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Abstract

Background: In 2004, the largest HIV prevention project (Avahan) conducted globally was implemented in India.
Avahan was implemented by NGOs supported by state lead partners in order to provide HIV prevention services to
high-risk population groups. In 2007, most of the NGOs reached full coverage.

Methods: Using a panel data set of the NGOs that implemented Avahan, we investigate the level of technical
efficiency as well as the drivers of technical inefficiency by using the double bootstrap procedure developed by
Simar & Wilson (2007). Unlike the two-stage traditional method, this method allows valid inference in the presence
of measurement error and serial correlation.

Results: We find that over the 4 years, Avahan NGOs could have reduced the level of inputs by 43% given the
level of outputs reached. We find that efficiency of the project has increased over time. Results indicate that main
drivers of inefficiency come from the characteristics of the state lead partner, the NGOs and the catchment area.

Conclusion: These organisational factors are important to explicitly consider and assess when designing and
implementing HIV prevention programmes and in setting benchmarks in order to optimise the use and allocation
of resources.

JEL classifications: C14, I1
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Background
The UNAIDS strategic investment framework for an
effective response to HIV/AIDS proposes the scale-up of
HIV prevention for key populations as one of its core in-
terventions [1]. However, resources to expand HIV pre-
vention to all who may benefit for it remain scarce. Due
to the recent flat-lining of development assistance for
health; increased attention has been placed on identify-
ing potential efficiency gains in HIV prevention in low
and middle income countries, in order to ensure value
for money [2].
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To date, the literature on the level and determinants
of technical efficiency of HIV-related interventions is al-
most non–existent, but suggests room from improve-
ment in HIV programme efficiency. Among 52 low and
middle income countries [3], the technical efficiency of
mother-to-child HIV prevention was 62.5% in 2008 and
there was a high variability between countries (13.2% in
Bolivia, 100% for 19 countries including India). Zeng
et al. [4] investigate the determinants of technical effi-
ciency in facility based HIV/AIDS services (voluntary
counselling and testing, prevention of mother to child
transmission and antiretroviral treatment) in a sample of
low and middle income countries. They find an import-
ant disparity of efficiency level between the countries,
and that even average countries could increase the out-
puts by 50% given their level of inputs. In China, Cheng
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et al. [5] measured the technical efficiency of provinces
covered by the Global Fund China that provides Volun-
tary Counselling and Testing (VCT). They find that on
average, efficiency has not increased much over time
and that in the last year of the project, input level could
still have been reduced by 2.17 times to reach the same
quantity of outputs. To date however, there is no evi-
dence on the determinants of technical efficiency of pro-
viders of HIV/AIDS prevention services that tend to be
a mix of non-governmental organisation outreach and
facility based service provision. The level of efficiency of
large-scale HIV programmes and the extent therefore to
which programme characteristics can influence technical
efficiency remains unknown. This paper therefore aims
to partially fill this gap in the setting of the Avahan pro-
ject in India, one of the largest HIV prevention project
conducted globally.

Methods
Study setting and data
Avahan is one of the largest HIV prevention project in
the world. NGOs are provided grants by Avahan through
state lead partners (SLPs) to build a relationship with
key populations (female sex workers (FSWs) and high
risk men who have sex with men/ transgenders (HR-
MSM/TG) in order to provide HIV prevention services.
The package of HIV prevention services provided
includes outreach through peers, behavior change com-
munication, condom distribution, clinical services for
sexually transmitted infections (STIs), community mo-
bilisation, advocacy and enabling environment activities.
Peer educators provided services to about 25-50 people
each, sharing prevention information, distributing sup-
plies (condoms and lubricants) and providing referral for
STI management. STI clinics followed standard proto-
cols for STI management. Community mobilisation, ad-
vocacy and enabling environment activities varied across
the sites and included the formation of self-help groups,
various drop-in centre events, skills training, legal liter-
acy workshops, police and stakeholder sensitization,
crisis response teams and access to social entitlements.
HIV prevention across four Indian states (Andhra
Pradesh, Karnataka, Tamil Nadu, Maharashtra) was
guided by a common minimum programme. These in-
cluded a set of implementation standards for technical
and managerial areas, project milestones, a common
management framework, and a common set of indica-
tors. Beyond this, there was flexibility to adapt services
based on local context.
In the 4 study states, the Avahan initiative was imple-

mented by 138 NGOs, supported by 6 state level part-
ners (SLPs) and pan-Avahan capacity building partners
(contracted by the BMGF, which also had a national
level office at Delhi). SLPs provided technical assistance
to develop programme strategies, developed communi-
cation materials, enhanced the expertise of NGO staff,
provided supportive supervision and supported the pur-
chase and distribution of commodities. At the national
level, Avahan developed over-arching programme strat-
egies and organised annual partners meetings to coord-
inate with Indian authorities. The national level office
also developed and maintained a computerised monitor-
ing and information system; provided financial oversight;
and monitored programme evaluation. International and
national technical assistance was primarily focused on
enhancing the expertise to deliver STI services, improv-
ing interpersonal communication, and providing support
for advocacy and community mobilisation.
Avahan achieved an exceptionally rapid pace of scale-

