a health facility and serves 
households in the drainage area of that facility, and each facility 
could have several WBOTs linked to it. Outputs and outcomes of a 
health facility would therefore be influenced by activities undertaken 
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by WBOTs. By the end of 2015, NWP had the highest coverage by 
WBOTs in the country (72.6% of wards with at least one WBOT). [7] 
The first training of CHWs across the country commenced in 
October 2011, and shortly thereafter NWP began implementation 
with a pilot of 24 WBOTs, with at least one team in each of the 19 
subdistricts across the province. Since then, a number of evaluations 
have documented the unfolding implementation of WBOTs in 
the province and provided insights into the factors enabling the 
expansion and functioning of the programme.[6,8-11] During this 
period, NWP recorded improvements in a number of PHC coverage 
indicators, such as early antenatal booking and vitamin A coverage, 
plausibly influenced by the WBOTs. However, these improvements 
have also been documented in other provinces with lower levels 
of WBOT coverage, and furthermore could have been affected 
by other interventions such as the DCSTs. Given the interest in 
and expectations of greater investment in WBOTs, assessing their 
impact on and contribution to PHC outputs and health outcomes is 
becoming increasingly important.

The efficacy of disease-specific CHW-based interventions has been 
demonstrated in controlled, experimental settings.[12] However, as 
programmes scale up and become integrated into the routine health 
system, not only may they lose effectiveness, but evaluating them 
becomes methodologically challenging. In the process of expansion, 
‘intervention’ and ‘control’ areas are no longer randomly assigned, 
interventions are adapted and change as they are assimilated, and 
they interact with other interventions in context-specific ways. In 
such circumstances, approaches to programme evaluation need to 
include a wider range of options. Habicht et al.[13] propose a typology 
where ‘probability’ designs shift to the less definitive ‘plausibility’ and 
‘adequacy’ designs. Probability designs are classic experiments in that 
they control for confounders through randomisation of intervention 
and control groups.[13] Plausibility designs (also referred to as quasi-
experimental) evaluate changes before and after the intervention or 
compare non-randomised groups with and without interventions.[13] 
Efforts may be made to identify and control for potential confounders 
in the analysis. Such approaches have been successfully applied to 
impact evaluations such as that of the nationally scaled up Brazilian 
FHP.[14] Adequacy designs evaluate performance against a standard or 
target (e.g. immunisation coverage), where changes are assumed to be 
due to the effects of the programme.

Objectives
This article describes the application of a plausibility evaluation design 
that aimed to assess the contribution of WBOTs to PHC performance 
in NWP, comparing coverage, utilisation and outcome indicators in 
facilities with and without WBOTs. The study formed the quantitative 
component of a mixed-method evaluation of the WBOTs strategy in 
NWP conducted in late 2015.[15] It drew on routinely collected data 
through the District Health Information System (DHIS) and made 
use of the ‘difference-in-differences’ analysis technique, appropriate 
to a plausibility evaluation of a programme at scale. This technique 
evaluates the effects of an intervention by comparing changes in, 
rather than absolute levels of, performance between intervention 
and control sites, where these are not randomly assigned, and may 
therefore have baseline differences.[16] However, it still assumes that 
sites are exposed to the same background changes and would show 
the same overall trends in the absence of an intervention.[16]

Methods
A before-and-after evaluation was conducted with PHC facilities 
(clinics and health centres) as the units of analysis. All PHC 

facilities in the province that collected routine data on the indicators 
potentially influenced by WBOTs (see indicator list below) were 
included in the study population, and the entire eligible study 
population was included in the analysis, obviating the need for 
sampling. PHC facilities were grouped into those with functional 
WBOTs (intervention clinics) and those without WBOTs (control 
clinics) at follow-up (2014/15). WBOTs were deemed functional if 
their monthly activity data were regularly reflected in the facility 
routine information system (the DHIS). Based on the WBOT DHIS 
data, the number of functional teams increased from the 24 pilot 
teams in 2012 to 274 by March 2015. Household activities of WBOTs 
were evenly divided between maternal, reproductive and child health 
(49% of total activities), and follow-up of chronic diseases (51% of 
total).

