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Key questions

What is already known?
 ► There is a room for increasing efficiency in resource 
use across health facilities in low/middle- income 
countries.

 ► Healthcare financing reforms have the potential to 
stimulate efficiency in resource use including those 
focusing on output- based financing (eg, pay- for- 
performance (P4P)).

What are the new findings?
 ► The technical efficiency score from 150 facilities in 
Tanzania ranged between 40% and 65% for hospi-
tals and health centres, and lowest around 20% for 
dispensaries.

 ► Higher efficiency scores were significantly associ-
ated with the level of care provided (hospital and 
health centre) and wealthier catchment populations.

 ► There is no evidence that P4P improved efficiency 
on average, but might marginally improved among 
public facilities only.

What do the new findings imply?
 ► Facilities can still improve efficiency, but the service 
delivery processes at the health facility level and the 
effect of incentive schemes need to be better under-
stood to determine how to improve efficiency.

 ► Large share of technically inefficient facilities sug-
gests that most facilities (especially dispensaries) 
are not operating in their full capacity or significantly 
wasting resources, perhaps due to poor healthcare 
seeking culture.

AbsTrACT
background Ensuring efficient use and allocation of 
limited resources is crucial to achieving the UHC goal. 
Performance- based financing that provides financial 
incentives for health providers reaching predefined targets 
would be expected to enhance technical efficiency across 
facilities by promoting an output- oriented payment system. 
However, there is no study which has systematically 
assessed efficiency scores across facilities before and 
after the introduction of pay- for- performance (P4P). This 
paper seeks to fill this knowledge gap.
Methods We used data of P4P evaluation related to 
healthcare inputs (staff, equipment, medicines) and outputs 
(outpatient consultations and institutional deliveries) from 
75 health facilities implementing P4P in Pwani region, and 
75 from comparison districts in Tanzania. We measured 
technical efficiency using Data Envelopment Analysis and 
obtained efficiency scores across facilities before and 
after P4P scheme. We analysed which factors influence 
technical efficiency by regressing the efficiency scores 
over a number of contextual factors. We also tested the 
impact of P4P on efficiency through a difference- in- 
differences regression analysis.
results The overall technical efficiency scores ranged 
between 0.40 and 0.65 for hospitals and health centres, 
and around 0.20 for dispensaries. Only 21% of hospitals 
and health centres were efficient when outpatient 
consultations and deliveries were considered as output, 
and <3% out of all facilities were efficient when outpatient 
consultations only were considered as outputs. Higher 
efficiency scores were significantly associated with the 
level of care (hospital and health centre) and wealthier 
catchment populations. Despite no evidence of P4P 
effect on efficiency on average, P4P might have improved 
efficiency marginally among public facilities.
Conclusion Most facilities were not operating at their 
full capacity indicating potential for improving resource 
usage. A better understanding of the production process at 
the facility level and of how different healthcare financing 
reforms affects efficiency is needed. Effective reforms 
should improve inputs, outputs but also efficiency.

InTroduCTIon
Low/middle- income countries (LMICs), espe-
cially in sub- Saharan Africa, are constrained 
in achieving universal health coverage 
(UHC) by limited resources,1–3 double 

burden of diseases (communicable and non- 
communicable diseases)4 5 and relatively poor 
health system performance.6 7 Despite the 
efforts to ensure more funding are allocated 
to the health sector, resources are still limited 
and ensuring they are used efficiently and 
equitably is crucial to achieve UHC goals.8 
In 2010, the World Health Report estimated 
about 20%–40% of health resources are being 
wasted globally due to inefficient and inequi-
table use of resources.1 9 Indeed, countries’ 
health systems need not only more resources 
for health but also efficient use of available 
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resources. Efficiency can either be technical efficiency 
(minimum amount of resources used for a given level 
of output or maximum amount of output produced for 
a given level of resources) or allocative efficiency (how 
resource inputs and their prices are combined to produce 
a mix of different outputs).9

Pay- for- performance (P4P) schemes, which provide 
financial incentives for health workers and/or facilities 
reaching predefined targets, are gaining popularity in 
LMICs as a means of improving facility performance 
and health system strengthening.10–13 Although there 
is a variation across schemes, P4P incentives are typi-
cally rewarded to facilities or healthcare providers after 
the achievement of quantity and quality targets. These 
payments are used for facility improvement as well as 
additional bonus to staff salary.14 15 So, while incentiv-
ising output improvement, bonus payments to facilities 
can also contribute to the improvement of infrastructure 
and to drugs and supplies availability, among others. 
Some P4P schemes also offer an initial payment to facil-
ities enrolled in the scheme to expand their capacity 
for service provision. Since P4P is an output- oriented 
financing strategy aimed at increasing the provision of 
targeted services, one would expect P4P to enhance effi-
ciency in service delivery. For instance, P4P can improve 
allocative efficiency by incentivising an optimal mix of 
services that maximises health improvements, and it can 
improve technical efficiency by increasing the quantity 
and quality of services produced for a given amount of 
inputs.11