up of HIV prevention services; going from a coverage of
22,000 persons covered in December 2003 to 280,000
persons reached per year in December 2007 (Bill and
Melinda Gates Fundation, 2008). In total in the data we
collected, we observe that 725,040 high-risk persons
(female sex workers and their clients and men who have
sex with men) were reached between 2004 and 2007,
177 million condoms were directly distributed by Avahan
NGOs and 529,381 STI visits were provided. Extensive re-
search has been conducted to evaluate the impact and
cost-effectiveness of the Avahan programme. Pickles et al.
[6] reported decline in FSW HIV prevalence and between
142 and 2092 FSW HIV infections averted per district,
with two-fold to nine-fold more among FSW clients.
Correspondingly, Vassall et al. [7] found a mean incre-
mental cost per HIV infection averted of US$785 and a
mean incremental cost per DALY averted of US$46.
Future anti-retroviral treatment (ART) cost savings over
the lifetime of the FSW cohort exposed to Avahan were
estimated to be over US$ 77 million.
Avahan has produced one of the largest cost data set

globally, further details can be found in Chandrashekar
et al. [8]. Cost data were collected from 138 NGOs in 64
districts of 4 Indian states over 4 years from 2004 to
2007. Costs were collected from NGOs, SLPs, the BMGF
Avahan office and pan-Avahan capacity building part-
ners. Cost data was collected prospectively using a top
down approach to allocate costs to NGOs and specific
HIV prevention activities. Costs included all recurrent
costs (personnel costs, project building and operating
expenses, travel expenses, STI supplies, monitoring costs,
information education & communication costs, training
costs, condom supplies and indirect expenses) and capital
costs (buildings, equipment, furniture, vehicles, initial
training, insurance and deposits, and start-up costs).
Methods for allocating costs above the NGO level to
NGOs were derived based on programme records, ex-
penditures reports and interviews with BMGF Avahan and
SLP staff. At the NGO level, costs were disaggregated by
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activity and input type. Field visits and time-sheets were
conducted in order to estimate the share of labour costs
allocated to different NGO sub-activities (outreach, com-
munity mobilisation, etc.). Unpaid volunteer time was esti-
mated by the amount of time spent on the project and
calculated based on peer educator salary. Other donated
goods, such as commodities were valued using market
prices. In addition to the cost data, Avahan inputs and
outputs were obtained from the surveillance data collected
part of the Computerised Management Information sys-
tem (CMIS) [9].
Every NGO partner was automatically included in the

sample, allowing us to have an exhaustive sample of the
NGOs in the Avahan programme over the period con-
sidered. The number of Avahan NGOs increased over
time. In the first year of Avahan introduction there were
only 58 NGO partners while in its fourth year of imple-
mentation, there were 117 Avahan NGOs, as NGOs
joined and left the project. Consequently, 59% of the
NGOs in the sample are observed over the entire period,
with 28% of the NGOs entering in 2005, 9% in 2006 and
4% in 2007. The efficiency analysis is then conducted
using an unbalanced panel. In addition, some informa-
tion i.e. either at least one input or output was missing
for 21 NGOs, justifying that the analysis is conducted on
377 NGOs. Ethical clearance was obtained from the
Indian council of medical research (reference number
HIV/51/102/2004-ECD-II).

Data envelopment analysis
Technical efficiency is defined as performance of each
site studied relative to an efficient technology that is
represented by a frontier function. Data envelopment
Analysis (DEA) is used in the paper for determining this
frontier; and to assess the efficiency of each service unit.
The choice of this non-parametric approach; in compari-
son to a stochastic frontier approach; is guided by the
fact that the non-parametric approach imposes no re-
strictive hypothesis on the data generating process and
requires very few assumptions about the technology
[10]. We use the double bootstrap method developed by
Simar & Wilson [11] in order to measure Avahan NGOs’
technical efficiency and to investigate the main predic-
tors of technical inefficiency. The traditional two stage
approach consists of estimating technical efficiency
scores for each site in a first stage and then in a second
stage to regress those scores, using a truncated model,
on covariates. A serious drawback of this approach is
that DEA efficiency estimates are found to be serially
correlated [11], with a further source of endogeneity
derived from the measurement error in the efficiency
scores. In this paper, we therefore use the Simar & Wil-
son two-stage bootstrap procedure to correct for serial
correlation and measurement error. In the first stage,
bootstrapped DEA scores are derived from the data
using an input orientation with multi-inputs and multi-
outputs. In the second stage, using a bootstrapped trun-
cated regression, these bias-corrected inefficiency scores
are regressed on (1) the type of high-risk groups reached
by NGOs, (2) SLP characteristics to investigate the effect
of purchasing and funding on technical efficiency, (3)
NGO’s organisational characteristics in order to intro-
duce maturity and mismanagement in the analysis and
(4) other environmental characteristics capturing poten-
tial scale and the presence of competition in the NGO
catchment area. This approach allowing to correct for
measurement error in technical efficiency scores and
serial correlation in the DEA efficiency estimates has
been mainly used to investigate the determinants of
technical efficiency of the education sector [12-14], the
transport sector [15], the agriculture sector [16,17] and
the health sector [18] but has not been applied yet to
the analysis of technical efficiency of HIV projects.
Using an input-orientation, the efficiency frontier is

defined as the minimum level of inputs empirically ob-
served for the NGOs given the level of outputs [19].

