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Foreword

xii i

Due t o it s import ance in agricult ural and rural development ,  agricult ural 

ext ension wil l  cont inue t o play a signif icant  role in st imulat ing economic 

growth,  reducing povert y,  and improving food and nut rit ion securit y in 

Af rica.  Therefore,  Af rican government s must  work t o increase ef fort s t o provide 

agricult ural advisory services t o farmers.  But  pol icymakers need t o know t he 

impact s of  and ret urns t o spending on agricult ural ext ension so t hat  t hey can 

make informed decisions on how t o increase t heir ef fort s.  

 The aut hors of  t his monograph cont ribut e t o t he growing l i t erat ure and 

knowledge on t he t opic by assessing t he impact  of  Uganda’ s Nat ional Agricult ural 

Advisory Services (NAADS) program on several out come indicat ors,  including t he 

changes bet ween 2004 and 2007 in (1) t he adopt ion of  new crop and l ivest ock 

ent erprises and t echnologies,  (2) crop and l ivest ock product ivit y,  (3) share of  

market ed agricult ural out put s,  (4) agricult ural income,  and (5) food nut rit ion 

securit y.  They use a combined mat ching and panel regression approach,  dat a 

f rom t wo rounds of  household surveys,  and dif ferent  est imat ors and model speci-

f icat ions t o address and t est  t he impl icat ions of  dif ferent  assumpt ions underlying 

dif ferent  evaluat ion met hods.

 The authors f ind t hat  t he NAADS program has helped t o st rengthen farmers’  

capacit y t o potent ial ly demand and manage the delivery of  agricult ural advisory 

services t hat  are l ikely t o meet  t heir local product ion and market  condit ions.  How-

ever,  t he result s were mixed on whether part icipat ion in t he program adequately 

induced part icipants t o establish new enterprises or t o adopt  t echnologies and im-

proved pract ices leading t o increased product ivit y and commercializat ion of  agri-

cult ure or bet t er food and nut rit ion securit y out comes than t heir nonpart icipat ing 

counterpart s.  The authors discuss dif ferent  programmat ic and methodological 

reasons for t he mixed f indings,  wit h a paramount  factor being t heir inabil it y t o 

capture in t heir est imat ions t he separate ef fect s of  access t o other or non-NAADS 

extension services.

 Alt hough methods of  evaluat ing agricult ural extension have been widely stud-

ied,  t he new techniques discussed in t his research monograph have generated inter-

est  in studying t he t opic furt her.  Future research wil l  have t o account  for general 

equil ibrium ef fect s of  extension programs and consider cost s versus benef it s.

Shenggen Fan

Direct or General,  Int ernat ional Food Pol icy Research Inst it ut e
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Summary

The importance of  agricult ural extension in agricult ural and rural devel-

opment  is widely known,  so it  is not  surprising t hat  agricult ural ext en-

sion has at t ract ed subst ant ial  invest ment  of  publ ic resources since 

t he 1950s,  when nat ional agricult ural advisory services began t o be formally 

est abl ished by government s,  and has st rongly ret urned t o t he int ernat ional 

development  agenda (World Bank 2007a).  Due t o compet ing uses of  publ ic 

resources for promot ing overal l  growt h and equit able dist ribut ion,  however,  

careful  ref lect ion of  t he impact s of  and ret urns t o publ ic spending in agri-

cult ural advisory services is necessary.  This is t he aim of  t his st udy,  which 

focuses on t he NAADS program in Uganda t hat  has been implement ed since 

2001.  The NAADS program,  which is a key st rat egy for implement ing t he gov-

ernment ’ s povert y reduct ion and nat ional development  plan,  was conceived 

as a move away f rom t he t op-down approach t hat  is publ icly funded,  wit h 

services provided by publ ic agent s,  t o a demand-driven approach t hat  is st i l l  

largely publ icly funded but  wit h services provided by t he privat e sect or.  

The program t arget s t he development  and use of  farmer inst it ut ions and in 

t he process seeks t o empower t hem t o procure ent erprise-based advisory 

services,  manage l inkages wit h market ing part ners,  and conduct  monit oring 

and evaluat ion of  t he advisory services t hey receive f rom t he privat e sec-

t or (Uganda,  NAADS Secret ariat  2001).  By end of  t he 2006–07 f inancial  year,  

t he period of  t he analysis in t his st udy,  about  UGX 110 bil l ion (in 2000 UGX) 

had been spent  on t he program,  which had been ext ended t o 545 subcoun-

t ies (about  83.1 percent  of  t he t ot al  subcount ies in Uganda at  t he t ime) 

f rom t he init ial  24 subcount ies in six dist rict s where it  had been launched. 1 

Furthermore,  about  1,622 cont ract s wit h private-sector service providers 

had been signed,  more t han 40 ent erprises had been promot ed,  and about  

40,000 farmer groups and 716,000 farmers (represent ing about  20 percent  

of  t he nat ional farming households) had received services f rom t he program 

(Uganda,  NAADS Secret ariat  2007).

xvii

1 As of  August  2011,  NAADS had been implement ed in 79 dist rict s and 710 subcount ies (see 
www.naads.or.ug/ naads.php for t he lat est  informat ion).



Methods
Because of  t he complex ways t hat  many fact ors inf luence t he relat ionships 

bet ween ext ension input s and out comes,  t he main met hodological chal lenge 

wit h est imat ing t he impact s of  t he NAADS program,  as wit h any ot her publ ic 

invest ment  program,  l ies wit h at t r ibut ing change in an out come indicat or of  

int erest  t o t he program.  The goal is t o est abl ish a rel iable cont rol  group for 

t he part icipant s in t he program (or t reat ment  group) wit h which t o compare 

changes in t he value of  t he indicat or over t ime.  To address t hese chal lenges,  

dat a f rom t he t wo rounds of  household and farmer group surveys and a com-

bined mat ching and panel regression t echnique were used t o evaluat e t he 

program in t erms of  several out come indicat ors.

 The surveys,  which generat ed panel dat a on 113 farmer groups and 719 

households,  were based on a st rat if ied sampling approach according t o t he 

years in which t he program was implement ed in t he subcount ies (2001–02,  

2002–03,  and 2005–07) and where t he program had never been implement ed.  

The phased-in approach of  t he program present s a nat ural experiment  for 

assessing t he direct  and indirect  ef fect s of  t he program based on t he ext ent  

of  l ikely cont aminat ion of  nonpart icipant s in t he program wit h t he t reat ment .  

First  we def ined t reat ment  or part icipat ion in t he program as including direct  

part icipant s only,  t hat  is,  t hose t hat  were members of  a NAADS-part icipat ing 

farmer group (labeled NAADSDIR).  Then we spl it  t he nonpart icipant s or cont rol  

observat ions int o t hree groups:  t hose in t he same area where t he program 

was implement ed who claimed t o have benef it ed indirect ly f rom t he program 

or been in cont act  wit h a NAADS service provider (NAADSNON-1),  t hose also in 

t he same area where t he program was implement ed but  who did not  claim 

any benef it s or cont act  wit h a NAADS service provider (NAADSNON-2),  and t hose 

in areas where t he program had never been implement ed at  t he t ime of  t he 

surveys (NAADSNON-3).

 To alleviate t he pract ical dif f icult ies of  t est ing t he validit y of  t he assump-

t ions associated wit h dif ferent  program evaluat ion methods,  most ly relat ing 

t o t he behavior of  t he t reatment  and cont rol groups prior t o t he t reatment  or 

unobservable behavior fol lowing t reatment ,  we used a combined matching and 

panel regression approach in a two-stage weighted procedure.  The select ion 

equat ion or program part icipat ion decision is f irst  est imated by probit  t o obtain 

t he propensit y scores,  which are t hen used as weight s in a second-stage dif fer-

ence regression or panel est imat ion of  t he average t reatment  ef fect  (ATT).  This 

was applied t o dif ferent  out come indicators,  including adopt ion of  new crop and 

l ivestock enterprises and t echnologies,  crop and l ivestock product ivit y,  share of  

marketed agricult ural output s,  agricult ural income, and percept ion of  change 

in food and nut rit ion securit y as well as overall wealt h.  The combined approach 

also deals wit h t he fundamental problem faced in applying convent ional evalu-
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at ion methods—the lack of  overlap in t he covariate dist ribut ions or common 

support  between the t reatment  and cont rol observat ions,  or what  is usually

referred t o as comparing apples and oranges.  Dif ferent  model specif ica-

t ions,  including dif ferent  matching t echniques,  a number of  nearest -neighbor 

matches,  dif ferent  set s of  explanatory variables,  and correct ion versus no cor-

rect ion of  t he sampling characterist ics were used to assess t he sensit ivit y of  t he 

result s.  Terms of  interact ion between the NAADS t reatment  indicators and sev-

eral of  t he explanatory factors,  as well as est imat ion of  t he panel regressions 

for separate subcategories of  t he factors,  were used to assess t he dist ribut ive 

ef fect s of  t he program and factors enhancing or mit igat ing t he impacts.

 To capt ure t he direct  and indirect  ef fect s of  t he program,  t he ATTs were 

est imat ed according t o ATTNON-1,  based on t he subsample of  NAADSDIR and 

NAADSNON-1;  ATTNON-2,  based on t he subsample of  NAADSDIR and NAADSNON-2;  

and ATTNON-3,  based on t he subsample of  NAADSDIR and NAADSNON-3.  Assum-

ing t hat  direct  part icipat ion in t he program confers great er benef it s t han 

occasional cont act  wit h NAADS service providers or informat ion,  we expect ed 

ATTNON-3 > ATTNON-2 > ATTNON-1.  The average direct  ef fect  of  t he program can

be measured by ATTNON-3,  whereas t he average indirect  ef fect  can be mea-

sured by the dif ferences in the ATTs, that  is,  ATTNON-3–ATTNON-2 and ATTNON-3

–ATTNON-1.

Key Findings and Implications
The key f indings are presented in t erms of  t he following:  t he context  of  agri-

cult ural and rural development  represent ed by t he sampled subcount ies;  

progress in implement at ion of  t he NAADS program in t erms of  farmer group 

inst it ut ional development  and supply of  advisory services;  det erminant s of  

farmers’  decision regarding whet her or not  t o part icipat e in t he program;  and 

t he ef fect  of  part icipat ion on out comes,  including dist ribut ion of  t he ef fect s 

and fact ors enhancing or mit igat ing t he ef fect s.

Incidence of Rural Public Services in Farming Commu nit ies

In general,  t he availabil i t y of  various rural publ ic services and service pro-

viders (ext ension services,  input  supply shops,  market s,  roads,  schools,  healt h 

cent ers,  et c. ) has improved over t ime in Uganda,  especial ly bet ween 2001 

and 2007,  in t erms of  t he presence of  physical inf rast ruct ure as wel l  as farm-

ers’  percept ions of  t heir access t o t he services.  Looking at  dif ferences across 

subcount ies shows t hat  t he availabil i t y of  and access t o services were mixed,  

al t hough t hese were general ly bet t er in t he NAADS subcount ies t han in t he 

non-NAADS subcount ies.  St rengt hening rural services and inf rast ruct ure is 

import ant  for bot h agricult ural and rural development .  One of  t he commonly 

cit ed weaknesses of  t he PMA,  t he agricult ural development  st rat egy of  t he 
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government  at  t he t ime,  was it s fai lure t o st rengt hen ot her key rural services 

such as rural f inancial  and market ing services t o complement  implement a-

t ion of  t he NAADS program.  Thus ef fort s t o st rengt hen t he provision of  rural 

f inancial  and market ing services t hrough cooperat ives,  for example,  as st at ed 

in t he government ’ s development  st rat egies (e.g. ,  t he Rural Development  

St rat egy,  Prosperit y for Al l ,  and t he Nat ional Development  Plan),  i f  ef fec-

t ively implement ed,  would be key for overal l  agricult ural and rural develop-

ment  in Uganda.

Progress in Implementat ion of the NAADS Program

We f ind t hat  t he NAADS program has helped t o st rengt hen t he inst it ut ional 

capacit y and human resource skil ls of  many farmers t o pot ent ial ly demand 

and manage t he del ivery of  agricult ural advisory services (e.g. ,  ent erprises,  

t echnologies,  pract ices,  and informat ion) t hat  are l ikely t o meet  t heir local 

product ion and market  condit ions.  For example,  more t han 70 percent  of  t he 

groups in t he NAADS subcount ies report ing responded posit ively t o quest ions 

about  t heir having received t raining in several areas,  including development  

of  a group const it ut ion and bylaws,  leadership skil ls,  growth and development ,  

planning,  record keeping,  and savings mobil izat ion.  Individual members’  level 

of  part icipat ion in farmer groups’  act ivit ies was high,  and a maj orit y (about  90 

percent ) of  t he farmer groups found t he various areas of  t raining very useful 

or useful.  Furt hermore,  NAADS service providers,  compared t o ot hers,  were 

rat ed very highly by a maj orit y of  t he groups in t erms of  t he met hods t hey 

used in t he t raining and t heir performance.

 However,  part icipat ion in group act ivit ies did not  always seem t o be com-

mensurat e wit h t he power such part icipat ion is supposed t o give farmers t o 

ef fect ively demand advisory services,  which can l imit  farmers’  pot ent ial in 

achieving t he expect ed out comes of  t he program, because we assume t hat  

membership in a NAADS farmer group confers t he previously st at ed benef it s 

on t he members of  t he group,  so part icipat ion in t he program should have 

a posit ive impact  on out comes.  False farmer expect at ions of  receiving cash 

funds and input s rat her t han knowledge and advice could have played a signif i-

cant  role here.  Af t er al l ,  it  has not  been t hat  long since t he supposed credit  

scheme called Ent andikwa (meaning capit al t o st art  wit h for t he poor) loaned 

out  UGX 9.92 bil l ion but  recovered only 4 percent  of  it  (Sunday Vision 2006).  

Farmers’  select ed ent erprises do not  always mat erial ize due t o int erference 

in t he ent erprise select ion process for dif ferent  reasons (ITAD 2008).  Because 

t he NAADS program is ent erprise based and each subcount y has t o priorit ize 

t hree ent erprises for which t o receive advisory services,  it  is impract ical t o 

meet  each farmer’ s needs even wit hout  out side int erference or el it e capt ure.  
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As expect ed,  we found t hat  not  al l  ent erprises were promot ed by t he NAADS 

program everywhere.  The maj or crops promot ed in t erms of  t he number of

subcount ies in which t hey were promot ed,  t he number of  t echnology develop-

ment  sit es (TDSs) established for t hem, or t he number of  farmer groups direct ly 

benef it ing f rom t he TDSs included bananas,  groundnut s,  and rice,  fol lowed by 

vanil la and maize.  The maj or l ivest ock and relat ed ent erprises involved goat s,  

poult ry,  and bees,  fol lowed by cat t le and pigs.  Comparing t he dif ferent  t ypes 

of  ent erprises,  t hose involving l ivest ock seemed t o be more widely favored.

Part icipat ion in the NAADS Program

Alt hough t he NAADS program is a publ ic invest ment  int ervent ion,  farmers 

f irst  have t o decide whet her or not  t o part icipat e direct ly in t he program 

t hrough membership in a NAADS-part icipat ing farmer group t hrough which 

individual farmers access grant s t o procure t echnologies and advisory services

from private-sector service providers. In our sample, 9 percent  were classif ied 

as direct  part icipants in t he program (NAADSDIR);  36 percent  were t hose in t he 

same area where t he program was implement ed and claimed t o have bene-

f it ed indirect ly f rom t he program (NAADSNON-1);  39 percent  were t hose in t he 

area where t he program was implement ed but  did not  claim any benef it s 

(NAADSNON-2);  and t he remaining 16 percent  were t hose in areas where t he 

program had never been implement ed (NAADSNON-3).  Regardless of  t he model 

specif icat ion or cont rol  group used in t he analysis,  we f ind t hat  household 

size has a st at ist ical ly signif icant  negat ive associat ion wit h part icipat ion,  sug-

gest ing t hat  t he NAADS program may be seen t o of fer immediat e labor-saving 

t echnologies,  such as pest icides,  which reduce t he labor needed for weeding,  

for example.  Ot her fact ors wit h consist ent  sign across dif ferent  specif icat ions 

and cont rol  groups include sources of  income (posit ive for l ivest ock and non-

farm act ivit ies and negat ive for ot her agricult ure) and amount  of  land owned 

(negat ive).  Most  of  t he ot her covariat es had dif ferent  t ypes of  inf luence 

(sign,  magnit ude,  and st at ist ical signif icance) across dif ferent  subgroups,  

ref lect ing dif ferent  behavior of  households based on t heir dif ferent  endow-

ment s and resources t o t ake advant age of  t he NAADS programs vis-à-vis t heir 

dif ferent  levels of  exposure or nonexposure t o t he program.  Int erest ingly,  we 

f ind t hat  t he longer t he NAADS program has been in a subcount y,  t he lower

the likelihood that  farmers part icipate direct ly in the program, suggest ing t hat  

farmers may be giving up direct  part icipat ion wit h t ime. This ref lect s a decl in-

ing net  gain f rom direct  part icipat ion.  Farmers may be dropping out  due t o 

lack of  receipt  of  grant s,  increasing cost  of  part icipat ion relat ive t o benef it s 

f rom any grant s,  or fai lure of  t heir preferred ent erprise(s) t o be select ed 

among t he t hree promot ed in t he subcount y.
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Effects of Part icipat ion in the NAADS Program on Ou tcomes

Access to Advisory Services and Adopt ion of New Enterprises 
and Technologies

We f ind t hat  farmers part icipat ing direct ly in t he NAADS program (NAADSDIR)

were associated wit h a greater increase in access to advisory services between 

2004 and 2007 than were t heir nonpart icipat ing counterpart s,  eit her t hose 

based in t he same areas where t he program was implemented (NAADSNON-2) or 

t hose based elsewhere (NAADSNON-3).  When they are compared t o indirect  par-

t icipants (NAADSNON-1),  however,  we f ind t he opposit e ef fect ,  because indirect  

part icipants (NAADSNON-1) received many more extension visit s in 2004 and 

2007.  Alt hough in extension t here is a move away f rom individual farm visit s 

t oward t he farmer group approach used under t he NAADS program, t he result s 

show that  indirect  part icipants,  on average,  had more exposure t o agricult ural 

advisory services t han did direct  part icipants at  t he beginning of  implementa-

t ion of  t he NAADS program. Direct  part icipat ion did not  have any stat ist ically 

signif icant  ef fect  on adopt ion of  new crop and l ivestock enterprises and t he 

improved agricult ural t echnologies and pract ices considered here,  except  in 

t he case of  recommended plant ing and spacing pract ices,  where it  was associ-

ated wit h greater use,  but  only when compared wit h nonpart icipat ion in areas 

where t he program had never been implemented (NAADSNON-3).

 The lack of  st at ist ical signif icance of  t he ef fect  of  direct  part icipat ion in 

t he program on adopt ion of  improved agricult ural t echnologies and pract ices 

is surprising and inconsist ent  wit h our t heoret ical predict ions.  But  it  is not  

unreasonable.  Adopt ion of  t hese (e.g. ,  improved seeds and l ivest ock breeds,  

inorganic fert i l izers,  and pest icides),  wit h t he except ion of  recommended 

plant ing and spacing pract ices,  requires farmers t o have f inancial  resources 

and/ or credit  facil i t ies f rom which t o acquire t hem.  Therefore,  t he posit ive 

impact  of  t he NAADS program on adopt ion of  recommended plant ing and 

spacing pract ices is not  surprising,  because such pract ices may require only 

addit ional labor at  most .  The quest ion is whet her great er adopt ion of  recom-

mended plant ing and spacing pract ices is suf f icient  t o drive t he expect ed 

changes in subsequent  out come indicat ors,  including increased product ivit y,  

commercial izat ion of  product ion,  incomes,  and welfare.

Crop and Livestock Product ivity and Commercializat ion 
of Product ion

We f ind t hat  direct  part icipat ion had a great er average ef fect  on l ivest ock 

product ivit y t han on crop product ivit y,  which is consist ent  wit h t he posit ive 

impact  on t he sale of  l ivest ock and l ivest ock product s,  which is est imat ed t o 

have been an increase of  about  8 percent  bet ween 2004 and 2007.
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Agricultural Revenue,  Food and Nutrit ion Security,  and Welfare

The resul t s relat ed t o change in agricul t ural  revenue (i .e. ,  t he value of  

t ot al  agricul t ural  out put  per adul t  equivalent ) are mixed,  wit h some incon-

sist ency wit h t he previous resul t s in t he sense t hat  est imat ed ATT based on 

t he subsample of  direct  part icipant s (NAADSDIR) and t hose locat ed in areas 

where t he program was never implement ed (NAADSNON-3) was general ly not  

st at ist ical ly signif icant ,  al t hough i t  was posit ive.  We found t hat  changes in 

income f rom dif ferent  subsect ors may be in compet i t ion and t hat  t hey may 

not  add up as one would expect  f rom using t he aggregat e income measure.  

Regarding t he broader out come indicat ors,  we f ind t hat  direct  part icipat ion 

in t he NAADS program is general ly posit ively associat ed wit h an improving 

si t uat ion and negat ively associat ed wit h a worsening si t uat ion,  part icular ly 

when part icipat ing households are compared t o NAADSNON-2 and NAADSNON-3 

households.

 In sum,  t he evidence,  st art ing wit h t he analysis of  whet her t he NAADS 

program adequat ely induced part icipant s t o est abl ish new ent erprises or t o 

adopt  t echnologies and improved pract ices more f requent ly t han t heir non-

part icipat ing count erpart s,  seems pat chy,  wit h t enuous l inks,  in t erms of  

consist ent  sign and st at ist ical  signif icance across t he dif f erent  met hods and 

model  specif icat ions,  t o increased product ivi t y and commercial izat ion of  

agricul t ure.  Our underlying assumpt ion is t hat  part icipat ion in t he NAADS pro-

gram confers benef i t s via mat erial  input s (seeds,  l ivest ock,  fert i l izers,  et c. ) 

t hat  w i l l  l ead t o subsequent  out comes.  But  t hi s assumpt ion i s not  con-

sist ent l y val idat ed in t he resul t s obt ained.  It  is t hus dif f icul t  t o make

def init ive conclusions regarding the direct  and, part icularly,  the indirect  impact  

of  t he NAADS program.  The same appl ies t o t he earl ier resul t s publ ished in 

Benin et  al .  (2011).  Wit h t he NAADS program being rol led out  t o t he ent ire 

count ry,  i t  is not  easy t o see how any moment um gained in t he program 

can be sust ained,  part icular ly in providing t he mat erial  input s t o dr ive t he 

changes in adopt ion,  product ivi t y,  incomes,  and wel fare t hat  are expect ed 

of  part icipant s.  Bet ween 2001–02 and 2006–07,  t he NAADS budget  expendi-

t ure per subcount y decl ined at  an average rat e of  11 and 19 percent  per 

year,  considering t he amount  spent  at  t he subnat ional  level  and in t he 

whole count ry,  respect ively.

Distribut ion of Impacts and Factors Enhancing the I mpacts 
of the Program

As expect ed,  t he impact s of  t he program were dist ribut ed dif ferent ly across 

dif ferent  groups of  farmers in t erms of  gender,  age,  educat ion,  ownership of  

asset s,  or locat ion.  Similarly,  we f ind t hat  dif ferent  fact ors have cont ribut ed 

dif ferent ly t o enhancing or mit igat ing t he ef fect s of  t he program.  The most  
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st riking result ,  one t hat  is seemingly count erint uit ive at  f irst  glance,  is t hat  

t he est imat ed average impact  of  t he program was great er among households 

locat ed relat ively fart her away f rom credit  services and market s.  This sug-

gest s t hat  t he NAADS program,  by bringing farmers advisory services and 

grant s for acquiring necessary t echnologies in addit ion t o creat ing market  

l inkages,  has been more ef fect ive in areas wit h poor access t o t he services 

and inf rast ruct ure needed t o support  t echnology adopt ion and increased 

commercial izat ion of  agricult ural product ion.  Where access t o such services 

and inf rast ruct ure is good (including in areas closer t o al l -weat her roads),  

farmers are able t o acquire on t heir own t he improved t echnologies being 

promot ed by t he NAADS program as wel l  as relat ed advisory services.

Effects of Indirect Part icipat ion ( NAADSNON-1) and Attrit ion

The est imat ed ATTs associat ed wit h t he comparison bet ween t he program’ s 

direct  part icipant s (NAADSDIR) and indirect  part icipant s (NAADSNON-1) were 

consist ent ly negat ive for t he dif ferent  out comes analyzed,  suggest ing t hat  

t he impact s of  t he program on direct  part icipant s were not  as great  as t he 

change observed for indirect  part icipant s.  This may ref lect  t he bet t er access 

t o various ext ension services enj oyed by t his group.  Furt hermore,  because 

farmers in t he group def ined as indirect  benef iciaries are not  very famil iar 

wit h t he NAADS program,  t hey may have confused NAADS service providers 

wit h agent s of  ot her programs,  leading t o an overest imat ion of  NAADS pro-

gram ef fect s for t his group.

 Because some households in t he 2004 survey had dropped out  by t he t ime 

of  t he 2007 survey,  we analyzed t he pot ent ial  ef fect  of  t he at t r it ion on t he 

est imat ed t reat ment  ef fect s.  We f ind t hat  t his l ikely increased t he init ial  

values of  t he out come indicat ors against  which direct  part icipant s in t he pro-

gram have t o be evaluat ed.  In ot her words,  assuming t hat  part icipat ion con-

fers benef it s leading t o higher agricult ural revenues,  if  ot her t hings remain 

unchanged,  a great er posit ive impact  of  t he program on t he agricult ural 

revenue of  part icipant s wil l  be needed t o show a signif icant  posit ive ef fect  

when t here is at t r it ion compared t o when t here is no at t r it ion.  Therefore,  t he 

est imat ed t reat ment  ef fect s of  t he program report ed earl ier are l ikely t o be 

underest imat ed,  assuming t hat  t he models used are specif ied and est imat ed 

correct ly.

Limitations of the Study and Issues for Further Research
Alt hough we have t ried t o capt ure several import ant  issues t hat  are crit ical

for a rel iable program evaluat ion st udy,  a maj or l imit at ion here is our in-

abil i t y t o capt ure in our est imat ions t he separat e ef fect  of  access t o ot her 

or non-NAADS ext ension services.  Basical ly,  t he government ’ s regular ext en-
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sion service,  as wel l  as nongovernment al organizat ions and ot hers providing 

agricult ural advisory services t hrough special  proj ect s,  cont inued t o operat e 

in t he same areas as t he NAADS program and elsewhere.  This is l ikely t o cause 

over at t r ibut ion of  t he est imat ed ef fect s t o t he NAADS program,  part icularly 

where NAADS part icipant s also benef it ed f rom ot her ext ension services,  as 

was l ikely t he result  in Benin et  al .  (2011).

 A useful fol low-up t o t his st udy wil l  be t o look at  t he cost s and benef it s 

of  invest ment  in t he program and assess t he ret urns t o such invest ment .  In 

doing so,  account ing for any general equil ibrium ef fect s wil l  be crit ical .  For 

example,  t he scal ing out  of  t he NAADS program t o al l  part s of  t he count ry is 

l ikely t o af fect  relat ive prices and may also require addit ional t axes t o pay 

back t he loan obt ained t o f inance t he program.  From t he product ion point  of  

view,  bot h ef fect s mit igat e t he impact  of  t he program,  pot ent ial ly leading 

t o an overest imat ion of  it s benef it s based on part ial  equil ibrium analysis of  

t he sort  done here.  However,  reduced food prices,  which benef it  consumers 

as wel l  as farmers t hat  are net  buyers of  food,  may cancel or out weigh t he 

negat ive ef fect  on producer surplus,  leading t o an overal l  welfare gain.  Simi-

larly,  st rengt hening t he capacit y of  farmers and service providers wil l  af fect  

t he skil l  composit ion of  t he labor force and service providers,  which in t urn 

wil l  l ikely af fect  t he wage st ruct ure and cost  of  advisory services.  An increase 

in aggregat e demand for services would have similar ef fect s on wages and 

cost s.  Thus including economic model ing t echniques in assessing t he ret urns 

wil l  prove useful.

 In assessing t he benef it s,  one also needs t o consider a range of  ot her ben-

ef it s t hat  t he program can be expect ed t o generat e,  including t he improved 

human resource skil ls associat ed wit h t raining and st rengt hening of  local 

inst it ut ional capacit y.  For example,  t he t raining in t echnical and managerial  

areas t hat  is provided t o privat e service providers,  ext ension st af f ,  subj ect -

mat t er special ist s,  and research st af f  wil l  develop improved skil ls,  which 

wil l  cont ribut e t o product ivit y improvement s not  only on t he farm but  of f .  

Training of  vi l lage groups,  communit y-based facil i t at ors,  farmer cont act  

groups,  and farmer forums at  t he local level wil l  st rengt hen local inst it ut ional 

capacit ies and empower farmers t o ef fect ively demand advisory services.  The 

improvement s in bot h human resource skil ls and inst it ut ional capacit y wil l  

generat e benef it s when used in nonagricult ural economic and noneconomic 

act ivit ies as wel l .
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CHAPTER 1

Introduction

Background

The import ance of  agricult ural ext ension in agricult ural and rural devel-

opment  is widely known.  Thus it  is not  surprising t hat  agricult ural 

ext ension has at t ract ed subst ant ial  invest ment  of  publ ic resources 

since t he 1950s,  when nat ional agricult ural advisory services began t o be for-

mally est abl ished by government s (Anderson 2007),  and has ret urned st rongly 

t o t he int ernat ional development  agenda (World Bank 2007a).  In Uganda,  

agricult ural ext ension is perhaps t he most  hot ly debat ed subj ect ,  part icu-

larly fol lowing implement at ion of  t he Nat ional Agricult ural Advisory Services 

(NAADS) program in 2001.  The NAADS program,  which is a key st rat egy t o 

implement ing t he government ’ s povert y reduct ion and nat ional development  

plan,  was conceived as a move away f rom t he t op-down approach,  which is 

publ icly funded,  wit h services provided by publ ic agent s,  t o a demand-driven 

approach,  which is largely publ icly funded,  wit h services provided by t he pri-

vat e sect or.  The program t arget s t he development  and use of  farmer inst it u-

t ions and in t he process empowers t hem t o procure ent erprise-based advisory 

services,  manage l inkages wit h market ing part ners,  and conduct  monit oring 

and evaluat ion of  t he advisory services t hey receive f rom t he privat e sect or 

(Uganda,  NAADS Secret ariat  2001).

 By end of  t he 2006–07 f inancial year,  t he program, whose goal is increas-

ing t he proport ion of  market -orient ed product ion,  had been ext ended t o 545 

subcount ies (about  83.1 percent  of  t he t ot al subcount ies in Uganda at  t he 

t ime) f rom t he init ial  24 subcount ies where it  was launched.  About  1,622 

cont ract s wit h privat e-sect or service providers had been signed,  more t han 

40 ent erprises had been promot ed,  and about  40,000 farmer groups and 

716,000 farmers (represent ing 20 percent  of  nat ional farming households) 

had received services f rom t he program (Uganda,  NAADS Secret ariat  2007).  

Implement at ion of  t he NAADS program,  however,  has not  been wit hout  int er-

ference,  especial ly in recent  t imes.  In Sept ember 2007,  for example,  t he 

president  of  Uganda suspended t he program,  claiming misuse of  funds;  t he 

program was reinst at ed in January 2008 (Sunday Monit or  2008).  Members of  
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Parl iament  vehement ly opposed t he president ’ s move as being cont rary t o 

t he count ry’ s povert y reduct ion ambit ions and cal led for a t horough evalu-

at ion of  t he program inst ead (Monit or  2007).  Donors support ing Uganda’ s 

agricult ural sect or also t hreat ened t o suspend disbursement  of  a commit t ed 

$180 mil l ion in f inancing if  t he government  did not  rescind it s decision and 

cont inue wit h implement at ion of  t he program according t o t he NAADS Act  

(East  Af r ican 2009).  The donors indicat ed t hat  t he president  was using t he 

resources set  aside for t he NAADS program t o fund his own Prosperit y for Al l  

agenda (East  Af r ican 2009).  The use of  privat e service providers as opposed

t o publ ic ext ension agent s in del ivering ext ension services has been a funda-

ment al issue in Uganda and is also t he subj ect  of  global debat e.