Using routine data from the DHIS, the study compared changes 
in the performance of PHC facilities with and without WBOTs. 
Routine data from both the WBOTs and PHC clinics for the period 
2011/12 (prior to implementation) to 2014/15 (3 years after the start 
of implementation) were obtained. The following three steps were 
then applied: (i) the indicators potentially sensitive to community-
based action were identified and extracted; (ii) the routine data were 
cleaned using predetermined cleaning criteria; and (iii) a difference-
in-differences analysis was applied to the data. These three steps are 
further elaborated below.

Step 1: Selection of indicators
PHC routine indicators – data elements and associated drainage 
population data – plausibly affected by the activities of the CHWs 
in the WBOTs at household level were selected and extracted from 
the DHIS. Data were extracted prior to commencement of WBOTs 
in 2011/12 and 3 years after WBOT activity, in 2014/15, for every 
clinic and health centre in NWP. The indicators, their rationale for 
inclusion and the corresponding data elements chosen for analyses 
are listed in Table 1.

In a separate study (not reported here), tuberculosis case detection 
rates and treatment outcomes were analysed as indicators of the 
chronic disease care activity of WBOTs.

Step 2: Data cleaning
Data were separated by data element, facility and month and saved 
in Excel 2016 (Microsoft, USA) for each year. Routine monthly data 
for each facility were checked for errors based on comparisons of 
facilities with each other and with other months in the year. Based 
on assessments of accuracy and completeness, the data were cleaned 
using defined rules. Great care was taken to avoid over-cleaning, and 
only data with clear and obvious errors were cleaned.

The following two cleaning rules for missing data were applied: (i) 
if a facility had data missing for >8 months in a year, that facility was 
excluded from the analysis; and (ii) if a facility had data missing for 
≤8 months in a year, missing data were assigned the average values 
for the months that had data recorded. As all services included in the 
analysis had been routinely provided by the health department for 
many years, it was reasonably assumed that a lack of data reflected 
a lack of recording and/or reporting rather than a lack of service 
delivery for those months. It is acknowledged that by assigning 
average values, seasonal and special-event variation effects were 
not catered for in the correction; however, it would be impossible 
to correct for these without detailed knowledge of each individual 
facility.

The following cleaning rules for inaccurate data were applied: 
facility values of less than one-third (lower limit) and >3 times (upper 
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limit) the average value for the year (annual average) were cleaned by 
assigning them the average value. Exceptions were made in certain 
circumstances, for example: (i) for annual average values <10, no 
lower-limit cleaning was done; (ii) for annual average values <10, 
upper-limit cleaning was done only if the values were >5 times the 
annual average; (iii) for annual averages of ‘zero’, upper-limit cleaning 
was done based on an average of 1; and (iv) for annual facility 
averages >3 times the annual average for the province, cleaning to the 
facility average was done for values greater than double the facility 
annual average. This rule was only applied if 3 times the provincial 
annual average was >40.

Despite the extensive data cleaning, several residual errors remained 
and resulted in values >100% for indicators such as immunisation 
coverage at age <1 year, for some facilities.

Step 3: Analysis of data
Standardised DHIS indicators, listed in Table 1, were calculated from 
data elements and compared for changes in value between 2011/12 
and 2014/15. Medians and median differences from 2011/12 to 
2014/15 in indicators were derived and tabulated for each facility 
using Epi Info 3.5.1 (Centers for Disease Control and Prevention, 
USA). Although the data were extensively cleaned, several residual 

Table 1. Facility indicators potentially sensitive to WBOT (CHW) activity

Indicator Rationale for inclusion 
Data elements

Numerator Denominator
ANC attendance coverage CHWs were tasked with identifying and 

encouraging pregnant women to attend ANC 
clinics

ANC first visit – total Population aged <1 year

ANC clinic attendance 
before 20 weeks rate

CHWs were tasked with identifying and 
encouraging pregnant women to attend their 
first ANC clinic visit early in their pregnancy

ANC first visit before 20 weeks ANC first visit – total

Cervical cancer screening at 
age ≥30 years coverage

CHWs encouraged women aged ≥30 to have a 
cervical smear taken once every 10 years

Cervical cancer screening age  
≥30 years

Population aged ≥30 
years, female/10 cervical 
smears in women aged 
≥30 years as a proportion 
of 10% of the female 
population aged ≥30 years 

Mother postnatal visit 
within 6 days after delivery

CHWs were tasked with encouraging women 
who have given birth to attend postnatal clinic 
within 6 days after delivery

Mother postnatal visit within 6 days 
after delivery

Population aged <1 year

Couple year protection rate CHWs provided health education on family 
planning and the types of contraception 
methods available