There is a growing body of evidence evaluating the 
impact of P4P in LMICs. However, most of these studies 
have focused on assessing the effects of P4P on service 
coverage,12 16 quality of care17, equity in service delivery 
and resource distribution,18–20 and on facility inputs, such 
as human resources21–23 and medical commodities.24 25 
Many P4P evaluations indicate mixed results, with notable 
increases of incentivised service delivery indicators. The 
current literature, however, shows relatively little atten-
tion to efficiency which combines inputs and outputs. 
The little available evidence shows that P4P increased 
provider productivity in Rwanda,26 increased efficiency 
of faith- based facilities in Uganda,27 and efficiency 
improved over time among P4P implementing health 
centres in Rwanda.28 However, these studies focused on a 
single type of facilities (eg, faith- based or health centres 
only27 28), used only one input and output26 or relied on 
a small sample of facilities and assessed trend over time 
without comparing them with control facilities.28

We estimated the technical efficiency of public and 
private health facilities providing primary and/or 
secondary care, and we assessed the impact of a P4P 
scheme by comparing intervention and control facili-
ties in Tanzania. Previous evaluations of P4P in Tanzania 
revealed an increase in service coverage (outputs) and in 
the availability of some healthcare inputs in the facilities 
where it was implemented.18 24 Assessing health facilities 
efficiency and how it changed under P4P is important 

and timely, as it adds to a limited evidence on the asso-
ciation between P4P and efficiency, which we suggest 
policy- makers should consider when making decisions 
with the implementation of P4P in low- resource settings 
like Tanzania.

study setting
This study took place in Tanzania, a low- income country 
in East Africa. Most facilities (70%) in Tanzania are 
government owned. The public health system has a hier-
archical administration and is organised in a referral 
structure, with dispensaries and health centres providing 
primary care and hospitals providing secondary and 
tertiary care.29 The health system is decentralised, 
whereby local managers are given power to plan and 
manage resources.30 Like in other LMICs, most health 
facilities in Tanzania are facing shortage of staff,31 drugs 
and supplies.32 33 Health financing is highly fragmented 
with many sources including general taxation (26%), 
donor support (41%), out- of- pocket payments (23%) 
and health insurance contributions (8%).34 35 About 32% 
of Tanzanians are covered by health insurance—ie, 8% 
as public servants mainly through National Health Insur-
ance Fund, 23% as informal workers through Community 
Health Fund (CHF) and 1% from private insurance.36 In 
2018/2019, about 9% of total government expenditure 
or total budget was allocated for health (below the Abuja 
Declaration Target of 15%).36 Tanzania has introduced 
various healthcare financing reforms in an effort to move 
toward UHC, including fiscal decentralisation through 
direct health facility financing,37 38 improved CHF39 
and national roll- out of P4P, also called results- based 
financing programme.40

In January 2011, Tanzania introduced a P4P pilot 
scheme in Pwani region before national roll- out, with 
the aim of improving maternal and child health (MCH) 
services.41 All health facilities providing MCH services in 
the region were eligible to implement the scheme. P4P 
performance targets for facilities were either related 
related to the coverage of specific services (eg, institu-
tional delivery) or to content of care (eg, uptake of 
antimalarials during antenatal care) as described in 
more detail elsewhere.18 41 Health managers were also 
eligible to receive performance payouts based on the 
performance of the facilities in their district or region. 
Performance data were compiled by facilities and veri-
fied every 6 months (one cycle) before P4P payments. 
The maximum payout if all targets were fully attained was 
US$820 per cycle for dispensaries, US$3220 for health 
centres and US$6790 for hospitals. P4P payments were 
additional to funding for operational costs and salaries 
which are unrelated to performance. P4P payouts at the 
facility- level included bonuses to staff (equivalent to 10% 
of their monthly salary) and funds that could be used for 
facility improvement or demand creation initiatives (10% 
of the total in hospitals and 25% in lower level facilities). 
District and regional managers received bonus payments 
of up to US$3000 per cycle.
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The impact evaluation of P4P pilot showed a significant 
positive effect on two out of eight incentivised service 
indicators: institutional delivery rate and provision of 
antimalarial during antenatal care.18 The evaluation also 
documented various positive process changes, such as 
increased availability of drugs and supplies, increased 
supportive supervision, a reduced chance of patients 
paying user fees and greater provider kindness during 
institutional delivery.18 24 42 43