θ̂ x0; y0ð Þ ¼ min θf jy0 ≤
Xn
i¼1

γ iY i; θx0 ≥
Xn
i¼1

γ iXi; θ > 0 ;

f or γ1;…; γn
� �

s:t:
Xn
i¼1

γ i ¼ 1;

γi≥0; i ¼ 1;…; ng
ð1Þ

where θ̂ is the estimated technical efficiency score, yi
is a vector of outputs and xi a vector of inputs and γi is

a I*1 vector of constants. θ̂ x0; y0ð Þ measures the radial
distance between (x0, y0) and x̂∂ x0 y0Þ; y0Þjð�

where x̂∂

x0 y0Þjð is the level of inputs the NGO should reach in
order to be on the efficiency frontier with the same level
of output y0 and input x0.
The procedure then applies Simar and Wilson’s

Algorithm 2 and consists of 7 steps. Firstly, we estimate a
bias-corrected estimation of the Shepard distance functiona

^̂
θ by subtracting the bootstrap bias estimate from the ori-

ginal distance function estimate θ̂ as described in Simar &
Wilson [20]. This first step corresponds to step 1 to 4 of
Algorithm 2 as described in Simar and Wilson [11] and is
operationalised by using Wilson’s FEAR software [21].

^̂
θ ¼ θ̂−bBIAS θ̂

� �
ð2Þ

Truncated maximum likelihood estimation is used to
regress the scores on a set of explanatory variables, and
then using a bootstrap procedure described in Simar &
Wilson [22] we draw 2,000 samples from the truncated
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normal distribution of the estimated inefficiency scores.
The concept behind bootstrapping is to approximate
a true sampling distribution by constructing a
pseudo-sample and re-solving the DEA model for
each unit with the new data. Repeating this process
many times builds a good approximation of the true
distribution. We then calculate bias-corrected efficiency
scores with the bootstrap results. By using 2,000 replica-
tions in the bootstrap, the coefficient correlation between
the original and bias-corrected inefficiency scores is
0.9547 (p < 0.01).
Note that before proceeding to the second step of Al-

gorithm 2 that consists of regressing the bias-corrected
estimator on a set of covariates in order to investigate
the determinants of technical inefficiency, we investigate
the presence of outliers following the method proposed
by PW Wilson [23]. The investigation of outliers is
required since “deterministic frontier models have the
drawbacks of not allowing random noise in the data gen-
erating process and, as a result, being very sensitive to
extreme data points and outliers” [24].
Then, the second step (steps 5 to 7 of Algorithm 2) is

performed on STATA and consists in regressing the
bias-corrected technical inefficiency scores over a set of
exogenous covariates using a bootstrapped truncated re-
gression with 1,000 iterations in order to obtain unbiased
coefficients and confidence intervals.

θ̂ ¼ β0 þ β1; …; βn Eit þ εit ð3Þ

where β0 is a constant term and β1, …, βn are coeffi-
cients of technical inefficiency determinants and εit is an
error term.

Computation of inefficiency scores
Selection of variables in DEA
Given the novelty of the area analysed, the selection of
inputs and outputs does not come from the literature,
but from consultation with the programme implemen-
ters and reviewing of previous programme literature
[25]. We ran sensitivity analysis to ensure that our con-
clusion do not dramatically changed based on the inputs
chosen. We consider a model with multiple outputs that
include the three main services provided by Avahan
NGOs: (1) outreach services are proxied by the number
of high-risk at HIV persons reached by NGOs and by
the number of condoms distributed, (2) sexually trans-
mitted infection (STI) services are measured by the
number of STI treated, and (3) the degree of commu-
nity mobilisation is measured by the number of mem-
bers of self-help groups. Inputs used to compute
technical efficiency score include labour inputs mea-
sured by the number of management staff, the number
of medical staff and the number of peer educators
expressed in full time equivalency and capital inputs
proxied by the number of offices, the number of drop
in centres (for communities), the number of STI clinic
vans, the number of static STI clinics, the number of
outreach clinics and the number of referral clinics.
Another input considered was the managerial inputs
as measured by the Avahan capacity building costs.
Finally, given that we were not able to obtain data on
the quantity of commodities and given that NGOs face
similar commodity prices, we proxy it by the expendi-
tures on STI drugs.
These inputs and outputs are described in Table 1.

Table 1 indicates that NGOs have a wide range of output
levels, as the number of high-risk population reached
vary from 20 to more than 10,000 per year; the number
of STI visits per year is between 0 and 6,800; the number
of condoms distributed varies between 0 and more than
3.2 million and the number of STI treated between 0
and about 10,000. Finally the number of members for
community mobilization varies between 0 and 470. This
indicates that at some point (especially in the first year
of the intervention) some NGOs do not necessarily pro-
vide other services than outreach services. The output
variables are positively correlated given that high-risk
populations need to be reached to receive other outputs
(such as STI visits, STI treatment and condoms). How-
ever, from Additional file 1, we can see that these variables
are not highly correlated as recommended in the literature
regarding the selection of variables in DEA [26,27], which
also suggests that the selection of inputs and outputs does
not include double counting. We therefore did not need
to remove the outreach variable in the DEA. Moreover,
the fact that the number of persons reached is a key activ-
ity of Avahan NGOs, justifies the inclusion of outreach
services in the output list. Finally, the number of inputs
and outputs (n=10) is low compared to the number of
DMUs (n=387), well below the recommendations of hav-
ing one-third of the number of DMUs as the number of
inputs/outputs [28,29].