 Wit h compet ing uses of  publ ic resources for promot ing growt h,  reducing 

povert y,  and achieving equit able dist ribut ion of  out comes,  whet her social ly,  

economical ly,  or pol it ical ly mot ivat ed,  careful ref lect ion by government s 

and development  invest ors of  t he impact s of  and ret urns t o t heir invest -

ment s in t he NAADS program is necessary.  Due t o met hodological chal lenges 

arising f rom t he complex ways t hat  many fact ors inf luence t he relat ionship 

bet ween ext ension input s and out comes,  as wel l  as dat a qual it y issues,  t he 

exist ing evidence of  t he impact  of  and ret urns t o invest ment  in agricult ural 

ext ension on t he ef fect iveness of  agricult ural ext ension in increasing agricul-

t ural product ivit y and incomes and reducing povert y,  among ot her expect ed 

out comes,  is of t en viewed wit h skept icism among pol icymakers and develop-

ment  pract it ioners.  One of  t he most  comprehensive reviews of  t he impact s 

of  agricult ural ext ension worldwide,  which is found in a met ast udy of  more 

t han 700 case st udies,  shows t hat  al t hough t he average economic rat es of  

ret urn t o agricult ural ext ension alone and t o combined agricult ural research 

and ext ension are about  85 and 48 percent ,  respect ively,  t he range of  values 

is rat her large:  f rom zero t o 636 percent  for t he former and f rom –100 t o 430 

percent  for t he lat t er (Alst on et  al .  2000).  Regarding t he NAADS program in 

part icular,  some init ial  evaluat ions,  bot h qual it at ive and quant it at ive,  have 

been quit e favorable in t erms of  it s ef fect  on increasing t he use of  improved 

t echnologies,  market ed out put ,  and t he wealt h st at us of  farmers receiving 

services f rom t he program (Nkonya et  al .  2005;  OPM 2005;  Scanagri Consult ing 

Company 2005;  Benin et  al .  2007).  However,  some of  t he previous f indings 

also show t hat  t he program does not  appear t o be successful in promot ing 

improved soil  fert i l i t y management ,  raising concern about  t he sust ainabil i t y 

of  pot ent ial  product ivit y increases (Benin et  al .  2007).  Because t he f irst  phase 

of  t he NAADS program (hencefort h NAADS Phase I) ended in June 2008,  it  is 

import ant  t o rigorously assess t he out comes and impact s of  t he program and 

evaluat e t he ret urns t o invest ment s made in t he program so far.  These are 

t he aims of  t his st udy,  t he result s of  which would help inform t he imple-

2  CHAPTER 1



ment at ion of  t he second phase of  t he program (hencefort h NAADS Phase II),  

which is already under way (ht t p: / / www.naads.or.ug/ news.php?id=88).  The 

result s of  t his st udy wil l  also be useful for drawing pot ent ial  lessons for ot her 

count ries in Sub-Saharan Af rica (SSA) and ot her developing count ries t hat  are 

implement ing or planning t o implement  demand-driven agricult ural advisory 

services.  The f indings of  t his st udy are expect ed t o be useful t o pol icymakers 

of  cent ral and local government s,  farmer groups,  advisory service provid-

ers,  donors,  and ot hers seeking t o improve agricult ural ext ension services in 

Uganda and elsewhere.

 Before we present  det ails of  t he NAADS program and t he specif ic obj ec-

t ives of  t his st udy,  it  is useful t o look at  t he cont ext  of  agricult ural and rural 

development  in Uganda wit hin which agricult ural ext ension has evolved t o 

t he NAADS program t hat  is current ly being implement ed.

Context of Agricultural and Rural Development in Uganda
For a long t ime Uganda has experienced st rong economic growt h.  In t he 1990s,  

t he count ry’ s gross domest ic product  (GDP) grew st eadily by about  7.2 percent  

per year f rom a low rat e of  about  2.4 percent  per year in t he 1980s (World 

Bank 2007b).  In per capit a t erms,  t he economy st eadily grew by about  3.8 

percent  per year f rom a declining t rend of  about  –1.2 percent  per year in t he 

1980s.  The proport ion of  t he populat ion l iving under t he povert y l ine declined 

f rom 56.4 percent  in 1992 t o 31.1 percent  in 2006 (Uganda,  BOS 2010).  This 

remarkable t urnaround f rom t he depression associat ed wit h t he polit ical t ur-

moil and economic mismanagement  of  t he 1970s unt il  t he mid-1980s has been 

achieved t hrough sound policies l inked t o invest ment s and economic l iberal-

izat ion undert aken by t he Government  of  Uganda wit h support  f rom t he donor 

communit y and several ot her development  part ners.  Despit e t he subst ant ial 

progress made,  several challenges remain in sust aining t he moment um by way 

of  increasing product ivit y;  ensuring t he sust ainable use of  nat ural resources;  

and furt her reducing povert y,  hunger,  and human disease,  among ot hers 

(Uganda,  MFPED 2007a).  Recent ly agricult ure has not  performed as well as t he 

rest  of  t he economy.  For example,  f rom 2000 t o 2005 agricult ural GDP grew by 

4.5 percent  per year compared t o 5.6 percent  for t he ent ire economy (World 

Bank 2007b).  Also,  alt hough t he incidence of  povert y has declined,  it  is st i l l  

subst ant ial ly great er in rural rat her t han urban areas,  34.2 percent  and 13.7 

percent ,  respect ively (Uganda,  BOS 2010).

 Since 2000,  t he Government  of  Uganda has been implement ing t he Plan 

for Modernizat ion of  Agricult ure (PMA),  t he broader f ramework of  t he NAADS 

program,  as a key pol icy init iat ive aimed at  reducing povert y t o a level below 

28 percent  by 2014 (Uganda,  MAAIF and MFPED 2000;  Uganda,  MFPED 2004).  

The PMA,  which emphasizes t he revit al izat ion of  agricult ure as an engine 
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of  growt h,  povert y reduct ion,  and overal l  development  for t he economy,  is 

sit uat ed wit hin t he count ry’ s Povert y Eradicat ion Act ion Plan (PEAP) (Uganda,  

MFPED 2004) and vision of  Prosperit y for Al l  (Uganda,  MFPED 2007b) and sup-

port ed by t he broader Rural Development  St rat egy (Uganda,  MAAIF 2005). 1 

This at t empt  t o use agricult ural growt h t o drive overal l  economic growt h 

and development  in Uganda is not  surprising because agricult ure is an impor-

t ant  mainst ay of  a large proport ion of  t he populat ion,  cont ribut ing about  

one-t hird t o nat ional GDP and one-half  of  export  earnings and employing 

four-f if t hs of  t he working populat ion (World Bank 2007b).  In associat ion wit h 

t he New Part nership for Af rica’ s Development  (NEPAD),  t he Government  of  

Uganda is also in t he process of  implement ing t he Comprehensive Af rica Agri-

cult ure Development  Programme,  which provides an int egrat ed f ramework of  

development  priorit ies aimed at  rest oring agricult ural growt h,  rural develop-

ment ,  and food securit y (AU/ NEPAD 2003).  This,  t oo,  is consist ent  wit h t he 

PMA,  whose overal l  obj ect ive is t o enhance product ion,  compet it iveness,  and 

incomes.

 The PMA has an ambit ious agenda of  policy and inst it ut ional reform and 

invest ment s in seven int ervent ion areas,  including agricult ural ext ension 

t hrough t he NAADS program.  The ot her complement ary areas include agri-

cult ural research and t echnology development ,  rural f inancial services,  rural 

inf rast ruct ure,  market ing and agroprocessing,  agricult ural educat ion,  and 

nat ural resource management .  Nearly a decade af t er formulat ion of  t he 

PMA,  it s implement at ion has been uneven,  wit h subst ant ial  progress made 

in some of  t he areas (e.g. ,  NAADS and agricult ural research and t echnology 

development ) but  only l imit ed progress in ot hers (e.g. ,  agricult ural educat ion 

and environment  and nat ural resources) (OPM 2005).  Agricult ural ext ension 

in Uganda dat es back t o t he early t went iet h cent ury and has undergone a 

number of  t ransformat ions t hat  can be summarized as regulat ory f rom 1920 

t o 1956,  advisory f rom 1957 t o 1971,  dormant  f rom 1972 t o 1981,  and educa-

t ional f rom 1982 t o 1997 (Semana 2008).  The provision of  agricult ural ext en-

sion and ot her agricult ural support  services was t he responsibil i t y of  t he cen-

t ral  government  unt i l  1997,  when it  was handed over t o local government s in 

accord wit h t he Local Government  Act  of  1992.  The onset  of  decent ral izat ion 

faced several chal lenges,  chief ly lack of  funds and equipment  t o facil i t at e 

t he work of  ext ension agent s at  t he local government  level (Sserunkuuma 

and Pender 2001).  For example,  t he proport ion of  dist rict  budget s al locat ed 

t o agricult ural product ion and market ing in t hree dist rict s st udied by Francis 
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and James (2003) was 3 percent  or less,  whereas at  t he subcount y level t he 

proport ions were even smaller.  Ext ension agent s surveyed in Tororo dist rict  

fel t  t hat  decent ral izat ion had negat ive impact s on t heir abil i t y t o provide 

ext ension services (Enyipu,  Semana,  and Kabuye 2002),  which is not  surpris-

ing considering t hat  many ot her aspect s of  t he syst em remained cent ral ized 

or t op down.  Thus t he NAADS program was born of  and rat ional ized on t he 

basis of  deepening decent ral izat ion of  ext ension services t hrough a demand-

driven,  cl ient -orient ed,  farmer-led syst em t hat  t arget s t he poor and women 

and funded by al l ,  including development  part ners,  cent ral and local govern-

ment s,  and farmers (Uganda,  NAADS Secret ariat  2001).

The NAADS Program
The NAADS program,  which st art ed in 2001,  was planned as a 25-year program 

wit h an init ial  phase of  7 years t hat  ended in June 2008.  The goal of  t he pro-

gram is increasing t he proport ion of  market -orient ed product ion by empow-

ering farmers t o demand and cont rol agricult ural advisory and informat ion 

services.  The obj ect ives (Uganda,  MAAIF and MFPED 2000) are as fol lows:

1.   increasing the ef fect iveness,  ef f iciency,  and sustainabil it y (including f inanc-

ing,  private-sector part icipat ion,  farmer responsiveness,  deepening decen-

t ralizat ion,  and gender sensit ivit y) of  t he extension delivery service;

2.   increasing access t o and sust aining knowledge (educat ion),  informat ion,  

and communicat ion among farmers;

3.   increasing access t o and sust aining ef fect ive and ef f icient  product ivit y-

enhancing t echnologies among farmers;

4.   creat ing and st rengt hening l inkages and coordinat ion wit hin t he overal l  

ext ension services;  and

5.   al igning ext ension t o government  pol icy,  part icularly privat izat ion,  l iber-

al izat ion,  decent ral izat ion,  and democrat izat ion.

 The program is implement ed according t o an inst it ut ional f ramework as 

def ined in t he NAADS Act  of  June 2001.  The inst it ut ions involved are farmer 

organizat ions;  local government s;  t he privat e sect or;  nongovernment al orga-

nizat ions (NGOs);  a board of  direct ors;  t he NAADS Secret ariat ;  t he Minist ry of  

Finance,  Planning,  and Economic Development  (MFPED);  and t he Minist ry 

of  Agricult ure,  Animal Indust ries,  and Fisheries (MAAIF).  The NAADS Secre-

t ariat  is responsible for providing t echnical guidance and operat ional over-

sight  t o implement at ion of  t he program and for facil i t at ing out reach and 

impact .  The main principles and act ivit ies of  t he program are meant  t o be 

empowering farmers,  mainst reaming gender issues,  deepening decent ral iza-

t ion,  and t arget ing t he economical ly act ive poor—t hose wit h l imit ed physical 

INTRODUCTION  5  



and f inancial asset s,  skil ls,  and knowledge rat her t han dest it ut e or large-

scale farmers—through farmers’  forums based on specif ic prof itable enterprises,  

which makes the program enterprise based. The issue of empowerment—which,  

broadly def ined,  refers more t o a process t han t o an event  of  increasing t he 

spirit ual,  pol it ical,  social ,  or economic st rengt h of  individuals and communi-

t ies or of  making st at e and social inst it ut ions more responsive t o individuals 

and communit ies (World Bank 2001)—is crit ical.

 The process of  empowerment  in t he NAADS program is supposed t o be as 

fol lows.  When a farmer decides t o part icipat e,  he or she has t o do so t hrough 

membership in a NAADS-part icipat ing farmer group.  Each farmer group,  

t oget her wit h members of  ot her NAADS-part icipat ing groups in t he subcount y,  

f irst  priorit izes t hree ent erprises (which can be a crop,  l ivest ock,  f ishery,  or 

beekeeping act ivit y or a mixt ure of  t hose) and request s specif ic t echnolo-

gies and advisory services associat ed wit h t heir preferred ent erprises.  It  also 

appl ies for grant s t o procure t hose t echnologies and relat ed advisory services.  

The informat ion is forwarded t o a subcount y farmer forum by which t hree 

or four specif ic ent erprises are select ed t o be support ed under t he NAADS 

program for t he subcount y.  The Secret ariat  t hen works wit h t he subcount y

t o provide t he grant s and cont ract  and supervise privat e professional f irms t o

provide special ized services t hrough demonst rat ions on t he f ield of  a member 

of  t he farmer group (or host  farmer)—t he t echnology development  sit e (TDS).  

The host  farmer is chosen by fel low members of  t he group.  The est abl ish-

ment  of  t he init ial  TDS is f inanced f rom t he grant ,  and proceeds f rom t he 

TDS become a revolving fund for members.  Select ed farmers (communit y-

based facil i t at ors,  CBFs) are also t rained t o ext end fol low-up services.  NAADS 

coordinat ors at  t he dist rict  and subcount y levels work wit h farmer forum 

execut ives t o manage t he al locat ion of  service cont ract s and t o monit or and 

evaluat e t he performance of  t he service providers.

 The NAADS program was init iat ed in 2001 as a pilot  program in six dis-

t rict s (Arua,  Kabale,  Kibaale,  Mukono,  Sorot i,  and Tororo) and a t ot al of  24 

subcount ies wit hin t he dist rict s.  A few dist rict s and subcount ies were added 

each year,  primarily t o enable t hem t o benef it  f rom learning by doing.  By

t he end of  t he 2006–07 f inancial year,  t he program had been ext ended t o 545 

subcount ies (represent ing 83.1 percent  of  t he t ot al subcount ies in Uganda at  

t he t ime).  About  1,622 cont ract s had been signed wit h privat e-sect or agen-

cies t o provide various special ized services for more t han 40 ent erprises t hat  

had been ident if ied.  In t he process,  about  2,516 CBFs had been t rained t o 

provide fol low-up services,  and 40,000 farmer groups and 716,000 farmers 

(represent ing 20 percent  of  t he nat ional farming households) had received 

services f rom t he program (Uganda,  NAADS Secret ariat  2007).
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 By t he end of  t he 2006–07 f inancial year,  about  UGX 110 bil l ion (in 2000 

UGX) had been spent  on t he program. 2 In t erms of  f iscal decent ral izat ion,  

spending was init ial ly equal bet ween t he Secret ariat  and t he dist rict s and sub-

count ies (or local government s).  This was expect ed,  because t he Secret ariat  

handled many of  t he funct ions (e.g. ,  procurement ) on behalf  of  t he dist rict s

and subcount ies at  t he beginning of  implementat ion of  t he program. Over t ime,  

however,  t he bulk of  t he spending shif t ed away f rom t he Secret ariat  t oward 

t he dist rict s and subcount ies (Figure 1.1) as t he dist rict s and subcount ies t ook 

over t heir funct ions and as more dist rict s and subcount ies were added t o t he 

program. In t he 2006–07 f inancial year,  for example,  nearly 80 percent  of  t he 

t ot al budget ary resources for t he program was spent  at  t he dist rict  and sub-

count y levels.  Also,  over t ime t he amount  spent  per subcount y declined,  at  

an average rat e of  11 and 19 percent  per year,  considering t he amount  spent  

at  t he subnat ional level and t hat  of  t he whole count ry,  respect ively;  alt hough 

t he amount  spent  per subcount y seems t o have st abil ized f rom 2004–05 

onward (Figure 1.1).  Looking at  t he sources of  funding,  development  part ners 

cont ribut ed t he bulk (nearly 80 percent ) of  t he t ot al resources,  wit h t he cen-

t ral government ,  local government s,  and farmers cont ribut ing t he remaining 

20 percent  (14,  4,  and 2 percent ,  respect ively;  Figure 1.2). 3

 The development  part ners involved include t he Int ernat ional Develop-

ment  Associat ion (cont ribut ing 49.8 percent  of  t he t ot al amount  cont ribut ed 

by donors), the Internat ional Fund for Agricultural Development  (19.3 percent ),  

t he EU (18.1 percent ),  t he Net herlands (5.8 percent ),  Development  Coopera-

t ion Ireland (3.8 percent ),  t he Danish Int ernat ional Development  Agency 

(2.2 percent ),  and t he Depart ment  for Int ernat ional Development  (DFID,  0.9 

percent ). 4

 Figure 1.3 shows t he specif ic it ems on which t he funds have been spent ,  

by funct ion.  At  t he beginning of  t he program,  spending was concent rat ed on 

management  and coordinat ion (e.g. ,  39 percent  in 2001–02),  advisory and 

informat ion services t o farmers (35 percent  in 2001–02),  and farmer inst it u-

t ional development  (16 percent  in 2001–02).  As t he program mat ured,  spend-

ing on t echnology development  and monit oring and evaluat ion increased,  
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Figure 1.1—NAADS expenditure,  2001–02 to 2006–07 (2 000 UGX)

Source:   Aut hors’  calculat ions based on dat a f rom NAADS Secret ariat .

Figure 1.2—NAADS expenditure by source,  2001–02 to 2006–07 (percent)

Source:   Aut hors’  calculat ions based on dat a f rom NAADS Secret ariat .



wit h spending on t he former at t ract ing t he bulk of  t he al locat ion since t he 

2005–06 f inancial year.  In 2006–07,  for example,  spending on t echnology 

development  and market  development  account ed for 35 percent  of  t he t ot al 

al locat ion.

Aims and Objectives of This Study
This st udy,  building on previous init ial  evaluat ions and surveys of  t he NAADS 

program (Scanagri Consult ing Company 2005;  Benin et  al .  2007),  has as it s 

overal l  obj ect ive undert aking a rigorous end-of -Phase I evaluat ion of  t he 

NAADS program t o analyze and document  t he out comes and t he direct  and 

indirect  impact s of  t he program.  The specif ic obj ect ives are t o

1.   assess t he incidence of  rural publ ic services among farming households;

2.   est imat e t he impact s of  t he program on various indicat ors associat ed wit h 

t he obj ect ives of  t he program,  including

 a.   farmers’  empowerment  t o organize t hemselves and demand and man-

age advisory services,

 b.  farmers’  percept ion of the availabilit y and delivery of advisory services,

 c.   farmers’  awareness of  and t he incidence and int ensit y of  adopt ion of  

improved t echnologies and pract ices,

 d.   agricult ural product ivit y,

 e.   market  part icipat ion,  and

 f .   income,  asset s,  food and nut rit ion securit y,  and welfare;  and
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Source:   Aut hors’  calculat ions based on dat a f rom NAADS Secret ariat .
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3.   analyze and quant ify t he cont ribut ion of  ot her fact ors t hat  inf luence par-

t icipat ion in t he program and realizat ion of  t he out comes,  including house-

hold demographics and access t o ot her rural publ ic services.

 In t he next  chapt er we present  t he concept ual f ramework for evaluat -

ing t he direct  and indirect  impact s of  t he NAADS program.  This is fol lowed 

in Chapt er 3 by a present at ion of  t he met hods used for dat a col lect ion and 

evaluat ion.  The result s are present ed in Chapt ers 4 and 5,  f irst  looking at  

t he landscape wit hin which t he NAADS program has been implement ed and 

t he del ivery of  and demand for advisory services in Uganda.  This informa-

t ion is fol lowed in Chapt er 5 by t he ef fect  of  t he NAADS program on several  

out come and impact  indicat ors,  as wel l  as an analysis of  several fact ors t hat  

have cont ribut ed t o achievement  of  t he out comes and impact s.  Conclusions,  

key f indings and impl icat ions,  and issues for furt her research are present ed 

in Chapt er 6.



CHAPTER 2

Conceptual Framework

Because many fact ors af fect  t he performance of  agricult ure in complex 

ways,  it  is crit ical  t o f irst  ident ify t he relat ionships bet ween ext ension 

input s and t heir impact s.  The relat ionships or t he pat hways of  impact  

bet ween t he NAADS program and agricult ural product ivit y,  incomes,  and food 

securit y are shown in Figure 2.1.  By empowering farmers t o demand and man-

age advisory services (represent ed by EMP in t he diagram),  t he NAADS pro-

gram,  represent ed by t he dashed box,  is expect ed t o lead t o improved supply 

of  advisory services (AS) and increased adopt ion of  improved and prof it able 

t echnologies and pract ices (AD) by farm households,  which in t urn is expect ed 

t o lead t o improved out comes including improved nat ural resource manage-

ment  (NRM),  reduced unit  cost  of  product ion (C),  and increased agricult ural 

product ivit y (Q).  Bet t er product ion out comes in t urn are expect ed t o cont rib-

ut e t o increased market  part icipat ion (MKT),  higher incomes and great er 

asset s (INC),  and improved food and nut rit ion securit y (FNS).  By increasing 

t he awareness of  improved or prof it able ent erprises,  t echnologies,  and prac-

t ices (AW),  which in t urn is expect ed t o lead t o increased adopt ion of  t hose 

t echnologies and pract ices,  t he NAADS program is expect ed t o reinforce t he 

previous l inkages.

 However,  whether farm households actually do adopt  t he enterprises,  t ech-

nologies,  pract ices,  or informat ion being promot ed by t he program depends 

on several condit ioning fact ors,  including t he capacit y of  service providers 

(S) t o provide t hem as wel l  as t he abil i t y of  farmers t o adopt  t hem.  The lat -

t er is inf luenced by t heir const raint s wit h respect  t o several fact ors at  t he 

household (H) and farm (F) levels,  including land,  labor,  capit al,  other assets,  

credit ,  l ivel ihood opt ions,  and so fort h (Feder,  Just ,  and Zilberman 1985;  

Feder and Umali 1993).  The abil i t y of  farmers t o adopt  t he t echnologies also 

hinges on availabil i t y of  t he t echnologies,  which is t ypical ly shaped by local 

government  and communit y fact ors (LC) as wel l  as nat ional-level and pol icy 

fact ors (P),  which are t ypical ly associat ed wit h pol it ical  support  and budget  

al locat ion for t he program in part icular as wel l  as wit h overal l  inf rast ruct ure 

development ,  promot ion of  nonfarm employment  opport unit ies,  and prices,  
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among ot hers.  For example,  availabil i t y of  of f -farm employment  opport uni-

t ies (or of f -farm income) can cont ribut e t o agricult ural income by providing 

resources t o hire labor or t o purchase input s.  On t he ot her hand,  of f -farm 

employment  opport unit ies may reduce farmers’  incent ives t o invest  in agri-

cult ure in general (and adopt ion of  NAADS t echnologies in part icular) as t hey 

become less dependent  on t he farmland and as t he opport unit y cost s of  t heir 

labor and capit al  are increased by having access t o more prof it able al t erna-

t ives (Holden,  Shiferaw,  and Pender 2001;  Nkonya et  al .  2004).

 The ext ent  t o which such changes resul t  in more or less agricul t ural 

product ivi t y,  f or example,  also depends on how wel l  local  market s,  inst i t u-

t ions,  and pol icies funct ion t o relax or increase t he const raint s facing farm-

ers and households.  For example,  where market s are imperfect ,  product ion 

decisions are not  separable f rom consumpt ion preferences (Singh,  Squire,  

and St rauss 1986;  de Janvry,  Fafchamps,  and Sadoulet  1991),  so t he prefer-

ence of  cert ain producer groups (G) f or cert ain t ypes of  foods,  for example,  

may great ly af fect  t he product ion syst em independent  of  considerat ions 

of  prof i t abi l i t y and comparat ive advant age.  The real izat ion of  impact s 

(e.g. ,  great er agricul t ural  product ivi t y,  higher incomes,  reduced povert y,  

improved food and nut r i t ion securi t y) may also be condit ioned by fact ors 

beyond t he household’ s cont rol .

 For example,  agricult ural product ion depends on agroecological and bio-

physical fact ors.  In general,  l ivel ihoods may be inf luenced by many vil lage-

level fact ors (LC),  such as agricult ural pot ent ial ,  access t o market s,  and 

populat ion densit y (Pender,  Place,  and Ehui 1999).  These factors largely deter-

mine t he comparat ive advantage of  a locat ion by determining t he cost s and 

risks of  producing dif ferent  commodit ies,  t he cost s and const raint s t o market -

ing,  local commodit y and factor prices,  and t he opportunit ies for and returns 

t o alt ernat ive income-generat ing act ivit ies,  both on and of f  t he farm. These 

factors have generalized vil lage-level ef fect s and manifest  t hemselves t hrough,  

for example,  t heir impact  on vil lage-level prices of  commodit ies or inputs or 

t heir impact  on farm-household level factors such as average farm size.

 Ot her nat ional-level fact ors (P) such as programs,  pol icies,  and inst it ut ions 

may inf luence t he pat hways at  various point s.  For example,  macroeconomic,  

t rade,  and market  l iberal izat ion pol icies af fect  t he relat ive prices of  com-

modit ies and input s in general t hroughout  t he nat ion.  Alt hough such fact ors 

may af fect  dif ferent  people dif ferent ly,  t hey cannot  be expl icit ly cont rol led 

for in t he empirical est imat ion of  t he impact s of  t he NAADS program because 

t he values of  t heir measures do not  vary across t he unit  of  observat ion,  in

t his case households.  On t he ot her hand,  nat ional  agricul t ural  research 

pol icies,  for example,  may af fect  t he t ypes of  t echnologies t hat  are avail-

able and suit able t o farmers in a part icular agroecological region or prof it -
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able under cert ain local market  condit ions.  Similarly,  nat ional inf rast ruct ure 

development ,  land t enure,  and credit  pol icies and programs may af fect  t he 

awareness,  opport unit ies,  or const raint s of  dif ferent  vi l lages or households 

dif ferent ly.  Figure 2.1 also shows t hat  t here may be import ant  feedback l inks 

underlying t he relat ionships bet ween t he NAADS program and t he out come 

indicat ors.  These are represent ed by t he dashed pat hs.  For example,  house-

holds real izing an increase in product ivit y and farm out put  f rom adopt ion of  

NAADS t echnologies in one season may decide t o drop t his adopt ion in t he 

subsequent  season if  t hey were unable t o sel l  t heir produce for a prof it  due 

t o low prices result ing f rom increased supply,  for example.  Pol it ical  leaders 
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Figure 2.1—NAADS impact pathways

Source:   Aut hors’  i l lust rat ion of  t he impact  pat hways.
Not e:   Dashed pat hs indicat e feedback l inks underlying t he relat ionships bet ween t he NAADS 

program and t he out come indicat ors.



may also decide t o increase or reduce t he budget  al locat ed t o t he program 

depending on t he out comes in previous years.

 It  is import ant  t o not e t hat  t he concept ual f ramework is consist ent  wit h 

t he design and principles of  t he NAADS program.  For example,  t he program’ s 

principle of  t arget ing cert ain socioeconomic and demographic groups such as 

t he economical ly act ive poor farmers,  including women and t hose wit h l im-

it ed physical and f inancial assets,  skil ls,  and knowledge (rather t han t he dest i-

t ut e or large-scale farmers),  is consist ent  wit h t he hypot hesis t hat  t he abil i t y 

of  farmers t o adopt  t echnologies is inf luenced by their const raint s wit h respect  

t o capit al ,  ot her asset s,  and credit ,  among ot hers.  Similarly,  t he import ance 

of  local comparat ive advant ages is ref lect ed in t he program’ s provision of  

services t hat  are based on local ly ident if ied ent erprises and product ion con-

st raint s.  The six complement ary NAADS invest ment  areas of  t he PMA (includ-

ing research and technology development ,  rural f inancial services,  rural inf ra-

st ruct ure,  market ing and agroprocessing,  agricult ural educat ion,  and nat ural 

resource management ) are also consist ent  wit h t he hypot hesis of  vi l lage-level 

and ot her higher-level ef fect s associat ed wit h availabil i t y of  t echnologies,  

l ivelihood opportunit ies,  access to services, and terms of  t rade, among others.

 In t he next  chapt er we present  t he met hods used for dat a col lect ion and 

for measuring and est imat ing t he relat ionship bet ween t he NAADS program 

and empowerment  of  farmers,  demand for and adopt ion of  improved agri-

cult ural t echnologies,  crop and l ivest ock product ivit y,  sale of  agricult ural 

out put ,  and household agricult ural revenue and consumpt ion expendit ure.
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CHAPTER 3

Methodology

Surveys and Data Collection

This st udy used dat a f rom t wo rounds of  farmer group and household 

surveys conduct ed during t he second quart er of  2004 and t he fourt h 

quart er of  2007.  The 2004 dat a served as t he basel ine on which a 

st rat if ied sampling is based according t o t he year when t he NAADS program 

was f irst  implement ed in t he surveyed subcount y or t he year when t he 

t reat ment  was appl ied:  (1) subcount ies where t he NAADS program was f irst  

implement ed in 2001–02,  hereaf t er referred t o as early NAADS subcount ies,  

(2) subcount ies where t he program began in 2002–03,  hereaf t er referred t o as 

int ermediat e NAADS subcount ies,  (3) subcount ies where t he program began 

in bet ween 2005 and 2007,  hereaf t er referred t o as lat e NAADS subcount ies,  

and (4) subcount ies where t he program had not  been implement ed at  t he 

t ime of  t he survey,  hereaf t er referred t o as non-NAADS subcount ies.  The lat e 

NAADS st rat um was creat ed during t he second round of  t he survey f rom t he 

non-NAADS subcount ies st rat um of  t he f irst -round survey. 1 This was neces-

sary because t he NAADS program had begun operat ing in some of  t he areas 

where t hey were not  operat ing in 2004,  t hat  is,  at  t he t ime of  t he f irst -round 

or basel ine survey.  Therefore,  new farmer groups and households were also 

surveyed t o increase t he sample in t he non-NAADS subcount ies st rat um.  This 

st rat if icat ion was done t o account  for t he ef fect  of  t he rol lout  of  t he pro-

gram,  which may result  in a modif ied t reat ment  in t he int ermediat e NAADS 

subcount ies and t he lat e NAADS subcount ies due t o learning f rom previous 

t reat ment s in t he early NAADS subcount ies (supply-side ef fect s),  as wel l  as 

f rom nonrandom preparedness of  t he int ermediat e NAADS subcount ies and 

t he lat e NAADS subcount ies prior t o receiving t he t reat ment  (demand-side 

ef fect s).

 Table 3.1 shows the number of  households and farmer groups sampled f rom 

each st ratum in each of  t he two survey years.  At  t he out set ,  it  was agreed t o 
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int erview about  400,  300,  and 200 households (and 50,  40,  and 30 farmer 

groups) in t he early NAADS, intermediate NAADS, and non-NAADS subcount ies,

respect ively.  From t he early NAADS subcount ies st rat um,  al l  six dist rict s and 

24 corresponding subcount ies were select ed.  In t he case of  t he int ermediat e 

NAADS subcount ies st rat um,  four of  t he nine dist rict s and 18 of  t he 72 sub-

count ies were sampled.  The dist rict s and subcount ies f rom t he int ermediat e

and late NAADS subcount ies st rata, as well as from the non-NAADS subcount ies 

st rat um,  were purposely sampled in such a way t hat  t hey had similar agri-

cult ural pot ent ial  and market  access as t he corresponding dist rict s and sub-

count ies in t he early NAADS subcount ies st rat um. 2 For each of  t he dist rict s in 

t he early NAADS subcount ies st rat um,  a mat ching dist rict ,  t hat  is,  one wit h 

similar market  access and agricult ural pot ent ial ,  was select ed f rom t he ot her 

st rat a.  Fol lowing t he concept ual f ramework,  t his was done t o minimize t he

ef fect  of  nat ional-level  fact ors (P) and ot her higher-level  condit ioning fac-

t ors t hat  may af fect  t he local condit ions and l ivel ihoods of  dif ferent  commu-

nit ies dif ferent ly and are l ikely t o great ly inf luence agricult ural product ion,  

revenue,  and ot her out comes of  int erest  t hat  are analyzed in t his st udy.  From

each selected subcounty,  two parishes were randomly selected,  and f rom each 

select ed parish one vi l lage (LC1) was randomly select ed.  From each of  

t he select ed vil lages,  6–13 households were randomly select ed in proport ion 

t o t he t ot al  number of  households wit hin each NAADS st rat um.  For t he farmer 

group survey,  one group was randomly select ed f rom each of  t he select ed 

vil lages.  Toget her,  902 households and 116 farmer groups were surveyed in 

2004,  and 1,200 households and 150 farmer groups were surveyed in 2007,  

wit h a panel of  719 households and 110 farmer groups (Table 3.1).