MeTHods
data sources
Data were derived from two rounds of a repeated cross- 
sectional facility survey done in 150 health facilities from 
11 districts in Pwani, Morogoro and Lind region, as part 
of an impact evaluation of the P4P pilot programme in 
Pwani region.18 41 In Pwani region, all 6 hospitals and 16 
health centres were eligible for inclusion, and a random 
sample of 53 dispensaries were included in the evaluation 
study. An equivalent number of facilities were randomly 
sampled by level of care in comparison districts from 
Morogoro and Lindi region. As a result, an equal number 
of facilities in the intervention and control study arms 
were included—ie, 75 facilities from Pwani region (P4P 
arm) and 75 facilities from Morogoro and Lindi (compar-
ison arm). Further details on the sampling strategy of 
facilities are presented elsewhere .41

data collection
Data were collected through a facility survey question-
naire adapted from the World Bank Impact Evaluation 
Toolkit.44 The questionnaire had three main sections: (1) 
basic facility characteristics and management (staffing 
levels, opening hours, facility management and infra-
structure), (2) availability of drugs, supplies and equip-
ment and (3) monthly service utilisation data from facility 
register books. Trained enumerators administered a 
structured facility questionnaire to the facility in- charge 
or any knowledgeable health worker at each facility. The 
enumerators also measured inputs and contextual factors 
during data collection, while outputs (monthly utilisation 
data) were extracted from facility register books for 12 
months prior to the interview. Data were collected in two 
rounds: January and February 2012 and 13 months later, 
reflecting before and after the introduction of P4P. Each 
round surveyed 150 facilities including 12 hospitals, 32 
health centres and 106 dispensaries. Data collected have 
been used previously.19 24 42 43

Input, output and contextual factor variables
This study used three healthcare inputs and two outputs 
to estimate efficiency scores across health facilities 
(table 1). Labour (clinical staff by cadre), capital (proxied 
by the number of beds) and medical commodities were 
included as key healthcare inputs to the production 
process for health facilities. Healthcare outputs included 
volume of health services utilisation, as intermediate 
outputs, since health status are difficult and costly to 

measure.45 As data were incomplete for some facilities, 
we imputed the number of maternity beds in seven facili-
ties that missed in 2012 with the number of beds in 2013, 
assuming nothing has changed over time; and similarly, 
for seven facilities that provided inpatient services, but 
recorded zero bed in 2012. We replaced the missing 
values of outputs in 20 facilities with those from the 
previous or next year . Monthly mean numbers of outpa-
tient visits and normal deliveries were computed annu-
ally, by summing consultations over the year and divide 
by 12 months. We also used data on a set of contextual 
indicators: facility ownership status, facility level of care, 
location (rural/urban), catchment population charac-
teristics, availability of outreach services, availability of 
CHF insurance, distance from district headquarter and 
frequency of external supervision. The choice of inputs, 
outputs and contextual factors was guided by contextual 
consideration and previous efficiency studies in low- 
income settings, conditional to data availability.46

Measuring efficiency: data envelopment analysis (deA)
Efficiency analysis methods are based on the estimation 
of a production frontier, which represents the maximum 
output that a decision- making unit, health facilities in 
this study, can produce for a given input combination. 
Efficiency scores ranging from 0, completely ineffi-
cient, to 1, efficient, indicate for each decision- making 
unit the proportion of output produced with respect 
to a hypothetical identical one producing on the fron-
tier (ie, efficient). Generally, two types of methods are 
used to estimate the frontier: stochastic frontier anal-
ysis, based on parametric techniques, and DEA, based 
on non- parametric techniques.9 45 47–49 Both have been 
widely used in the literature and present advantages and 
disadvantages. The choice ultimately relies on the analyst 
judgement based on the research question, study setting 
and data available.9 45–48 Thus, we used a DEA because 
of methodological and practical advantages. DEA accom-
modates multiple inputs and multiple outputs and it is 
a data- driven approach, which allow us to avoid specific 
assumptions about the functional form of the production 
function and the distribution of the error term. As such, 
DEA is also used for ‘benchmarking’ where efficient 
units may not necessarily form a production frontier, but 
instead a ‘best- practice frontier’.45

In this study, we assumed alternatively both constant 
returns to scale (CRS), that is, all units are operating at 
their optimal scale,50 and variable returns to scale (VRS).51 
Through VRS assumption, we were able to decompose the 
overall technical efficiency scores into scale efficiency and 
pure technical efficiency. We considered an output- oriented 
approach due to the hierarchical structure of the health 
system and the centralised procurement process, such 
that most public health facilities in low- income settings 
have fixed set of inputs at any given time with limited 
influence on their inputs. However, health facilities have 
the autonomy to use limited or fixed resources in an inno-
vative way to maximise outputs. We estimated technical 
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Table 1 Definition and measurement of health facility input, output and contextual variables

Variables Measurement

Facility inputs

  Clinical staff Total number of doctors/clinicians, nurses/midwives and paramedics

  Beds Total number of maternity beds during the survey

  Medical commodities Total number of different drugs, vaccines, medical supplies and medical 
equipment available in the health facility during the 3 months prior to the survey

 ► Drugs and vaccine include 37 items: antimalarials (3), 6 antibiotics (6), 
antihypertensives (5), antidiarrhoeals (2), oxytocics (3), ARVs (7), vaccines (5), 
vitamin A (1) and family planning medicines (5).

 ► Medical supplies include 11 items: male condom and female condom, 
disinfectant/iodine, sterile latex gloves, delivery kit, cotton wool, partograph, 
sutures, catheters, oxygen supply and gas supply (for vaccines).