(Oral pill cycles/12) + (medroxy-
progesterone/4) + (norethisterone 
enanthate/6) + (IUCD × 4.5) + 
(subdermal implant × 2.5) + 
male condoms distributed/120) + 
(female condoms distributed/120) + 
(male sterilisation × 10) + (female 
sterilisation × 10)

Population aged 15 - 49 
years, female

Immunised fully at age  
<1 year coverage

CHWs encouraged parents/caregivers to have 
their children immunised according to the 
recommended schedule

Immunised fully at age <1 year, new Population aged <1 year

Measles coverage, age  
<1 year

CHWs encouraged parents/caregivers to have 
their children immunised according to the 
recommended schedule

Measles first dose at age <1 year Population aged <1 year

Vitamin A coverage, age  
12 - 59 months

CHWs provided routine supplementation of 
vitamin A to children aged <5 years

Vitamin A dose 12 - 59 months Population aged 1 - 5 
years  
(12 - 60 months) 

Child aged <5 years, 
diarrhoea with dehydration 
(/1 000)

CHWs demonstrated how to administer oral 
rehydration to children with diarrhoea and 
encouraged parents/caregivers to provide it 
early in the illness and to take children who 
were not getting better to the facility

Child aged <5 years with diarrhoea 
with dehydration 

Population aged <5 years

Utilisation rates, children 
aged <5 years 

CHWs encouraged attendance at health 
facilities for both preventive and curative 
services

PHC headcount, age <5 years Population aged <5 years

Utilisation rates, children 
aged ≥5 years

CHWs encouraged attendance at health 
facilities for both preventive and curative 
services

PHC headcount, age ≥5 years Population aged ≥5 years

WBOT = ward-based outreach team; CHW = community health worker; ANC = antenatal care; IUCD = intrauterine contraceptive device; PHC = primary healthcare.
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errors remained. These errors are best seen when looking at the 
indicator values, particularly the minimum and maximum values 
as illustrated in the white cells in Table 2, where the ranges of 
values obtained for the facilities in the province for immunisation 
coverage are implausible at the upper and lower extremes. Similarly, 
the difference in facility values between 2011/12 and 2014/15 had 
extreme implausible outliers, and median (as opposed to mean) 
values were therefore used to avoid the influence of these outliers 
prone to errors.

The degree of change in individual facility indicator values over 
time was assessed by calculating the difference in median value 
over the time period, by subtracting the median value for 2011/12 
from the median value for 2014/15, for that particular facility. The 
median of the differences of all the facilities, stratified into those with 
functional WBOTs and those without WBOTs, was then determined. 
In the final step, the median of the differences in facilities without 
WBOTs was subtracted from those with WBOTs (the difference-in-
differences analysis). Non-parametric tests (the Wilcoxon rank-sum 
test) were computed in Stata 14 (StataCorp, USA) to determine 
the statistical significance (p<0.05) of the median difference-in-
differences between facilities with functional WBOTs and those 
without WBOTs. Although PHC facilities served populations of 
varying sizes, no weighting of facilities was undertaken, as the main 
focus of analysis was in the relative change in, rather than the absolute 
value of, the indicator. However, absolute values of indicators are 
also presented in the findings, as these are necessary for interpreting 
the median differences over time. Absolute values additionally aid 
interpretation of the degree of relative change, as the higher the 
baseline, the more difficult it is to effect a positive (beneficial) change, 

and conversely the lower the baseline value, the easier it is to effect a 
positive change.

Ethical approval
Ethical approval for the study was obtained from the University of the 
Western Cape Senate Research Committee (ref. no. 15/2/4).

Results
Routine data from which the indicators listed in Table 1 could be 
calculated were obtained for 404 facilities (187 with functional 
WBOTs and 217 without WBOTs). The median of the facility values 
for the various indicators was calculated for the years 2011/12 and 
2014/15 and the differences in value for each facility between 2011/12 
and 2014/15 were obtained with the median of those individual facility 
differences then being computed. This analysis was undertaken for all 
the indicators listed in Table 1, with an illustrative example for the 
indicator ‘couple year protection’ shown in Table 3. Data are shown 
for four actual facilities only, but then the median is shown for all 
the facilities, with ‘Facility*’ and ‘Facility†’ representing all the other 
facilities not shown in the table. The values for these facilities are 
reported in Tables 4 - 7, where the summarised analysis of the various 
indicator changes are shown. Note that the median of the differences 
(c) is not the difference between the median of 2014/15 (b) minus the 
median of 2011/12 (a) (which would be 18%) but rather the median of 
the differences of all the facilities shown in that column (which in this 
case was 15.3%). The difference-in-median differences is shown in the 
next column and is simply the difference between the median of the 
differences for facilities with WBOTs (c) (15.3%) and facilities without 
WBOTs (d) (6.1%), which in this example is 9.2%.