Outlier analysis
As shown in Additional file 2, the corrected log-ratio
plot has 4 peaks that correspond to cpi=1, 3, 6, 10 and
identify four groups of outliers and a total of 10 outliers
representing 8 NGOs. Supplementary file 2 indicates
that observations 73 as well as 137 and 84 are outliers.
Another group of outliers are observations 283, 39 and
170. A last group of outliers are observations 345, 378,
377 and 315. In order to investigate the weight of out-
liers units, we removed the outlier units and compare
correlation coefficients, we found that the correlation
coefficient was 0.995 (p < 0.01), suggesting that the re-
moval of the outliers units will not substantial affect our
results.



Table 1 Key statistics for inputs and outputs (period 2004-2007)

Variables n Mean Std. Dev. Min Max

Inputs

Labour inputs

Number of medical staff 377 5.48 3.96 0 25

Number of outreach staff 377 52.58 34.09 0 220

Equipment

Number of office 377 1.14 1.85 0 18

Number of Drop in Centre 377 3.27 3.66 0 17

Number of clinic van 377 0.02 0.19 0 3

Number of static clinic 377 1.69 1.87 0 15

Number of outreach clinics 377 4.25 10.14 0 69

Number of referral clinics 377 1.57 4.01 0 23

Managerial cost

Capacity building cost (USD) 377 56,779 43,538 1296 331,846

Commodities

Cost of STI services (USD) 377 21,784 19,243 56 150,842

Outputs

Number of high risk population reached 377 1,785 1,491 20 10,119

Number of STI visits 377 1,273 1,212 0 6,804

Number of condom distributed 377 413,134 483,270 0 3,257,058

Number of STI treated 377 783 1,455 0 9,953

Number of members of self-help groups 377 23 52 0 470

Table 2 Corrected-Shepard efficiency scores over the first
four years of Avahan

n Mean Std. Dev. Min Max

2004 58 1.883 0.627 1.170 3.420

2005 96 1.990 0.766 1.166 4.153

2006 106 1.747 0.534 1.161 3.910

2007 117 1.494 0.475 1.114 3.587
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Results and discussion
Descriptive statistics of TE scores
Variable returns to scale were considered since all the
NGOs may not be operating at an optimal scale. The in-
efficiency scores are then left-truncated and are found to
vary between 1 (for efficient units) and 3.64 in the data,
i.e. that the least efficient unit in the year observed could
have decreased its level of inputs by 3.64 times given the
level of outputs. Among the 138 NGOs in the data, 36
appear to be efficient at least one year (16 are efficient
in 2004, 9 in 2005 and 11 in 2007), resulting in an aver-
age Shepard efficiency score over the 4 year period of
1.51. However, this first inefficiency score is biased as
stated previously. In order to correct for measurement
error, the bootstrap procedure of Simar & Wilson
[11,20] is used to correct for bias in the estimates of the
efficiency scores, allowing estimating at the same time
the confidence intervals for the Shepard distance input
function.
When we correct for bias, the overall efficiency score

over the 4 year period is 1.75b (instead of 1.51). Using
the Farell technical efficiency, it means that the system
could reduce the consumption of all inputs by 43% with-
out reducing the level of outputs. From Table 2 we can
see that the average inefficiency of the Avahan project
has first increased over the first year of implementation
of the programme and then decreased over 2005-2007.
In the first year of Avahan, Avahan NGOs could have
decreased the level of inputs by 1.88 times to reach the
same level of outputs and in the last year by 1.49 times
showing an increase in efficiency in Avahan. If we look
at the change of efficiency over time looking at the
NGOs observed over the full period (i.e. for which we
have a balanced panel), we also find that average ineffi-
ciency has decreased: the corrected-shepard efficiency
score was 1.98 in 2004 and 1.43 in 2007.

Determinants of technical inefficiency
Several potential environmental determinants of tech-
nical inefficiency are explored, that represent key theor-
etical drivers of average cost [25]. These include (1) the
type of high-risk population reached (female sex worker
versus men who have sex with men), (2) potential scale
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measured here by the estimated number of high-risk
populations in the catchment area,c (3) competition level
measured by the number of Avahan NGOs per district
and by whether or not the NGO operate alone with HIV
high-risk population over a district, (4) purchasing and
funding characteristics proxied by the number of NGO
per SLP and SLP dummies, (5) mismanagement that is
measured by whether or not the NGO was replaced
during the year and (6) maturity as measured by the
number of years in Avahan, by whether or not the NGO
has HIV experience before joining Avahan and by time
dummies. The expected relationship between those envir-
onmental variables and technical inefficiency is presented
in Table 3 and descriptive statistics of environmental vari-
ables are presented in Table 4.
Table 5 present the characteristics of the top 10% most

and least efficient units. We find that NGOs that reach a
Table 3 Expected effect of environmental variables on techni

Category Variable name Description

Type of client FSW/Yit Share of female sex workers (FSW
total reached population that in
sex workers and men who have
with men (MSM)

Potential scale Log of estimated
population

Estimated number of high-risk
population in the district

Competition NGOs per district Number of NGOs in the district

Solo district Takes the value of 1 if the NGO is
to operate in the district and the
of 0 if there is a co-intervention w
other AIDS control society interve
or a non-Avahan intervention