 ► Equipment includes 19 items: time/watch, autoclave, delivery table, vacuum 
extractor, examination lamp/torch, blood pressure machine, stainless 
steel bowls, neonatal Ambu bag, incubator, cord ligatus/clamp, infant 
laryngoscope, mucus suction, weighing scale, MUAC measuring tape, test 
kit, delivery kit, reagents for test kit, thermometer and stethoscope.

Facility outputs

  Outpatient visits Monthly mean number of outpatient (preventive and curative) visits including 
visits of children under 5 years, over 5 years and antenatal care.

  Deliveries Monthly mean number of facility- based normal deliveries.

Contextual variables

  Facility level of care Binary variables: three levels of care (hospitals, health centres and dispensaries).

  Facility ownership 1 for public- owned facility and 0 for non- public.

  Facility location 1 for facility in urban district and 0 for rural district.

  Population socioeconomic status 1 for non- poor population and 0 for poor catchment population.

  Outreach services Average number of outreaches in last 90 days.

  Community Health Fund (CHF) 1 if facility has insurance scheme (CHF) and 0 no health insurance.

  Distance (km) Mean kilometre from facility to district headquarter.

  Supportive supervision 1 if external supervision in the last 30 days and 0 for no external supervision in 
the last 30 days.

The items for medical commodities have similarly been used previously (Binyaruka and Borghi24).
ARVs, antiretrovirals; MUAC, mid- upper arm circumference.

efficiency for hospitals, health centres and dispensa-
ries separately in 2012 and 2013, as inputs, outputs and 
healthcare delivery may be very different in each level 
of care. Allocative efficiency could not be considered 
in this paper due to the lack of reliable data on input 
prices. Moreover, due to the centralised procurement, 
the prices of staff and large equipment would not vary 
across facilities. We estimated DEA scores by using two 
models with different input and output combinations 
to test the relative importance of each input or output. 
Model 1 included four inputs (staff level, number of 
drugs and vaccines, medical supplies and equipment) 
and one output (outpatient visits) for all facilities. Model 
2 included five inputs (staff level, number of drugs and 
vaccines, medical supplies, equipment and maternity 
beds) and two outputs (outpatient visits and normal deliv-
eries) for hospital and health centres only. Dispensaries 
were not included in model 2 as they are not equipped to 
provide institutional deliveries. We estimated efficiency 
scores in each model by benchmarking health facilities 

of the same type. We assummed CRS first then VRS. All 
health facilities with efficiency score of 1 were considered 
efficient, and thus we computed the percentage of effi-
cient health facilities and we examined how that changes 
over time. Efficiency scores were computed in Stata by 
applying the DEA user- written command, with alter-
natively CRS and VRS, as required by each model, and 
with output orientation. Details are presented in online 
supplementary appendix.

determinants of efficiency: regression analyses
To identify the determinants of technical efficiency, we 
regressed the efficiency scores over observed contextual 
factors. The efficiency scores are censored (0 to 1) and 
the correlation pattern among DEA efficiency scores is 
typically complex and unknown. We therefore used the 
approach developed by Simar and Wilson52 and recently 
applied by Moreno- Serra et al,53 as it accounts for bounded 
dependent variable, corrects the SEs by simulating the 
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unknown error correlation among efficiency scores and 
calculates bootstrapped SEs.54

We pooled the efficiency scores estimated separately 
for dispensaries, health centres and hospitals in 2012 and 
in 2013 and we regressed them on a set of contextual and 
environmental factors (listed in table 1). We also included 
binary indicators to control for type of health facility, year 
and district. We used Stata simarwilson with externally esti-
mated efficiency scores and 2000 replications. In model 
1 we included dispensaries, health centres and hospi-
tals, and in model 2 we included only health centre and 
hospitals. Details are presented in online supplementary 
appendix.

effect of P4P on efficiency: difference-in-differences analysis
To test whether P4P affects efficiency scores, we first 
compared descriptively the changes in efficiency scores 
over time for P4P and non- P4P facilities. We then applied 
a linear difference- in- differences regression analysis 
based on a controlled before and after design.

We regressed efficiency scores pooled across health 
facilities and years over a dummy variable, taking the 
value 1 if a facility is exposed to P4P in 2013 and 0 if not. 
We controlled for time invariant determinants including 
facility fixed effects and for time- specific effects including 
year fixed effects. As average programme effect may mask 
important heterogeneous effects,55 we further attempted 
to assess the heterogeneous effect of P4P by facility type, 
by including in the regression the interaction term 
between P4P in 2013 and the category considered for 
heterogeneity, along with the category itself. Details are 
presented in online supplementary appendix. As in the 
analysis of the determinants of efficiency, we applied the 
Simar and Wilson52 approach.