 St ruct ured survey inst rument s were used t o col lect  most  of  t he dat a using 

dif ferent  recal l  periods depending on t he relat ive magnit ude or f requency of  

households’  decisions,  wit h short er recal l  periods used for more f requent ly 

repeat ed act ivit ies and vice versa. 3 The dat a col lect ed f rom t he household 

survey include a variet y of  variables present ed in t he concept ual f ramework 

t hat  capt ure t he condit ioning fact ors at  t he farmer group level (G),  such as 

membership in farmer organizat ions or net works;  t he household level (H),  

including gender,  age,  educat ion,  and size composit ion of  t he household;  

and t he farm level (F),  including farm size and agricult ural product ive asset s.  
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2 Agricult ural pot ent ial  is an abst ract ion of  many fact ors—including rainfal l  level and dist ribu-
t ion,  al t i t ude,  soil  t ype and dept h,  t opography,  presence of  pest s and diseases,  presence of  
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pot ent ial  market  int egrat ion—est imat ed as t ravel t ime t o t he nearest  f ive market s,  weight ed 
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Dat a were also col lect ed on out come and impact  indicat ors associat ed wit h 

awareness (AW) and adopt ion (AD) of  prof it able ent erprises and improved 

t echnologies and pract ices,  market  part icipat ion (MKT),  crop and l ivest ock 

product ivit y (Q),  incomes (INC),  and food and nut rit ion securit y (FNS).  The 

surveys were designed and t he dat a col lect ed in a manner consist ent  wit h t he 

concept ual f ramework.  To underst and t he impact  of  t he NAADS program on 

adopt ion of  new t echnologies and ent erprises,  for example,  dat a on aware-

ness and adopt ion of  new t echnologies and ent erprises in 2000–04 and 2004–07 

were col lect ed in t he 2004 and 2007 surveys,  respect ively.  The informat ion is 

dif ferent iat ed according t o service providers associat ed wit h t he NAADS pro-

gram and ot herwise.  The 2004 survey was also used t o col lect  informat ion on 

t he 2000 values of  t he condit ioning fact ors and out come indicat ors t o cont rol  

for t he pre-t reat ment  scenario.  Det ails of  t he act ual variables used in t he 

analyses and how t hey were measured are present ed lat er.
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Table 3.1—Number of districts,  subcounties,  village s,  farmer groups,  and 
households sampled from each stratum,  2001–07

   Intermediate
Survey year,  Early NAADS NAADS Late NAADS
sampling units (2001–02) (2002–03) (2005–07) Non-NA ADS Total

2004
  Dist rict s 6 4 2 2 14
  Subcount ies 24 18 4 12 58
  Vil lages 48 36 6 26 116
  Farmer groups 48 36 6 26 116
  Households 402 300 81 119 902
2007
  Dist rict s 6 4 2 6 18
  Subcount ies 24 18 4 27 73
  Vil lages 48 36 6 60 150
  Farmer groups 48 36 6 60 150
  Households 402 300 81 417 1,200
Panel (2004 and 2007)
  Dist rict s 6 4 2 2 14
  Subcount ies 24 18 4 12 58
  Vil lages 48 36 6 26 116
  Farmer groups 48 36 6 20 110
  Households 323 202 81 113 719

Source:   NAADS–IFPRI 2004 and 2007 household and farmer group surveys.
Not es:   The st rat if icat ion is based on t he st at us of  implement at ion of  t he program in 2007.  The 

panel relat ed t o t he lat e NAADS st rat um is due t o t he t reat ment  of  some sampling unit s 
wit hin t he non-NAADS st rat um af t er t he 2004 survey.  The t ot al  size of  t he panel of  
households was 719,  less t han t he expect ed size of  902 because of  at t r it ion.  The years 
in parent heses refer t o when t he NAADS program was implement ed.



 The farmer group survey col lect ed dat a relat ed mainly t o t he condit ioning 

fact ors at  t he local and communit y level (LC),  including access t o f inancial  

services,  roads,  and market s;  agricult ural advisory service providers (S);  char-

act erist ics of  t he NAADS program (part icularly farmer inst it ut ional capacit y 

development ,  t ype of  advisory services received,  mechanisms of  provision,  

and benef iciaries) based on t he percept ions of  farmer groups;  and empower-

ment  of  farmers t o organize t o demand and manage advisory services (EMP),  

also based on t he percept ions of  farmer groups.  These dat a,  in addit ion t o t he 

secondary dat a discussed next ,  were col lect ed primarily t o assess progress 

t oward implement at ion of  t he NAADS program.

 Secondary dat a were also col lect ed f rom t he subcount y of f icials t o obt ain 

more informat ion on t he condit ioning fact ors at  t he local and communit y 

level (LC),  including inf rast ruct ure development  and provision of  ot her publ ic 

goods and services in t he subcount y;  implement at ion of  t he NAADS pro-

gram in t he subcount y relat ed t o farmer inst it ut ional development  (e.g. ,  

t ype of  t raining and number of  farmer groups benef it ing),  t ype of  services 

provided,  and mechanisms of  provision (e.g. ,  number of  t echnology develop-

ment  sit es and demonst rat ions);  service providers (S),  including number of  

cont ract s;  and budget s and expendit ures for t he NAADS program and ot her 

agricult ural sect or programs.

Estimation and Determinants of Outcomes and Impacts
The main chal lenge wit h est imat ing t he impact s of  any invest ment  program 

such as t he NAADS program l ies wit h at t r ibut ing change in an indicat or of  

int erest  t o t he program.  Due t o met hodological chal lenges arising f rom t he 

complex and of t en cont radict ory ways t hat  many fact ors inf luence t he rela-

t ionship bet ween ext ension input s and out comes,  as wel l  as dat a qual it y 

issues,  t he exist ing evidence of  t he impact  of  and ret urns t o invest ment  in 

agricult ural ext ension is of t en viewed wit h skept icism.  One of  t he most  com-

prehensive reviews of  t he impact s of  agricult ural ext ension is found in a 

met ast udy of  several case st udies:  80 of  t hem on t he economic ret urns t o 

agricult ural ext ension only and 628 on t he combined ret urns of  agricult ural 

research and ext ension,  wit h an average rat e of  ret urn of  85 and 48 percent ,  

respect ively (Alst on et  al .  2000).  The former ranges f rom zero t o 636,  t he 

lat t er f rom –100 t o 430.  This wide range of  negat ive t o posit ive rat es of  

ret urn,  al t hough posit ively skewed,  has increased t he level of  skept icism 

among pol icymakers and development  pract it ioners on t he ef fect iveness of  

agricult ural ext ension in increasing agricult ural product ivit y and incomes and 

reducing povert y,  among ot her expect ed out comes.  The met ast udy by Alst on 

et  al .  (2000) and reviews by ot hers (e.g. ,  Evenson 2001;  Anderson 2007) high-
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l ight  concern over dat a qual it y,  cause-and-ef fect  met hodological issues,  and 

quant if icat ion of  al l  relat ed cost s and benef it s.  The case of  evaluat ion of  t he 

t raining and visit  ext ension syst em in Kenya in t he 1980s is a t ypical example;  

t he previously est imat ed large posit ive ret urns (e.g. ,  Bindl ish and Evenson 

1997) were found t o be grossly overest imat ed wit h careful model ing of  con-

founding fact ors,  whet her st at ic or changing over t ime,  among ot hers (Gau-

t am and Anderson 1999).

 In t his st udy we used dat a f rom t he t wo rounds of  surveys,  various impact  

assessment  met hods,  and dif ferent  model specif icat ions wit hin t he same 

general met hod t o deal wit h t he concerns j ust  st at ed and t o generat e great er 

conf idence in t he pol icy impl icat ions of  t he result ing est imat es.  First  we 

examine t he underlying at t ribut ion problem and ot her est imat ion issues asso-

ciat ed wit h evaluat ing t he NAADS program.  Then we present  t he met hods 

used t o address t hese issues and t o est imat e t he impact  of  t he program.

 If  we let  y represent  t he set  of  out comes of  int erest  t o t he st udy (e.g. ,  

agricult ural product ivit y (Q) and income (INC) as shown in concept ual f rame-

work),  t hen t he impact  of  t he NAADS program can be measured by t he dif -

ference bet ween t he expect ed value of  y earned by each farm household j  

part icipat ing in t he program and t he expect ed value of  y t he farm household 

would have received if  t he farm household had not  part icipat ed in t he pro-

gram.  This dif ference,  which is t he impact  of  t he program or simply t he 

impact  of  t reat ment ,  can be measured as t he average t reat ment  ef fect  on 

t he t reat ed (ATTj ):

 ATTj  = E[y1j | NAADSj  = 1]  – E[y0j | NAADSj  = 1] ,  (3.1)

where y1j  is t he value of  t he out come of  farm household j  af t er part icipat ion 

in t he NAADS program and y0j  is t he value of  t he out come of  t he same farm 

household j  i f  i t  had not  part icipat ed in t he NAADS program.  Unfort unat ely,  

we cannot  observe t he count erfact ual,  i .e. ,  t he value of  t he out come of  t he 

farm household if  t he farm household had not  part icipat ed in t he program.  

In addit ion,  because individual farm households may choose t o part icipat e in 

t he program or not  part icipat e,  t hose t hat  choose t o part icipat e are l ikely t o 

be dif ferent  f rom and benef it  more t han t hose t hat  choose not  t o part icipat e.  

For example,  t hose t hat  choose not  t o part icipat e may not  have t he resources 

t o do so,  because part icipat ion in t he program requires some init ial  cofunding 

by part icipant s and adopt ion of  more cost ly t echnologies and pract ices (more 

wil l  be said on t he process of  part icipat ion lat er).  These dif ferences in behav-

ior,  i f  t hey inf luence t he out come,  may inval idat e t he result s f rom simply 

comparing out comes by t reat ment  st at us,  possibly even af t er adj ust ing for 
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dif ferences in observed covariat es of  t he out come.  The underlying est imat ion 

problem of  Equat ion 3.1 can be represent ed as a t reat ment -ef fect s model 

(Maddala 1983) of  t he form

 yj t  = αj  + τt  + β′x j t  + δNAADSj  + εj t  (3.2)

 NAADSj * = γ′w j  + μj  

 NAADSj  = {10  
if  NAADSj * > 0

,  (3.3)

 
ot herwise

where NAADSj * is a lat ent  unobserved variable whose count erpart ,  NAADSj ,  is 

observed in dichot omous form only;  x j  and w j  are t he vect ors of  explanat ory 

variables af fect ing t he out come and t he decision t o part icipat e in t he NAADS 

program,  respect ively; 4 NAADSj  = 1 and NAADSj  = 0 represent  part icipat ion 

and nonpart icipat ion in t he program,  respect ively;  α and τ capt ure t he un-

observed individual specif ic ef fect  and t ime t  specif ic ef fect ,  respect ively;  β 

and γ are t he vect ors of  paramet ers measuring t he relat ionships bet ween t he 

dependent  and independent  variables;  δ measures t he relat ionship bet ween 

t he out come and t he program;  and ε and u are t he random component s of  t he 

respect ive equat ions wit h j oint  normal dist ribut ion of  means (μ,  0) and co-
 σε2 σεuvariance mat rix [             ] . σεu 1

 Because by t he design of  t he NAADS program farm households or farmers 

have t o self -select  part icipat ion in t he program t hrough membership in a 

NAADS-part icipat ing farmer group,  est imat ing t he paramet ers of  t he model 

by ordinary least  squares (OLS) met hods is l ikely t o yield biased result s,  

part icularly overest imat ion.  Those who choose t o part icipat e may also have 

ot her charact erist ics t hat  lead t o bet t er out comes.  A number of  met hods 

have t hus been proposed or employed,  depending on assumpt ions of  mainly 

t he rel iabil i t y of  t he explanat ory variables w j  as a predict or (or inst rument ) 

of  t he part icipat ion decision (i.e. ,  i t s correlat ion wit h yj ,  condit ional on x j );  

t he correlat ion bet ween t he unobserved individual specif ic ef fect  (αj ) and t he 

independent  variables x j ;  and t he composit ion and unobserved charact erist ics 

of  t he t wo groups over t he course of  t he t reat ment . 5 A met hod commonly 

proposed and employed t o est imat e t he paramet ers of  t he model is t he 

inst rument al-variables met hod,  which,  as t he name impl ies,  t r ies t o ident ify 
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5 See Imbens and Wooldridge (2009) for review of  issues and met hods in program evaluat ion.



suit able inst rument s.  Anot her met hod is t he f ixed-ef fect  met hod f rom panel 

dat a analysis,  where t he assumpt ion is t hat  unobserved dif ferences bet ween 

t he t wo groups are const ant  over t ime and are correlat ed wit h t he indepen-

dent  variables x j ,  which are also correlat ed wit h t he unobserved individual

specif ic ef fect  αj .  More recent  met hods,  such as experiment al and quasi-

experiment al met hods,  t ry t o est abl ish alt ernat ive scenarios t hat  represent  

t he count erfact ual sit uat ion by ensuring t hat  t he composit ion of  t he t wo 

groups remains t he same over t he course of  t he t reat ment .  Each met hod has 

it s advant ages and disadvant ages given t he pract ical dif f icult ies of  t est ing 

t he val idit y of  t he assumpt ions and cost  impl icat ions and t he quant it at ive 

requirement s,  among ot hers,  t hat  are associat ed wit h using t he dif ferent  

met hods.  In t his st udy we use a combined mat ching and panel regression 

approach wit hin a t wo-st age procedure t o est imat e t he impact  of  t he NAADS 

program on several out come indicat ors.  To generat e great er conf idence in 

t he pol icy impl icat ions of  our result s,  however,  we also present  result s f rom 

using some of  t he ot her individual met hods.  We next  present  t he individual 

met hods t o set  t he cont ext ,  fol lowed by our combined mat ching and panel 

regression approach.

Difference-in-Differences Method

Assuming t hat  t he out come indicat or of  int erest  was growing or changing at  

t he same rat e bet ween t he t reat ment  group and t he cont rol group prior t o t he 

t reat ment ,  t he dif ference-in-dif ferences (DID) or double dif ferencing met hod,  

which measures t he average gain or change in t he out come y over t ime in t he 

t reat ment  group less t he average gain or change in t he out come y over t ime 

in t he cont rol group,  can be used (Ravall ion 2008).  Albeit  simple,  t his met hod 

removes biases in t he comparison bet ween t he t wo groups t hat  may be due t o 

permanent  dif ferences bet ween t he t wo groups (e.g. ,  locat ion ef fect ),  as well  

as biases f rom comparison over t ime in t he t reat ment  group t hat  may be due 

t o t ime t rends unrelat ed t o t he t reat ment .  The impact  of  t he NAADS program 

using t his met hod can be obt ained by est imat ing a dif ference equat ion of  

Equat ion 3.2 by OLS met hods simply wit hout  t he covariat es,  xj ,  as fol lows:

 Δyj  = α̂ + δ̂DIDNAADSj  + yj t 0 + ej ,  (3.4)

where Δyj  = yt 1 - yt 0,  and yt 0 and yt 1 are t he out comes in t he init ial  and lat er 

periods,  respect ively.  The met hod can be ext ended t o include t he covariat es,  

x j ,  as shown in Equat ion 3.5:

 Δyj  = α̂ + β̂′DIDTΔx j  + δ̂DIDTNAADSj  + yj t 0 + ej .  (3.5)
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Wit h t he DID met hod,  possible serial  correlat ion (i.e. ,  cov(εt ,  εt –1) ≠ 0) is not  

considered.  Alt hough we do not  have hist orical dat a on t he out come indica-

t ors prior t o t reat ment  t o t est  t he val idit y of  t he underlying assumpt ion,  we 

minimize t he ef fect s of  violat ing t he assumpt ion by est imat ing Equat ions 3.4 

and 3.5 using a mat ched sample of  t he t reat ment  and cont rol  groups (dis-

cussed in t he next  t wo subsect ions).  In general,  t he DID met hod,  especial ly 

t he specif icat ion wit hout  t he covariat es,  is one t hat  many pol icymakers can 

ident ify wit h,  and t he result s can be used as a basis t o compare t he result s 

obt ained using ot her more complex met hods.

Propensity Score Matching Method

The fundament al problem in applying t he DID and ot her convent ional evalu-

at ion met hods is lack of  overlap in t he covariat e dist ribut ions or common 

support  bet ween t he t reat ment  and cont rol  observat ions (Imbens and Wool-

dridge 2009).  This problem is what  is usual ly referred t o as comparing apples 

and oranges.  The propensit y score mat ching (PSM) met hod,  which is a quasi-

experiment al met hod now commonly used in program evaluat ion,  t r ies t o 

address t his problem by select ing program part icipant s (t reat ment s) and non-

part icipants (cont rols) t hat  are as similar as possible in t erms of  pre-t reatment  

observable characterist ics t hat  are expected t o af fect  t he decision and ext ent  

of  part icipat ion in t he program as wel l  as t he out comes due t o part icipat ion. 6 

The dif ference in out comes bet ween t he t wo mat ched groups can be int er-

pret ed as t he impact  of  t he program on t he part icipant s (Smit h and Todd 

2005).  In pract ice,  t he PSM met hod mat ches subgroups of  program part ici-

pant s wit h comparable subgroups of  nonpart icipant s using a propensit y score,  

which is t he est imat ed condit ional probabil i t y of  part icipat ion in t he pro-

gram. 7 In t his case,  only part icipant s who have comparable propensit y scores

or have mat ches are used in t he est imat ion.  Those who do not  have compa-

rable propensit y scores or have no mat ches are dropped prior t o t he est ima-

t ion.  Af t er select ing t he comparable subgroups,  t he count erfact ual of  each

part icipant ,  t hat  is,  t he value of  t he out come if  t he part icipant  had not  

part icipat ed in t he program (ŷ0j | NAADSj  = 1),  is imput ed as t he average of  

t he observed outcomes of  t he part icipant ’ s nonpart icipant  matches.  Assuming 

i  = 1,  2,  .  .  .  M mat ches for t he j t h observat ion,
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6 This met hod is referred t o as a quasiexperiment al met hod because it  seeks t o mimic t he 
approach of  experiment s in ident ifying similar “ t reat ment ”  and “ cont rol”  groups.  However,  
because t he comparison groups ident if ied in t he PSM met hod are not  select ed by random assign-
ment ,  t hey may dif fer in unobserved charact erist ics even t hough t hey are mat ched in t erms of  
observable charact erist ics.  See Imbens and Wooldridge (2009) for a review.
7 See Becker and Ichino (2002) on how t o implement  t he PSM met hod.



 yj ,     NAADSj  = 0

 1 ŷ0j  = {——  Σ  yj ,     NAADSj  = 1.  (3.6)
 M
 j ∈ℑM(i )

A dif ference est imat or is t hen used t o est imat e t he impact  of  t he NAADS 

program,  or t he ATT (i .e. ,  δ̂PSM),  as fol lows:

 δ̂PSM = Σw j (y1j  – ŷ0j ),  (3.7)
 j

where w j  is a weight  based on propensit y scores.

 Therefore,  t he PSM method requires economet ric est imat ion of  Equat ion 

3.3 only,  using a binary dependent -variable model (probit  or logit ) t o predict  

t he condit ional probabil it y of  part icipat ion in t he program or being in t he t reat -

ment  group.  In t his study we used the probit  model.  The explanatory variables 

t ypically used for comput ing t he propensit y scores are t hose that  af fect  t he 

part icipat ion decision or t he out comes. We used the conceptual f ramework 

t o guide select ion of  t he explanatory variables;  a detailed descript ion is pre-

sented later.  To improve matching,  however,  it  is common pract ice t o t ry dif -

ferent  variables and dif ferent  t ransformat ions of  t he variables,  including loga-

rit hms, higher-order t erms, and interact ion factors (Dehej ia and Wahba 2002).  

The idea is t hat  matching is a nonparamet ric method of  preprocessing data t o 

reduce imbalance between the t reated and cont rol groups (Imbens and Wool-

dridge 2009),  so exploring dif ferent  variables as well as t heir t ransformat ions 

becomes crit ical in t he est imat ion of  Equat ion 3.3.  We follow these pract ices 

and use histograms to check overlap (or common support ) in t he dist ribut ion 

of  t he propensit y scores between the two groups.  We also use t he balancing 

t est  (Dehej ia and Wahba 2002) t o select  t he best  matched sample of  t reatment  

and comparison observat ions.  The balancing t est  comprises t -t est s of  equalit y 

of  means in t he t reated and cont rol groups both before and af t er matching and 

based on a regression of  each explanatory variable on t he t reatment  indicator.  

Before matching t his is an unweighted regression on t he whole sample,  but  

af t er matching it  is a weighted regression using weight s based on t he propen-

sit y scores of  t he matched sample.  Basically,  it  is a check of  whether and the 

extent  t o which any dif ferences t hat  existed between the two groups prior t o 

t he matching have been reduced or eliminated in t he matched sample.

 Because t he basic PSM met hod is based on mat ching each part icipant  wit h 

t he nearest  nonpart icipant  only,  i t  can l imit  any pot ent ial  gain f rom mat ch-

ing part icipant s wit h more t han one nonpart icipant  wit h similar at t r ibut es.  

Thus we also employed mat ching wit h more t han one neighbor.  Specif ical ly,  

we consider and report  result s associat ed wit h mat ching wit h t hree and f ive 
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nearest  neighbors.  Increasing t he number of  mat ches general ly increases t he 

precision of  t he est imat es,  al t hough at  t he cost  of  increasing bias (Dehej ia 

and Wahba 2002).  To bet t er underst and t he result s associat ed wit h using 

dif ferent  numbers of  nearest -neighbor mat ches,  however,  we t ried mat ches 

based on 1–10 nearest  neighbors and found t hat  t he est imat es t ended t o

diverge when a small  or very large number of  mat ches are used.  Nevert he-

less,  we have more conf idence in t he f indings t o t he ext ent  t hat  t he result s 

(especial ly t he signs and st at ist ical signif icance of  t he est imat es) are similar 

across t he dif ferent  mat ches.  We used kernel-mat ching t echniques whereby 

each t reat ed individual is mat ched based on a weight ed average of  al l  con-

t rols t hat  fal l  wit hin a bandwidt h or smoot hing paramet er used t o est imat e 

t he kernel densit y and t he weight s are inversely proport ional t o t he dist ance 

bet ween t he propensit y scores of  t he t reat ed and cont rols (Becker and Ichino 

2002).  Based on t he Epanechnikov kernel-smoot hing procedure (Epanechnikov 

1969),  we used t he mat ching met hod t o est imat e t he impact  of  t he NAADS

program,  or t he ATT,  f or several  out come and impact  indicat ors as men-

t ioned previously,  including f requency of  ext ension visit s received,  adopt ion 

of  prof it able ent erprises and t echnologies,  crop and l ivest ock product ivit y,  

market  part icipat ion,  and agricult ural revenue per adult  equivalent . 8

 Compared to t he DID method,  t he matching est imator also net s out  t he 

ef fect s of  any observable factors t hat  have f ixed (or t ime-invariant ) and addi-

t ive impact  on t he out come indicator.  Thus t he main dif ference between the 

two methods as discussed so far l ies wit h cont roll ing for potent ial bias due to 

any unobservable characterist ics (similar t o omit t ed variable bias) and dif fer-

ences in observable characterist ics between t reatment  and cont rol observa-

t ions,  which ref lect s t he st rength and weakness of  using eit her of  t he two 

methods.  Basically,  alt hough the DID est imator assumes that  t here is common 

support  between all t he t reatment  and cont rol observat ions,  t he matching 

est imator deals wit h t his problem by using only observat ions deemed to provide 

adequate support  (but  based on t he assumpt ion t hat  t he part icipat ion decision 

model is correct ly specif ied).  On the other hand,  alt hough the DID est imator 

net s out  t he ef fect  of  any t ime-invariant  unobservable factors,  t he matching 

est imator depends on t he assumpt ion t hat  t here is no unobserved heterogene-

it y in t he sense that  t here is no bias arising f rom unobserved factors or t hat  t he 

bias arising f rom unobservable factors remains constant  t hrough t ime. 9 These 

assumpt ions can be t ested t o some extent .  For example,  t he unobserved char-
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acterist ics can be t ested wit h t he omit t ed variable t est  (Greene 1993),  but  t his 

is useful only t o t he extent  t hat  potent ial omit t ed variables or t heir proxies are 

available t o be included in t he part icipat ion decision model.  The test s for com-

mon support  (i.e. ,  histograms of  t he propensit y scores and balancing t est ) also 

depend on t he part icipat ion decision model’ s being correct ly specif ied and 

est imated.  Careful select ion of  covariates t hat  include several variables mea-

sured at  dif ferent  levels (farm, household,  communit y,  and region) can be used 

to minimize t he omit t ed-variable problem and improve common support .  

Another l imit at ion wit h using t he matching method is t hat ,  unlike t he DID est i-

mator shown in Equat ion 3.5,  t he cont ribut ion of  other factors (x) t o achieving 

t he out comes and impacts cannot  be analyzed.  Thus it  seems that  combining 

t he two methods,  t he preferred approach used in t his study,  wil l  yield more 

consistent  est imates of  t he t reatment  ef fect  t han using eit her method alone.  

This issue is t aken up next .

Two-Stage Weighted Regression (or Combined Matching  
and Panel Regression) Method

To net  out  t he ef fect  of  t ime-variant  fact ors on t he out come over t he period 

of  t reat ment ,  a regression met hod is necessary.  Because of  t he pot ent ial  

correlat ion bet ween t he covariat es (x j ) and t he t reat ment  variable (NAADSj ),  

however,  convent ional regression met hods including inst rument al variables 

may not  be suf f icient .  This problem can be int erpret ed as a mult icol l inear-

it y problem t he severit y of  whose consequences increases wit h increasing 

dif ferences in t he covariat e dist ribut ion or wit h decreasing common support  

bet ween part icipant s and nonpart icipant s of  t he program (Imbens and Wool-

dridge 2009).  Given t he merit s of  t he mat ching est imat or,  part icularly in 

reducing t he bias bet ween t he t wo groups,  we combine mat ching and regres-

sion in a t wo-st age est imat ion procedure (Robins and Rot nit zky 1995;  Robins,  

Rot nit zky,  and Zhao 1995;  Imbens and Wooldridge 2009).  Equat ion 3.3 is f irst  

est imat ed by probit  t o obt ain t he propensit y scores,  which are t hen used as 

weight s in a second-st age est imat ion of  Equat ion 3.2.  Basical ly,  we apply a 

t wo-st age weight ed regression (2SWR) met hod,  using t he propensit y scores 

f rom t he mat ching est imat or as weight s in t he DID est imat ors as fol lows:

 Δyj  = α̂ + δ̂2SWRNAADSj  + yj t 0 + ej ,   (3.8)

and

 Δyj  = α̂ + β̂′2SWRTΔx j  + δ̂2SWRTNAADSj  + yj t 0 + ej .  (3.9)

The impact  of  t he NAADS program or t he ATT is measured by δ̂2SWR and δ̂2SWRT 

for t he t wo model specif icat ions,  respect ively.  The weight ing can be int er-

pret ed as removing t he bias due t o any correlat ion bet ween x j  and NAADSj  
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(Imbens and Wooldridge 2009),  while t he regression isolat es t he ef fect  of  x j  

over t ime.

 In a t ypical t wo-st age est imat ion procedure,  it  is import ant  t o address t he 

ident if icat ion of  t he second-st age regression or t he endogeneit y of  t he f irst -

st age regression.  A procedure commonly used is t he imposit ion of  exclusion 

rest rict ions in t he sense of  excluding some of  t he explanat ory variables used 

in est imat ing t he f irst -st age probit  f rom t he second-st age regression (i.e. ,  

having x ⊂ w  or x ≠ w  and corr (w,  ε/ x) = 0),  which is similar t o f inding appro-

priat e inst rument s or predict ors for t reat ment  or part icipat ion in t he NAADS 

program.  In general,  nonl inearit y of  t he f irst -st age probit  model,  as here,  

renders exclusion rest rict ions unnecessary for ident if icat ion (Wilde 2000).  

Furt hermore,  because we apply a f ixed-ef fect  or dif ference est imat or in t he 

second-st age regression,  t he condit ion is sat isf ied in t he sense t hat  Δx ≠ w.  

However,  we st i l l  used exclusion rest rict ions t o improve ident if icat ion of  t he 

second-st age regression and t est ed t he val idit y of  t he excluded variables 

using Hansen’ s (1982) chi-squared t est  of  ident if icat ion.

 A crit ical feat ure of  t his combined est imat or is t hat  t he sample of  t reat ed

and comparison observat ions is rest rict ed t o be t he same as in t he mat ching 

est imat or.  Therefore,  t he 2SWR is est imat ed using t he propensit y scores (as 

weight s) and samples associat ed wit h t he dif ferent  mat ching procedures,  i.e. ,  

one,  t hree,  and f ive nearest -neighbor mat ches.  The 2SWR est imat or was used 

t o est imat e t he impact  of  t he NAADS program on several out come indicat ors 

ment ioned earl ier as wel l  as t o analyze t he cont ribut ion of  various fact ors (xj ) 

on t he dif ferent  out come indicat ors.  Two dif ferent  t ypes of  regressions were 

employed in t he second-st age est imat ion depending on t he t ype of  dependent  

variable,  how it  was measured,  and whet her it  was measured in bot h t ime 

periods.  For dichot omous variables measured in bot h 2004 and 2007 (e.g. ,  

adopt ion of  new crop and l ivest ock ent erprises and adopt ion of  select ed crop 

and l ivest ock t echnologies and pract ices),  we used t he f ixed-ef fect s probit ;  

ot herwise (e.g. ,  for demand of  advisory services measured in 2007 only) we 

used t he random-ef fect s specif icat ion.  For t he ot her indicat ors t hat  were 

measured as cont inuous variables,  including crop and l ivest ock product ivit y,  

market  part icipat ion,  and agricult ural revenue,  we used t he f irst -dif ference 

f ixed-ef fect  regression.

 The concept ual f ramework present ed in Chapt er 2 shows t hat  change in 

some out come indicat ors can af fect  change in ot her out come indicat ors.  For 

example,  change in agricult ural product ivit y (Q) can cause change in market  

part icipat ion (MKT),  which t oget her wit h change in agricult ural product ivit y 

can cause change in income (INC).  This means t hat  t he issue of  simult aneit y 

is import ant  in est imat ing t he st ruct ural model for each out come variable.  

We avoid t his problem by using t he reduced-form single-equat ion approach,  
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in which t he same set  of  exogenous explanat ory variables (i.e. ,  excluding 

t he pot ent ial  endogenous variables) is used in t he est imat ion for al l  t he out -

come variables.  This specif icat ion el iminat es t he pot ent ial  for endogeneit y 

bias associat ed wit h t he endogenous explanat ory variables (e.g. ,  adopt ion of  

ent erprises and t echnologies,  market  part icipat ion,  and product ivit y) al t o-

get her and al lows est imat ion of  t he t ot al  ef fect  of  t he included explanat ory 

variables on t he out come variable,  which is t he direct  ef fect  of  t he included 

explanat ory variable plus t he indirect  ef fect  via t he excluded endogenous 

variables.  To get  a sense of  t hese relat ive ef fect s of  part icipat ion in t he 

program on t he out comes,  however,  we also est imat e anot her specif icat ion 

of  some of  t he models in which t he endogenous explanat ory variables are 

included,  such as (1) adopt ion of  t echnologies and market  part icipat ion in t he 

product ivit y equat ion,  (2) adopt ion of  t echnologies in t he market  part icipa-

t ion equat ion,  and (3) adopt ion of  t echnologies and market  part icipat ion in 

t he income equat ion.  These specif icat ions are not  rigorous in t he sense t hat  

t hey are not  st ruct ural equat ions,  so t he result s should be int erpret ed l ight ly.  

Nevert heless,  t he result s can shed l ight  on t he l ikely impact  pat hways of  t he 

program.  