Purchasing & funding NGOs per SLP Number of NGOs supported by
same SLP

SLP SLP dummy

Mismanagement NGO replaced NGO was replaced by another N

Maturity Years in Avahan Number of years in the Avahan

HIV experience Had HIV experience before ente
Avahan

Time Year dummy
larger share of FSW and NGOs and NGOs operating in
an area where the estimated population is lower are
more inefficient. We also find that the SLP and year
have a substantial impact on inefficiency. In the group of
most inefficient NGOs, a large proportion were observed
in 2007, suggesting that the NGOs that entered the pro-
ject later on were more inefficient on average. The other
factors do not seem to play a role in the bivariate
analysis.
Table 6 suggests that the most important determinants

of technical inefficiency are the state level partner that
has contracted with the NGO; time; whether or not the
NGO is operating alone in the district; whether or not
the NGO was replaced; whether or not the NGO had
previous experience in the provision of HIV service; the
number of NGOs per SLP and the size of the estimated
population.
cal inefficiency

Expected effect Justification

) in
cludes
sex

- It may be easier to reach female sex
workers than MSM given the high
stigma against MSM in India, then
the proportion of FSW in high-risk
population may decrease inefficiency

+ or- Acts as a barrier to NGO expansion
since NGOs cannot expand beyond
district. However, NGOs located in
areas with many high-risk populations
could also experience some logistic
and management issues

+ or- There could be some positive or
negative externalities on the average
cost depending on the density of the
NGOs per district

alone
value
ith
ntion

+ Competition between NGOs of different
projects may reduce inefficiency then
NGO operation alone may be positively
correlated with inefficiency. NGOs
operating alone in a district may also
be as a result of the remoteness and
poor characteristics of the districts
which should also be positively with
inefficiency

the + or- One could argue that SLP that are only
contracting with a unique NGO could
lack of experience, however if the number
of NGOs per SLP is too high, it may be a
source of managerial issue.

+ or- Depending on the SLP characteristics

GO + May be a signal for high level of inefficiency.
May capture corruption level and a lack of
organisation.

initiative - Gain of experience may decrease
inefficiency

ring - NGOs with experience in HIV may have
already worked with high-risk groups which
could decrease inefficiency

- Inefficiency is likely to decrease over time



Table 4 Descriptive statistics of environmental variables

Variables n Mean Std. Dev. Min Max

Inefficiency score (corrected) 377 1.751 0.629 1.114 4.153

Share FSW in total persons reached (%) 377 77.711 34.334 0 100

Estimated population 377 1,686.716 1,154.953 51 12,929

Estimated population squared 377 4,175,390 9,886,143 2,601 1.67E + 08

Number of NGOs per district 377 2.862 2.312 1 10

Number of NGOs per SLP 377 19.694 6.569 9 35

Number of NGOs per SLP squared 377 430.931 291.1961 81 1,225

NGO was replaced (%) 377 0.031 0.175 0 1

Duration in Avahan (in year) 377 3.458 0.811 1 4

HIV experience prior Avahan (%) 377 0.371 0.483 0 1

Solo district (%) 377 0.442 0.497 0 1

SLP 2 (ref: SLP 1) (%) 377 0.119 0.324 0 1

SLP 3 (%) 377 0.079 0.270 0 1

SLP 4 (%) 377 0.151 0.358 0 1

SLP 5 (%) 377 0.257 0.437 0 1

SLP 6 (%) 377 0.225 0.418 0 1

2005 (ref: 2004) (%) 377 0.254 0.436 0 1

2006 (%) 377 0.281 0.450 0 1

2007 (%) 377 0.310 0.463 0 1

Table 5 Characteristics of the most and least inefficient units

n=37 (least inefficient) n=39 (most inefficient)

Variable Mean Std. Dev. Mean Std. Dev. Mean test p-value

Inefficiency score (corrected) 3.126 0.421 1.181 0.020 <0.001

Share FSW in total persons reached (%) 71.258 37.693 85.379 28.682 0.071

Estimated population 1864.154 732.220 1411.270 703.625 0.007

Estimated population squared 3997469 3699676 2473391 2169280 0.032

Number of NGOs per district 2.897 2.245 2.621 1.976 0.572

Number of NGOs per SLP 19.153 5.392 20.486 7.928 0.392

Number of NGOs per SLP squared 395.205 191.965 480.864 385.499 0.220

NGO was replaced (%) 0.051 0.223 0.0277 0.164 0.593

Duration in Avahan (in year) 3.538 0.600 3.243 1.090 0.145

HIV experience prior Avahan (%) 0.282 0.455 0.270 0.450 0.910

Solo district (%) 0.512 0.506 0.405 0.497 0.354

SLP: <0.001

SLP 2 (%) 0.179 0.388 0.027 0.164

SLP 3 (%) 0.461 0.505 0.054 0.229

SLP 4 (%) 0.179 0.388 0.351 0.483

SLP 5 (%) 0.351 0.483

SLP 6 (%) 0.0540 0.229

Year: <0.001

2005 (%) 0.512 0.506 0.135 0.346

2006 (%) 0.179 0.388 0.162 0.373

2007 (%) 0.153 0.365 0.540 0.505
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Table 6 Determinants of technical efficiency (truncated regression)