The effect of P4P on efficiency can be interpreted 
as causal on the assumption that trends in efficiency 
scores across facilities in intervention and comparison 
sites were parallel before the start of the programme. 
We were unable to formally test this assumption due to 
the lack of multiple observations of inputs and outputs, 
and hence efficiency scores, before the introduction of 
P4P. However, trends in facility outputs (eg, service util-
isation rates) were parallel prior to the intervention.18 43 
As trends in inputs were also likely to be parallel, due 
to centralised planning and procurement, we argue that 
the evidence lends some support to the assumption. All 
analyses were performed using STATA V.15.

Patient and public involvement
We used secondary data from the facility survey of the 
evaluation of P4P in Tanzania. Our data do not involve 
patient, but our findings will be shared with health system 
stakeholders.

resulTs
descriptive statistics
Table 2 presents descriptive statistics of baseline and 
endline characteristics of facilities including the levels of 

inputs and outputs across study arms. The baseline levels 
of outputs and inputs were generally similar between 
intervention and comparison arms, although interven-
tion facilities had marginally higher level of medical 
staff (especially paramedics) and lower availability of 
drugs and vaccines than comparison facilities. The other 
facility characteristics were fairly balanced between arms. 
However, most of the intervention facilities had CHF 
scheme and served poorer population than their coun-
terpart facilities in comparison arm. Looking at changes 
over time, the availability of beds, of drugs and vaccines 
(in the comparison group) and of medical supplies 
slightly decreased. Outpatient consultations decreased 
in all facilities, while deliveries increased in P4P facilities 
and decreased in the control ones.

efficiency scores
The technical efficiency scores calculated assuming CRS 
varied by facility type, both in model 1, which included 
four inputs and one output (outpatient visits) and in 
model 2, which included an additional input, maternity 
beds, and an additional output, normal deliveries. The 
average overall technical efficiency for hospitals and 
health centres was 0.46 and 0.40 in model 1, and 0.65 and 
0.60 in model 2, respectively (table 3 and online supple-
mentary appendix table 1). Dispensaries had relatively 
low average efficiency scores of 0.20, which contributed 
to lower the average efficiency scores across all health 
facilities in model 1. Model 1 resulted into an overall 
relatively smaller percentage of technically efficient facil-
ities (2.4%) compared with model 2 (21.3%) (table 3). 
Since in model 1, the average technical efficiency score 
was 0.46, 0.40 and 0.20 for hospitals, health centres and 
dispensaries respectively, this suggests that, on average, 
they could respectively increase their outpatient visits by 
about 54%, 60% and 80% without reducing inputs.

Over time, the average technical efficiency scores of 
health centres and dispensaries decreased, as measured 
in model 1, while hospitals efficiency scores increased 
from 0.45 to 0.47 (table 3). Consistently, the proportion of 
efficient health centres (6.3%) and dispensaries (0.9%) 
in 2012 reduced to 0% for both in 2013. The propor-
tion of efficient hospitals remained efficient throughout 
(16.7%). In model 2, overall technical efficiency score 
and share of efficient facilities slightly improved over 
time for hospitals and health centres. Furthermore, 
the overall technical efficiency scores were estimated 
ssuming VRS assumption, in order to allow a decompo-
sition into pure technical efficiency and scale efficiency. The 
average pure technical efficiency and scale efficiency remained 
almost similar in both models from 2012 to 2013, except 
for a slight increase for hospitals and decrease for health 
centres over time (online supplementary appendix table 
2).

determinants of efficiency
Table 4 presents results on factors associated with 
overall technical efficiency. Efficiency scores estimated 
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Table 3 Summary of overall technical efficiency scores and share of efficient facilities

Facility type

Model 1 Model 2

Mean (SD) % efficient facilities Mean (SD)
% efficient 
facilities

Panel 1: Years 2012 and 2013

  Level of care

   Hospitals (n=24) 0.46 (0.33) 16.7 0.64 (0.34) 33.3

   Health centres (n=64) 0.40 (0.26) 3.1 0.60 (0.28) 17.9

   Dispensaries (n=206) 0.20 (0.14) 0.5 – –

  All facilities (n=294) 0.26 (0.22) 2.4 0.62 (0.30) 21.3

Panel 2: Years 2012

  Level of care

   Hospitals (n=24) 0.45 (0.33) 16.7 0.64 (0.33) 25

   Health centres (n=64) 0.42 (0.29) 6.3 0.60 (0.28) 14

   Dispensaries (n=206) 0.21 (0.15) 0.9 – –

  All facilities (n=294) 0.27 (0.23) 3.5 0.60 (0.30) 20

Panel 3: Years 2013

  Level of care

   Hospitals (n=24) 0.47 (0.34) 16.7 0.65 (0.33) 33.3

   Health centres (n=64) 0.38 (0.23) 0 0.61 (0.29) 21.1

   Dispensaries (n=206) 0.19 (0.12) 0 – –

  All facilities (n=294) 0.25 (0.20) 1.3 0.61 (0.12) 25

Model 1: Inputs (total staff, drugs and vaccines, medical supplies, equipment); output (outpatient visits).
Model 2: Inputs (total staff, drugs and vaccines, medical supplies, equipment, beds); outputs (outpatient visits and normal deliveries).