Estimating Other Effects

Est imat ing Indirect  or Spillover Effects

Similar t o any publ ic invest ment  program,  t he NAADS program has pot ent ial  

spil lover ef fect s t hrough informat ion f lows,  for example.  Their measurement  

poses a chal lenge,  however.  In t he NAADS program,  farmers have t o decide 

whet her t o part icipat e in t he program or not  t o part icipat e in it .  When a 

farmer decides t o part icipat e,  he or she has t o do so t hrough membership in 

a NAADS-part icipat ing farmer group.  Then,  t oget her wit h t he members of  t he 

group as wel l  as members of  ot her NAADS-part icipat ing groups in t he sub-

count y,  t hey request  specif ic t echnologies and advisory services associat ed 

wit h t heir preferred ent erprises and obt ain a grant  t o procure t hose t ech-

nologies and relat ed advisory services.  The grant  is init ial ly used t o f inance 

t he est abl ishment  of  a TDS for demonst rat ions and t raining.  Proceeds f rom 

t he TDS become a revolving fund for members.  Therefore,  t he direct  impact  

or benef it  of  t he program is via farmers’  access t o t his grant  or revolving 

fund.  However,  t he TDSs and t he CBFs associat ed wit h t he NAADS program 

are accessible as sources of  knowledge t o al l  farmers,  irrespect ive of  a 

farmer’ s membership st at us in a NAADS-part icipat ing farmer group.  This is 

t he channel t hrough which t he indirect  impact  or benef it  of  t he program is 

expect ed t o be manifest ed.  We should clarify t hat  during t he t ime of  t he 

NAADS program’ s operat ion,  t he government ’ s regular ext ension service,  as 

METHODOLOGY  27  



well  as NGOs and ot hers providing agricult ural advisory services t hrough spe-

cial  proj ect s,  operat ed in t he same areas where t he NAADS program oper-

at ed.  Because some of  t hese organizat ions and former government  ext ension 

workers were occasional ly cont ract ed t o provide NAADS services,  it  is possible 

t hat  t hey were associat ed wit h t he NAADS program even when t hey were 

operat ing out side t he NAADS f ramework.  Nevert heless,  spil lovers across pro-

gram boundaries or communit ies t hrough informat ion f low among farmers 

were also possible.  This means t hat  def ining t he cont rol  group becomes 

crit ical in isolat ing t he direct  and indirect  ef fect s of  t he program.  The idea 

of  having a group of  indirect  part icipant s seems laudable,  al t hough t hese 

could be wrongly classif ied because of  some of  t he reasons cit ed,  especial ly 

because we do not  have informat ion on t he providers of  services t o t he house-

holds in order t o make t he dist inct ion.  Evidence f rom ot her st udies (e.g. ,  

Parkinson 2008; Bukenya 2010) suggests t hat  t his group of  households was very 

small  or at  best  had casual int eract ions wit h NAADS services providers,  espe-

cial ly wit h t he rapid expansion of  t he NAADS program and t he l imit at ions on 

t he t ime of  already overburdened CBFs t o serve non-NAADS farmers.  In t hose 

st udies,  however,  t he focus was unfort unat ely on NAADS members,  l imit ing 

t he st udies’  abil i t y t o provide knowledge of  t he ext ent  of  any benef it s 

received by non-NAADS members.  In t he Parkinson (2008) st udy,  for example,  

only 9 nonmembers (cal led nonj oiners) in one subcount y were int erviewed 

compared t o 75 members across t hree dist rict s.  In t his st udy,  we have t he 

luxury of  a rat her large subsample of  non-NAADS members t o work wit h and 

explore t he direct  and indirect  ef fect s by def ining and using dif ferent  set s of  

cont rols based on t he l ikely contaminat ion of  households wit h t he t reatment .

 Basically,  we def ined part icipat ion or t reatment  t o include only direct  par-

t icipant s in t he program,  t hat  is,  t hose who were members of  a NAADS-

part icipat ing farmer group (labeled NAADSDIR).  The rest  we def ined as non-

part icipants (labeled NAADSNON).  Then we split  t hem into t hree groups based 

on t he ext ent  of  nonpart icipant s’  l ikely “ cont aminat ion”  by t he program.  The 

f irst  cont rol  subgroup was made up of  t hose in t he same area where t he 

program was implement ed who claimed t o have benef it ed indirect ly f rom 

t he program or been in cont act  wit h a NAADS service provider,  labeled 

NAADSNON-1.  The second subgroup was also made up of  t hose in t he same area 

where t he program was implement ed but  who did not  claim any benef it s or 

cont act  wit h a NAADS service provider (labeled NAADSNON-2),  and t he t hird 

subgroup was made up of  t hose in areas where t he program had never been 

implement ed at  t he t ime of  t he survey (labeled NAADSNON-3).  We est imat ed 

t he ATTs of  t he program by est imat ing t he models using dat a on t hree sub-

samples represent ing t he t reat ment  group and each of  t hree subcont rol  

groups at  a t ime,  represent ed by ATTNON-1 for t he subsample of  NAADSDIR and 
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NAADSNON-1,  ATTNON-2 for t he subsample of  NAADSDIR and NAADSNON-2,  and 

ATTNON-3 for t he subsample of  NAADSDIR and NAADSNON-3.

 Given t hat  direct  part icipat ion in t he program wit h access t o grant s con-

ferred great er benef it s t han occasional cont act  wit h NAADS service providers 

or informat ion,  and assuming t hat  t he models were correct ly specif ied and 

est imated,  we expect  ATTNON-3 > ATTNON-2 > ATTNON-1.  The average direct  ef fect  

of  t he program can be measured by ATT NON-3,  while t he average indirect  

ef fect  can be measured by t he dif ferences,  t hat  is,  ATTNON-3–ATTNON-2 and 

ATTNON-3–ATTNON-1.  The aggregat e overal l  ef fect  of  t he program is obt ained by 

summing t hese over t heir respect ive populat ions and t hen adding t hem up.

Enhancing and Mit igating Factors and Distributional  Effects

The NAADS program is one of  several inst it ut ional reforms and invest ment  

int ervent ions undert aken in Uganda,  especial ly under t he PMA agenda,  for 

overal l  agricult ural and rural development  in t he count ry.  These include rural 

f inancial  services,  inf rast ruct ure,  market ing,  and educat ion,  among ot hers.  

Thus,  besides cont rol l ing for t he ef fect  of  t hese fact ors on t he out comes 

in t he est imat ion f ramework,  it  is equal ly import ant  t o assess how and t he 

ext ent  t o which t hey may have enhanced or mit igat ed t he impact s of  t he 

NAADS program.  By design,  t he NAADS program also expect s t o t arget  specif ic 

populat ions,  for example,  women and economical ly act ive poor farmers (i.e. ,  

t hose wit h l imit ed physical and f inancial  asset s,  skil ls,  and knowledge) rat her 

t han t he dest it ut e or large-scale farmers.  Thus we can expect  t he impact  of  

t he program t o be dif ferent  in dif ferent  places or on dif ferent  socioeconomic 

groups.  For example,  it  is suggest ed t hat  t he NAADS program’ s implement a-

t ion procedures and pract ices made it  vulnerable t o el it e capt ure,  benef it ing 

t he more educat ed and inf luent ial  farmers in t he communit y (Parkinson 2008;  

Bukenya 2010).  Examining t hese ef fect s as wel l  as ot her dist ribut ional ef fect s 

of  t he program can be done in t wo ways:  (1) est imat ing t he ATTs across 

several cat egories of  variables represent ing dif ferent  socioeconomic and 

demographic groups (including gender,  age,  educat ion,  income,  asset s) and 

incidence of  or access t o dif ferent  t ypes of  ot her publ ic services (i.e. ,  credit ,  

roads,  market s) and (2) est imat ing t he ATTs associat ed wit h int eract ion t erms 

bet ween t he st at ed variables and t he NAADS indicat ors.

 Regarding t he f irst  procedure,  we est imat ed t he ATTs using dif ferent  sub-

samples of  t he dat a based on cat egories of  t he explanat ory variables using 

cut of f  point s commonly used in measuring relat ed development  indicat ors or 

t hose af f i l iat ed wit h t he NAADS program,  wit h some adj ust ment s upward or 

downward t o ensure t hat  t here were enough observat ions in each subsample 

for us t o carry out  t he est imat ions rel iably.  These were unnecessary for t he

discret e explanat ory variables such as gender,  educat ion,  and income st rat -
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egy,  for example.  Regarding t he grouping based on age of  t he household head,  

for example,  we used 40 years as t he cut of f  point  as opposed t o t he 30 years 

used by t he NAADS program managers t o dist inguish t he young f rom adult s.  

One acre was used in t he case of  access t o land,  one-t hird and t wo-t hirds 

of  t he range of  t he value of  product ive asset s was used for def ining asset  

t erciles,  and 0.5,  5.0,  and 10.0 kilomet ers were used as t he cut of f  point s 

t o def ine low and high access t o al l -weat her roads,  market s,  and credit ,  

respect ively.  Det ails of  al l  t he cut of f  point s used are given in t he relevant  

t ables in which t he result s are present ed.  The analysis was carried out  using 

agricult ural revenue per adult  equivalent  as t he out come indicat or for t he 

alt ernat ive def init ions of  part icipat ion in t he NAADS program using t he PSM 

and 2SWR met hods.

 Est imat ing t he dist ribut ional ef fect s in t his manner means t hat ,  for any 

subsample,  change bet ween 2004 and 2007 values of  t he part icular explana-

t ory variable used in creat ing t he subsample may not  also be used in t he 

est imat ion.  This is import ant  for discret e variables such as gender,  educat ion,  

income st rategy,  and region t o avoid t he dummy variable t rap,  especial ly when 

t he values of  t he variable have not  changed over t ime.  For subsamples based 

on explanat ory cont inuous variables,  it  depends on t he variat ion of  t he vari-

able wit hin t he subsample,  because l imit ed variat ion could lead t o est imat ion 

problems when t he af fect ed variable becomes severely correlat ed wit h ot her 

explanat ory variables.  To generat e great er conf idence in our f indings,  we 

carried out  t he est imat ions bot h including and excluding t he concerned 

explanat ory variable.  Anot her issue is t hat  because t he est imat ion was done 

for t he alt ernat ive def init ions of  t reat ment ,  which are in t urn based on sub-

samples of  mat ched direct  part icipant s and nonpart icipant s or indirect  par-

t icipant s and nonpart icipant s,  t he number of  observat ions (and degrees of  

f reedom) is furt her reduced.  This is part icularly t he case for subsamples of  

direct  part icipants and nonpart icipants,  which are relat ively small,  so we could 

not  obt ain many of  t he est imat es,  especial ly wit h t he mat ching met hod est i-

mator.  In general,  t he result s regarding t he est imat ions based on smaller sub-

samples of  t he dat a are less rel iable t o t he ext ent  t hat  t hey are not  repre-

sent at ive of  t he alt ernat ive st at es of  t he indicat ors.  Because t he subcount ies 

were purposely select ed and households were randomly select ed wit hin t he 

subcount ies,  t he result s associat ed wit h subsamples def ined on t he basis 

household-level charact erist ics would t end t o be more rel iable.

 The second procedure was performed using t he 2SWR met hod by including 

int eract ion fact ors bet ween t he NAADS part icipat ion variable and many of  

t he ot her explanat ory variables.  Due t o mult icol l inearit y problems,  however,  

we included only one int eract ion t erm at  a t ime inst ead of  mult iple int er-

act ion t erms.  Therefore,  t he result s f rom t hese analyses are suggest ive only,  
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because the reason for dif ferences across one factor may be dif ferences across 

some ot her fact or.

Explanatory Variables

Part icipat ion Decision

Because dif ferent  fact ors may af fect  t he dif ferent  out comes dif ferent ly,  t he 

det erminant s of  t he part icipat ion decision,  f rom which t he propensit y scores 

t hat  are fundament al t o t he ent ire analysis are obt ained,  become part icu-

larly import ant .  The choice of  explanat ory variables was careful ly guided by 

t he concept ual f ramework t hat  was present ed in Chapt er 2,  drawing on t he 

principles and design of  t he NAADS program as wel l  as t he l i t erat ure on agri-

cult ural household models (Singh,  Squire,  and St rauss 1986;  de Janvry,  Faf -

champs,  and Sadoulet  1991),  adopt ion of  agricult ural and agroforest ry t ech-

nologies (Feder,  Just ,  and Zilberman 1985;  Feder and Umali 1993;  Pal lanayak 

et  al .  2003;  Mercer 2004),  and wil l ingness t o pay for advisory services (Dinar 

1996;  Hol loway and Ehui 2001;  Aj ayi 2006),  among ot hers.  The principles of  

t he NAADS program for t arget ing are based mainly on t he concept s of  gender,  

t he economical ly act ive poor,  l imit ed physical and f inancial  asset s,  l imit ed 

knowledge and skil ls,  decent ral izat ion and farmer groups,  local ly relevant  

ent erprises,  and access t o services and inf rast ruct ure (deriving f rom t he 

broader PMA agenda).  Thus we included variables t hat  capt ure t hese fact ors 

in est imat ing t he part icipat ion decision,  which we associat ed wit h t he con-

cept ual variables at  dif ferent  levels:  household-level (H) fact ors measured 

by t he gender,  age,  educat ion and size,  and main income-generat ing act ivit y 

(crops,  l ivest ock,  et c. ) of  t he household;  farm-level (F) fact ors measured by 

t he size of  t he farm operat ed and t he value of  agricult ural product ive asset s;  

farmer group–level (G) fact ors measured by membership in organizat ions or 

net works;  and local government - and communit y-level (LC) fact ors mea-

sured by access t o inf rast ruct ure and services (dist ance t o nearest  f inancial  

services,  roads,  and crop and l ivest ock market s and services).  The ef fect  of  

higher-level factors t hat  def ine t he general context  of  development ,  including 

t he polit ical economy of  service provision,  is captured by f ixed-ef fect  or t ime-

invariant  regional dummy variables represent ing t he four administ rat ive regions 

of  Uganda (i.e. ,  t he Cent ral,  Eastern,  Northern,  and Western regions).  To some 

extent ,  t hese regional dummies also cont rol for some local government  and 

communit y ef fect s.  The ef fect  of  nat ional-level factors (P) on t he part icipat ion 

decision is not  explicit ly captured because the measured values of  t he factors 

do not  vary across t he unit  of  observat ion,  in t his case households.

 To improve t he out come of  t his st age of  t he analysis,  t hat  is,  using vari-

ables t hat  yield t he best  mat ched sample,  we t ried dif ferent  met hods wit h 
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t he variables,  including using dif ferent  subset s of  t he variables;  logarit hmic 

t ransformat ions of  cont inuous variables;  squared t erms of  cont inuous vari-

ables;  and int eract ion t erms among some of  t he variables such as gender,  

age,  educat ion,  asset s,  and access t o inf rast ruct ure.  We also t ried inclusion 

and exclusion of  a variable capt uring t he lengt h of  t ime t he NAADS program

has been in t he subcounty.  Trying t hese dif ferent  methods cont ributes t o our 

assessment  of  t he sensit ivit y of  our result s t o dif ferent  covariat es.  In gen-

eral,  i t  has been found in some st udies t hat  result s are fairly insensit ive t o 

choice of  covariat es when a combined mat ching/ regression met hod is used 

compared t o when eit her met hod is used separat ely (Imbens and Wooldridge 

2009).

Outcomes

The fact ors previously discussed are also import ant  det erminant s of  t he out -

come variables,  so we use many of  t hem in t he second st age of  t he 2SWR. 

From t he l it erat ure cit ed earl ier,  we know t hat  household-level fact ors such as 

endowment s of  physical,  human,  and f inancial capit al,  for example,  which are 

import ant  for use of  labor,  draf t  power,  manure,  and credit  (where market s 

for such input s do not  funct ion properly or exist ),  are import ant  det erminant s 

of  t he prof it abil it y of  agricult ural product ion.  Households’  access t o public ser-

vices af fect s t heir abil it y t o purchase or hire input s,  whereas land ownership 

af fect s t he fut ure ret urns f rom current  pract ices.  The t ime-invariant  regional 

dummy variables capt ure slowly changing agroecological and ot her vil lage-

level fact ors,  which are import ant  for def ining local comparat ive advant ages 

and risks of  producing dif ferent  commodit ies,  t he cost s of  and const raint s t o 

market ing,  local commodit y and fact or prices,  and t he opport unit ies for and 

ret urns t o alt ernat ive income-generat ing act ivit ies,  bot h on and of f  t he farm.  

Here,  t oo,  int eract ion t erms among some of  variables such as gender,  age,  

educat ion,  asset s,  and access t o inf rast ruct ure are import ant ,  and t hey are 

used t o capt ure t he dist ribut ional ef fect s of  t he program.

 A conspicuously missing explanat ory variable is access t o ot her or non-

NAADS ext ension services.  As we explained earl ier,  t he government ’ s regular 

ext ension service,  as well  as NGOs and ot hers providing agricult ural advisory 

services t hrough special proj ect s,  operat ed in t he same areas as t he NAADS 

program and elsewhere.  We do not  have specif ic informat ion t hat  al lows us t o 

capt ure t he separat e ef fect s of  t his operat ion on t he out comes,  bot h direct ly 

on t he out comes t hemselves and indirect ly via t he decision t o part icipat e in 

t he NAADS program or not .  This is l ikely t o cause overat t ribut ion of  t hese est i-

mat ed ef fect s t o t he NAADS program, part icularly where NAADS part icipant s 

also benef it ed f rom ot her ext ension services.  In Uganda,  decent ral izat ion of  

rural service provision has increased t he role of  NGOs and communit y-based 
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organizat ions in t he provision of  ext ension and ot her agricult ure-relat ed ser-

vices in rural areas.  These organizat ions operat e most ly t hrough farmer groups 

and associat ions.  For example,  in t heir st udy on Uganda,  Jagger and Pender 

(2003) found t hat  t he presence of  an organizat ion dealing wit h agricult ure 

and environment -relat ed issues such as household membership in such an 

organizat ion is signif icant ly associat ed wit h adopt ion of  several agricult ural 

and sust ainable land management  t echnologies.  Thus by including household 

membership in ot her organizat ions as an explanat ory variable in our model 

specif icat ion and est imat ion,  we expect  t o reduce t he overat t ribut ion prob-

lem, alt hough we realize t hat  t he variable does not  exhaust ively capt ure 

variat ion in individual informat ion sol icit at ion.  Jagger and Pender (2003) show 

t hat  household involvement  or membership in such organizat ions is signif i-

cant ly inf luenced by several of  t he fact ors discussed earl ier.

Other Estimation Issues and Interpretat ion of Empir ical Results

Unless ot herwise st at ed,  al l  monet ary values were convert ed t o 2000 con-

st ant  values using t he consumer price index as t he def lat or.  This helped us 

t o exclude t he inf luence of  inf lat ion and ot her t emporal monet ary and f iscal 

t rends.  Based on t he st rat if ied sampling approach used in t he survey dat a 

col lect ion,  al l  t he sample st at ist ics and est imat es associat ed wit h t he 2SWR 

est imat or were correct ed for st rat if icat ion,  clust ering,  and weight ing of  sam-

ple.  We are unaware of  how t o ful ly correct  for al l  of  t hese feat ures wit h t he 

mat ching met hods.  Wit h t he PSM met hod,  we t ried t o correct  for st rat if ica-

t ion by f irst  performing t he mat ching wit hin each st rat um and t hen est imat ed 

t he ATT for each st rat um using boot st rapping t o est imat e t he st andard errors.  

Then we used a weight ed average procedure t o obt ain t he ATT for t he whole 

sample by using t he average sampling weight  for each st rat um as t he weight .  

The impl icat ion of  t his on t he result ing est imat es is t hat  t hey wil l  approach

t he t rue values t o t he ext ent  t hat  t he wit hin-group and across-group varia-

t ions in t he sampling weight s are similar wit hin a part icular st rat um. 10 To 

assess t he sensit ivit y of  t he result s in correct ing for st rat if icat ion,  clust ering,  

and weight ing of  sample,  we est imat ed t he 2SWR wit hout  and wit h perform-

ing t he correct ion.

 Typical ly,  correct ion for st rat if icat ion,  clust ering,  and weight ing of  sam-

ple requires correct  calculat ion of  t he st andard errors of  t he est imat es for 

rel iable st at ist ical inference.  Al l  t he analyses in t his st udy were carried out  
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using STATA sof t ware (version 11,  St at aCorp 2008),  which calculat es t he cor-

rect  st andard errors based on t he specif icat ion used in t erms of  ident ifying 

t he st rat a,  clust er,  and sampling weight s t o be used in t he est imat ion.  In t he 

dat a used here,  t he clust ers were t he vil lages and t he sampling weight s were 

calculat ed using parish-level human populat ion dat a (Uganda,  BOS 2003).  The 

sample weight s are t he inverse of  t he probabil i t y of  a household’ s being 

select ed in t he sample,  which was calculat ed as (t he number of  select ed 

parishes divided by t he t ot al  number of  parishes in t he subcount y) mult ipl ied 

by (t he number of  select ed households divided by t he t ot al  number of  house-

holds in t he parish).  Because populat ion dat a were available only at  t he par-

ish (not  t he vil lage) level,  random select ion of  households at  t he parish level 

was assumed in t he calculat ion.  Due t o t he nat ure of  t he sampling met hods 

used in t he surveys,  however,  t he result s are represent at ive only of  t he 

select ed subcount ies,  because t hese were purposely select ed.

 The panel of  719 households ref lect s t he val id number of  households wit h 

val id observat ions on t he variables of  int erest  in bot h t he 2004 and t he 2007 

surveys (see Table 3.1).  This means that  183 (i.e.,  902 – 719) of the init ial house-

holds were not  used:  159 of  t hem were not  unobservable in 2007 because t he 

households were unavailable t o be int erviewed t hat  year due t o eit her reloca-

t ion or dissolut ion of  t he household;  24 were not  used due t o missing observa-

t ions on t he variables of  int erest  in one year or t he ot her.  The former issue 

present s a pot ent ial for at t rit ion bias when t he panel dat a are used.  We t est ed 

for t he pot ent ial at t rit ion bias in t wo ways.  First ,  we used a simple st udent  

t -t est  t o analyze dif ferences in t he mean values of  t he relevant  variables mea-

sured in t he init ial period (i.e. ,  2004 dat a) bet ween t he panel observat ions 

(719) and t he at t rit or observat ions (159).  This was done separat ely for t he 

part icipant s and t he dif ferent  subgroups of  nonpart icipant s.  Then we applied 

a commonly used formal t est  proposed by Becket t i,  Gould,  Lil lard,  and Welch 

(1988),  t he BGLW t est ,  which involves regressing an out come variable on t he 

explanat ory variables (x),  an at t rit ion dummy, and t he at t rit ion dummy int er-

act ed wit h x using t he 2004 dat a.  An F-t est  of  t he j oint  signif icance of  t he 

at t rit ion dummy and t he int eract ion variables is t hen conduct ed t o det ermine 

whet her t he coef f icient s f rom t he explanat ory variables dif fer bet ween t he 

at t rit or households and t hose remaining in t he panel.  This is done separat ely 

for t he part icipant s and t he dif ferent  subgroups of  nonpart icipant s.  We pre-

sent  and discuss t he t est  and it s result s lat er,  in Chapt er 5,  af t er det ails of  t he 

variables used in t he analysis have been present ed.

Limitat ions and Interpretat ion of Results

Alt hough our preferred approach for est imat ing t he t reat ment  ef fect  is t he 

2SWR met hod given t he drawback f rom using eit her t he DID or t he mat ching 
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est imat or met hod alone,  we st i l l  use al l  t hree met hods t o generat e more 

conf idence in our f indings.  Because t he met hods have dif ferent  underlying 

assumpt ions, however, we naturally do not  expect  to obtain ident ical est imat es 

f rom using t he dif ferent  approaches.  The main assumpt ions underlying t he 

regressions (wit hout  t he covariat es,  x j ) and mat ching met hods,  for example,  

involve (observable) behavior of  t he t reat ment  and cont rol  groups prior t o 

t he t reat ment  as wel l  as t heir (unobservable) behavior fol lowing t reat ment .  

These assumpt ions are not  t est able wit h t he dat a at  hand t o det ermine a 

priori t he direct ion or magnit ude of  any expect ed dif ferences among t he dif -

ferent  est imat es.  By cont rol l ing for t he ef fect  of  change in observable char-

act erist ics on change in t he out comes,  however,  we could expect  est imat es 

of  t he program impact s obt ained f rom using t he 2SWR met hod t o be conser-

vat ive (inf lat ionary) t o t he ext ent  t hat  t he change in t he observable charac-

t erist ics is correlat ed wit h part icipat ion or nonpart icipat ion and cont ribut es 

posit ively (or negat ively) t o t he change in out comes,  ot her fact ors being 

equal.  For example,  in ant icipat ion of  part icipat ing in t he NAADS program,  

farmers and of f icials in non-NAADS subcount ies may posit ion t hemselves in 

a manner t hat  af fect s t heir performance in ways dif ferent  t han ot herwise 

would be t he case.

 Potent ial dif ferences in t he est imates of  t he program impacts using t he 

dif ferent  approaches also arise f rom our inabil it y t o fully correct  for st rat if ica-

t ion,  clustering,  and weight ing of  t he sample wit h t he matching methods com-

pared t o t he regression est imators.  We at t empted t o correct  for only st rat i-

f icat ion wit h t he matching.  Correct ing for st rat if icat ion and clustering t reat s 

observat ions in t he same st ratum or cluster as having similar unobservable or 

omit t ed characterist ics,  whereas correct ing for weight ing of  t he sample causes 

t he cont ribut ion of  each observat ion in t he average est imate t o be weighted 

according t o it s representat iveness in t he overall populat ion or it s l ikelihood 

of  being included in t he sample.  Assuming correct  specif icat ion of  t he models,  

we would expect  t he est imated program impact  for each t reated observat ion 

f rom using t he matching,  for example,  t o be conservat ive (inf lat ionary) t o 

t he extent  t hat  t he sampling weight  associated wit h t he t reatment  is higher 

(lower) t han t hose of  it s cont rol matches,  because the sampling weight  is t he 

inverse of  t he probabil it y of  being included in t he sample.  The direct ion of  t he 

bias of  t he est imated average program impact  or average t reatment  ef fect  of  

t he t reated (i.e. ,  | ATTj | ),  however,  is indeterminate a priori.

 As t he foundat ion for our analyses,  careful model ing and est imat ion of  

t he part icipat ion decision are part icularly import ant  t o t he est imat es of  t he 

program impact s,  direct  or indirect  and irrespect ive of  t he approach used in 

obt aining t he est imat es.  We have t ried t o do t hese careful ly by relying on t he 

design feat ures of  t he NAADS program as wel l  as t he t heoret ical and empirical 
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l i t erat ure on t he issues addressed here,  wit hin t he l imit at ions of  t he dat a.  

The aim of  t he NAADS program is t o help st rengt hen t he inst it ut ional capac-

it y and human resource skil ls of  farmers t o demand and manage t he del ivery 

of  agricult ural advisory services t hat  meet  t heir local product ion and market  

condit ions.  Thus,  assuming t hat  part icipat ion in t he NAADS program confers 

t hese benef it s on part icipat ing farmers backed by access t o program grant s 

t hat  al low t hem t o acquire t he necessary t echnologies,  part icipat ion should 

lead t o great er agricult ural product ivit y and increased incomes,  among ot her 

benef it s,  via great er adopt ion of  prof it able ent erprises and t echnologies and 

relat ed pract ices and informat ion,  al l  ot her fact ors remaining t he same.  

On t he ot her hand,  part icipat ing farmers may be l imit ed in achieving t he 

expect ed out comes of  t he NAADS program t o t he ext ent  t hat  part icipat ion is 

not  commensurat e wit h t he empowerment  of  farmers t o ef fect ively demand 

advisory services.  We did not  expl icit ly capt ure in t he est imat ion t he t ype 

and qual it y of  services provided or how part icipant s act ual ly used any ser-

vices received.  We assume t hat  t he ef fect  of  service providers is t he same 

across al l  households wit hin t he j urisdict ion of  t heir service provision,  which 

is capt ured by t he variables measured at  t he subcount y level.  The f ixed-

ef fect  t ime-invariant  regional dummies may also capt ure some of  t his ef fect .  

A f inding of  a lack of  (signif icant ) impact  could also derive f rom t he way we 

capt ure t he ent erprise-based nat ure of  t he NAADS program wit h t he variable 

t hat  measures t he main income-generat ing act ivit y (crops,  l ivest ock,  et c. ) of  

a household.  Ideal ly,  mat ching could be done for specif ic ent erprises.  How-

ever,  households engage in mult iple act ivit ies and ent erprises,  and dif ferent  

ent erprises are int roduced in dif ferent  subcount ies (more on t his in t he next  

chapt er),  so performing t he mat ch ent erprise by ent erprise result s in very 

few val id observat ions for rel iable est imat ion.

 Based on t he design feat ures of  t he NAADS program,  t oo,  we acknowl-

edge t hat  t he part icipat ion decision (i.e. ,  det erminant s) could be dif ferent  

for t he direct  and indirect  part icipant s.  We t ried dif ferent  combinat ions of  

explanat ory variables and t heir t ransformat ions in t he est imat ion of  bot h 

decisions t o examine how t hey are indeed dif ferent  in af fect ing t he result s.  

Furt hermore,  we expect  t he charact erist ics of  t he t wo groups t o be dif ferent  

t o t he ext ent  t hat  t he principles of  t he program were indeed implement ed.  

For example,  if  t he program’ s principle of  t arget ing t he economical ly act ive 

poor—t hose wit h l imit ed physical and f inancial  asset s,  skil ls,  and knowledge 

rat her t han dest it ut e or large-scale farmers—was upheld,  one could expect  

t he direct  part icipant s t o have been signif icant ly dif ferent  in t erms of  t hese 

charact erist ics prior t o implement at ion of  t he program when compared t o 

nonpart icipant s or indirect  part icipant s in t he program.  These charact erist ics 

are t est able,  and our f indings show t hat  direct  part icipant s in 2004 were on 
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average poorer and less educat ed and had fewer physical and f inancial  asset s 

t han indirect  part icipant s.  Compared t o nonpart icipant s,  however,  direct  

part icipant s were most ly similar on average.  The issue is how t hese pot ent ial  

and act ual dif ferences bet ween t he dif ferent  groups,  for example,  direct  and 

indirect  part icipant s,  af fect  t he est imat es of  t he direct  and indirect  impact s 

of  t he program.  We cont rol  for some of  t hese dif ferences in t he versions of  

t he analyses t hat  incorporat e covariat es such as changes in educat ion,  access 

t o credit ,  and init ial  out put  levels.  But  because t he indirect  benef iciaries 

were not  closely involved wit h t he program,  t hey may have confused t heir 

int eract ions wit h NAADS service providers and ot her programs’  agent s oper-

at ing in t he same areas,  leading t o overest imat ion of  t he NAADS program’ s 

impact  wit h respect  t o t his group.  Anot her issue is t hat  we use 2004 values as 

measures of  t he right -hand-side variables used in our part icipat ion equat ion.  

By 2004,  some of  t he NAADS part icipant s in t he sample had already received 

program benef it s,  and t he values of  some of  t he indicat ors used (e.g. ,  land 

owned,  product ive asset s) could have changed compared t o what  t hey were 

at  t he t ime t hose part icipant s select ed int o t he program.

 Given t he l imit at ions discussed here,  we are more conf ident  in our f ind-

ings t o t he ext ent  t hat  t he result s are similar across t he dif ferent  approaches,  

especial ly regarding t he sign and st at ist ical signif icance associat ed wit h t he 

relevant  variables.  Using dif ferent  specif icat ions and subset s of  t he dat a 

wit hin each approach t o get  at  t he direct  and indirect  impact s also gives us 

more conf idence in f indings associat ed wit h result s t hat  are similar by t he 

same crit eria.  Furt hermore,  t here is credibil i t y t o our f indings on t he ext ent  

t o which t he result s conform t o t hose report ed in ot her l i t erat ure.
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CHAPTER 4

Progress in Implementation of the NAADS Program

The main purpose of  t his chapt er is t o examine progress in implement a-

t ion of  t he NAADS program as perceived most ly by farmers.  Fol lowing 

t he concept ual f ramework,  t he indicat ors analyzed include areas of  

farmer inst it ut ional capacit y development  and empowerment  of  farmers 

t o organize and demand advisory services (EMP);  individual part icipat ion in 

farmer group act ivit ies (G);  and t ype of  advisory services received,  mecha-

nisms of  del ivery,  and capacit y and qual it y of  dif ferent  service providers (S).  

The local and inst it ut ional cont ext  wit hin which t he NAADS program has been 

implement ed,  including local government  and communit y fact ors (LC),  which 

may also capt ure nat ional-level and pol icy fact ors (P) t hat  impact  local com-

munit ies dif ferent ly,  are also examined.  Unl ike t he det ailed met hodology 

present ed in t he previous chapt er t o assess t he impact s of  t he program,  t he 

analysis in t his chapt er is based on simple descript ive st at ist ics of  t he second-

ary dat a obt ained f rom t he subcount y of f ices and t he primary dat a f rom t he 

farmer group survey on select ed indicat ors compared bet ween subcount ies 

where t he NAADS program was implement ed (i.e. ,  t he NAADS subcount y st ra-

t um) and ot herwise (i.e. ,  t he non-NAADS subcount y st rat um).  Similar t o t he 

def init ion of  part icipat ion in t he program at  t he household level,  t he st at us of  

t he subcount y in t he program was measured in 2007 t o avoid swit ching over 

or having any subcount y appear in dif ferent  st rat a.  Similarly,  a NAADS sub-

count y was always a NAADS subcount y and could not  swit ch st at us,  and t he 

same was t rue for a non-NAADS subcount y.  However,  because t he program 

was st art ed at  dif ferent  t imes in dif ferent  subcount ies,  we also compare t he 

select ed indicat ors across dif ferent  subgroups wit hin each NAADS subcount y 

st rat um:  early NAADS (where t he program st art ed in 2001–02),  int ermediat e 

NAADS (where t he program st art ed in 2002–03),  and lat e NAADS (where t he 

program st art ed af t er 2003).  This is especial ly done when t he primary dat a 

obt ained f rom t he farmer group survey are being analyzed.  Change in t he 

value of  t he indicat ors associat ed wit h t he dif ferent  survey years is also ana-

lyzed in many cases,  so t he result s are int erpret ed wit h t hese complexit ies 

in mind.  Alt hough t he analysis here does not  t ry t o assess any causal impact s 

38



of  t he NAADS program,  it  advances many of  t he hypot heses present ed in t he 

concept ual f ramework.