β SE 95% bootstrap confidence intervals

Low High

Share FSW in total persons reached −0.006*** 0.002 −0.010 −0.003

Estimated population 0.001*** 0.0002 0.0001 0.001

Estimated population squared −7.66E-08** 4.31E-08 −1.72E-07 −3.08E-09

Number of NGOs per district −0.090** 0.054 −0.201 0.010

Number of NGOs per SLP 0.186** 0.102 −0.013 0.385

Number of NGOs per SLP squared −0.003* 0.002 −0.007 0.001

NGO was replaced 0.500* 0.323 −0.239 1.027

Duration in Avahan 0.123 0.116 −0.096 0.357

HIV experience prior Avahan 0.301** 0.144 −0.002 0.563

Solo district 0.329** 0.162 0.017 0.652

SLP 2 (ref: SLP 1) 2.013*** 0.472 1.043 2.893

SLP 3 2.623*** 0.530 1.537 3.616

SLP 4 0.662** 0.347 −0.052 1.307

SLP 5 1.204*** 0.340 0.466 1.801

SLP 6 0.842*** 0.294 0.218 1.372

2005 (ref: 2004) −0.115 0.216 −0.529 0.316

2006 −0.782*** 0.262 −1.221 −0.195

2007 −1.550*** 0.309 −2.064 −0.851

Observations 377

Number of NGOs 130

***p < 0.01, **p < 0.05, *p < 0.1 Confidence intervals obtained from 1,000 bootstrapping iterations.
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To test multicollinearity, Variance Inflation Factors
(VIF) are used. The VIF shows how much the variance
of the coefficient estimate is being inflated by multi-
collinearity. The largest VIF was 2.46 and the mean
VIF was around 1.52, which does not suggest high
multicollinearity.
Multivariate analysis confirms that inefficiency has de-

creased over time probably due to the learning by doing
of NGOs. This result is interesting given that in a previ-
ous paper analysing the determinants of average cost
[25], we found that average cost has increased over time.
However, in that paper we were unable to disentangle
the effect of input price increases and technical effi-
ciency. This finding suggests that technical efficiency has
increased over time, and thus suggests that any increase
in cost may be due to an above inflation increase in
input prices. This is plausible, particularly as Avahan
was scaled up so rapidly, that the demand on HIV spe-
cific resources, such as skilled staff may have been
inflationary.
We find that NGOs that operate alone in their district

are more inefficient, maybe either because a lack of
competition may increase their inefficiency or because
efficient NGOs are less willing to work in a remote and
poor catchment area. Correspondingly, we also find that
when the number of NGOs per district increases, it re-
duces inefficiency, then reinforcing the hypothesis that
competition may increase the efficiency of Avahan. Here
competition may play a role since it would increase the
choice for the SLP in case a particular NGO does not do
well, SLP can request another NGO working in the same
district (taluka) to widen their coverage and discontinue
working with inefficient NGOs. We also find that NGOs
that have been replaced are more likely to be inefficient
as expected.
The SLP is a key factor determining technical effi-

ciency, corresponding with our previous finding that
the SLP is a key driver of cost [25]; potentially illustrating
the important role of support and supervision in achieving
efficiency. Additionally, the number of NGOs per SLP is
positively correlated with inefficiency when the number of
NGOs per SLP is below 30. However, it then increases ef-
ficiency when there are more than 30 NGOs per SLP
(which is only the case if the NGOs that contracted with
the SLP6 in 2007). This suggests that a higher number of
NGOs per SLP may result in organisational challenges
and the finding may indicate that SLPs do not have the
ability to contract with many NGOs.
We also find that NGOs with previous HIV experience

do not perform better as expected. In fact, we find a
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positive relationship between this variable and ineffi-
ciency suggesting that NGOs with prior experience in
HIV are likely to be less efficient than NGOs with no ex-
perience. It is conceivable that NGOs lacking experience
will be more open to learning and experimenting than
the experienced ones that may be more resistant to the
innovative or fresh ideas of Avahan programming. We
find that although efficiency of Avahan has increased
over time, we do not find that younger Avahan NGOs
are doing worse. This may be explained by the fact that
NGOs benefit from externalities from other NGOs when
they enter in Avahan after its first year of implementa-
tion. Additionally, various capacity building activities
have been implemented to handhold the inexperienced
NGOs.
A further finding is that we find that a greater number

of high-risk persons in the catchment area increases in-
efficiency, given this finding opposes our previous find-
ing of the presence of economies of scale highlighted in
a previous paper that examines the relationship between
the numbers of persons reached by HIV services and
costs [25].
We also find that the type of high-risk population tar-

geted has little effect on NGO’s technical efficiency as an
increase in one percent of the proportion of FSW in
total persons reached reduces the inefficiency score by
only 0.006 points.

Discussion
We used the double bootstrapping method of Simar and
Wilson to investigate the determinants of technical
efficiency of Avahan in India, one of the largest HIV
prevention project conducted so far. We find that over
the 4 years of scale up of the Avahan initiative, the
overall level of inefficiency suggests that Avahan NGOs
could have reduced their level of inputs by 1.75 times
(or 43%) given the level of outputs reached. However,
inefficiency was reduced substantially over time, since
in the last year of Avahan scale-up (in 2007), NGOs
could have reduced the level of inputs by 1.49 times. It
is hard to place these levels in a broader context, due
to the dearth of information on technical efficiency of
HIV projects. However, if we compare Avahan to the
only other HIV prevention intervention with informa-
tion on technical efficiency [5], we find that Avahan is
much more efficient.
The method we use corrects for measurement error