Table 2. Example of residual errors in 2014/15 indicators
Indicator/variable  Facilities N Min. 25% Median 75% Max.

Immunisation coverage age <1 year, %
Facilities with WBOT 188 0 70 82 100 206
Facilities without WBOT 215 0 63 86 111 775

WBOT = ward-based outreach team; white cells = ranges of values implausible at the upper and lower extremes (see text).

Table 3. Median change in couple year protection percentage between 2011/12 and 2014/15

Exposure Facility 

Facility 
proportional value 
in 2011/12

Facility 
proportional value 
in 2014/15

Difference in 
facility value 
between 2014/15 
and 2011/12

Difference in the 
median differences 
between WBOT 
and no-WBOT 
facilities p-value

PHC facilities with 
functional WBOTs, %

Facility 1 29.6 69.0 39.4

9.2 (c - d) 0.0001

Facility 2 21.3 76.8 55.5
Facility 3 37.5 34.8 –2.7
Facility 4 34.9 56.7 21.8
Facility*      
Median of all the 
facilities (n=187)

20.2 (a) 37.7 (b) 15.3 (c) 

PHC facilities without 
WBOTs, %

Facility 1 22.9 16.5 –6.5
Facility 2 16.6 19.2 2.6
Facility 3 32.4 36.2 3.8
Facility 4 27.2 27.1 –0.2
Facility†      
Median of all the 
facilities (n=217)

26.3 32.5 6.1 (d)

WBOT = ward-based outreach team.
*Remaining 183 facilities.
†Remaining 213 facilities.
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Changes in indicator values between 2011/12 and 2014/15 for facilities 
with WBOTs and facilities without WBOTs have been grouped into 
the following four categories: (i) indicators where there was greater 
(statistically significant) improvement in facilities with WBOTs than 
in those without (we refer to these changes as ‘possibly attributable to 
the activities of the WBOT’) (Table 4); (ii) indicators that declined or 
worsened, but less so in facilities with WBOTs, at statistically significant 
levels (Table 5); (iii) indicators that improved in all facilities, with no 
statistically significant difference between facilities with and without 
WBOTs (Table 6); and (iv) indicators that remained unchanged in all 
facilities, with and without WBOTs (Table 7).

In Tables 4 - 7, the following are presented for facilities with and 
without WBOTs: median values for 2011/12; median values for 
2014/15; the median of the differences in facility values between 
2011/12 and 2014/15 (note that this is not the difference between 
the median of 2014/15 and the median of 2011/12, but rather the 

median of the differences of all the facilities, as illustrated in Table 3); 
the comparison of the median differences (difference-in-differences) 
between facilities with and without WBOTs; and the level of 
significance of this difference.

Changes in indicators possibly attributable to WBOTs
Couple year protection rates improved in all facilities (Table 4). 
However, there was a larger and significantly greater increase in these 
rates in facilities with a WBOT than in those without a WBOT. Measles 
coverage in children aged <1 year increased in WBOT facilities, while it 
decreased in facilities without WBOTs. There was a significant decrease 
in cases of severe diarrhoea in facilities with a WBOT and no change 
in facilities without a WBOT. Of note are the baseline differences 
between WBOT and non-WBOT facilities in 2011/12, a pattern that is 
present across many of the indicators. In general, facilities with WBOTs 
appeared to be performing worse at baseline.