Incidence of Rural Public Services in Farming Communities
It  is common knowledge t hat  t he impact s of  ext ension in general and of  t he 

NAADS program in t his case could be more easily enhanced in areas wit h 

bet t er access t o inf rast ruct ure (e.g. ,  roads and market s) and ot her rural 

services (e.g. ,  educat ion,  healt h,  and wat er services) t han in t hose wit h poor 

or no access.  In general,  t he dat a show t hat  availabil i t y of  various services 

has improved over t ime since 2001 in t erms of  physical inf rast ruct ure based 

on secondary dat a obt ained f rom t he subcount y of f ices (Table 4.1) as wel l  as 

farmers’  own percept ions of  t heir access t o various services based on dat a 

f rom t he farmer group surveys (Table 4.2).

All Subcounties

As Table 4.2 shows,  t he t ot al lengt h of  al l  roads more t han doubled bet ween 

2001 and 2007,  rising f rom an overal l  average (i.e. ,  combining NAADS and 

non-NAADS count ies) of  48 kilomet ers in 2001 t o 128 kilomet ers in 2007. 1 The 

number of  primary schools,  healt h cent ers,  and NGOs engaged in product ion 

and market ing act ivit ies also increased substant ially between the two periods,  

while t he number of  input  supply shops increased by nearly four t imes,  

albeit  f rom a very small  number of  shops t o begin wit h.  The overal l  number 

of  ext ension of f icers increased by about  18 percent  bet ween t he same t ime 

periods,  which is marginal when compared t o changes in t he ot her services.

 Comparing households’  access t o various services in t erms of  dist ance 

f rom t heir residence t o t he nearest  service or inf rast ruct ure,  access was 

great est  t o social (educat ion and healt h) services,  a wat er supply,  and sea-

sonal roads,  averaging up t o 3 kilomet ers f rom t heir residence.  This was fol-

lowed by access t o crop out put  market s and l ivest ock slaught erhouses,  which 

averaged 7 kilomet ers f rom t heir residence.  Access t o f inancial services (a 

bank or microf inance inst it ut ion),  crop input  market s,  ot her l ivest ock ser-

vices,  and agricult ural ext ension was report ed t o be t he worst ,  averaging 

more t han 10 kilomet ers f rom t heir residence.

NAADS versus Non-NAADS Subcounties

Comparing availabil i t y of  services or access t o services in t he NAADS versus 

non-NAADS subcount ies st rat um,  Tables 4.1 and 4.2 show t hat  availabil i t y of  
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 4Table 4.1—Availability of services by NAADS and non -NAADS subcounty,  2001–07

 2001 2004 2007

 Non-NAADS NAADS Non-NAADS NAADS Non-NAADS NAADS

Indicator of service Mean SE Mean SE Mean SE Mean S E Mean SE Mean SE

Lengt h (km) of
  Al l  roads 30.48 10.18 57.65 12.02 66.78 20.68 110.77 19.65 99.27 24.61 136.38 21.48
    Tarmac roads 0.81 0.49 2.39 0.69 0.81 0.49 2.61 0.70 0.85 0.49 3.26 0.79
    Murram/ gravel roads 13.10 5.07 17.72 4.33 16.81 5.93 18.61 4.71 19.88 6.62 31.50 10.95
    Feeder roads 16.57 5.64 37.54 10.64 17.90 5.55 40.71 11.13 34.10 7.26 42.78 11.48
Number of
  Primary schools 4.50 1.21 13.07 3.03 6.21 1.71 14.71 3.15 14.04 1.91 16.49 3.14
  Healt h cent ers 1.21 0.31 2.46 0.76 2.25 0.68 3.32 0.77 5.08 0.74 4.15 1.05
  Input  supply shops 0.08 0.06 0.39 0.12 0.25 0.11 0.68 0.17 1.46 0.42 1.24 0.27
  Nongovernment al organizat ions 1.00 0.34 1.68 0.29 1.29 0.35 2.41 0.32 3.00 0.53 2.51 0.36
  Ext ension of f icers 1.04 0.25 2.10 0.26 1.17 0.23 2.10 0.24 1.96 0.21 2.07 0.24

Source:   Aut hors’  calculat ion based on dat a f rom subcount y of f ices,  which were purposely select ed,  so no correct ion was necessary for st rat if icat ion,  
sampling,  and weight ing as wit h t he survey dat a.

Not e:   SE:  st andard error.



and access t o services were mixed,  al t hough t hey were general ly bet t er in 

t he NAADS subcount ies t han in t he non-NAADS subcount ies.

 For example,  roads were about  65 percent  longer in t he NAADS subcount ies 

compared to t he non-NAADS subcount ies.  Also,  t he numbers of  primary schools,  

healt h cent ers,  input  supply shops,  NGOs,  and ext ension of f icers were higher 

in t he NAADS subcount ies compared t o t he non-NAADS subcount ies,  ranging 

f rom 44 t o 180 percent age dif ferences.  Only recent ly,  in 2007,  were t he

numbers of  healt h cent ers,  input  supply shops,  and NGOs higher in t he non-

NAADS subcount ies t han in t he NAADS subcount ies (see Table 4.1).  Many of  

t he dif ferences in availabil i t y of  services observed bet ween t he NAADS 

and non-NAADS subcount ies based on secondary dat a are consist ent  wit h t he 

dif ferences in access t o services based on farmers’  own percept ion of  t heir 

access t o various services (see Table 4.2).  However,  farmers in t he non-NAADS 
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Table 4.2—Farmers’  perception of distance (km) to n earest infrastructure or 
service by NAADS and non-NAADS subcounty,  2004 and 2007

 2004 2007

 Non-NAADS NAADS Non-NAADS NAADS

Indicator of service Mean SE Mean SE Mean SE Mean SE

All-weat her roads 4.22 0.72 2.97 0.32 4.15 0.69 2.85 0.31
Seasonal roads 1.01 0.14 0.68 0.09 0.95 0.13 0.72 0.12
Consumer market  1.91 0.17 2.21 0.17 2.02 0.18 2.15 0.16
Crop out put  market  6.39 0.49 4.70 0.32 5.97 0.44 4.76 0.26
Crop input  market  10.82 0.66 11.43 0.67 10.62 0.63 11.49 0.70
Livest ock market  14.32 0.97 9.74 0.48 14.01 0.94 9.54 0.49
Livest ock slaught erhouse 6.71 0.45 9.01 0.60 6.51 0.43 8.50 0.57
Vet erinary drugs/ cl inic 9.92 0.49 9.55 0.46 9.92 0.48 9.25 0.44
Livest ock disease  12.95 0.72 10.05 0.67 13.11 0.70 9.85 0.65
  cont rol facil i t y 
Primary school 1.63 0.08 2.06 0.16 1.61 0.08 2.07 0.12
Publ ic healt h cent er 3.71 0.17 4.74 0.23 3.58 0.17 4.66 0.22
Privat e healt h cent er 3.16 0.27 2.74 0.19 3.07 0.26 2.68 0.18
Maj or drinking wat er  0.83 0.05 0.99 0.11 0.83 0.05 0.93 0.11
  source 
Maj or l ivest ock wat er  1.12 0.08 1.35 0.14 1.10 0.07 1.25 0.13
  source 
Maj or fuelwood source 2.64 0.43 1.47 0.19 2.53 0.40 1.31 0.12
Bank or microf inance  22.56 0.85 19.11 0.81 22.09 0.83 17.95 0.75
  inst it ut ion 
Agricult ural ext ension  13.33 0.75 7.97 0.44 13.35 0.72 8.06 0.42
  of f ice 

Source:   NAADS–IFPRI 2007 farmer group survey.  No comparat ive dat a were col lect ed for 2001.
Not e:   SE:  st andard error.



subcount ies reported bet ter access t o crop input  markets,  l ivestock slaught er-

houses,  primary schools,  a publ ic healt h cent er,  and wat er supply t han did 

t hose in t he NAADS subcount ies.

 To t he ext ent  t hat  t hese kinds of  inf rast ruct ure and services enhance t he 

impact s of  t he NAADS program,  t he impact  or average ef fect  of  t he NAADS 

program can be expect ed t o be lower as it  rol ls out  t o areas wit h poorer 

inf rast ruct ure and access t o services,  which point s t o t he import ance of  con-

t rol l ing for such fact ors in assessing t he impact  of  t he program.  For example,  

one of  t he weaknesses of  t he PMA commonly cit ed was it s failure t o st rengt hen 

ot her key rural services such as rural f inancial and market ing services.  Thus 

ef fort s t o st rengt hen provision of  rural f inancial and market ing services 

t hrough cooperat ives,  for example,  as st at ed in t he government ’ s develop-

ment  st rat egies (e.g. ,  t he Rural Development  St rat egy,  Prosperit y for Al l ,  and 

t he Nat ional Development  Plan),  i f  ef fect ively implement ed,  could enhance 

t he impact s of  t he NAADS program.

 To inform t he pol icy debat e on such issues,  we explore some of  t he fac-

t ors t hat  may have made t he NAADS program more ef fect ive by including 

t erms of  int eract ion bet ween t he NAADS t reat ment  variable and some key 

pol icy variables (e.g. ,  access t o credit  and inf rast ruct ure).  Est imat ing t he 

dist ribut ional ef fect s (see “ Enhancing and Mit igat ing Fact ors and Dist ribu-

t ional Ef fect s”  in Chapt er 3) also addresses some of  t his issue by looking at  

t he ef fect iveness of  t he program across dif ferent  regions.

Farmer Institutional Development and Empowerment
Achieving t he obj ect ive of  t he NAADS program,  est abl ishing an ef fect ive and 

sust ainable demand-driven syst em,  depends on how well  NAADS-part icipat ing 

farmer groups and t heir members are empowered t o demand and cont rol 

t he del ivery of  t he advisory services.  In t he NAADS program,  developing t he 

inst it ut ional capacit y of  farmer groups begins wit h ident ifying exist ing groups 

in t he communit ies.  Typical ly t hese groups have dif fering obj ect ives,  rang-

ing f rom purely social or mut ual support  t o economic aspect s.  The ident if ied 

groups are t hen supposed t o be ment ored or t rained in several areas,  includ-

ing group dynamics,  ent erprise select ion,  and monit oring and evaluat ion.  

Communit y development  of f icers and NGOs operat ing in t he subcount y play 

leading roles in t his process.  The t rained groups t hat  subscribe t o t he NAADS 

principles are expect ed t o regist er wit h t heir respect ive subcount y of f ice t o 

ful ly part icipat e in t he NAADS program and benef it  f rom NAADS guidance.  

We now analyze several indicat ors relat ing t o farmers’  inst it ut ional capacit y 

development ,  part icipat ion of  individual members in farmer group act ivit ies,  

and empowerment  of  farmers on several f ront s.  The analysis is based on dat a 

f rom t he farmer group surveys.
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Farmer Inst itut ional Capacity Development

In t he survey farmer groups were asked t o reveal  t he areas in which t hey 

had received any form of  t raining or capacit y st rengt hening in areas includ-

ing right s and responsibil i t ies;  group init iat ion,  growt h,  and development ;  

leadership skil ls and development ;  developing a const it ut ion or bylaws;  plan-

ning (e.g. ,  ent erprise select ion and ident if icat ion of  const raint s);  monit oring 

and evaluat ion;  ent repreneurship skil ls (farming as a business);  sust ainable 

natural resource management ; market ing; gender considerat ion in group devel-

opment  and agricult ural product ion;  HIV/ AIDS considerat ion in group develop-

ment  and agricultural product ion; record keeping; savings mobilizat ion; income-

generat ing act ivit ies;  and int ergroup farmer associat ions.  Table 4.3 shows 

t he proport ion of  farmer groups t hat  received t raining on t hese,  as wel l  as 

hypot hesis t est s of  dif ferences bet ween non-NAADS and NAADS subcount y 

cohort s.

 The areas in which farmer groups most  commonly report ed t hat  t hey had 

received t raining included development  of  a group const it ut ion and bylaws,  

leadership skil ls,  growth and development ,  planning,  record keeping,  and sav-

ings mobil izat ion.  More t han 70 percent  of  t he groups in NAADS subcount ies 

report ed receiving t his t raining.  Accessing credit  and int ergroup relat ions 

were t he areas of  t raining least  commonly of fered,  wit h fewer t han 60 percent  

of  t he groups in NAADS subcount ies report ing any t raining act ivit y in t hese 

areas.  Int erest ingly,  farmer groups in t he non-NAADS subcount ies st rat um also 

report ed having received t raining in t hese areas,  alt hough t he percent age of  

groups report ing any t raining act ivit y was lower (about  50 percent ).

 Comparing t he t raining received across t he NAADS cohort s shows t hat  a 

larger proport ion of  t hose in t he early NAADS subcount ies report ed having 

received t raining in any of  t he areas.  This may be expect ed given t hat  it  

t akes t ime t o get  t hings going.  To t he ext ent  t hat  t he t raining st rengt hens t he 

skil ls and inst it ut ional capacit y of  farmers t o pot ent ial ly improve t heir nat u-

ral resource management  and product ivit y,  for example,  t he impact  of  t he 

NAADS program can be expect ed t o be proport ional ly relat ed t o t he lengt h of  

t ime t he program has been implement ed in an area,  ot her t hings remaining 

t he same.

Part icipation in Group Activit ies

First  we look at  t he level of  part icipat ion of  individual farmers in group 

act ivit ies including meet ings,  ent erprise select ion,  TDS est abl ishment ,  dem-

onst rat ions,  and t raining,  among ot hers,  and t hen we examine key fact ors 

perceived by groups as being import ant  for group development  and member-

ship,  including gender,  age,  rel igion,  asset s,  and residence,  among ot hers.  

Part icipat ion is used as an indicat or of  col lect ive act ion,  which is predicat ed 
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Table 4.3—Proport ion of farmer groups receiving tra ining between 2004 and 2007,  by NAADS cohorts and n on-NAADS

      Paired student t -tests:
      Non-NAADS versus

           Early  Intermediate Late All
Area of training Mean SE Mean SE Mean SE Mean SE Me an SE NAADS NAADS NAADS NAADS

Right s and responsibil i t ies 0.73 0.06 0.51 0.09 0.67 0.33 0.64 0.05 0.43 0.08 ***   **
Group init iat ion,  growt h,   0.73 0.06 0.71 0.08 0.67 0.33 0.72 0.05 0.48 0.08 ** **  ***
  and development  
Leadership skil ls and  0.82 0.06 0.69 0.08 0.67 0.33 0.76 0.05 0.43 0.08 *** **  ***
  development  
Developing a const it ut ion  0.82 0.06 0.74 0.07 0.56 0.67 0.78 0.04 0.53 0.08 ** **  ***
  or bylaws 
Planning 0.80 0.06 0.57 0.08 0.67 0.33 0.70 0.05 0.43 0.08 ***   ***
Monit oring and evaluat ion 0.61 0.07 0.51 0.09 0.33 0.33 0.56 0.05 0.33 0.08 *** *  **
Ent repreneurship skil ls 0.76 0.06 0.63 0.08 0.33 0.33 0.69 0.05 0.43 0.08 *** *  ***
Sust ainable nat ural  0.67 0.07 0.60 0.08 0.33 0.33 0.63 0.05 0.43 0.08 **   **
  resource management  
Market ing 0.65 0.07 0.34 0.08 0.33 0.33 0.52 0.05 0.40 0.08 **   
Gender considerat ions 0.65 0.07 0.60 0.08 0.33 0.33 0.62 0.05 0.45 0.08 **   **
HIV/ AIDS considerat ions 0.71 0.07 0.51 0.09 0.33 0.33 0.62 0.05 0.45 0.08 **   *
Recordkeeping 0.86 0.05 0.63 0.08 0.33 0.33 0.75 0.05 0.53 0.08 ***   **
Savings mobil izat ion 0.76 0.06 0.66 0.08 0.33 0.33 0.70 0.05 0.50 0.08 **   **
Credit  access and  0.55 0.07 0.34 0.08 0.33 0.33 0.46 0.05 0.48 0.08    
  management  
Income-generat ing  0.67 0.07 0.43 0.08 0.33 0.33 0.56 0.05 0.40 0.08 ***   *
  act ivit ies 
Int ergroup farmer  0.57 0.07 0.34 0.08 0.33 0.33 0.47 0.05 0.28 0.07 ***   **
  associat ions 

Source:   NAADS–IFPRI 2007 farmer group survey.
Not es:   n:  number of  observat ions;  SE:  st andard error.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  

respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.

 Early Intermediate Late All  
 NAADS NAADS NAADS NAADS Non-NAADS 
 (n = 49) (n = 35) (n = 3) (n = 87) (n = 40)



on t he assumpt ion t hat  al l  members part icipat e equal ly and t hat  any out -

come f rom such a part icipat ory process ref lect s t he col lect ive posit ion of  

farmers,  which is supposed t o be fundament al t o t he implement at ion of  t he 

NAADS program.  As previously,  we analyze t hese indicat ors using dat a f rom 

t he farmer group surveys,  wit h t he mean values of  t he indicat ors compared 

across t he dif ferent  st rat a of  part icipat ion and nonpart icipat ion in t he NAADS 

program.  Det ailed result s are report ed in Table 4.4.

Part icipat ion in Meet ings

We f ind t hat  t he level  of  part icipat ion of  farmers in meet ings was very 

high among al l  f armer groups,  t hat  is,  in bot h NAADS-part icipat ing and -non-

part icipat ing groups.  However,  we f ind t hat  t he level  of  part icipat ion in 

meet ings was relat ively higher among t he NAADS-nonpart icipat ing groups.  

Because NAADS-part icipat ing groups are formed f rom exist ing groups in t he 

communit ies,  t his resul t  is somewhat  surprising,  but  i t  could be a resul t  of  

including new act ivi t ies t hat  some members of  some groups may feel  are 

not  in l ine wit h t he groups’  or iginal  goals and obj ect ives.  This suggest s t hat  

ef fort s t o bui ld farmers’  capacit y t o demand advisory services are l ikely t o 

be more ef fect ive when t hose ef fort s are t arget ed t oward exist ing farmer 

groups wit h similar or complement ary goals and obj ect ives.  Thus t he st rat -

egy of  t he NAADS program t o col laborat e wit h ot her organizat ions t hat  have 

experience in farmer inst i t ut ional  development  is aimed in t he r ight  direc-

t ion.  The program can focus ef fort  on developing st rat egies for group viabi l -

i t y and sust ainabi l i t y t hat  lead t o product ive meet ings and empowerment  of  

farmers.

Part icipat ion in Enterprise Select ion,  Demonstrat ions,  and Training

The informat ion here was rest r ict ed t o NAADS-part icipat ing groups only,  

because i t  was not  relevant  t o t he ot hers.  We f ind decreasing part icipat ion 

of  members in ent erprise select ion wit h lengt h of  t ime since ent ry int o t he 

program,  which could be expect ed because most  of  t he part icipat ing groups 

in t he early NAADS subcount ies st rat um may have al ready select ed most  of  

t he ent erprises of  t heir choice,  reducing t heir zeal  t o furt her part icipat e in 

t his act ivi t y.  For newer groups,  on t he ot her hand,  t his is an ini t ial  act iv-

i t y on which immediat e decisions have t o be made in order t o access any 

furt her support  f rom t he NAADS program.  These resul t s suggest  a shif t  in 

int erest  among t he older NAADS-part icipat ing groups f rom basic agronomic 

and product ion pract ices t o part icipat ion in ot her act ivi t ies such as t hose up 

t he value chain,  including market ing and value addit ion.  To t his end,  opera-

t ional izat ion of  NAADS’  st rat egy regarding graduat ion of  act ivi t ies up t he 

ent ire value chain is cr i t ical .  However,  i f  t he process is t o work dynamical ly 
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Table 4.4—Perception of part icipation in group acti vit ies by members since 2004,  by NAADS cohorts and non-NAADS 
(proport ion of groups report ing)

      Paired student t -tests: 
      Early NAADS versus

Area of part icipation,            Intermediate Late Non-
perception of part icipation Mean SE Mean SE Mean SE  Mean SE Mean SE NAADS NAADS NAADS

Meet ings
  Good 0.68 0.07 0.54 0.09 0.50 0.22 0.62 0.05 0.88 0.05   ***
  Fair 0.12 0.05 0.29 0.08 0.17 0.17 0.19 0.04 0.09 0.04 **  
  Poor 0.16 0.05 0.11 0.05 0.17 0.17 0.14 0.04 0.02 0.02   **
  Do not  part icipat e 0.04 0.03 0.06 0.04 0.17 0.17 0.05 0.02 0.00 0.00   
Ent erprise select ion
  Good 0.78 0.06 0.63 0.08 0.83 0.17 0.73 0.05 n.a.  n.a.    
  Fair 0.10 0.04 0.09 0.05 0.00 0.00 0.09 0.03 n.a.  n.a.    
  Poor 0.06 0.03 0.09 0.05 0.00 0.00 0.07 0.03 n.a.  n.a.    
  Do not  part icipat e 0.06 0.03 0.20 0.07 0.17 0.17 0.12 0.03 n.a.  n.a.  **  
Demonst rat ion/ t raining
  Good 0.68 0.07 0.37 0.08 0.60 0.24 0.56 0.05 n.a.  n.a.  ***  
  Fair 0.14 0.05 0.28 0.08 0.00 0.00 0.17 0.04 n.a.  n.a.    
  Poor 0.10 0.04 0.11 0.05 0.00 0.00 0.10 0.03 n.a.  n.a.    
  Do not  part icipat e 0.06 0.03 0.29 0.08 0.20 0.20 0.16 0.04 n.a.  n.a.  ***  
Select ion of  service providers
  Good 0.13 0.05 0.03 0.03 0.17 0.17 0.09 0.03 n.a.  n.a.    
  Fair 0.08 0.04 0.03 0.03 0.00 0.00 0.06 0.02 n.a.  n.a.    
  Poor 0.04 0.03 0.06 0.04 0.00 0.00 0.07 0.03 n.a.  n.a.    
  Do not  part icipat e 0.73 0.06 0.83 0.06 0.67 0.21 0.76 0.05 n.a.  n.a.    
Monit oring and evaluat ion of  
    service providers
  Good 0.17 0.06 0.14 0.06 0.33 0.21 0.17 0.04 n.a.  n.a.    
  Fair 0.15 0.05 0.03 0.03 0.00 0.00 0.09 0.03 n.a.  n.a.  *  
  Poor 0.04 0.03 0.14 0.06 0.00 0.00 0.08 0.03 n.a.  n.a.    
  Do not  part icipat e 0.64 0.07 0.69 0.08 0.50 0.22 0.65 0.05 n.a.  n.a.    

Source:   NAADS–IFPRI 2007 farmer group survey.
Not es:   n:  number of  observat ions;  SE:  st andard error;  n.a. :  not  appl icable.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  

and 1 percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.

 Early  Intermediate Late
 NAADS NAADS NAADS All NAADS Non-NAADS  
 (n = 49) (n = 35) (n = 6) (n = 90) (n = 46)



and sust ainably,  group t hinking around t he economics of  ent erprise selec-

t ion should be an ongoing process,  especial ly given t he changing product ion 

environment .

Part icipat ion in Select ion of Service Providers 
and in Monitoring and Evaluat ion

Part icipat ion of  members in select ion of  service providers and in monit or-

ing and evaluat ion was relat ively weak across t he board,  wit h more t han 65 

percent  of  t he groups report ing t hat  members did not  part icipat e in t hese 

act ivit ies (see Table 4.4).  Part icipat ion was only sl ight ly great er among t he 

older groups (i.e. ,  in t he early NAADS subcount ies st rat um) t han among newer 

groups (i.e. ,  in t he int ermediat e NAADS subcount ies st rat um).  Toget her wit h 

t he previously st at ed f indings on part icipat ion in meet ings and in ent erprise 

select ion and t raining,  t his suggest s t hat  t here is a lot  of  part icipat ion but  

very l i t t le power.  Basical ly,  farmers are not  as empowered as expect ed t o 

demand and monit or del ivery of  advisory services,  so more ef fort  is needed.  

If  t he ent erprises select ed are not  popular wit h farmers due t o pol it ical int er-

ference,  lack of  t echnical expert ise in t he process,  or ot her fact ors deemed 

inappropriat e by farmers (ITAD 2008),  it  is dif f icult  t o see how farmers can 

be empowered.

Requirements for Membership in a Group

Farmer groups were asked to state whether or not  factors such as gender,  age,  

educat ion,  religion,  income, or membership fees,  among others,  were required 

of  t heir members.  As Table 4.5 shows, t he level of  income, gender,  educat ional 

at t ainment ,  and religious associat ion of  farmers were not  considered important  

factors in meet ing t he requirements for membership,  because fewer t han 15 

percent  of  t he groups in any st ratum reported t hat  t hey were important  fac-

tors.  There were some signif icant  dif ferences across some of  t he st rata,  how-

ever,  part icularly between NAADS-part icipat ing and -nonpart icipat ing groups;  

a greater proport ion of  t he nonpart icipat ing groups reported t hat  educat ion 

and gender were important  factors.  These result s imply t hat  income status is 

not  a hindrance to membership in any group, whether NAADS-part icipat ing or 

not ,  which is important  if  the NAADS program is to reach poor farmers. Payment  

of membership fees, age, and locat ion, however, were considered requirements 

for membership.  Nearly all t he groups (at  least  91 percent ) reported t hat  mem-

bership fees were required,  probably because they are t he main source of  

groups’  f inancial resources.  NAADS-part icipat ing groups stated that  member-

ship fees were necessary t o establish a copayment  t hat  was required for obtain-

ing a grant  under t he NAADS program. This is corroborated by t he NAADS of f i-

cials.  The average membership fees reported were higher among the NAADS 
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Table 4.5—Group membership requirements,  by sample strat ificat ion

      Paired student t -tests:
      Non-NAADS versus

           Early Intermediate Late All
Requirement Mean SE Mean SE Mean SE Mean SE Mean SE  NAADS NAADS NAADS NAADS

Whet her it em is required for part icipat ion 
    (proport ion of  groups report ing)
  Membership fee 0.92 0.04 0.92 0.05 1.00 0.00 0.92 0.03 0.91 0.04    
  Part icipat ion in meet ings 0.69 0.07 0.61 0.08 0.40 0.24 0.64 0.05 0.87 0.05 ** *** *** ***
  Level of  income 0.02 0.02 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02    
  Physical capit al  0.00 0.00 0.03 0.03 0.00 0.00 0.01 0.01 0.04 0.03    
  Gender 0.00 0.00 0.03 0.03 0.20 0.20 0.02 0.02 0.13 0.05 *** *  **
  Age 0.57 0.07 0.61 0.08 0.40 0.24 0.58 0.05 0.74 0.07 *   *
  Locat ion/ residence 0.47 0.07 0.53 0.08 0.40 0.24 0.49 0.05 0.59 0.07    
  Level of  educat ion 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.04    **
  Rel igion 0.00 0.00 0.03 0.03 0.00 0.00 0.01 0.01 0.02 0.02    
Membership fee (UGX)
  In 2004 1,768 474 11,343 8,254 5,384 2,521 5,745 3,265 2,305 900    
  In 2007 4,044 1,146 10,911 5,190 6,255 2,382 6,873 2,148 3,207 1,271    

Source:   NAADS–IFPRI 2007 farmer group survey.
Not es:   n:  number of  observat ions;  SE:  st andard error.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  

respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.

 Early Intermediate Late 
 NAADS NAADS NAADS All NAADS Non-NAADS
 (n = 49) (n = 36) (n = 5) (n = 90) (n = 46)



groups (Table 4.5),  which could hinder part icipat ion t o t he extent  t hat  t he fees 

are not  af fordable by all farmers,  especially poorer farmers.  Later we test  t he 

ef fect  of  t he factors j ust  described on part icipat ion in t he NAADS program using 

the household survey data.

Farmer Empowerment

Wit hin t he NAADS program,  empowerment  is meant  t o be more of  a process 

t han an event  of  making advisory services more responsive t o farmers’  needs 

given t heir local product ion and market  condit ions.  The process involves 

t raining t o develop t heir capacit y across several areas (discussed under 

“ Farmer Inst it ut ional Capacit y Development ” ) and part icipat ory decisionmak-

ing (discussed under “ Part icipat ion in Group Act ivit ies” ).  Farmers t hen have 

t o increasingly be able t o demand and as wel l  as manage t he del ivery of  advi-

sory services t hat  meet  t heir needs.  To look at  t his aspect  of  empowerment ,  

farmer groups were asked t o give t heir opinion as t o whet her t hey fel t  more 

or less empowered since 2004 in expressing t heir views t o subcount y aut hori-

t ies,  including farmers’  forums,  t echnical publ ic of f icers,  and pol it ical lead-

ers.  The result s are shown in Table 4.6.  Only a few of  t he groups (fewer t han 

20 percent ) report ed t hat  t hey fel t  less empowered t o express t heir views t o 

various aut horit ies.  The largest  proport ion of  groups report ing an increase in 

t he level of  empowerment  was among t hose in t he early NAADS subcount ies 

st rat um,  fol lowed by t hose in t he int ermediat e NAADS subcount ies st rat um 

and t hose in t he non-NAADS subcount ies st rat um.  About  one-t hird of  t he 

groups,  on average,  report ed no change in t heir level of  empowerment .  Com-

paring change in empowerment  in deal ing wit h t he dif ferent  aut horit ies,  t he 

groups fel t  more empowered since 2004 t o express t heir views t o t echnical 

publ ic of f icers,  fol lowed by t he farmers’  forums and t hen pol it ical leaders 

(Table 4.6).  This is encouraging because t echnical publ ic of f icers are bet t er 

placed t han t he ot her t wo groups of  subcount y aut horit ies considered here 

t o address farmers’  agricult ural product ion problems or ot her concerns t hat  

are not  covered under t he NAADS program.

 To examine t he feedback bet ween aut horit ies and farmers,  t he surveyed 

groups were also asked t o indicat e whet her t hey felt  t here was an increase 

or reduct ion since 2004 in t he responses t hey received f rom t he dif ferent  

subcount y aut horit ies t o t heir request s or complaint s (Table 4.7).  Alt hough 

t he rat ings here were less favorable t han in t he preceding analysis (i.e. ,  in 

t erms of  t he relat ive proport ion report ing an increase versus t hose report ing 

a reduct ion or no change),  most  of  t he farmer groups fel t  t here had been an 

increase in t he responses of  aut horit ies t o t heir request s or complaint s.  Over-

al l ,  t hese f indings support  t he earl ier hypot hesis t hat  part icipat ion in group 

act ivit ies has not  been commensurat e wit h t he power it  is supposed t o bring 
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Table 4.6—Perception of change in empowerment to de al with officials since 2004,  by sample strat ificat ion 
(proport ion of groups report ing)

      Paired student t -tests:
      Non-NAADS versus

Area of empowerment,             Early Intermediate Late All 
perception of change Mean SE Mean SE Mean SE Mean S E Mean SE NAADS NAADS NAADS NAADS

Subcount y farmers’  forum
  Increased 0.78 0.06 0.74 0.08 1.00 0.00 0.77 0.04 n.a.  n.a.     
  No change 0.10 0.04 0.09 0.05 0.00 0.00 0.09 0.03 n.a.  n.a.     
  Reduced 0.12 0.05 0.18 0.07 0.00 0.00 0.14 0.04 n.a.  n.a.     
Subcount y pol it ical leaders
  Increased 0.76 0.06 0.74 0.07 1.00 0.00 0.77 0.04 0.73 0.06    
  No change 0.12 0.05 0.14 0.06 0.00 0.00 0.12 0.03 0.13 0.05    *
  Reduced 0.12 0.05 0.11 0.05 0.00 0.00 0.11 0.03 0.13 0.05    
Technical publ ic of f icers
  Increased 0.61 0.07 0.57 0.08 1.00 0.00 0.61 0.05 0.71 0.07    
  No change 0.20 0.06 0.26 0.07 0.00 0.00 0.22 0.04 0.13 0.05    
  Reduced 0.18 0.06 0.17 0.06 0.00 0.00 0.17 0.04 0.16 0.05    

Source:   NAADS–IFPRI 2007 farmer group survey.
Not es:   n:  number of  observat ions;  SE:  st andard error;  n.a. :  not  appl icable.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  

and 1 percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.