Table 4 Determinants of efficiency

Variables

Model 1 Model 2

Coefficient 95% CI P value Coefficient 95% CI P value

Hospital *** 0.281 0.118 to 0.407 0.000 −0.001 −0.172 to 0.181 0.989

Health centre *** 0.294 0.180 to 0.380 0.000   

Public facility 0.012 −0.106 to 0.125 0.834 0.060 −0.191 to 0.309 0.626

Urban facility 0.087 −0.099 to 0.258 0.332 −0.072 −0.376 to 0.225 0.637

Non- poor catchment population ** −0.067 −0.169 to 0.036 0.194 0.266 0.036 to 0.483 0.019

Number of outreach in 90 days 0.007 −0.005 to 0.019 0.229 0.012 −0.007 to 0.029 0.189

Health insurance (CHF) availability 0.024 −0.079 to 0.136 0.648 0.130 −0.028 to 0.301 0.126

Distance from facility to district HQ 0.000 −0.001 to 0.001 0.707 0.002 −0.001 to 0.005 0.111

External supervision within 30 days −0.008 −0.083 to 0.064 0.821 0.089 −0.067 to 0.232 0.243

Time year (year 2013) −0.003 −0.075 to 0.068 0.930 0.042 −0.079 to 0.164 0.496

Constant 0.064 −0.125 to 0.280 0.528 −0.067 −0.501 to 0.422 0.774

District controls Yes   Yes   

Observations (n) 257     74     

Model 1 include all facilities over time and include four inputs and one output (outpatient visits). Model 2 excluded dispensaries over time 
and include five inputs and multiple outputs (outpatient visits and deliveries).
***Denotes significance at 1%, ** at 5% and * at 10% level.
CHF, Community Health Fund; HQ, headquarter.

in model 1 were significantly higher by 0.281 (CI: 
0.118 to 0.407) for hospitals and by 0.294 (CI: 0.180 to 
0.380) for health centres, compared with dispensaries. 

Nevertheless, efficiency scores estimated in model 2 
were significantly higher only for facilities with a rela-
tively wealthier catchment population (0.266; CI: 0.036 
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Table 5 Estimated average and heterogeneous P4P effect

Model 1 Model 2

Coefficient 95% CI P value Coefficient 95% CI P value

Average effect

  P4P×Year 2013 −0.024 −0.058 to 0.010 0.175 0.044 −0.039 to 0.125 0.307

  Year 2012 0.004 −0.019 to 0.029 0.741 0.013 −0.050 to 0.075 0.680

Heterogeneous effects

Urban health facility

  P4P×Year 2013×urban −0.002 −0.062 to 0.057 0.938 0.100 −0.165 to 0.386 0.469

  P4P×Year 2013 −0.023 −0.059 to 0.013 0.201 0.039 −0.049 to 0.128 0.375

  Urban 0.160 0.015 to 0.301 0.027 −0.328 −0.809 to −0.129 0.063

  Year 2013 0.004 −0.020 to 0.028 0.732 0.013 −0.049 to 0.074 0.681

Public health facility

  P4P×Year 2013×public 0.060 −0.013 to 0.126 0.088 0.001 −0.174 to 0.170 0.987

  P4P×Year 2013 −0.076 −0.140 to −0.003 0.028 0.043 −0.121 to 0.211 0.614

  Public 0.479 0.289 to 0.650 0.000 0.267 0.075 to 0.789 0.174

  Year 2013 0.004 −0.018 to 0.029 0.737 0.013 −0.046 to 0.074 0.673

Dispensary

  P4P×Year 2013×dispensary −0.022 −0.072 to 0.032 0.427

  P4P×Year 2013 −0.009 −0.059 to 0.040 0.722

  Dispensary −0.147 −0.288 to −0.001 0.044

  Year 2013 0.004 −0.019 to 0.027 0.739

Low socioeconomic status

  P4P×Year 2013×low SES 0.013 −0.035 to 0.062 0.595 0.080 −0.034 to 0.199 0.176

  P4P×Year 2013 −0.032 −0.079 to 0.018 0.180 0.009 −0.084 to 0.104 0.852

  Low SES −0.159 −0.300 to −0.021 0.024 −0.457 −0.867 to −0.248 0.009

  Year 2013 0.004 −0.020 to 0.028 0.741 0.013 −0.051 to 0.075 0.672

Observation (n) 294 80

Model 1 include all facilities over time and include four inputs and one output (outpatient visits); model 2 excluded dispensaries over time 
and include five inputs and multiple outputs (outpatient visits and deliveries); all regressions include facility fixed effects.
P4P, pay- for- performance; SES, socioeconomic status.

to 0.483). These variations were observed over and 
above variations across districts. The other variables 
were not significantly associated with the efficiency 
scores.