Table 4. Indicators with improvement possibly attributable to WBOTs

Indicator Facility type
Median of facility 
values for 2011/12

Median of facility 
values for 2014/15

Median of the 
differences in 
values of individual 
facilities between 
2014/15 and 
2011/12*

Difference in 
the median 
differences 
between WBOT 
and no-WBOT 
facilities p-value 

Couple year protection 
rate, %

WBOT 
(n=184)

20.2 37.7 15.3

9.2 0.0001
No WBOT
(n=229)

26.3 32.5 6.1

Measles under 1-year 
coverage, %

WBOT
(n=184)

81.9 86.8 6.6

15.4 0.0092
No WBOT
(n=219)

95.7 89.7 –8.9

Child under 5 years with 
severe diarrhoea with 
dehydration, /1 000

WBOT
(n=113)

9.3 1.7 –2.4

–2.4 0.0003
No WBOT
(n=230)

2.6 2.3 0.0

WBOT = ward-based outreach team.
*Note that this is not the arithmetical difference between the median of 2014/15 and the median of 2011/12, but rather the median of the difference in value for all individual facilities between 
2014/15 and 2011/12.

Table 5. Indicators where WBOTs may have prevented declines in utilisation

Indicator Facility type

Median of 
facility values for 
2011/12

Median of 
facility values for 
2014/15

Median of the 
differences 
in values of 
individual 
facilities 
between 2014/15 
and 2011/12*

Difference in 
the median 
differences 
between WBOT 
and no-WBOT 
facilities p-value 

ANC first visits, as % of children born 
in that year

WBOT
(n=184)

101.8 97.7 –0.8

6.6 0.0331
No WBOT
(n=220)

77.9 66.5 –7.4

Utilisation rate in children aged <5 
years (per capita)

WBOT
(n=184)

4.5 4.5 –0.30

0.37 0.0271
No WBOT
(n=220)

5.0 4.4 –0.67

WBOT = ward-based outreach team; ANC = antenatal care.
*Note that this is not the arithmetical difference between the median of 2014/15 and the median of 2011/12, but rather the median of the difference in value for all individual facilities between 
2014/15 and 2011/12.
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Indicators where WBOTs may have prevented  
declines in utilisation
Antenatal coverage and under-5 utilisation rates declined in all 
facilities, but significantly less so in facilities with WBOTs, as shown 
in Table 5.

Indicators that improved in all facilities
The indicators ANC before 20 weeks as a percentage of ANC 
first visits and vitamin A coverage at 12 - 59 months improved 
substantially in all facilities, but with no statistically significant 
difference between facilities with and without WBOTs (Table 6).

Indicators that did not change in all facilities
Several indicators showed small or no change in facilities with and 
without WBOTs. This included overall immunisation coverage, 
postnatal visit attendance, cervical screening attendance and general 
PHC facility utilisation rates for children aged ≥5 years (Table 7). 
Although overall immunisation coverage had a greater improvement 
in facilities with WBOTs, this was not statistically significant.

Discussion
This study offers a methodology, referred to as a plausibility design, 
for use of routine data to evaluate impacts of WBOTs implemented 

Table 6. Indicators that improved across all facilities

Indicator Facility type
Median of facility 
values for 2011/12

Median of facility 
values for 2014/15

Median of the 
differences 
in values of 
individual 
facilities between 
2014/15 and 
2011/12*

Difference in the 
median differences 
between WBOT 
and no-WBOT 
facilities p-value 

ANC before 20 weeks, % of 
ANC first visits

WBOT
(n=182)

42.9 58.6 15.1

–1.6 0.2359
No WBOT
(n=196)

41.5 60.0 16.6

Vitamin A coverage at 12 - 59 
months, %

WBOT
(n=184)

20.9 81.6 59.4

–0.3 0.5242
No WBOT
(n=220)

27.0 92.3 59.7

WBOT = ward-based outreach team; ANC = antenatal care.
*Note that this is not the arithmetical difference between the median of 2014/15 and the median of 2011/12, but rather the median of the difference in value for all individual facilities between 
2014/15 and 2011/12.

Table 7. Indicators that did not show major change in all facilities

Indicator Facility type
Median of facility 
values for 2011/12

Median of facility 
values for 2014/15

Median of the 
differences in 
values of individual 
facilities between 
2014/15 and 
2011/12*

Difference in the 
median differences 
between WBOT 
and no-WBOT 
facilities p-value 

Immunisation coverage in 
children aged <1 year, %

WBOT
(n=184)

76.1 82.3 8.7

8.2 0.1362
No WBOT
(n=219)

84.4 86.4 0.5

Postnatal mother visits at 6 
days, as % of live births

WBOT
(n=184)

56.2 61.3 2.9

2.9 0.0652
No WBOT
(n=220)

29.6 32.5 0.0

Cervical cancer screening in 
women aged ≥30 years, %

WBOT 
(n=184)