 Early Intermediate Late
 NAADS NAADS NAADS All NAADS Non-NAADS 
 (n = 50) (n = 36) (n = 6)  (n = 92) (n = 54) 
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Table 4.7—Perception of change in the response of o fficials to group requests since 2004,  by sample st rat ificat ion 
(proport ion of groups report ing)

      Paired student t -tests:
      Non-NAADS versus

Area of empowerment,            Early Intermediate Late All
perception of change Mean SE Mean SE Mean SE Mean S E Mean SE NAADS NAADS NAADS NAADS

Subcount y farmers’  forum
  Increased 0.54 0.07 0.41 0.09 0.25 0.25 0.48 0.05 n.a.  n.a.     
  No change 0.22 0.06 0.35 0.08 0.25 0.25 0.27 0.05 n.a.  n.a.     
  Reduced 0.24 0.06 0.24 0.07 0.50 0.29 0.25 0.05 n.a.  n.a.     
Subcount y pol it ical leaders
  Increased 0.54 0.07 0.32 0.08 0.60 0.24 0.46 0.05 0.46 0.07    
  No change 0.26 0.06 0.44 0.09 0.20 0.20 0.33 0.05 0.31 0.06    
  Reduced 0.20 0.06 0.24 0.07 0.20 0.20 0.21 0.04 0.23 0.06    
Technical publ ic of f icers
  Increased 0.33 0.07 0.17 0.06 0.50 0.29 0.28 0.05 0.47 0.08  ***  ***
  No change 0.48 0.07 0.49 0.09 0.25 0.25 0.47 0.05 0.33 0.07    
  Reduced 0.19 0.06 0.34 0.08 0.25 0.25 0.25 0.05 0.20 0.06    

Source:   NAADS–IFPRI 2007 farmer group survey.
Not es:   n:  number of  observat ions;  SE:  st andard error;  n.a. :  not  appl icable.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  

and 1 percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.

 Early Intermediate Late
 NAADS NAADS NAADS All NAADS Non-NAADS 
 (n = 50) (n = 36) (n = 6) (n = 92) (n = 54) 



t o farmers t o demand and monit or t he del ivery of  advisory services t hat  meet  

t heir local product ion and market  condit ions.

Supply of Advisory Services
Because t he NAADS program is ent erprise based,  one of  t he f irst  act ivit ies 

of  each NAADS-part icipat ing farmer group is t o priorit ize t hree ent erprises 

(a crop,  l ivest ock,  f ishery,  or beekeeping act ivit y or a mixt ure of  t hem) on 

which advisory services would be focused.  The informat ion f rom al l  groups 

is t hen forwarded t o t he subcount y farmers’  forum,  which select s t hree spe-

cif ic ent erprises t o be support ed under t he NAADS program in t he subcount y.  

Several issues have emerged because only t hree ent erprises can be select ed 

in any given subcount y.  For example,  ITAD (2008) found evidence of  pol it i-

cal int erference in t he process;  in some subcount ies,  some ent erprises were 

bel ieved t o have been select ed t o meet  pol it icians’  demands rat her t han 

t he needs of  farmers.  Wit h a l imit  of  t hree ent erprises per subcount y wit h 

an average of  6,088 households,  however,  it  is inevit able t hat  many farmer 

groups and farmers may f ind t heir preferred ent erprise not  being included,  

and consequent ly t hey may opt  out  of  t he program (see ITAD 2008 for furt her 

discussion of  t hese and ot her issues). 2

 Fol lowing select ion of  t he t hree ent erprises,  t he NAADS program provides 

t echnologies for demonst rat ion on t he f ield of  a member of  a farmer group 

(or host  farmer)—a TDS.  The host  farmer is chosen by fel low members of  t he 

group,  and privat e service providers are cont ract ed t o carry out  t he demon-

st rat ions and t rain farmers at  t hese TDSs.  We now look at  t he ent erprises on 

which advisory services have been given,  based on descript ive analyses of  t he 

secondary dat a provided by of f icials of  t he subcount ies where farmer group 

and household surveys were conduct ed.

Crops

In al l ,  36 ent erprises (29 crop and 7 noncrop ent erprises) were promot ed,  in 

t erms of  t he t ype of  TDSs t hat  had been est abl ished and t he t ype of  demon-

st rat ions t hat  were held.  Not  al l  of  t he 36 ent erprises were promot ed in every 

subcount y,  and none of  t he ent erprises t hat  were promot ed were wit hdrawn.  

The maj or crops promot ed were bananas and groundnut s,  fol lowed by rice,  

vanil la,  and maize (Figure 4.1).  It  is import ant  t o also look at  how long a TDS 

has been in exist ence,  because we expect  a great er response t o adopt ion of  
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2 The est imat e of  6,088 households is for 2006/ 07 based on t he average number of  households in 
2002/ 03 for t he surveyed subcount ies and wit h a 3.5 percent  growt h rat e appl ied (Uganda,  BOS 
2003).



ent erprises t hat  are promot ed widely (i.e. ,  in several places) as wel l  as over 

a long period of  t ime.  For example,  bananas have been promot ed in more 

t han 10 subcount ies (or more t han 35 percent  of  t he t ot al NAADS subcount ies 

surveyed) since 2002 and had reached 23 subcount ies (or 60 percent ) by 2007.  

Comparing rice and groundnut s,  al t hough t hey were bot h promot ed in 16 

subcount ies (or 43 percent  of  t he t ot al number of  subcount ies) by 2007,  rice 

was not  promot ed at  al l  in 2001 and 2002 and was promot ed in fewer t han 6 

subcount ies (or 18 percent  of  t he t ot al) unt i l  2005.  Groundnut s,  on t he ot her 

hand,  have been promot ed since 2001 and have been promot ed in more t han 

10 subcount ies since 2003,  t he year when rice st art ed t o be promot ed.

 Looking at  what  crops have been promot ed in t erms of  t he number of  TDSs 

est abl ished (Figure 4.2),  groundnut s and rice were t he most  favored crop 

ent erprises,  wit h 540 and 535 TDSs est abl ished by 2007,  respect ively.  In 

t erms of  t he number of  regist ered NAADS farmer groups direct ly benef it ing 

f rom t he TDSs and demonst rat ions,  bananas,  groundnut s,  and rice were t he 

most  favored crop ent erprises,  wit h 1,512,  1,247,  and 1,132 farmer groups 

benef it ing from them by 2007, respect ively (Figure 4.2). Together, these result s 

suggest  t hat  bananas and groundnut s have been t he most  widely promot ed 

crop ent erprises.
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Figure 4.1—Promotion of major crop and livestock en terprises (number 
of subcounties in which promoted),  2001–07

Source:   NAADS–IFPRI 2007 subcount y survey.
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Figure 4.2—Number of technology development sites ( TDSs) established 
for major crop and livestock enterprises and number  of farmer groups 
benefit ing,  2001–07

Source:   NAADS–IFPRI 2007 subcount y survey.
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Livestock and Other Enterprises

Regarding l ivest ock and ot her agricult ural ent erprises,  t he maj or ones in 

t erms of  t he number of  subcount ies in which t hey were promot ed involved 

goat s (in 35 subcount ies by 2007),  poult ry (27),  bees (24),  cat t le (23),  and 

pigs (18) (see Figure 4.1).  In t erms of  t he number of  TDSs est abl ished,  t hose 

involving goat s,  bees,  and poult ry were t he most  favored,  wit h 441,  458,  and 

478 TDSs est abl ished,  respect ively,  by 2007.  Regarding t he number of  farmer 

groups benef it ing,  goat s and poult ry were t he most  favored,  wit h 2,144 and 

2,133 farmer groups,  respect ively,  benef it ing under each ent erprise by 2007.  

Toget her,  t hese result s suggest  t hat  goat s and poult ry were t he most  widely 

promot ed l ivest ock ent erprises.

 Comparing al l  t he ent erprises by t he various cat egories (i.e. ,  in t erms of  

t he number of  subcount ies,  number of  TDSs,  and number of  groups benef it -

ing),  t he result s present ed suggest  t hat  l ivest ock were t he most  widely pro-

mot ed of  t he agricult ural ent erprises.

Quality of Capacity Development and Advisory Services
Ensuring t hat  t he t echnologies and advisory services del ivered t o farmers are 

of  high qual it y is very import ant  for t he success of  t he NAADS program.  Man-

agers of  t he NAADS program undert ake qual it y assurance t hrough t echnical 

audit ing,  which is t he responsibil i t y of  dist rict -based subj ect -mat t er special-

ist s who also supervise t he del ivery of  t echnologies and advisory services t o 

t he farmers by t he privat e service providers.  We did not  obt ain informat ion 

on t hese act ivit ies t o assess t he qual it y of  advisory services f rom t he program 

implement er’ s point  of  view.  In t he farmer group survey,  however,  t he groups 

were asked t o express t heir opinion on t he usefulness of  t he t raining t hey had 

received f rom t he privat e service providers as wel l  as t o rat e t he service pro-

viders on t he met hods t hey used and t heir performance.  The result s in Table 

4.8 show t hat  t he maj orit y (about  90 percent ) of  t he farmer groups found t he 

various areas of  t raining or capacit y-st rengt hening act ivit ies very useful or 

useful,  wit h a higher proport ion of  t he groups in t he early NAADS subcount ies 

st rat um f inding t hem very useful or useful t han in t he int ermediat e NAADS 

subcount ies st rat um.

Summary
From t he evidence present ed in t his chapt er on progress in implement ing 

t he NAADS program,  t oget her wit h t he f inding t hat  NAADS service providers,  

compared t o ot hers (publ ic ext ension of f icers and ot her providers not  af f i l i-

at ed wit h t he NAADS program),  were rat ed very high on t heir met hods and 

performance (Benin et  al .  2007),  we can conclude t hat  t he NAADS program is 

helping t o st rengt hen t he inst it ut ional capacit y and human resource skil ls of  
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Table 4.8—Perception of usefulness of training rece ived,  by sample strat ificat ion (proport ion of group s 
report ing)

      Paired student t -tests:
      Early NAADS versus

Perceived level           Intermediate Late
of usefulness Mean SE Mean SE Mean SE Mean SE Mean SE NAADS NAADS

Very useful 0.55 0.06 0.48 0.06 0.25 0.25 0.52 0.04 n.a.  n.a.   
Useful 0.36 0.06 0.33 0.06 0.22 0.22 0.34 0.04 n.a.  n.a.   
Somehow useful 0.03 0.01 0.11 0.03 0.53 0.47 0.08 0.02 n.a.  n.a.   
Not  useful 0.01 0.00 0.08 0.03 0.08 0.08 0.03 0.01 n.a.  n.a.   

Source:   NAADS–IFPRI 2007 farmer group survey.
Not es:   n:  number of  observat ions;  SE:  st andard error;  n.a. :  not  appl icable.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 per-

cent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.

 Early Intermediate Late
 NAADS NAADS NAADS All NAADS Non-NAADS 
 (n = 43) (n = 28) (n = 2) (n = 73) (n = 54) 



many farmers t o pot ent ial ly demand and manage t he del ivery of  agricult ural 

advisory services (e.g. ,  ent erprises,  t echnologies,  pract ices,  and informat ion) 

t hat  meet  t heir local product ion and market  condit ions.  Therefore,  assum-

ing t hat  membership in a NAADS farmer group confers t hese benef it s on t he 

members of  t he group,  part icipat ion in t he program should have a posit ive 

impact  on t he out come variables.  But  we have seen t hat  part icipat ion in 

group act ivit ies is not  always commensurat e wit h t he power it  is supposed 

t o bring t o farmers t o ef fect ively demand advisory services,  suggest ing t hat  

part icipat ing farmers may be l imit ed in achieving t he expect ed out comes of  

t he program.  Analyzing t he associat ion bet ween part icipat ion in t he program 

and several out come variables is t he focus of  t he next  chapt er.
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CHAPTER 5

Outcomes and Impacts of the NAADS Program

This chapt er focuses on t he ef fect  of  part icipat ion in t he NAADS pro-

gram based on several out come and impact  indicat ors present ed in t he 

concept ual f ramework,  including t he demand for advisory services,  

adopt ion of  t echnologies,  crop and l ivest ock product ivit y,  market  part icipa-

t ion,  agricult ural revenue,  and food and nut rit ion securit y.  The impact  of  t he 

program on t hese indicat ors was est imat ed using t wo dif ferent  approaches 

present ed earl ier:  t he PSM met hod and t he 2SWR met hod wit hout  and wit h 

t he covariat es,  xj .  The ef fect s of  ot her fact ors on t he out come and impact  

indicat ors were also quant if ied and analyzed based on t he 2SWR est imat or 

when t he covariat es are included.  The panel dat a of  719 households f rom t he 

2004 and 2007 household surveys (or 1,438 t ot al  observat ions) were used for 

t he analysis.

Treatment, Outcome Variables, and Explanatory Variables
Table 5.1 present s a det ailed descript ion and measurement  of  part icipat ion 

and nonpart icipat ion in t he NAADS program or t he t reat ment  used in t his 

st udy.  Some 9 percent  of  t he sample were classif ied as direct  part icipant s in 

t he program (NAADSDIR),  which is about  one-half  of  t he 20 percent  recorded 

by of f icials as benef iciaries of  t he program (see int roduct ion).  The remaining 

91 percent  made up t he general group of  nonpart icipant s,  which was sub-

divided int o t hree.  The f irst  subgroup,  36 percent  of  t he t ot al  sample,  was 

made up of  t hose in t he same area where t he program was implement ed who 

claimed t o have benef it ed indirect ly f rom t he program (NAADSNON-1).  The 

second subgroup,  39 percent ,  was also made up of  t hose in t he area where 

t he program was implement ed but  did not  claim any benef it s (NAADSNON-2),  

whereas t he t hird subgroup,  16 percent ,  was made up of  t hose in areas where 

t he program was never implement ed (NAADSNON-3).

 The program was implemented in 52 percent  of  t he surveyed subcount ies in 

2001–02,  in an addit ional 28 percent  of  t he subcount ies in 2002–03,  and in an 

addit ional 5 percent  of  t he subcount ies af t er 2003 (see Table 5.1).  The vari-

able NAADS_years is used in t he regressions t o capt ure t he ef fect  of  change 
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over t ime in nat ional-level fact ors (described lat er) t o t he ext ent  t hat  t he 

change af fect s households dif ferent ly.

 The out come and impact  indicat ors and ot her explanat ory variables 

used in t he analysis are described in Table 5.2;  summary st at ist ics are pre-

sent ed in subsequent  sect ions where t he specif ic variables are analyzed.  The 

variables are present ed f irst  for out come indicat ors of  t he NAADS program 

present ed in t he concept ual f ramework,  including adopt ion of  t echnologies 

and pract ices (AD),  crop and l ivest ock product ivit y (Q),  agricult ural income 

(INC),  market  part icipat ion (MKT),  and food and nut rit ion securit y (FNS).  

These are fol lowed by t he explanat ory variables used t o capt ure variat ion 

at  t he household level (H),  measured by gender,  age,  educat ion,  size,  and 

income of  t he household;  at  t he farm level (F),  measured by t he size of  t he 

farm operat ed and t he value of  agricult ural product ive asset s;  at  t he farmer 

group level (G),  measured by membership in organizat ions or net works;  and 

at  t he local government  and communit y level (LC),  measured by access t o 

inf rast ruct ure and services (dist ance t o nearest  f inancial  services,  roads,  and 

crop and l ivest ock market s and services).  The ef fect  of  higher-level fact ors 

such as agroecology and biophysical and sociocult ural fact ors are measured 

by f ixed-ef fect  or t ime-invariant  regional dummy variables represent ing t he 

four administ rat ive regions of  Uganda (i.e. ,  t he Cent ral,  East ern,  Nort hern,  
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Table 5.1—Descript ion of variables and summary stat ist ics on 
implementat ion of and part icipat ion in the NAADS pr ogram

Variable Descript ion Proport ion

NAADSDIR Proport ion of  households t hat  were members of  a 
   NAADS-part icipat ing farmer group in 2007 0.09
NAADSNON-1 Proport ion of  households t hat  were not  members of  
   a NAADS-part icipat ing farmer group but  accessed or 
   received NAADS-relat ed advisory services 0.36
NAADSNON-2 Proport ion of  households t hat  were not  members of  
   a NAADS-part icipat ing farmer group nor claimed any 
   benef it s but  were in t he area where t he program was 
   implement ed 0.39
NAADSNON-3 Proport ion of  households t hat  were locat ed in areas 
   where t he program had never been implement ed by t he 
   t ime of  t he survey in 2007 0.16
NAADS_years Proport ion of  subcount ies in which t he NAADS program 
   was implement ed by t he indicat ed year (cf .  never 
   implement ed) 
  NAADS_year03–04   If  af t er 2003–04 0.05
  NAADS_year02–03   If  2002–03 0.28
  NAADS_year01–02   If  2001–02 0.52

Source:   NAADS–IFPRI 2004 and 2007 household surveys.
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Table 5.2—Descript ion of outcomes of the NAADS prog ram and 
explanatory variables

Variable name a Variable descript ion

Out come variable
  Adopt ion of  new ent erprises and improved t echnologies and pract ices (AD)
   Whet her households adopt ed or used (1 if  yes,  0 ot herwise)
    New crop ent erprises New crop ent erprises
    New l ivest ock ent erprises New l ivest ock ent erprises
    Improved seeds Improved crop variet ies
    Spacing Recommended spacing/ plant ing pract ices
    Inorganic fert i l izer Inorganic fert i l izers
    Pest icides Pest icides and chemicals
    Improved breeds Improved l ivest ock breeds
  Agricult ural product ivit y (Q)
    Crop out put  Value of  t ot al  crop out put  per acre (t housands of  2000 
   UGX)
    Livest ock out put  Value of  t ot al  l ivest ock out put  per t ropical l ivest ock unit
   (t housands of  2000 UGX)
  Agricult ural income (INC)
    Agricult ural revenue Value of  t ot al  agricult ural out put  per adult  equivalent  
   (t housands of  2000 UGX)b

  Market  part icipat ion (MKT)
    Market ed share_t ot al Percent age of  t ot al  agricult ural (crop,  l ivest ock,  bird,  
   aquacult ure) out put  sold
    Market ed share_crop Percent age of  t ot al  crop out put  sold
    Market ed share_l ivest ock Percent age of  t ot al  l ivest ock out put  sold
  Food and nut rit ion securit y (FNS)
    Food securit y Percept ion of  change in access t o adequat e food (share)c

      Improved   Sit uat ion has improved
      No change   Sit uat ion has not  changed
      Worsened   Sit uat ion has worsened
    Nut rit ion Percept ion of  change in nut rit ional qualit y of  food (share)c

      Improved   Sit uat ion has improved
      No change   Sit uat ion has not  changed
      Worsened   Sit uat ion has worsened
    Wealt h Percept ion of  change in wealt h (share)c

      Improved   Sit uat ion has improved
      No change   Sit uat ion has not  changed
      Worsened   Sit uat ion has worsened
Explanat ory variable 
  Household level (H) 
    Gender of  head Whet her female-headed household (1 if  yes,  0 ot herwise)
    Age of  head Age of  household head (years)
    Educat ion Educat ion of  household head (cf .  no formal educat ion);  
   proport ion of  members who
      Primary   At t ended or complet ed primary educat ion
      Post primary   At t ended or complet ed some post primary educat ion
    Size Number of  adult  equivalent s in household
    Income st rat egy Primary source of  income of  household (cf .  crops);  
   proport ion of  members wit h
      Livest ock   Livest ock as t he primary source of  income

(cont inued)



and West ern regions).  To some ext ent ,  t hese regional dummies also cont rol

for some local government  and communit y ef fect s.  The ef fect  of  nat ional-level 

fact ors (P) is not  expl icit ly cont rol led for because t he measured values of

the factors do not  vary across the unit  of  observat ion, in this case households.

Tests for Attrition and Sample Selection Bias
Before proceeding t o t he est imat ion and result s of  t he t reat ment  ef fect s,  we 

present  t he t est  result s associat ed wit h at t r it ion and pot ent ial  sample selec-

t ion bias.  As explained in t he Met hodology sect ion,  we did t wo t hings.  First ,  

we appl ied t he st udent  t -t est  t o t he dif ferences in t he 2004 mean values of  

t he explanat ory variables bet ween t he 159 at t rit or households (most ly non-

part icipant s in t he program) and t he 719 households remaining in t he panel

sample, by the different  groups. The dist ribut ion of at t ritors was 1, 4, 123, and 

31 for NAADSDIR,  NAADSNON-1,  NAADSNON-2,  and NAADSNON-3,  respect ively. Given t he

insignif icant  number of  at t r it ors in t he f irst  t wo groups,  we carried out

t he t est  and present  t he result s relat ed t o only NAADSNON-2 and NAADSNON-3.  

The result s in Table 5.3 show t hat  for t he NAADSNON-2 group,  t hat  is,  t hose in 
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Table 5.2—Continued

Variable name a Variable descript ion

      Ot her agricult ure   Ot her agricult ure as t he primary source of  income
      Nonfarm act ivit ies   Nonfarm act ivit ies as t he primary source of  income
  Farm level (F) 
    Land owned Tot al farmland area owned (acres)
    Crop area Tot al farmland area under cult ivat ion (acres)
    Product ive asset s Value of  t ot al  agricult ural product ive asset s—equipment  
   and l ivest ock (t housands of  2000 UGX)
  Farmer group level (G) 
    Membership in ot her  Whet her any household member belongs t o any non-
      organizat ion   NAADS socioeconomic group (1 if  yes,  0 ot herwise)
  Local government  and communit y 
    level (LC)
    Average dist ance (km) t o nearest
      Credit  Bank or credit  associat ion
      Al l -weat her road Al l-weat her road
      Market s Market  and services (crop/ l ivest ock market ,  input  supply,  
   vet erinary,  and so on)

Source:   NAADS–IFPRI 2004 and 2007 household panel surveys.
aVariables in parent heses represent  fact ors present ed in t he concept ual f ramework.
bFor adult  equivalent s,  t he household head,  ot her adult s (17 years and older),  and children (16 
years and younger) are weight ed 1.000,  0.924,  and 0.595,  respect ively (based on Applet on et  al .  
1999).
cPercept ion of  change refers t o change bet ween 2000 and 2004 for t he year 2004 and change 
bet ween 2004 and 2007 for t he year 2007.
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Table 5.3—Test of attrit ion from the NAADS program and sample select ion bias: Descript ive stat ist ics

 NAADSNON-2 NAADSNON-3

  Student t -test of  Student t -test of
 Mean values equality of means Mean values equality of means

Explanatory variable Nonattritors Attritors F-stat ist ic Nonattritors Attritors F-stat ist ic

Gender of  head 0.17 0.15 0.59 0.20 0.33 1.33
Age of  head 43.66 41.33 1.75 42.14 40.99 0.09
Educat ion (cf .  none)       
  Primary 0.70 0.50 7.67*** 0.59 0.57 0.03
  Post primary 0.18 0.42 12.04*** 0.24 0.35 0.81
Household size 5.00 4.44 6.13** 5.27 5.13 0.07
Income st rat egy (cf .  crop)       
  Livest ock 0.05 0.05 0.02 0.04 0.05 0.19
  Nonfarm act ivit ies 0.05 0.03 0.41 0.04 0.15 2.23
  Ot her agricult ure 0.16 0.16 0.00 0.19 0.18 0.01
Land owned 1.78 1.92 0.04 1.56 1.06 1.07
Product ive asset s 184.01 367.87 1.08 113.13 63.55 3.93**
Agricult ural revenue 273.46 348.15 0.57 187.15 189.12 0.00
Membership in ot her organizat ions 0.47 0.54 0.77 0.43 0.22 3.50*
Dist ance t o       
  Credit  15.96 18.11 3.05* 26.86 32.50 0.79
  Al l-weat her road 2.48 2.24 0.69 2.52 3.61 4.72***
  Market s 7.19 8.51 5.83*** 8.54 9.37 0.39
Number of  observat ions 284.00 123.00  113.00 31.00

Source:   NAADS–IFPRI 2004 and 2007 household surveys.
Not es:   See Table 5.2 for a det ailed descript ion of  t he variables.  Means are based on 2004 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 

percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls 
mean not  appl icable.
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t he same area where t he program was implement ed but  who did not  claim 

any benef it s or cont act  wit h NAADS,  at t rit ion was signif icant ly associat ed 

wit h bet t er-educat ed households,  smaller households,  and households fart her 

f rom credit  and market s.  For t he NAADSNON-3 group,  t hat  is,  t hose in areas 

where t he program was never implement ed by t he t ime of  t he surveys,  at t r i-

t ion was signif icant ly associat ed wit h households poorer in asset s and prob-

ably more isolat ed social ly (wit h less membership in ot her organizat ions and 

fart her f rom al l-weat her roads).  Dif ferences among at t rit ors and nonat t rit ors 

for t he ot her variables are not  st at ist ical ly signif icant .

 Alt hough t hese result s are comfort ing because t he at t rit ors dif fer f rom 

the nonat t rit ors in a couple of  variables only,  any potent ial bias result ing f rom 

at t rit ion wil l  also depend on t he ext ent  t o which t hose variables af fect  t he 

part icipat ion decision as wel l  as t he out comes.  For example,  because we 

expect  bet t er-educat ed households t o be more l ikely t o part icipat e in t he 

program and also t o be bet t er able t o adopt  t echnologies and t hus at t ain 

bet t er out comes (ot her fact ors remaining t he same),  having bet t er-educat ed 

at t rit ors may lead t o overest imat ion of  t he t reat ment  ef fect s,  because it  is 

t he pot ent ial ly worse performers who remain t o be compared wit h t he NAADS 

part icipant s.  We examine t his issue furt her next .

 Here we apply t he BGLW t est  (Becket t i et  al .  1988) by regressing t he ini-

t ial  value of  agricult ural income on t he explanat ory variables (x),  an at t rit ion 

dummy (at t r i t or ),  and int eract ion t erms bet ween t he at t rit ion dummy and 

x (Table 5.4 present s det ails of  t he regression est imat es).  The result s of  t he 

j oint  F-t est  of  t he coef f icient s on t he at t rit ion dummy and t he int eract ion 

variables suggest  t hat  at t r it ion is l ikely t o lead t o biased est imat es of  t he 

t reat ment  ef fect s.  St i l l  we do not  know t he scale and direct ion of  t he bias,  

which relat es t o t he net  ef fect  of  t he coef f icient s on t he at t rit ion dummy 

and t he int eract ion variables on agricult ural income.  Furt hermore,  because 

t he est imat ion of  t he t reat ment  ef fect  of  t he NAADS program is t o be based 

on a subsample of  nonpart icipant s mat ched wit h part icipant s,  t he t est  result s 

(current ly based on al l  at t r it ors) are relevant  t o t he ext ent  t o which at t rit ors 

would have been select ed or mat ched wit h t he t reat ment  observat ions.

 We analyze t hese issues furt her by performing t he t wo-st age est imat ion 

of  agricult ural revenue using t he 2004 dat a,  wit hout  and wit h t he at t rit ors.  

We present  only t he second-st age result s,  which show t he percent age dif fer-

ence in agricult ural revenue per capit a bet ween part icipant s and nonpart ici-

pant s of  t he program.  The analysis,  which is explained in more det ail  lat er,  

is carried out  for dif ferent  specif icat ions of  t he probit  select ion equat ion 

and numbers of  nearest -neighbor mat ches.  First  we look at  t he pot ent ial  

of  at t r it ors t o be in t he mat ched subsamples.  As Table 5.5 shows,  for t he 

NAADSNON-2 group,  t he number of  at t r it ors included in t he mat ched subsample 
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Table 5.4—Test of attrit ion from the NAADS program and sample 
select ion bias: BGLW test

 

   Subsample of NAADSDIR  
Explanatory variable I II and NAADSNON-3

Gender of  head –0.392 * –0.417 * –0.372 
ln age of  head 0.207  0.203  0.666 
Educat ion (cf .  none)      
  Primary 0.454 * 0.499 * 0.263 
  Post primary 0.507  0.542  0.484 
ln household size –0.132  –0.127  –0.147 
Income st rat egy (cf .  crop)      
  Livest ock –0.089  0.004  –0.646 
  Nonfarm act ivit ies 0.276  0.337  –0.969 **
  Ot her agricult ure –0.254  –0.209  –0.873 **
ln land owned 0.232  0.145  0.143 
ln product ive asset s 0.238 *** 0.244 *** 0.212 *
Membership in ot her organizat ions 0.072  0.066  –0.287 
ln dist ance t o      
  Credit  0.168  0.101  –0.992 ***
  Al l -weat her road –0.118  –0.109  –0.122 
  Market s –0.445 ** –0.407 ** 0.256 
Region (cf .  Cent ral)      
  East ern –0.865 ** –0.626 ** –0.841 **
  Nort hern –2.117 *** –1.935 *** n.e.  **
  West ern –0.105  –0.029  –1.584 **
NAADS_years (cf .  never)      
  NAADS_year02–03 –0.276     
  NAADS_year01–02 0.116     
At t rit or 0.171  –0.290  0.869 
At t rit or × gender of  head –0.339  –0.221  –0.226 
At t rit or × ln age of  head 0.400  0.525  –0.316 
At t rit or × primary educat ion –0.650  –0.894  –0.406 
At t rit or × post primary educat ion –0.597  –0.807  0.811 
At t rit or × ln household size –1.133 * –1.137 * 0.687 
At t rit or × l ivest ock –0.030  0.043  0.575 
At t rit or × nonfarm act ivit ies –0.679  –0.708  3.063 **
At t rit or × ot her agricult ure –0.398  –0.369  0.510 
At t rit or × ln land owned –0.206  –0.206  –1.082 **
At t rit or × ln product ive asset s –0.049  –0.052  –0.624 **
At t rit or × membership in ot her  0.794 ** 0.744 ** 0.656 *
  organizat ions 
At t rit or × credit  0.037  0.095  0.409 
At t rit or × al l -weat her road 0.082  0.218  0.181 
At t rit or × market s 0.870  0.487  –0.211 
At t rit or × East ern –0.114  –0.206  0.966 
At t rit or × Nort hern 1.651 ** 1.674 *** n.e.  
At t rit or × West ern –0.893  –0.784  0.175 
At t rit or × NAADS_year02–03 –0.662  n.e.   n.e.  

(cont inued)

Subsample of NAADSDIR 
and NAADSNON-2



const it ut es 13–28 percent  of  t hose included in t he est imat ion or 7–50 percent  

of  t he t ot al  number of  at t r it ors wit hin t he group.  For t he NAADSNON-3 group,  

t he equivalent  percent ages are 7–13 and 3–26,  respect ively.  Now,  looking at  

t he result s associat ed wit h t he percent age dif ference in agricult ural revenue 

per capit a bet ween part icipant s and nonpart icipant s,  we see t hat ,  in general,  

including at t rit ors in t he est imat ion leads t o a more posit ive or less negat ive 

percent age dif ference,  whereas excluding t hem leads t o a less posit ive or 

more negat ive ef fect . 1 This is part icularly t he case for t he probit  model speci-

f icat ion,  including squared and int eract ion t erms of  t he explanat ory variables 

and est imat ion of  t he percent age dif ference based on mat ching wit h t hree 

neighbors,  our preferred specif icat ion (about  which more det ails wil l  be 

given lat er).  This means t hat  at t r it ion raises t he init ial  bar against  which 

part icipant s in t he program have t o be compared.  In ot her words,  assuming 

t hat  part icipat ion confers benef it s leading t o higher agricult ural revenues and 

ot her t hings remain unchanged,  a great er posit ive impact  of  t he program wil l  
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Table 5.4—Continued

 

   Subsample of NAADSDIR  
Explanatory variable I II and NAADSNON-3

At t rit or × NAADS_year01–02 –0.784  n.e.   n.e.  
Int ercept  3.930 *** 3.886 *** 5.077 **
F-st at ist ic 6.460 *** 6.790 *** n.e.  
R—squared 0.374 *** 0.364 *** 0.507 ***
Joint  F-t est  (coef f icient s on  1.640 ** 1.720 ** 5.410 ***
  at t r it or and int eract ion variables 
  are j oint ly zero) 

Source:   NAADS–IFPRI 2004 household survey.
Notes:   The BGLW test  is named for Becket t i,  Gould,  Lil lard,  and Welch (1988),  who proposed it .  

See Table 5.2 for a detailed descript ion of  t he variables.  The dependent  variable (ln agri-
cult ural income per adult  equivalent ) and explanatory variables are based on 2004 val-
ues.  ln:  t ransformat ion by natural logarit hm. n.e. :  not  est imated.  I and II refer t o models 
est imated wit h and wit hout  NAADS_years,  respect ively.  *,  **,  and *** indicate stat ist ical 
signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cells 
in t hese columns indicate lack of  stat ist ical signif icance.  Elsewhere,  blank cells mean not  
applicable.