effect of P4P on efficiency
Results from the difference- in- differences regression 
presented in table 5 show that P4P was negatively but not 
significantly associated with technical efficiency in model 
1 (−0.024; CI: −0.058 to 0.010) and positively but not 
significantly associated with efficiency in model 2 (0.044; 
CI: −0.039 to 0.125). P4P might have improved margin-
ally the efficiency scores in public facilities by 0.060 (CI: 
−0.013 to 0.126) while it reduced it in non- public facili-
ties by −0.076 (CI: −0.140 to −0.003) in Model 1. There 
was a positive but not significant increase of efficiency in 
both types of facilities in model 2. There was no evidence 
of significant differential effect of P4P for urban facilities, 
dispensaries or facilities with a poor catchment popula-
tion in terms of socioeconomic status.

dIsCussIon
This study examined the effect of P4P on efficiency across 
health facilities in Tanzania. To the best of our knowledge, 
this is the first study to use multiple inputs and outputs 
to measure efficiency and the effect of P4P on efficiency 
by comparing P4P and non- P4P health facilities and by 
differenting by facility characteristics (ie, level of care 
and ownership). We found overall technical efficiency 
scores ranging between 0.40 and 0.65 for hospitals and 
health centres, and lowest around 0.20 for dispensaries. 
Only 21% of hospitals and health centres were techni-
cally efficient when two outputs were considered, and less 
than 3% of all facilities (including dispensaries) were effi-
cient when only one output was considered. In terms of 
determinants, higher efficiency scores were significantly 
associated with the level of care (hospital and health 
centre), and with wealthier catchment populations for 
hospitals and health centres only. There were also statis-
tically significant variations in facilities’ efficiency across 
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districts, but not over time. While there was no evidence 
of P4P effect on efficiency on average, P4P might have 
improved marginally the efficiency of public facilities.

The finding that majority of facilities were technically 
inefficient suggest that most health facilities (especially 
dispensaries) are not operating in their full capacity 
or are not on their efficiency frontier (ie, significant 
resources are being wasted). These inefficient facilities 
are either using inputs unnecessarily for production, 
which is unlikely given the low level of inputs available, 
or could increase service delivery with the available 
resources. In fact, the low technical efficiency observed 
is consistent with findings from other studies in sub- 
Saharan Africa,56–62 reporting efficiency scores typically 
between 0.40 and 0.75 with less than 50% of facilities 
being efficient. Few studies report efficiency scores above 
0.75.63–66 While most studies in the region focused either 
on hospitals or health centres, we included all facility 
types, which, especially after including dispensaries, led 
to lower overall efficiency scores.

Higher levels of care (eg, hospitals and health 
centres) and for those with wealthier catchment popu-
lation were significantly associated with higher efficiency 
levels in Tanzania. Low demand of services at facilities 
providing only basic primary healthcare services64 and 
patients bypassing primary healthcare facilities67–69 may 
explain the association between higher level of care and 
higher efficiency. Indeed, more outreach visits were 
also associated, although not statistically significantly, 
with higher efficiency scores, which reflects the poten-
tial of outreach services to improve demand and utilisa-
tion of health services.70 71 The efficiency scores did not 
differ significantly between facilities in rural and urban 
districts, which is consistent with findings of a study from 
Zambia,57 but not with findings from Ghana.56 Character-
istics of the catchment population can affect efficiency. 
Our study revealed that wealthier catchment populations 
were associated with higher efficiency levels for hospitals 
and health centres, when institutional deliveries were 
included in the output. However, according to studies 
in Ethiopia larger catchment populations were associ-
ated with higher efficiency levels.66 72 Although we found 
no variation in efficiency across ownership status, other 
studies have found either public facilities56 or private 
facilities73 to be more efficient than their counterparts 
in LMICs. In addition, a study that re- estimated country 
level efficiency on WHO panel data49 revealed that public 
facilities could potentially be more efficient in health 
service delivery than their counterparts. Variations in effi-
ciency across districts suggest that there may be district 
level factors still unexplored affecting efficiency, beyond 
rurality and catchment population characteristics.74

The implementation of the P4P programme in 
Tanzania neither enhanced nor reduced efficiency across 
health facilities. The average efficiency scores remained 
almost unchanged over time. However, there was a slight 
increase in efficiency scores in intervention facilities and 
a slight decrease in control facilities, which may have 

neutralised the effect. The lack of effect might also be 
due to the evaluation time frame of 1 year, which might 
be shorter to observe an effect on efficiency. Our finding 
of no P4P effect is in contrast to other three studies in 
SSA assessing P4P and efficiency. For example, Gertler 
and Vermeersch,26 considering only one input and 
output, found the productivity of health workers on 
prenatal care improved in Rwanda after the introduction 
of P4P. Another study in Rwanda reported some changes 
in efficiency among P4P health centres;28 however, they 
used a relatively small sample of 26 health centres and 
simply compared changes in efficiency over time without 
comparison facilities. In Uganda, evidence shows that 
efficiency increased among facilities implementing P4P,27 
but the analysis was limited to faith- based facilities only. 
To the best of our knowledge, ours is the only study which 
systematically used comparison facilities and combined 
facilities of different levels of care and ownership status 
to identify the effect of P4P on efficiency. Since the use of 
different set of variables generates different conclusions, 
we suggest that future studies should use multiple inputs 
and outputs and different facility type when assessing effi-
ciency especially in the context of healthcare financing 
reforms.