3.7 5.9 2.3

1.5 0.1851
No WBOT
(n=230)

2.6 5.2 0.8

Utilisation rate for children 
aged ≥5 years (per capita)

WBOT
(n=184)

2.4 2.4 –0.12

0.0 0.2371
No WBOT
(n=231)

2.5 2.4 –0.12

WBOT = ward-based outreach team.
*Note that this is not the arithmetical difference between the median of 2014/15 and the median of 2011/12, but rather the median of the difference in value for all individual facilities between 
2014/15 and 2011/12.
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at scale that could be applied elsewhere. It is not only useful for 
researchers conducting evaluations but can also become part of ongoing 
monitoring by health system managers. The difference-in-differences 
analysis method allows for comparisons of changes in performance 
between facilities with and without WBOTs even in the presence of 
baseline differences, rather than just coarse changes in absolute values 
before and after the implementation of the intervention.

Although the data were not always of good quality and needed 
thorough cleaning, the analysis found that facilities with WBOTs 
appeared to perform better than facilities without WBOTs on some 
indicators. The findings concur with the international evidence on 
the role of CHWs in maternal, child and reproductive health.[12,17] The 
specific profile of changes found in NWP could be related to the training 
and other activities of WBOTs. CHWs monitor Road-to-Health cards 
of children aged <5 years and refer those with missed vaccinations to 
health facilities. As part of household visits, CHWs encourage family 
planning among women in the reproductive years, and in NWP they 
specifically provided them with language-appropriate educational 
material.[18] They also provided health promotion to caregivers in 
households, gave advice on hygiene, demonstrated how to prepare and 
administer a dehydration solution and advised when to refer children 
with diarrhoea. Interestingly, rates for vitamin A coverage and ANC 
below 20 weeks improved substantially in all facilities, which implies 
that activities or interventions other than WBOTs may have influenced 
these changes. Notably, during the period of analysis, there were several 
community-based campaigns to increase vitamin A supplementation 
coverage across the province.

Study limitations
The analysis assumed that facilities with WBOTs were not 
systematically different to facilities without WBOTs. However, 
there were significant baseline differences between the two groups. 
Although the difference-in-differences technique specifically caters 
for these scenarios,[16] it is possible that there was a selection bias 
operating, with ‘intervention’ sites generally having lower performance 
at baseline and therefore greater potential for improvement, or 
other characteristics (e.g. motivation, leadership) that would have 
influenced outcomes. Further analyses would need to consider such 
possible confounding factors.

Another limitation is the crude categorisation of intervention and 
control sites as having a WBOT or not. Facilities and WBOTs are 
not coterminous, as the latter cover specific municipal wards, but 
facilities typically serve several geographical wards and many did not 
have full coverage by WBOTs. Facilities were required to have just one 
functional WBOT team to be classified as intervention clinics, while 
the facility data were analysed for the whole catchment population. 
The number of WBOTs known to exist and their establishment 
period was under-reported in the DHIS, so it was not possible to 
calculate the dose-response relationship. The net effect of this is 
potential differential misclassification of facilities with WBOTs, 
leading to an underestimation of WBOT impacts on coverage and 
utilisation. Greater use of activity and coverage indicators from the 
WBOTs themselves would allow for analyses that are more refined. 
This would also be relevant in later stages of scale-up when most 
facilities become linked with WBOTs. Finally, the quality of the data, 
despite thorough cleaning to eliminate outliers and gaps, poses threats 
to the validity and reliability of the findings. Given these limitations, 

the results should be interpreted with caution, and repeated analyses 
conducted over time. Increased use of routine information, such as in 
this analysis, may stimulate increased accuracy of data collection, and 
greater confidence in the findings.

Conclusion
WBOTs may have had positive effects on the overall performance of 
the PHC system. However, their plausible influence on performance 
can be reliably measured only if the quality of routine data is 
improved, and if adequate support for and greater value is attached 
to monitoring and evaluation. We propose a methodology to 
evaluate the performance of WBOTs that could be applied elsewhere. 
Public health institutions could have an important role to play in 
supporting and building capacity in the greater use of such methods 
of programme evaluation. As data quality improves for WBOTs in the 
DHIS, further evaluations could examine dose-response relationships 
in facilities with WBOT with low and high coverage and also facilities 
with longer v. recently established WBOTs.
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