Subsample of NAADSDIR 
and NAADSNON-2

1 Not e t hat  only one of  t he est imat ed percent ages of  dif ference is st at ist ical ly signif icant .  This 
is not  surprising because t hey are associat ed wit h t he init ial  values for t he analysis,  which we 
expect  t o have been similar across part icipant s and nonpart icipant s.  This also lends credence t o 
any signif icant  ef fect  found over t ime.  The only signif icant  ef fect  t hat  was found is not  associ-
at ed wit h our preferred model specif icat ion and est imat ion.
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Table 5.5—Test of attrit ion from the NAADS program and sample select ion bias: Second-stage results of the 
percentage difference in agricultural revenue betwe en matched part icipants and nonpart icipants

 Matched sample with attritors  

 Attritors in matched subsample
 of nonpart icipants 

   Percentage of 
  Number of matched   Number of
 Percentage non-NAADS non-NAADS Percentage of Percentage non-NAADS 
Model specificat ion difference part icipants part ici pants total attritors a difference part icipants

Level
  1 nearest  neighbor      
    NAADSNON-2 I 16.37 60 13 7 –43.62 59
    NAADSNON-2 II –3.20 60 28 14 –17.93 55
    NAADSNON-3 41.06 29 7 6 –14.91 29

  3 nearest  neighbor      
    NAADSNON-2 I –7.22 148 21 25 –0.41 141
    NAADSNON-2 II –13.03 147 25 30 –12.60 131
    NAADSNON-3 –7.20 61 10 19 7.08 54

  5 nearest  neighbor      
    NAADSNON-2 I –1.66 202 23 38 4.10 193
    NAADSNON-2 II –10.33 204 25 41 –9.74 181
    NAADSNON-3 –15.88 77 10 26 –13.03 67
Levels + squareds
  1 nearest  neighbor
    NAADSNON-2 I 56.33 59 20 10 9.76 55
    NAADSNON-2 II 84.81* 57 25 11 –21.28 59
    NAADSNON-3 25.99 31 13 3 13.40 28

Matched sample 
without attritors
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  3 nearest  neighbor
    NAADSNON-2 I 14.18 142 26 30 13.11 131
    NAADSNON-2 II 28.31 137 22 24 –20.21 130
    NAADSNON-3 –12.39 52 13 23 –17.18 51

  5 nearest  neighbor
    NAADSNON-2 I 11.20 198 22 35 5.72 187
    NAADSNON-2 II 19.47 185 22 33 –11.21 180
    NAADSNON-3 –7.85 65 12 26 –9.46 64
Levels + squareds + int eract ions
  1 nearest  neighbor
    NAADSNON-2 I 13.22 61 18 50 –15.93 56
    NAADSNON-2 II –1.09 56 13 6 62.28 57
    NAADSNON-3 26.50 32 13 13 18.98 28
  3 nearest  neighbor
    NAADSNON-2 I –10.05 152 25 31 –15.31 138
    NAADSNON-2 II 1.38 152 14 18 –17.32 127
    NAADSNON-3 –5.84 53 11 19 –13.99 52
  5 nearest  neighbor
    NAADSNON-2 I 2.33 204 24 40 –4.90 179
    NAADSNON-2 II 1.17 204 16 27 –13.42 174
    NAADSNON-3 –5.29 66 12 26 –9.46 64

Source:   NAADS–IFPRI 2004 household survey.
Not es:   I and II indicat e est imat ed wit h and wit hout  years of  program lengt h,  respect ively (see Table 5.4).  Level refers t o a f irst -st age select ion probit  

est imat ed wit h nat ural logarit hmic t ransformat ion of  t he cont inuous explanat ory variables only;  levels + squareds includes squared t erms of  t he 
cont inuous variables;  levels + squareds + int eract ions includes int eract ion t erms (see Table 5.6 for det ails).  * indicat es st at ist ical signif icance at  
t he 10 percent  level.

aThe t ot al  numbers of  at t r it ors were 123 and 31 for NAADSNON-2 and NAADSNON-3,  respect ively.



be needed t o show a signif icant  posit ive ef fect  when t here is at t r it ion (as 

wil l  be est imat ed lat er) compared t o when t here is no at t rit ion.  Therefore,  

t he est imat ed t reat ment  ef fect s of  t he program using t he dat a at  hand are 

l ikely t o be underest imat ed,  t o t he ext ent  t hat  t he models are specif ied and 

est imat ed correct ly.

Determinants of Participation in the NAADS Program: 
Overlap in Covariate Distributions
As discussed earl ier,  t o improve overlap in t he covariat e dist ribut ions,  or 

common support ,  we t ried dif ferent  combinat ions and t ransformat ions of  

t he explanat ory variables (x) in est imat ing t he probit  part icipat ion equat ion.  

Det ails are present ed in Table 5.6.  First  we measured part icipat ion using t he 

st at us observed in 2007,  which is essent ial ly measuring part icipat ion at  any 

point  in t ime because t here were no dropout s.  This is also import ant  for t he 

mat ching t o ensure t hat  part icipant s are mat ched wit h nonpart icipant s in al l  

years t o avoid dupl icat ion or crossover.  This way,  a t reat ment  household is 

always a t reat ment  household and cannot  swit ch st at us,  and t he same is t rue 

for a cont rol  household.  Based on t he dif ferent  def init ions of  t reat ment  (i.e. ,  

direct  part icipant s only,  indirect  part icipant s only,  or bot h) and cont rols 

(i.e. ,  t hose wit h no exposure t o t he program),  we est imat ed Equat ion 3.3 

using t he 2004 values of  t he explanat ory variables and specif icat ions shown 

in Table 5.6.
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Table 5.6—Descript ion of NAADS part icipat ion models  est imated

Feature Descript ion

Variable
  Household Inclusion of  t he variables measuring t he household charact erist ics:  gender,  
    age,  educat ion,  size,  income st rat egy,  and membership in ot her 

organizat ions
  Out comes Init ial  value of  out come indicat or (i.e. ,  of  t he dependent  variable t o be 
    est imat ed in t he second-st age regression) plus inclusion versus exclusion 

of  t he variables measuring t he 2004 values of  pot ent ial  explanat ory 
endogenous variables (i.e. ,  land owned and product ive asset s)

  Higher level Inclusion versus exclusion of  t he variables measuring t he higher-level 
   ef fect s:  access t o services and regional locat ion
  NAADS program Inclusion versus exclusion of  t he variable on t he lengt h of  t ime t he NAADS 
   program has been in t he subcount y (NAADS_years)
Transformat ion
  Squared Inclusion versus exclusion of  squared values of  t he cont inuous variables
  Logs Inclusion versus exclusion of  logarit hmic values of  t he cont inuous variables
  Int eract ion Inclusion versus exclusion of  int eract ion t erms among dif ferent  variables:  
   gender × educat ion and gender × land owned

Source:   Aut hors’  specif icat ion of  t he models t o be est imat ed.



 We t ried several specif icat ions t o see which ones of fer t he best  com-

mon support .  However,  we present  only t he result s (probit s,  histograms, and 

balancing t est s) associat ed wit h six dif ferent  specif icat ions t o show how dif -

ferent  covariat es and t ransformat ions yield dif ferent  out comes of  overlap 

or common support .  The six specif icat ions are shown in Table 5.7,  st art ing 

wit h a base model t hat  includes nat ural logarit hmic t ransformat ion of  t he 

cont inuous explanat ory variables only and t hen adding squared values and 

int eract ion t erms sequent ial ly.  The corresponding probit  result s are shown in 

Tables 5.8–5.10,  t he hist ograms of  t he est imat ed propensit y scores in Figures 

5.1–5.3,  and t he balancing t est s in Tables 5.11–5.13.

 The probit  result s (see Tables 5.8–5.10) show t hat  dif ferent  covariat es 

have dif ferent  t ypes of  inf luence (sign,  magnit ude,  and st at ist ical signif i-

cance) on t he decision t o part icipat e or not  t o part icipat e in t he NAADS pro-

gram across dif ferent  groups of  households by locat ion relat ive t o where t he 

program is implement ed. 2 This is not  surprising.  It  ref lect s dif ferent  behavior 

of  households based on t heir dif ferent  endowment s and resources t o t ake 

advant age of  t he NAADS programs vis-à-vis dif ferent  levels of  exposure or 

nonexposure t o t he program.  Regardless of  t he specif icat ion and t he cont rol  

group used in t he analysis,  however,  we f ind t hat  household size has a st at is-

t ical ly signif icant  negat ive associat ion wit h part icipat ion,  suggest ing t hat  t he 

NAADS program may be seen t o of fer immediat e labor-saving t echnologies,  

such as pest icides,  which reduce t he labor needed for weeding,  for example.  

Ot her fact ors wit h consist ent  sign across dif ferent  specif icat ions and cont rol  

groups include sources of  income (posit ive for l ivest ock and nonfarm act ivi-

t ies and negat ive for ot her agricult ure) and amount  of  land owned (negat ive).  

The ef fect s of  l ivest ock and ot her agricult ural income sources were not  st a-

t ist ical ly signif icant ,  whereas t he ef fect  of  land ownership was st at ist ical ly 

signif icant  in t he comparison wit h NAADSNON-1 households only.  Membership 

in ot her organizat ions has an opposing ef fect ,  negat ive and posit ive wit h 

respect  t o t he est imat ion involving NAADSNON-1 and NAADSNON-3 households,  

respect ively.  Being closer t o inf rast ruct ure and services was associat ed wit h 

great er l ikel ihood of  part icipat ion,  part icularly for access t o credit  among 

households in comparison wit h NAADSNON-3 households.  Locat ion by region was 

also import ant  for part icipat ion,  part icularly locat ion in t he East ern Region 

for households in comparison wit h NAADSNON-1 households and locat ion in t he 

East ern and West ern regions for households in comparison wit h NAADSNON-3 

households.
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2 The goodness of  f i t  of  t he overal l  model,  t hat  is,  t he chi-squared st at ist ic,  wit h respect  t o 
NAADSNON-2 (see Table 5.9) is not  st at ist ical ly signif icant ,  so we focus t he discussion on t he ot her 
t wo.
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Table 5.7—Descript ion of NAADS part icipat ion models  est imated and presented

 Variable 

   Higher NAADS    Remarks or sensit ivity to base
Model Household Outcomes level program Squared Logs  Interact ion model

I Included Included Included Excluded Excluded Included Excluded Base model
II Included Included Included Excluded Included Included Excluded I plus inclusion of  squared t erms
III Included Included Included Excluded Included Included Included II plus inclusion of  int eract ion t erms
IV Included Included Included Included Excluded Included Excluded I plus inclusion of  program lengt h
V Included Included Included Included Included Included Excluded II plus inclusion of  program lengt h
VI Included Included Included Included Included Included Included III plus inclusion of  program lengt h

Source:   Aut hors’  specif icat ion of  t he models t o be est imat ed.

Transformation
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Table 5.8—First-stage probit  select ion equation res ults,  NAADSDIR and NAADSNON-1

 Model

Explanatory variable I II III IV V VI

Gender of  head 0.091  0.022  0.044  –0.002  –0.070  –0.013 
ln age of  head –0.249  7.652  7.734  –0.057  6.599  7.361 
Educat ion (cf .  none)
  Primary –0.069  –0.171  –0.216  –0.080  –0.172  –0.257 
  Post primary –0.209  –0.300  –0.082  –0.200  –0.278  –0.006 
ln household size –0.376  –0.407 * –0.406 * –0.502 ** –0.523 ** –0.520 **
Income st rat egy (cf .  crop)
  Livest ock 0.619  0.587  0.588  0.691  0.669  0.711 
  Nonfarm act ivit ies 0.712  0.692  0.717  0.933 * 0.908 * 0.966 *
  Ot her agricult ure –0.250  –0.300  –0.314  –0.293  –0.350  –0.419 
ln land owned –0.199 * –0.200 * –0.245 * –0.297 ** –0.296 ** –0.406 ***
ln product ive asset s 0.008  0.152  0.162  –0.023  0.264  0.282 
Membership in ot her organizat ions –1.002 *** –1.067 *** –1.075 *** –1.064 *** –1.135 *** –1.171 ***
ln agricult ural revenue –0.100  –0.097  –0.098  –0.060  –0.056  –0.058 
ln dist ance t o
  Credit  –0.042  –0.050  –0.047  –0.075  –0.079  –0.080 
  Al l-weat her road 0.090  0.088  0.087  0.031  0.033  0.020 
  Market s –0.124  –0.109  –0.103  –0.046  –0.032  –0.006 
Region (cf .  Cent ral)
  East ern 0.471  0.455  0.480  0.580 * 0.561  0.608 *
  Nort hern –0.171  –0.210  –0.184  –0.160  –0.213  –0.172 
  West ern 0.143  0.097  0.114  –0.130  –0.191  –0.181 
NAADS_years (cf .  never)
  NAADS_year02–03       –7.915 *** –7.935  –8.119 ***
  NAADS_year01–02       –8.209 *** –8.248  –8.416 ***
Squared t erms
  ln age of  head   –1.060  –1.070    –0.893  –0.990 
  ln land owned   0.002  0.016    0.005  0.036 
  ln product ive asset s   –0.007  –0.008    –0.014  –0.015 
Int eract ion t erms
  Gender of  head × post primary      –0.291      –0.398
    educat ion      
  Gender of  head × ln land owned     0.240      0.559 *
Int ercept  2.774  –12.348  –12.527  10.123 *** –3.379 *** –4.735 
Wald chi-squared 70.730 *** 72.130 *** 73.080 *** 106.180 *** 107.240 *** 110.930 ***
Pseudo R-squared 0.227  0.231  0.234  0.340  0.344  0.355 

Source:   NAADS–IFPRI 2004 and 2007 household surveys.
Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  The dependent  variable is equal 

t o one for part icipant s (NAADSDIR) and zero for t he respect ive nonpart icipant s.  The explanat ory 
variables are 2004 values.  ln:  t ransformat ion by nat ural logarit hm.  *,  **,  and *** indicat e st at ist i-
cal signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in 
t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls mean not  appl icable.
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Table 5.9—First-stage probit  select ion equation res ults,  NAADSDIR and NAADSNON-2

 Model

Explanatory variable I II III IV V VI

Gender of  head 0.348  0.321  0.251  0.337  0.312  0.248 
ln age of  head 0.119  4.048  3.992  0.132  3.822  3.720 
Educat ion (cf .  none)
  Primary 0.192  0.080  0.067  0.117  0.032  0.011 
  Post primary 0.351  0.213  0.526  0.274  0.164  0.536 
ln household size –0.225  –0.192  –0.182  –0.227  –0.204  –0.195 
Income st rat egy (cf .  crop)
  Livest ock 0.282  0.316  0.329  0.221  0.265  0.284 
  Nonfarm 0.492  0.479  0.496  0.505  0.498  0.520 
  Ot her agricult ure –0.240  –0.238  –0.217  –0.256  –0.252  –0.233 
ln land owned –0.156 * –0.122  –0.096  –0.153 * –0.131  –0.113 
ln product ive asset s 0.047  0.210  0.227  0.047  0.222  0.243 
Membership in ot her organizat ions 0.000  –0.028  –0.022  0.000  –0.024  –0.014 
ln agricult ural revenue 0.087  0.084  0.084  0.093  0.088  0.089 
ln dist ance t o
  Credit  –0.124  –0.129  –0.121  –0.168  –0.172  –0.162 
  Al l-weat her road –0.002  0.011  0.012  –0.003  0.009  0.010 
  Market s –0.016  0.019  0.022  0.019  0.047  0.051 
Region (cf .  Cent ral)
  East ern 0.310  0.325  0.338  0.189  0.250  0.254 
  Nort hern 0.412  0.387  0.402  0.395  0.392  0.407 
  West ern 0.308  0.305  0.312  0.143  0.159  0.164 
NAADS_years (cf .  never)            
  NAADS_year02–03       –0.655 ** –0.573 * –0.582 *
  NAADS_year01–02       –0.551 ** –0.540 * –0.533 *
Squared t erms
  Ln age of  head   –0.531  –0.525    –0.499  –0.486 
  ln land owned   –0.087  –0.090    –0.079  –0.078 
  ln product ive asset s            
Int eract ion t erms   –0.008  –0.009    –0.009  –0.010 
  Gender of  head × post primary      –0.365      –0.439
    educat ion      
  Gender of  head × ln land owned     –0.107      –0.061 
Int ercept  –2.665 * –10.476  –10.438  –2.047  –9.527  –9.446 
Wald chi-squared 15.620  19.910  20.350  20.820  24.210  24.610 
Pseudo R-squared 0.048  0.062  0.063  0.065  0.075  0.076 

Source:   NAADS–IFPRI 2004 and 2007 household surveys.
Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  The dependent  variable is 

equal t o one for part icipant s (NAADSDIR) and zero for t he respect ive nonpart icipant s.  The explan-
at ory variables are 2004 values.  ln:  t ransformat ion by nat ural logarit hm. *,  **,  and *** indicat e 
st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank 
cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere blank cel ls mean not  
applicable.
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Table 5.10—First-stage probit  select ion equation re sults,  NAADSDIR and 
NAADSNON-3

 Model

Explanatory variable I II III

Gender of  head 0.072  0.157  0.149 
ln age of  head 0.255  5.786  5.787 
Educat ion (cf .  none)
  Primary 0.238  0.285  0.286 
  Post primary 0.306  0.321  0.287 
ln household size –0.438 * –0.497 * –0.502 *
Income st rat egy (cf .  crop)
  Livest ock 0.310  0.264  0.265 
  Nonfarm act ivit ies 0.892 * 1.126 * 1.109 *
  Ot her agricult ure –0.241  –0.238  –0.236 
ln land owned –0.057  –0.149  –0.129 
ln product ive asset s –0.077  –1.222  –1.206 
Membership in ot her organizat ions 0.361  0.448 * 0.446 *
ln agricult ural revenue –0.015  0.021  0.019 
ln dist ance t o
  Credit  –0.214  –0.218 * –0.218 *
  Al l-weat her road –0.141  –0.156  –0.156 
  Market s –0.035  –0.010  –0.010 
Region (cf .  Cent ral)
  East ern 0.493  0.683 * 0.673 *
  Nort hern n.e.   n.e.   n.e.  
  West ern 1.528 *** 1.620 *** 1.611 ***
Squared t erms
  ln age of  head   –0.757  –0.758 
  ln land owned   –0.061  –0.061 
  ln product ive asset s   0.057  0.057 
Int eract ion t erms      
  Gender of  head × post primary educat ion     0.046 
  Gender of  head × ln land owned     –0.060 
Int ercept  –0.015  –5.087  –5.117 
Wald chi-squared 43.970 *** 46.680 *** 46.740 ***
Pseudo R-squared 0.196  0.208  0.209 

Source:   NAADS–IFPRI 2004 and 2007 household surveys.
Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  The dependent  

variable is equal t o one for part icipant s (NAADSDIR) and zero for t he respect ive non-
part icipant s.  The explanat ory variables are 2004 values.  ln:  t ransformat ion by nat ural 
logarit hm;  n.e. :  not  est imat ed.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 
10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese columns 
indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls mean not  appl icable.  
The coef f icient s associat ed wit h t he variable program lengt h (NAADS_years) and models 
IV,  V,  and VI are not  est imat ed because NAADS_years is not  def ined for NAADSNON-3.
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Figure 5.1—Histogram of est imated propensity scores ,  NAADSDIR (t op bars) and NAADSNON-1 (bot t om bars)

Source:   First -st age probit  select ion equat ion est imat ion result s.
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Figure 5.2—Histogram of est imated propensity scores ,  NAADSDIR (t op bars) and NAADSNON-2 (bot t om bars)

Source:   First -st age probit  select ion equat ion est imat ion result s.
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Figure 5.3—Histogram of est imated propensity score,  NAADSDIR (t op bars) and NAADSNON-3 (bot t om bars)

Source:   First -st age probit  select ion equat ion est imat ion result s.
Not e:   Models IV,  V,  and VI are not  est imat ed because t he variable program lengt h (NAADS_years) is not  def ined for NAADSNON-3.
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Table 5.11—Balancing test on init ial values (2004) of observed characterist ics,  NAADSDIR and NAADSNON-1

  Matched sample /  model

  I II III IV V VI

   Percent Percent Percent Percent Percent Percent Percent 
Explanatory variable Treated Control bias bias bias bias bias b ias bias

Gender of  head 0.205 0.131 19.9 ** 7.2  4.6  –3.0  –10.5  1.8  0.0 
Age of  head 42.833 45.357 –18.4 ** –0.1  9.2  2.3  23.0  12.3  –3.6 
Educat ion
  Primary 0.641 0.548 19.1 ** –20.9  –2.3  –25.0  –25.4  –26.4  –15.6 
  Post primary 0.205 0.349 –32.6 *** 8.5  13.0  21.3  16.2  18.4  23.5 
Household size 4.571 5.415 –36.8 *** 16.3  11.3  0.7  6.7  19.7  10.1 
Membership in ot her  0.385 0.835 –103.9 *** 14.9  0.0  6.4  –1.5  –6.3  –1.6
    organizat ions  
Income st rat egy
  Livest ock 0.064 0.032 15.2 * 15.1  –10.8  5.2  0.0  0.0  9.8 
  Nonfarm act ivit ies 0.077 0.016 29.3 *** 18.0  11.0  10.6  12.5  13.0  –3.3 
  Ot her 0.103 0.167 –18.8 * –3.2  –15.2  –6.5  13.4  2.0  –4.1 
Land owned 1.238 3.309 –16.9  –0.7  –1.8  –0.5  0.7  0.4  0.9 
Product ive asset s 150.000 240.000 –13.5  2.3  3.5  4.0  –0.2  3.9  –2.4 
Agricult ural revenue 193.140 320.370 –30.9 *** –0.5  6.4  11.5  7.5  11.8  5.6 
Dist ance t o
  Credit  18.726 19.882 –8.2  25.5  30.4  9.6  15.6  28.9  18.8 
  Al l -weat her road 2.606 2.382 4.8  15.2  –7.6  17.3  –7.6  –9.2  –9.1 
  Market s 6.918 9.354 –37.9 *** 13.6  –1.8  –0.3  2.0  5.2  4.3 
Region
  East ern 0.244 0.125 30.7 *** 8.4  9.0  –8.7  1.7  8.9  0.0 
  Nort hern 0.205 0.278 –17.1 * –13.8  –2.7  –9.1  –4.6  1.6  –8.1 
  West ern 0.423 0.420 0.7  5.4  –2.3  3.4  –4.0  –8.2  9.8 
NAADS_years (cf .  never)
  NAADS_year02–03 0.359 0.459 –20.4 **       0.0  –16.7  –5.7 
  NAADS_year01–02 0.474 0.541 –13.4        0.0  16.3  5.6 
Of f -support  t reat ed      4.0  8.0  6.0  15.0  17.0  18.0
    observat ions      

Source of  dat a:    NAADS–IFPRI 2004 household survey.
Not es:   See Table 5.2 for a det ailed descript ion of  t he variables.  Means are based on 2004 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 per-

cent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls mean 
not  appl icable.

Mean value

Unmatched sample
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Table 5.12—Balancing test on init ial values (2004) of observed characterist ics,  NAADSDIR and NAADSNON-2

  Matched sample /  model

  I II III IV V VI

   Percent Percent Percent Percent Percent Percent Percent
Explanatory variable Treated Control bias bias bias bias bias b ias bias

Gender of  head 0.205 0.161 11.3  2.6  –6.8  2.7  –3.9  5.2  4.0 
Age of  head 42.833 43.225 –2.8  –4.4  3.4  4.9  14.8  12.3  4.5 
Educat ion
  Primary 0.641 0.663 –4.6  –1.1  10.0  4.4  –5.3  7.4  –2.1 
  Post primary 0.205 0.175 7.6  2.6  –16.2  –10.6  3.9  –5.1  –3.9 
Household size 4.571 4.924 –15.1 * –1.4  –11.7  –0.3  5.8  4.2  2.7 
Membership in ot her  0.385 0.440 –11.3  13.3  –4.3  3.2  1.0  2.1  –4.2
    organizat ions  
Income st rat egy
  Livest ock 0.064 0.056 3.3  2.1  –4.4  –4.4  –12.7  –6.4  8.6 
  Nonfarm act ivit ies 0.077 0.049 11.4  0.0  6.5  –6.4  8.3  4.2  –12.7 
  Ot her 0.103 0.140 –11.6  –3.1  –6.5  –3.2  6.2  4.6  –3.1 
Land owned 1.238 2.614 –21.7 * 0.0  –1.1  –1.5  –14.7  –2.0  –2.0 
Product ive asset s 150.000 290.000 –16.6  2.7  2.4  2.3  –8.5  1.5  4.2 
Agricult ural revenue 193.140 222.860 –7.3  6.0  –2.0  –0.6  –7.3  –4.3  2.6 
Dist ance t o
  Credit  18.726 16.784 14.6  26.8  21.2  27.9  13.5  18.2  20.1 
  Al l -weat her road 2.606 2.552 1.2  19.0  15.5  9.3  5.7  9.8  18.8 
  Market s 6.918 7.667 –15.8  –3.0  –12.8  –3.4  –4.0  –14.9  5.9 
Region
  East ern 0.244 0.283 –9.0  –19.5  19.2  –5.9  –2.3  –1.1  –8.1 
  Nort hern 0.205 0.130 20.3 ** 1.4  –5.7  7.0  –4.1  2.7  –4.1 
  West ern 0.423 0.399 4.8  13.3  –10.7  4.2  3.1  –2.0  18.7 
NAADS_years (cf .  never)
  NAADS_year02–03 0.359 0.365 –1.3        0.0  –2.1  –2.1 
  NAADS_year01–02 0.474 0.549 –15.0 *       1.0  1.0  0.0 
Of f -support  t reat ed      0.0  3.0  2.0  0.0  0.0  1.0
    observat ions      

Source:   NAADS–IFPRI 2004 household survey.
Not es:   See Table 5.2 for a det ailed descript ion of  t he variables.  Means are based on 2004 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 per-

cent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls mean 
not  appl icable.

Mean value

Unmatched sample
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Table 5.13—Balancing test on init ial values (2004) of observed characterist ics,  NAADSDIR and NAADSNON-3

 Unmatched sample Matched sample /  model

 Mean value I II III

Explanatory    Percent Percent Percent Percent
variable Treated Control bias bias bias bias

Gender of  head 0.205 0.241 –8.6 12.5 8.6 2.5
Age of  head 42.833 42.795 0.3 –11.7 –19.9 –22.8
Educat ion
  Primary 0.641 0.607 7.0 –7.5 –2.1 5.5
  Post primary 0.205 0.223 –4.4 12.7 6.2 6.4
Household size 4.571 5.205 –24.7** 10.7 3.2 5.5
Membership in ot her organizat ions 0.385 0.444 –12.1 14.8 0.0 6.4
Income st rat egy
  Livest ock 0.064 0.045 8.6 11.5 11.3 9.3
  Nonfarm act ivit ies 0.077 0.036 17.9* 27.1* 17.8 18.4
  Ot her 0.103 0.161 –17.2 4.6 7.6 4.7
Land owned 1.238 1.824 –13.0 –1.5 –2.4 –4.0
Product ive asset s 150.000 120.000 7.9 1.1 –2.5 –3.3
Agricult ural revenue 193.140 203.380 –3.5 17.9 9.6 8.1
Dist ance t o
  Credit  18.726 28.337 –45.2*** 9.1 5.1 7.3
  Al l-weat her road 2.606 2.755 –3.5 23.8 27.0* 29.2*
  Market s 6.918 9.238 –28.2** 9.8 10.2 7.8
Region
  East ern 0.244 0.641 –87.1*** –43.4** –50.6*** –46.4**
  Nort hern n.e.  n.e.  n.e.  n.e.  n.e.  n.e.
  West ern 0.423 0.094 80.9*** 6.4 17.6 20.8
Of f -support  t reat ed observat ions     1.0 1.0 3.0

Source:   NAADS–IFPRI 2004 household survey.
Not es:   See Table 5.2 for a det ailed descript ion of  t he variables.  Means are based on 2004 values.  *,  **,  and *** indicat e st at ist ical sig-

nif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist i-
cal signif icance.  The coef f icient s associat ed wit h t he variable program lengt h (NAADS_years) and models IV,  V,  and VI are not  
est imat ed because t NAADS_years is not  def ined for NAADSNON-3.



 Gender,  age,  and educat ion did not  have a st at ist ical ly signif icant  ef fect  

on part icipat ion.  Alt hough t hey al l  had a posit ive ef fect  among households 

in comparison wit h NAADSNON-3 households,  t hey had a mixed ef fect  (most ly 

posit ive in t he case of  age and negat ive in t he case of  educat ion) for house-

holds in comparison wit h NAADSNON-1 households.

 Alt hough t he higher-order (i.e. ,  squared and int eract ion) t erms general ly 

had no st at ist ical ly signif icant  ef fect  on t he l ikel ihood of  part icipat ion by 

t hemselves,  t heir inclusion in t he est imat ion st rengt hened t he ef fect  (i.e. ,  

increased t he magnit ude) and st at ist ical signif icance of  t he ot her fact ors 

included in t he model.

 Int erest ingly,  t he probit  resul t s show t hat  t he longer t he NAADS pro-

gram has been in t he subcount y,  t he less l ikely farmers are t o part icipat e 

direct ly in t he program,  suggest ing t hat  farmers may be giving up direct  

part icipat ion wit h t ime.  This is not  surprising and is l ikely due t o several 

fact ors.  General ly,  i t  ref lect s decl ining net  gain f rom direct  part icipat ion.  

It  is possible t hat  farmers may not  have received grant s t hey expect ed t o 

receive or t hat  t he cost  of  part icipat ion,  including membership fees,  has 

exceeded t he benef i t s f rom any grant s and ot her benef i t s received.  The 

f indings f rom analysis of  t he farmer group surveys also ref lect  t he possibi l -

i t y t hat  farmers dropped out  when t heir preferred ent erprise(s) was not  

select ed among t he t hree promot ed in t he subcount y or when t he focus 

of  t he program graduat ed f rom t heir preferred ent erprise(s) t o ot hers.  

Indirect  part icipat ion (associat ed wit h NAADSNON-1) or exposure t o informa-

t ion (associat ed wit h NAADSNON-2) may meet  t heir needs.  These resul t s are 

consist ent  wit h t hose of  Benin et  al .  (2011),  al t hough i t  may not  seem so 

at  f i rst  glance,  because t hose researchers found part icipat ion posit ively

associated with the length of program implementat ion. However, Benin et  al .  

(2011) def ine part icipat ion as including bot h direct  and indirect  part icipa-

t ion (i .e. ,  NAADSDIR + NAADSNON-1) and nonpart icipat ion irrespect ive of  expo-

sure (NAADSNON-2 + NAADSNON-3).  Therefore,  some of  t he f indings on t he 

det erminant s of  part icipat ion in t he NAADS program in Benin et  al .  (2011) 

are also di f f erent .  Because we have seen t hat  di f f erent  covar iat es have 

di f f erent  t ypes of  inf luence (sign,  magni t ude,  and st at ist ical  signi f icance) 

on t he decision t o part icipat e or  not  t o part icipat e in t he NAADS program 

across di f f erent  groups of  households by locat ion relat ive t o where t he 

program is implement ed,  our f indings suggest  t hat  pool ing observat ions 

f or  t he di f f erent  unique groups as was done in Benin et  al .  (2011) could 

lead t o di f f erent  pol icy impl icat ions and,  as we shal l  see lat er ,  l imi t  any 

pot ent ial  gain f rom mat ching each di rect  part icipant  wi t h mul t iple non-

part icipant s t hat  are simi lar  in several  at t r ibut es but  di f f erent  in many 

ot hers.
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 At  f irst  glance,  t he hist ograms of  t he est imat ed propensit y scores result -

ing f rom t he probit s and present ed in Figures 5.1–5.3 do not  seem very dif -

ferent ,  suggest ing t hat  dif ferent  specif icat ions of  t he probit  model are not  

l ikely t o yield dif ferent  out comes of  common support .  The general pat t ern 

of  t he hist ograms,  however,  is a skewness of  t he propensit y scores t oward 

one for t he t reat ed observat ions (NAADSDIR) and skewness t oward zero for 

t he comparison observat ions (NAADSNON-1, NAADSNON-2,  and NAADSNON-3),  wit h 

t he sit uat ion most  perverse when t he variable measuring t he lengt h of  t he 

program (NAADS_years) is included in t he case wit h NAADSNON-1 (see Figure 

5.1).  The balancing t est  result s present ed in Tables 5.11–5.13 also show t hat  

including t he lengt h of  t he program (i.e. ,  Models IV–VI) wil l  l ikely undermine 

t he result s because several t reat ed observat ions wil l  have t o be dropped t o 

achieve adequat e common support .

 Combining t he result s j ust  present ed,  t hat  is,  probit s,  hist ograms,  and 

balancing t est s,  suggest s t hat  Model III (i .e. ,  inclusion of  squared and int erac-

t ion t erms and excluding t he lengt h of  t he program) is t he preferred model 

because t here is more common support ,  t hat  is,  more cont rol  observat ions 

in t he upper bins of  t he propensit y scores.  Nevert heless,  we st i l l  est imat e 

t he ATTs wit h t he ot her model specif icat ions,  part icularly Models I and II,  t o 

assess t he sensit ivit y of  t he result s.