in technical efficiency scores and for the fact that
those scores are serially correlated. Although the
selection of inputs and outputs has been done with
programme implementers, the main limitation of the
paper is that we were not able to have a better meas-
ure of quality for the different outputs. In the context
of Avahan, quality was proxied by the diversity of
services offered to high-risk group such as the treat-
ment of STI and the community mobilisation. How-
ever we do not have any exogenous measure of quality
of the outreach service and STI treatment. Another
limitation comes from the absence of information on
the population reached. In fact, one may want to argue
that factors such as the level of education and income
of the population reached may explain variability in
efficiency.
The results have important policy implications. Firstly,

regarding the selection of NGOs we find that NGOs
with previous general work experience on HIV are no
more efficient than those without experience. This sug-
gests that for these services policy makers should be
open to attracting NGOs from different sectors. Another
important element regarding the selection of NGOs is
that the replacement of an inefficient NGO has a long
term negative effect on technical efficiency. In fact,
NGOs that have replaced inefficient NGOs are also
found to be less efficient on average. It usually takes
time for the new NGO to build rapport with the high-
risk groups and the staff turnover issues and start up
time for the NGO could increase inputs or reduce out-
puts in that year. This suggests that careful attention
should be paid when selecting NGOs to scrutinise and
pre-assess general management capacity and financial
solvency.
Regarding project implementation, our findings sug-

gest that competition between NGOs may be an import-
ant determinant of technical efficiency, as having several
NGOs operating in the same area can help improving
the overall efficiency of large scale HIV prevention pro-
jects. This is an interesting finding given that previous
studies have shown the importance of economies of
scale when scaling up HIV services [30]. High economies
of scale have been confirmed in the context of Avahan
[25], justifying that efficiency could be improved by
increasing the size of NGOs rather than increasing their
number. The importance of competition in Avahan effi-
ciency shows that there needs to be a careful balance
between achieving economies of scale while not stifling
competition.
Secondly, our findings suggest that the way in which

NGOs assess and measure their population in need mat-
ters for the programme efficiency. This highlights the
importance in supporting sound planning processes;
and this policy recommendation is further supported by
the fact the SLP has an important effect on NGO tech-
nical efficiency. As SLPs had a grant based method of
contracting with NGOs and there was no formal incen-
tive provided to support efficiency, the effect of SLP on
technical efficiency may then be attributable to informal
incentives and to the quality of support SLPs give to
NGOs.



Lépine et al. Cost Effectiveness and Resource Allocation  (2015) 13:5 Page 10 of 11
Finally, given that technical efficiency has increased
over time, it could be that efficiency gains are generated
thanks to learning by doing. This assumption is sup-
ported by the fact that NGOs entering the project in
later years do seem to benefit from positive externalities
from experienced Avahan NGOs, possibly due to scale
of programme influence and efforts to disseminate
programme learnings broadly; and suggests that many of
the drivers in inefficiency lie within the control of
programme managers and implementers.

Conclusion
Using the double bootstrap method we measured the
technical efficiency of Avahan, one of the largest HIV
prevention project in the world and identified a number
of strategies regarding the selection of NGOs and imple-
mentation of Avahan that could allow improving the
technical efficiency of the project. These organisational
factors are important to explicitly consider and assess
when designing and implementing HIV prevention pro-
grammes and in setting benchmarks in order to optimise
the use and allocation of resources.

Endnote
aNote that the Shephard’s input distance function is

the reciprocal of Farrell’s measure of technical efficiency
and thus a proxy for inefficiency, a greater score being
associated with greater inefficiency.

b100 − (1/1.75 * 100).
cNote that this has been estimated by epidemiologists.

Additional files

Additional file 1: Correlation of variables included in the DEA (n=377).

Additional file 2: Treatment of outliers.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions
AV initiated the conception of the study. SC collected the cost data. The
empirical model was developed by AL, AV and SC. The statistical analysis
was conducted by AL. AL and AV wrote the paper. The final version of the
paper was approved by all the authors.

Acknowledgment
We thank Yohana Dukhan and Carol Dayo Obure for useful discussion.

Author details
1Social and Mathematical Epidemiology (SAME) Group, Department of Global
Health and Development, London School of Hygiene and Tropical Medicine,
15-17 Tavistock Place, London WC1H 9SH, UK. 2St. John’s Research Institute,
Department of Epidemiology and Biostatistics, St. John Nagar, Bangalore
560034, India.

Received: 21 October 2014 Accepted: 10 February 2015
References
1. Schwartländer B, Stover J, Hallett T, Atun R, Avila C, Gouws E, et al. Towards

an improved investment approach for an effective response to HIV/AIDS.
Lancet. 2011;377(9782):2031–41.

2. Murray CJ, Hanlon M, Lavado R, Haakenstad A, Graves C, Brooks BP, et al.
Financing Global Health 2012: The End of the Golden Age? Institute for
Health Metrics and Evaluation: Seattle; 2012.

3. Santos SP, Amado CA, Santos MF. Assessing the efficiency of mother-to-child
HIV prevention in low-and middle-income countries using data envelopment
analysis. Health Care Manag Sci. 2012;15(3):206–22.

4. Zeng W, Shepard D, Chilingerian J, Avila-Figueroa C. How much can we
gain from improved efficiency? An examination of performance of national
HIV/AIDS programs and its determinants in low- and middle-income
countries. BMC Health Serv Res. 2012;12(1):74.

5. Cheng G, Qian Z, Hu J. Longitudinal analysis of technical efficiency of
voluntary counseling and testing of HIV in China. J Peking Univ.
2009;41(2):135.