Despite the lack of average effect of P4P on efficiency, 
we identified that P4P might have increased marginally 
the efficiency scores among public facilities and reduced 
efficiency in non- public facilities. This finding show that 
important heterogeneous effects may often be hidden 
when focusing on average effect only. These results may 
be driven by increased demand for service in public rather 
than non- public facilities. Public facilities in Tanzania are 
better able to respond to incentives as they can offer free 
MCH services (under the fee exemption policy) and have 
more financial autonomy than non- public providers like 
faith- based facilities.42 It is important to note that while 
we assess the effect that P4P may have on the efficiency 
with which health facilities operate, results do not say 
anything about cost- effectiveness of P4P itself, as the 
many costs of this reform are not accounted for.75 76

Our study revealed that only less than a quarter of 
facilities were efficient. This indicates that only few 
facilities were more successful in converting inputs into 
outputs than others, despite being in a similar resource- 
constrained context. Additionally, it implies that the 
majority of facilities (especially primary healthcare facil-
ities) can still increase their outputs with available levels 
of inputs to operate at the efficiency frontier. Facilities 
wishing to increase their level of outputs and eventually 
efficiency, may possibly need to increase the demand of 
health services. This can be achieved through different 
strategies including the expansion of health insurance 
coverage or voucher schemes which provide financial 
protection and reduce access barriers,1 77 as well as through 
strategies aiming at improving quality of care, which may 
not only attract clients but also reduce the practice of 
bypassing primary healthcare facilities.78 More targeted 
efforts and interventions toward some facilities and 
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location are also needed,79 80 since the inefficiencies were 
more prevalent among primary health facilities which 
are largely serving poorer populations. Furthermore, 
there is a need for more research to assess efficiency of 
primary healthcare facilities in LMICs. These assessments 
are currently very limited,46 but primary healthcare facil-
ities are the first point of contact and serves the majority 
of the population.81 82 Assessing the role of local health 
administrations, which in similar settings often manage 
the distribution of resources across facilities, would also 
be important to understand where improvements can be 
made.74 Moreover, we encourage more research to assess 
whether performance- based provider payments (eg, 
P4P) can improve efficiency across facilities, as countries 
continue to implement health financing reforms toward 
UHC. In LMICs where staff and drugs are in shortage, it 
is important to improve efficiency by increasing output 
while maintaining or increasing inputs. Finally, we 
encourage the evaluation of reforms such as P4P in a 
comprehensive manner, in terms of changes in inputs, 
outputs and efficiency at the provider level, but also cost- 
effectiveness and efficiency of the reform itself.83

This study has some limitations. First, our focus has been 
on technical efficiency and scale efficiency, as opposite to 
allocative efficiency due to the lack of data on input prices. 
However, this would have not been relevant in this study 
given the context of centralised purchasing and allocation 
of healthcare inputs. Second, as in the majority of efficiency 
studies in similar settings,46 the outputs considered were 
intermediate outcomes, which are simply proxy measures 
of health outcomes, so that the interpretation of results 
relies on the assumption that reduction in service delivery 
was not driven by improvements in health. We were limited 
in the measurement of service delivery (not including inpa-
tient use nor outreach activities) and recurrent expendi-
ture as input especially in facilities benefiting P4P bonus. 
Moreover, quality is not explicitly accounted for. Third, 
because our study relied on DEA due to its advantages over 
other methods, it reflects only relative efficiency as opposed 
to overall performance. Thus, a high DEA score does not 
necessarily mean facilities are well managed with limited 
scope for improvement,64 as absolute efficiency may be 
low. Fourth, although the assumption of parallel trends for 
facility outcomes prior to the intervention was confirmed, 
we were unable to formally test such assumption for health-
care inputs and efficiency itself due to the lack of historical 
data on inputs.

ConClusIon
This study revealed inefficiencies in service outputs with 
available resources across facilities, and even more prev-
alent among primary healthcare facilities. Inefficiencies 
were also less likely among health facilities which were 
serving wealthier populations. To address the ineffi-
ciencies, efforts are needed especially toward increasing 
service outputs (healthcare demand) with available 
inputs. P4P programme had no effect on efficiency across 

facilities on average, but might have marginally improved 
efficiency among public facilities than their counterparts, 
perhaps due to contextual setting. These findings still 
suggest a need for further assessment of the long- term 
effect. Although the inadequate resources are important 
constraint among health facilities in LMICs, the effi-
ciency in resource utilisation is another challenge that 
needs attention from policy- makers, health managers 
and researchers.
Twitter Peter Binyaruka @peter_binyaruka
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