6. Pickles M, Boily M-C, Vickerman P, Lowndes CM, Moses S, Blanchard JF, et al.
Assessment of the population-level effectiveness of the Avahan HIV-prevention
programme in South India: a preplanned, causal-pathway-based modelling
analysis. The Lancet Global Health. 2013;1(5):289–99.

7. Vassall A, Pickles M, Chandrashekar S, Boily M, Shetty G, Guinness L, et al.
The cost-effectiveness of HIV prevention for high-risk groups at scale: an
economic evaluation of the Avahan programme in South India. The Lancet
Global Health. 2014;2(9):531–40.

8. Chandrashekar S, Guinness L, Pickles M, Shetty G, Alary M, Vickerman P,
et al. The costs of scaling up HIV prevention high risk groups: lessons
learned from the Avahan Programme in India. PloS ONE. 2014;9(9):1–9.

9. Verma R, Shekhar A, Khobragade S, Adhikary R, George B, Ramesh BM, et al.
Scale-up and coverage of Avahan: a large-scale HIV-prevention programme
among female sex workers and men who have sex with men in four Indian
states. Sex Transm Infect. 2010;86(1):76–82.

10. Charnes A, Cooper W, Rhodes E. Measuring the efficiency of decision
making units. Eur J Oper Res. 1978;2(6):429–44.

11. Simar L, Wilson PW. Estimation and inference in two-stage, semi-parametric
models of production processes. J Econ. 2007;136(1):31–64.

12. Afonso A, St Aubyn M. Cross-country efficiency of secondary education
provision: A semi-parametric analysis with non-discretionary inputs. Econ
Model. 2006;23(3):476–91.

13. Alexander WRJ, Haug AA, Jaforullah M. A two-stage double-bootstrap data
envelopment analysis of efficiency differences of New Zealand secondary
schools. J Prod Anal. 2010;34(2):99–110.

14. Wolszczak-Derlacz J, Parteka A. Efficiency of European public higher
education institutions: a two-stage multicountry approach. Scientometrics.
2011;89(3):887–917.

15. Barros CP, Dieke PUC. Measuring the economic efficiency of airports: A
Simar–Wilson methodology analysis. Transpo Res Part E Logistics Transpo
Rev. 2008;44(6):1039–51.

16. Balcombe K, Fraser I, Latruffe L, Rahman M, Smith L. An application of the
DEA double bootstrap to examine sources of efficiency in Bangladesh rice
farming. Appl Econ. 2008;40(15):1919–25.

17. Latruffe L, Davidova S, Balcombe K. Application of a double bootstrap to
investigation of determinants of technical efficiency of farms in Central
Europe. J Prod Anal. 2008;29(2):183–91.

18. Staat M. Efficiency of hospitals in Germany: a DEA-bootstrap approach. Appl
Econ. 2006;38(19):2255–63.

19. Coelli TJ, Rao DSP, O'Donnell CJ, Battese GE. An introduction to efficiency
and productivity analysis. 2nd ed. New York, NY: Springer; 2005.

20. Simar L, Wilson PW. Sensitivity analysis of efficiency scores: How to
bootstrap in nonparametric frontier models. Manag Sci. 1998;44(1):49–61.

21. Wilson PW. FEAR: A software package for frontier efficiency analysis with R.
Socio Econ Plan Sci. 2008;42(4):247–54.

22. Simar L, Wilson PW. Statistical inference in nonparametric frontier models:
The state of the art. J Prod Anal. 2000;13(1):49–78.

23. Wilson PW. Detecting outliers in deterministic nonparametric frontier
models with multiple outputs. J Bus Econ Stat. 1993;11(3):319–23.

24. Simar L, Zelenyuk V. Stochastic FDH/DEA estimators for frontier analysis.
J Prod Anal. 2011;36(1):1–20.

25. Lépine A, Vassall A, Chandrashekar S, Blanc E, Le Nestour A. Estimating
unbiased economies of scale of HIV prevention projects: A case study of
Avahan. Social Science & Medicine. 2015;131:164–172.

http://www.resource-allocation.com/content/supplementary/s12962-015-0031-2-s1.docx
http://www.resource-allocation.com/content/supplementary/s12962-015-0031-2-s2.docx


Lépine et al. Cost Effectiveness and Resource Allocation  (2015) 13:5 Page 11 of 11
26. Jenkins L, Anderson M. A multivariate statistical approach to reducing the
number of variables in data envelopment analysis. Eur J Oper Res.
2003;147(1):51–61.

27. Lewin AY, Morey RC, Cook TJ. Evaluating the administrative efficiency of
courts. Omega. 1982;10(4):401–11.

28. Adler N, Friedman L, Sinuany-Stern Z. Review of ranking methods
in the data envelopment analysis context. Eur J Oper Res.
2002;140(2):249–65.

29. Boussofiane A, Dyson RG, Thanassoulis E. Applied data envelopment
analysis. Eur J Oper Res. 1991;52(1):1–15.

30. Menzies NA, Berruti AA, Blandford JM. The Determinants of HIV Treatment
Costs in Resource Limited Settings. PLoS ONE. 2012;7(11):e48726.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion
	JEL classifications

	Background
	Methods
	Study setting and data
	Data envelopment analysis
	Computation of inefficiency scores
	Selection of variables in DEA
	Outlier analysis


	Results and discussion
	Descriptive statistics of TE scores
	Determinants of technical inefficiency

	Discussion
	Conclusion
	Endnote
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgment
	Author details
	References