Impact of NAADS: Second-Stage Model Specification, 
Estimation, and Results
To assess t he impact  of  t he NAADS program on t he dif ferent  out come vari-

ables present ed earl ier,  we used dif ferent  est imat ors in t he second st age 

depending on how each out come variable was measured.  For dichot omous 

discret e variables such as adopt ion of  t echnologies and pract ices,  we used 

t he random-ef fect s probit s est imat or rat her t han t he f ixed-ef fect s est imat or 

because t he condit ional f ixed-ef fect s est imat or is dif f icult  t o obt ain,  whereas 

t he uncondit ional f ixed-ef fect s est imat or is biased.  For mult iple-choice 

discret e variables such as percept ion of  change in welfare (measured by 

increase,  no change,  or decrease in food and nut rit ion securit y and wealt h),  

we used mult inomial probit  regression.  For cont inuous-out come variables,  

including number of  ext ension visit s received and agricult ural (crop,  l ive-

st ock,  and t ot al) market ed out put  and revenue,  we used weight ed least  

squares.  For t he cont inuous-out come variables,  t he impact  of  t he program 

was also assessed using t he PSM. We also considered dif ferent  specif icat ions 

of  t he second-st age est imat or t o assess t he sensit ivit y of  t he result s.  For each 

of  Models I,  II,  and III,  described in Table 5.7,  t he dif ferent  specif icat ions 

comprised (1) est imat ion wit hout  and wit h t he covariat es,  xj ;  (2) no correc-

t ion versus correct ion for st rat if icat ion,  clust ering,  and weight ing of  sample;  
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and (3) inclusion and exclusion of  pot ent ial  endogenous variables such as 

change in adopt ion of  t echnologies,  asset s,  and agricult ural revenue. 3 These 

are explained furt her in Table 5.14.  In present ing t he det ailed result s,  how-

ever,  we are select ive,  especial ly for result s t hat  do not  have much variat ion 

across t he dif ferent  est imat ors and specif icat ions.

 Before moving on t o t he est imat ed impact s,  Table 5.15 shows a dist ribu-

t ion of  t he mat ched subsamples associat ed wit h t he dif ferent  mat ches used,  

t hat  is,  1,  3,  5,  and 10 nearest  neighbors.

Access to Advisory Services

Here we analyze change bet ween 2004 and 2007 in t he number of  ext ension 

visit s received by farmers.  The descript ive st at ist ics in Figure 5.4 shows t hat  

al t hough t he average number of  ext ension visit s received by direct  part ici-

pant s in t he program (NAADSDIR) increased by about  54 percent ,  f rom 2.5 t o 

3.8 in 2004 and 2007,  respect ively,  t he number received by indirect  par-

t icipant s and nonpart icipant s in t he program fel l .  The relat ive reduct ion was 

most  severe for NAADSNON-2 and NAADSNON-3.  Indirect  part icipant s (NAADSNON-1) 

maint ained t he highest  number of  visit s in bot h years,  wit h 10 and 9 visit s,  

respect ively.  Alt hough ext ension is moving away f rom individual farm visit s 

t oward t he farmer group approach,  t hese dynamics ref lect  a shif t  in al loca-

t ion of  resources t oward t he NAADS program.

Impact  of the NAADS Program on Change in Access 
to Advisory Services

The second-st age result s summarized in Table 5.16 show t hat  farmers par-

t icipat ing direct ly in t he NAADS program (NAADSDIR) were associat ed wit h 

great er increase in access t o advisory services when compared t o t heir non-

part icipat ing count erpart s,  based in eit her t he same areas where t he program 

was implement ed (NAADSNON-2) or elsewhere (NAADSNON-3).  When t hey are 

compared t o indirect  part icipant s (NAADSNON-1),  however,  t he opposit e holds,  

because indirect  part icipant s (NAADSNON-1) received many more ext ension 

visit s in 2004 and 2007,  wit h only a sl ight  drop (see Figure 5.4).  The larger 

est imat es associat ed wit h t he model specif icat ion wit hout  t he covariat es sug-

gest  t hat  changes in ot her fact ors have been import ant ,  including changes in 

access t o road inf rast ruct ure (see Table A.1 for select ed det ailed regression 

result s).  In general,  t he est imat es associat ed wit h t he subsample based on 

mat ching wit h a single nearest  neighbor are inconsist ent  when compared t o 

t hose based on mat ching wit h 3 or 5 nearest  neighbors.  They are of t en very 

3 The same approach is used in t he est imat ion of  market ed shares and agricult ural income,  t o 
be discussed lat er.
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Table 5.14—Descript ion of est imators and model spec ificat ions used in the 
second-stage est imation

    Inclusion
    and
    exclusion of
  Number Correct ion potential 
 Model of nearest for sampling endogenous 
Estimator /  model specificat ion abbreviat ion neighb ors frame? variables?

Propensit y score mat ching (PSM)
  1 neighbor PSM 1 1 No n.a.
  3 neighbors PSM 2 3 No n.a.
  5 neighbors PSM 3 5 No n.a.
Two-st age weight ed regression (2SWR) 
    (wit hout  covariat es)
  1 neighbor,  no correct ion 2SWR 1,  no 1 No n.a.
  1 neighbor,  correct ion 2SWR 1,  yes 1 Yes n.a.
  3 neighbors,  no correct ion 2SWR 3,  no 3 No n.a.
  3 neighbors,  correct ion 2SWR 3,  yes 3 Yes n.a.
  5 neighbors,  no correct ion 2SWR 5,  no 5 No n.a.
  5 neighbors,  correct ion 2SWR 5,  yes 5 Nes n.a.
2SWR (wit h covariat es)
  1 neighbor,  no correct ion,  include  2SWR 1,  no,  in 1 No Include
    endogenous 
  1 neighbor,  correct ion,  include  2SWR 1,  yes,  in 1 Yes Include
    endogenous 
  3 neighbors,  no correct ion,  include  2SWR 3,  no,  in 3 No Include
    endogenous 
  3 neighbors,  correct ion,  include  2SWR 3,  yes,  in 3 Yes Include
    endogenous 
  5 neighbors,  no correct ion,  include  2SWR 5,  no,  in 5 No Include
    endogenous 
  5 neighbors,  correct ion,  include  2SWR 5,  yes,  in 5 Yes Include
    endogenous 
  1 neighbor,  no correct ion,  exclude  2SWR 1,  no,  ex 1 No Exclude
    endogenous 
  1 neighbor,  correct ion,  exclude  2SWR 1,  yes,  ex 1 Yes Exclude
    endogenous 
  3 neighbors,  no correct ion,  exclude  2SWR 3,  no,  ex 3 No Exclude
    endogenous 
  3 neighbors,  correct ion,  exclude  2SWR 3,  yes,  ex 3 Yes Exclude
    endogenous 
  5 neighbors,  no correct ion,  exclude  2SWR 5,  no,  ex 5 No Exclude
    endogenous 
  5 neighbors,  correct ion,  exclude  2SWR 5,  yes,  ex 5 Yes Exclude
    endogenous 

Source:   Aut hors’  def init ions and assumpt ions.
Not e:   n.a. :  not  appl icable.
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Table 5.15—Number of observations associated 
with the matched and unmatched subsamples 
used in the est imation of the average 
treatment effects on the treated ( ATTs)

Matching option NAADSNON-1 NAADSNON-2 NAADSNON-3

Mat ched
  1 neighbor 40 53 32
  3 neighbors 93 125 55
  5 neighbors 119 164 69
Unmat ched 256 284 113

Source:   NAADS–IFPRI 2004 and 2007 household surveys (panel 
dat a).

Not e:   The t reat ment  group is NAADSDIR,  wit h 65 and 66 
mat ched and unmat ched observat ions,  respect ively.

Table 5.16—Impact of the NAADS program on change in  the number of 
extension visits received between 2004 and 2007 (pe rcentage difference 
between treatment [ NAADSDIR]  and different control groups)

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3

Propensit y score mat ching (PSM)
  Model I
    1 neighbor –35.18  123.17 ** 123.89 
    3 neighbors –10.38  126.61 *** 103.62 *
    5 neighbors –9.83  133.78 *** 136.66 **
  Model II
    1 neighbor 28.33  114.61 ** 85.93 
    3 neighbors –3.61  133.58 *** 93.53 
    5 neighbors –14.72  127.71 *** 103.78 **
  Model III
    1 neighbor –57.43  73.25  93.49 *
    3 neighbors –36.00  104.98 ** 91.35 *
    5 neighbors –18.85  112.04 *** 104.39 *
Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor,  no correct ion 19.30 *** 89.12 *** 116.91 ***
    1 neighbor,  correct ion 17.49 *** 82.47 *** 119.65 ***
    3 neighbors,  no correct ion –88.17 * 87.13 *** 82.79 ***
    3 neighbors,  correct ion –146.60 ** 85.26 *** 90.11 ***
    5 neighbors,  no correct ion –78.95 ** 91.71 *** 90.15 ***
    5 neighbors,  correct ion –127.94 ** 87.09 *** 95.95 ***
  Model II
    1 neighbor,  no correct ion –394.59 *** 73.95 *** 40.28 
    1 neighbor,  correct ion –399.90 *** 71.23 *** 42.43 
    3 neighbors,  no correct ion –134.25 ** 103.28 *** 61.42 ***
    3 neighbors,  correct ion –188.83 *** 99.26 *** 63.66 **

(cont inued)
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Table 5.16—Continued

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3

    5 neighbors,  no correct ion –124.14 ** 85.48 *** 69.57 ***
    5 neighbors,  correct ion –176.04 *** 83.19 *** 72.67 ***
  Model III
    1 neighbor,  no correct ion 17.09 *** 90.37 *** 42.91 
    1 neighbor,  correct ion 13.27 *** 80.91 ** 43.04 
    3 neighbors,  no correct ion –150.05 ** 89.36 *** 57.14 **
    3 neighbors,  correct ion –207.41 *** 84.84 *** 59.57 **
    5 neighbors,  no correct ion –129.00 ** 84.97 *** 71.14 ***
    5 neighbors,  correct ion –179.73 *** 81.76 *** 73.64 ***
2SWR (wit h covariat es)
  Model I
    1 neighbor,  no correct ion –64.23 *** 80.34 *** 84.49 ***
    1 neighbor,  correct ion –54.27 *** 69.79 *** 79.08 ***
    3 neighbors,  no correct ion –219.84 *** 82.26 *** 71.17 ***
    3 neighbors,  correct ion –218.76 *** 79.85 *** 66.82 ***
    5 neighbors,  no correct ion –189.30 *** 87.73 *** 78.01 ***
    5 neighbors,  correct ion –189.04 *** 84.35 *** 73.46 ***
  Model II
    1 neighbor,  no correct ion –238.64 *** 64.58 *** 13.97 
    1 neighbor,  correct ion –231.36 *** 62.92 *** 13.71 
    3 neighbors,  no correct ion –189.46 *** 93.03 *** 32.39 
    3 neighbors,  correct ion –196.71 *** 85.61 *** 25.05 
    5 neighbors,  no correct ion –183.94 *** 79.04 *** 43.65 **
    5 neighbors,  correct ion –193.55 *** 75.30 *** 37.41 *
  Model III
    1 neighbor,  no correct ion –55.07 ** 84.90 ** 12.82 
    1 neighbor,  correct ion –65.06 *** 75.72 ** 6.98 
    3 neighbors,  no correct ion –187.21 *** 81.32 *** 32.69 
    3 neighbors,  correct ion –189.17 *** 78.11 *** 26.15 
    5 neighbors,  no correct ion –152.58 *** 78.24 *** 47.55 **
    5 neighbors,  correct ion –157.40 *** 74.54 *** 41.58 **

Source:   Mat ched sample of  t reat ment  on nont reat ment  observat ions f rom NAADS–IFPRI 2004 and 
2007 household surveys (panel).

Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed.  Models I,  II,  and III indicat e t hat  t he 
underlying mat ched subsamples are based on t he select ion probit s using t he base model 
(Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  
and t he base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  No 
correct ion versus correct ion for st rat if icat ion,  clust ering,  and weight ing of  t he sample 
(see Table 5.14).  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 
percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack 
of  st at ist ical signif icance.  Det ailed 2SWR result s for select ed model specif icat ions are 
present ed in Appendix A (Table A.1).
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Figure 5.4—Number of extension visits received in 2 004 and 2007,  by 
treatment and control group

Source:   Mat ched sample of  t reat ment  on nont reat ment  observat ions f rom NAADS–IFPRI 2004 
and 2007 household surveys (panel dat a).

large or very small  and somet imes dif ferent  in sign and st at ist ical signif icance.  

This phenomenon is observed wit h t he result s t o be present ed as wel l  as t he 

result s based on mat ching wit h 10 nearest  neighbors,  which is consist ent  wit h 

t he l i t erat ure saying t hat  a great er number of  mat ches general ly increases 

precision but  at  t he cost  of  increasing bias (Dehej ia and Wahba 2002).

Other Factors Affect ing Change in Access to Advisory Services

Det ailed select ed regression result s are present ed in Table A.1.  Looking across 

t he regressions based on t he dif ferent  mat ched subsamples (i.e. ,  mat ching 

NAADSDIR households separat ely wit h NAADSNON-1,  NAADSNON-2,  and NAADSNON-3 

households) and model specif icat ions (i.e. ,  Models I,  II,  and III),  changes in 

gender,  age,  size,  income source,  and dist ance t o inf rast ruct ure and ot her 

services had st at ist ical ly signif icant  associat ions wit h change in t he number of  

ext ension visit s received by a household.  Change in gender of  household head 

and increase in size of  household were associat ed wit h an increased number 

of  ext ension visit s,  whereas aging households and change in income sources 

were associat ed wit h decreased numbers.  The lat t er is l ikely due t o reduct ion 

in demand for services t o t he ext ent  t hat  changes in age and income ref lect  a 

shif t  away f rom agricult ure.  The negat ive and signif icant  ef fect  of  t he init ial  

number of  visit s on t he change in visit s suggest s t hat  number of  visit at ions 

decl ined across t he board bet ween 2004 and 2007.
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Adoption of New Enterprises

To assess t he l ink bet ween t he NAADS program and adopt ion of  new ent er-

prises,  in t he surveys farmers were asked t o provide informat ion on any new 

crop,  l ivest ock,  f ishery,  or beekeeping ent erprise t hat  t hey had adopt ed 

bet ween 2000 and 2004 and bet ween 2004 and 2007 in t he 2004 and 2007 

surveys,  respect ively.  Looking at  t he adopt ion of  new crop and l ivest ock 

ent erprises,  Figure 5.5 shows a sl ight  decl ine or no change in t he propor-

t ion of  households adopt ing new ent erprises over t ime across t he dif ferent  

groups.  In general,  t he decl ine is expect ed t o t he ext ent  t hat  farmers may 

have set t led on t hose ent erprises t hat  met  t heir needs af t er having t ried 

several al t ernat ives.  This is part icularly expect ed of  t he direct  part icipant s in 

t he NAADS program (NAADSDIR),  al t hough we did not  observe t he percent age 

adopt ing new ent erprises at  t he st art  of  t heir j oining t he program t o verify 

t he low percent ages shown in Figure 5.5.  Given t hat  l ivest ock product ion 

involves a longer-t erm commit ment  t han most  of  t he crop product ion act ivi-

t ies undert aken by farmers,  t he lower percent ages of  households adopt ing 

new l ivest ock ent erprises across t he dif ferent  groups are expect ed.

Figure 5.5—Percentage of households adopting new cr op and livestock 
enterprises in 2004 and 2007,  by treatment and cont rol group

Source:   Mat ched sample of  t reat ment  on nont reat ment  observat ions f rom NAADS–IFPRI 2004 
and 2007 household surveys (panel dat a).



Impact  of the NAADS Program on Change in Adopt ion 
of New Enterprises

The second-st age panel probit  result s summarized in Table 5.17 are consis-

t ent  wit h t he previous descript ive result s in t he sense t hat  part icipat ion in 

t he NAADS program is general ly not  st at ist ical ly and signif icant ly associat ed 

wit h great er adopt ion of  new crop or l ivest ock ent erprises in 2004 or 2007.
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Table 5.17—Panel random-effects probit  regression r esults of the associat ion 
between direct part icipat ion in the NAADS program a nd adoption of new crop 
and livestock enterprises in 2004 and 2007,  by diff erent control groups

 New crop enterprises New livestock enterprises

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3

Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor 0.038  –0.092  0.157  0.137  –0.015  0.107 
    3 neighbors –0.189  –0.174  0.179  –0.117  –0.181  –0.080 
    5 neighbors –0.358 ** –0.110  0.109  –0.158  –0.162  –0.079 
  Model II
    1 neighbor –0.071  –0.286 * 0.098  –0.280  –0.310  –0.196 
    3 neighbors –0.200  –0.157  0.092  –0.065  –0.212  –0.110 
    5 neighbors –0.230  –0.094  0.024  –0.018  –0.215  –0.095 
  Model III
    1 neighbor 0.107  0.040  –0.084  –0.046  –0.112  –0.172 
    3 neighbors –0.176  –0.119  0.042  –0.148  –0.086  –0.015 
    5 neighbors –0.286 * –0.073  0.124  –0.169  –0.187  –0.017 
2SWR (wit h covariat es)
  Model I
    1 neighbor 0.112  –0.158  0.148  0.125  0.005  0.442 
    3 neighbors –0.142  –0.235 * 0.281  –0.148  –0.225  –0.045 
    5 neighbors –0.248 * –0.152  0.202  –0.214  –0.197  0.010 
  Model II
    1 neighbor 0.118  –0.388 ** 0.026  –0.422 * –0.397 * –0.110 
    3 neighbors –0.080  –0.200  0.073  –0.042  –0.268  0.006 
    5 neighbors –0.124  –0.152  0.098  –0.006  –0.267 * 0.008 
  Model III
    1 neighbor 0.418 * 0.007  –0.132  –0.034  –0.205  –0.045 
    3 neighbors –0.089  –0.189  0.088  –0.139  –0.141  0.102 
    5 neighbors –0.187  –0.148  0.136  –0.159  –0.258  0.104 

Source:   Mat ched sample of  t reat ment  on nont reat ment  observat ions f rom NAADS–IFPRI 2004 and 2007 
household surveys (panel).

Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed.  Models I,  II,  and III indicat e t hat  t he under-
lying mat ched subsamples are based on t he select ion probit s using t he base model (Model I),  t he 
base model plus squared values of  some cont inuous covariat es (Model II),  and t he base model 
plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  *,  **,  and *** indicat e st at ist ical 
signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese 
columns indicat e lack of  st at ist ical signif icance.  Det ailed 2SWR result s for select ed model specif i-
cat ions are present ed in Appendix A (Table A.2).
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Other Factors Affect ing Change in Adopt ion of New Enterprises

Det ailed select ed regression result s are present ed in Table A.2.  Looking 

across t he regressions based on t he dif ferent  mat ched subsamples and model 

specif icat ions,  age of  household head and regional locat ion were t he only 

variables wit h t he same sign and a st at ist ical ly signif icant  ef fect  on t he 

adopt ion of  bot h new crop and l ivest ock ent erprises.  Adopt ion was nega-

t ively associat ed wit h age,  suggest ing t hat  younger people are more l ikely 

t o adopt  new ent erprises.  This makes sense,  because older people are l ikely 

t o be more ef f icient  in t heir pract ices,  requiring much great er ret urns t o 

change t heir pract ices compared t o younger and inexperienced farmers,  who 

are j ust  st art ing out  and have lower marginal product ivit ies.  Regarding t he 

ot her fact ors,  female-headed households were associat ed wit h great er adop-

t ion of  new l ivest ock ent erprises,  part icularly when NAADSDIR households are 

compared wit h NAADSNON-3 households,  t hat  is,  t hose locat ed in areas where 

t he program had never been implement ed at  t he t ime of  t he surveys.  More 

educat ion,  t hat  is,  having more post primary-educat ed members,  was signif i-

cant ly associat ed wit h great er adopt ion of  bot h new crop and new l ivest ock 

ent erprises.  Membership in ot her organizat ions was posit ively associat ed wit h 

adopt ion of  new crop ent erprises when NAADSDIR households are compared 

wit h NAADSNON-1 and NAADSNON-2 households.  Household income st rat egy was 

signif icant  in adopt ion of  crop ent erprises,  but  only when NAADSDIR house-

holds are compared wit h NAADSNON-3 households,  whereas households locat ed 

in ot her regions compared t o t hose locat ed in t he Cent ral Region were signif i-

cant ly associat ed wit h a lower l ikel ihood of  adopt ing new crop ent erprises.

Adoption of Improved Production Technologies and Pr actices

This sect ion assesses t he l ink bet ween t he NAADS program and adopt ion 

of  improved agricult ural product ion t echnologies and pract ices.  Here we 

consider use of  improved crop variet ies,  recommended plant ing and spacing 

pract ices,  pest icides,  inorganic fert i l izers,  and improved l ivest ock breeds.  

The descript ive st at ist ics based on t he mat ched sample of  t reat ment  and 

nont reat ment  households f rom t he 2004 and 2007 panel dat a are present ed 

in Figure 5.6,  whereas t he second-st age result s f rom est imat ing a panel-dat a 

random-ef fect s probit  model,  for t he same reasons ment ioned earl ier,  are 

present ed in Table 5.18.

 Looking across t he dif ferent  t echnologies and pract ices,  t he result s in 

Figure 5.6 show t hat  improved crop variet ies and recommended plant ing 

and spacing pract ices were t he most  commonly adopt ed in any year,  fol-

lowed by use of  pest icides and t hen improved l ivest ock breeds and inorganic 

fert i l izers.  Adopt ion of  improved crop variet ies,  recommended plant ing and 

spacing pract ices,  and improved l ivest ock breeds was much more common 
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Figure 5.6—Percentage of households adopting improv ed production technologies and pract ices in 2004 an d 2007,  
by treatment and control group

Source:   Mat ched sample of  t reat ment  on nont reat ment  observat ions f rom NAADS–IFPRI 2004 and 2007 household surveys (panel dat a).  
Not e:  TLU:  Tropical l ivest ock unit .
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Table 5.18—Panel random-effects probit  regression r esults of the associat ion between direct part icipat ion in the 
NAADS program and adoption of selected improved cro p and livestock production technologies and pract ic es in 2004 
and 2007,  by different control groups

  Recommended planting 
 Improved crop technologies and spacing Pesticides

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3

Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor –0.068  0.245  0.054  –0.446 ** 0.087  0.184  –0.233  0.387 ** –0.267 
    3 neighbors –0.102  0.137  0.025  –0.408 *** 0.106  0.090  –0.287 * 0.188  –0.177 
    5 neighbors –0.196  0.150  –0.054  –0.418 *** 0.093  0.124  –0.283 * 0.154  –0.197 
  Model II
    1 neighbor –0.260  0.224  0.058  –0.455 ** 0.096  0.348 * –0.026  0.222  0.222 
    3 neighbors –0.302 * 0.152  0.026  –0.466 *** 0.106  0.311 * –0.214  0.154  –0.099 
    5 neighbors –0.411 ** 0.173  –0.054  –0.486 *** 0.094  0.276 * –0.274 * 0.090  –0.042 
  Model III
    1 neighbor –0.135  0.414 ** 0.219  –0.510 ** –0.125  0.250  –0.154  –0.023  0.159 
    3 neighbors –0.315 ** 0.237 * 0.026  –0.456 *** –0.067  0.226  –0.256  –0.010  –0.055 
    5 neighbors –0.350 ** 0.195  –0.037  –0.554 *** 0.021  0.265 * –0.261 * 0.091  –0.102 
2SWR (wit h covariat es)
  Model I
    1 neighbor 0.112  0.111  0.192  –0.461 ** 0.044  0.199  –0.148  0.310  –0.333 
    3 neighbors 0.102  0.149  0.245  –0.333 ** 0.041  0.222  –0.188  0.141  –0.152 
    5 neighbors –0.061  0.157  0.222  –0.371 ** 0.014  0.329 * –0.201  0.044  –0.177 
  Model II
    1 neighbor –0.220  0.217  0.211  –0.640 *** –0.021  0.403 * –0.034  0.100  0.233 
    3 neighbors –0.245  0.121  0.232  –0.483 *** 0.006  0.389 ** –0.132  0.097  –0.066 
    5 neighbors –0.301 ** 0.160  0.200  –0.438 *** –0.024  0.384 ** –0.204  0.032  –0.028 
  Model III
    1 neighbor –0.077  0.333 * 0.434 ** –0.345 * –0.194  0.256  –0.215  –0.173  0.180 
    3 neighbors –0.194  0.238  0.309 * –0.415 ** –0.125  0.351 * –0.244  –0.110  –0.009 
    5 neighbors –0.226  0.195  0.226  –0.532 *** –0.028  0.383 ** –0.220  0.008  –0.056 

(cont inued)
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Table 5.18—Continued

 Inorganic fert ilizers Improved livestock breeds

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3

2SWR (wit hout  covariat es)
  Model I
    1 neighbor 0.001 –0.029  0.291  –0.098  0.133  0.241 
    3 neighbors 0.142 0.142  0.104  –0.152  –0.018  0.154 
    5 neighbors 0.006 0.112  0.079  –0.193  –0.002  0.231 
  Model II
    1 neighbor 0.223 0.290  0.073  –0.063  0.186  0.048 
    3 neighbors 0.090 0.071  0.153  –0.111  0.151  0.295 
    5 neighbors 0.005 0.076  0.125  –0.135  0.093  0.350 
  Model III
    1 neighbor 0.016 –0.063  0.291  –0.197  0.231  0.138 
    3 neighbors –0.176 –0.028  0.153  –0.137  0.175  0.248 
    5 neighbors –0.129 0.052  0.149  –0.143  0.134  0.256 
2SWR (wit h covariat es)
  Model I
    1 neighbor –0.113 0.114  0.034  –0.066  0.152  0.010 
    3 neighbors 0.015 0.269  0.000  –0.079  0.036  0.080 
    5 neighbors –0.105 0.219  0.000  –0.094  0.096  0.102 
  Model II
    1 neighbor 0.076 0.293  –0.009  –0.119  0.050  0.115 
    3 neighbors –0.035 0.281  0.113  –0.080  0.081  0.134 
    5 neighbors –0.106 0.209  0.183  0.001  0.065  0.162 
  Model III
    1 neighbor –0.052 –0.162  0.285  –0.150  0.199  0.162 
    3 neighbors –0.222 0.062  0.245  –0.125  0.185  0.185 
    5 neighbors –0.247 0.133  0.000  –0.083  0.172  0.154 

Source:   Mat ched sample of  t reat ment  on nont reat ment  observat ions f rom NAADS–IFPRI 2004 and 2007 household surveys (panel).
Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based on t he select ion 

probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he base model plus 
int eract ion t erms (Model III),  respect ively (see Table 5.7).  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 per-
cent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  Det ailed 2SWR result s for select ed model specif ica-
t ions are present ed in Appendix A (Table A.3).



for households part icipat ing direct ly (NAADSDIR) and indirect ly (NAADSNON-1) in 

t he NAADS program,  whereas use of  pest icides and inorganic fert i l izer t ended 

t o be more equal ly adopt ed across t he dif ferent  groups.  In t erms of  change 

bet ween 2004 and 2007,  t he largest  percent age changes occurred wit h adop-

t ion of  improved l ivest ock breeds,  al t hough t he change was f rom relat ively 

low incidence rat es of  adopt ion in 2004,  wit h t he percent age change increas-

ing for direct  part icipant s (NAADSDIR) and nonpart icipant s in areas where t he 

program was never implement ed (NAADSNON-3),  decreasing for indirect  par-

t icipant s (NAADSNON-1),  and remaining unchanged for nonpart icipant s in areas 

where t he program was implement ed (NAADSNON-2).  Because of  t he relat ively 

low incidence of  adopt ion of  pest icides and inorganic fert i l izers in 2004,  

t heir percent age changes bet ween 2004 and 2007 t ended t o be large.  Ot her 

not able changes in adopt ion bet ween 2004 and 2007 included decreases in 

adopt ion of  improved crop variet ies for NAADSNON-1 and NAADSNON-3 and a 

decrease in adopt ion of  recommended plant ing and spacing for NAADSNON-2.

Impact  of the NAADS Program on Change in Adopt ion 
of Improved Technologies

When ot her fact ors t hat  are l ikely t o af fect  t he incidence of  adopt ion are 

cont rol led for,  t he result s in Table 5.18 show t hat  direct  part icipat ion is sig-

nif icant ly associated only wit h greater use of  recommended plant ing and spac-

ing pract ices and when compared wit h nonpart icipant s in areas where t he 

program was never implement ed (ATTNON-3).  The negat ive result s obt ained 

when compared wit h indirect  part icipant s (ATTNON-1) are consist ent  wit h 

NAADSNON-1 households’  having great er access t o ext ension in 2004 and 2007 

(see Figure 5.4 and Table 5.16).  The same pat t ern is observed for adopt ion of  

improved crop variet ies,  al t hough t he est imat ed coef f icient s are st at ist ical ly 

signif icant  only in a few of  t he model specif icat ions.

 Although the lack of stat ist ical signif icance of direct  part icipat ion in the 

NAADS program for adopt ion of new crop and livestock enterprises as well as 

adopt ion of improved agricultural technologies and pract ices is surprising and 

inconsistent  with our theoret ical predict ions, it  is not  unreasonable. Adopt ion 

of these (e.g.,  improved seeds and livestock breeds, inorganic fert il izers, and 

pest icides), with the except ion of recommended plant ing and spacing pract ices,  

requires farmers to have f inancial resources or credit  facilit ies from which to 

acquire them. Therefore, the posit ive impact  of the NAADS program found 

for adopt ion of recommended plant ing and spacing pract ices is not  surprising 

because this may require only addit ional labor at  most . The quest ion is whether 

greater adopt ion of recommended plant ing and spacing pract ices is suff icient  

to drive the expected changes in subsequent  outcome indicators, including 

increased product ivit y,  commercializat ion of product ion, incomes, and welfare.
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Other Factors Affect ing Change in Adopt ion 
of Improved Technologies

The detailed regression result s presented in Table A.3 show that  several factors 

besides part icipat ion in t he NAADS program have cont ributed t o t he adopt ion 

by farmers of  dif ferent  improved agricult ural t echnologies and pract ices.  As 

wit h t he previous outcomes analyzed,  dif ferent  factors have dif ferent  ef fect s 

on adopt ion of  dif ferent  t echnologies and pract ices,  which also dif fer across 

t he dif ferent  matched subsamples and model specif icat ions.  Gender of  t he 

household head,  for example,  is a stat ist ically signif icant  factor only in t he 

adopt ion of  inorganic fert il izers and pest icides.  We f ind t hat  female-headed 

households were associated wit h a lower rate of  adopt ion of  pest icides across 

t he board and wit h a lower rate of  adopt ion of  fert il izers when NAADSDIR house-

holds are compared wit h NAADSNON-2 households only.  Consistent  wit h previous 

f indings,  age was generally negat ively associated wit h adopt ion,  alt hough it  

was stat ist ically signif icant  only in t he case of  pest icides.

 Educat ion had posit ive associat ions wit h adopt ion of  recommended plant -

ing and spacing pract ices,  pest icides,  and improved l ivest ock breeds (part icu-

larly among t he subsample wit h NAADSNON-3 households).  Larger households 

and membership in ot her organizat ions were also associat ed wit h great er 

adopt ion,  especial ly of  improved crop variet ies,  recommended spacing and 

plant ing pract ices,  pest icides,  and improved l ivest ock breeds,  al t hough t here 

were dif ferences across t he dif ferent  subsamples wit h direct  and indirect  

part icipant s.  The posit ive associat ion bet ween household size and adopt ion 

of  any of  t he t echnologies and pract ices is not  surprising given t he relat ively 

large labor requirement s for engaging in t hose act ivit ies.

 The ef fect  of  primary sources of  income and access t o inf rast ruct ure and 

services was mixed.  For example,  bet t er access t o roads and market s was 

associat ed wit h great er l ikel ihood of  adopt ion of  improved l ivest ock breeds 

(among t he subsample wit h NAADSNON-1 households) and inorganic fert i l izers 

(wit h NAADSNON-2 households),  respect ively.  As for t he regional locat ion of  

households,  t he l ikel ihood of  adopt ing improved t echnologies and pract ices 

was general ly lower in t he ot her t hree regions compared t o t he Cent ral 

Region,  except  in t he case of  recommended spacing and plant ing pract ices;  

households in t he Nort hern Region were t he most  l ikely t o adopt  t hem.

Crop and Livestock Productivity

This sect ion focuses on t he impact  of  t he NAADS program and ot her fact ors 

on crop and l ivest ock product ivit y.  Crop product ivit y was measured by t he 

value of  t ot al  crop out put  per acre of  cult ivat ed land,  whereas l ivest ock pro-

duct ivit y was measured as t he sum of  change (i.e. ,  gain or loss) in t he value 

of  t he st ock of  animals and t he value of  product s (milk,  cheese,  meat ,  et c. ) 
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per t ropical l ivest ock unit  (TLU). 4 The change in t he value of  t he st ock of

animals was obt ained over a four-year period (2000–04) in t he 2004 survey 

and over a t hree-year period (2004–07) in t he 2007 survey,  so we divided 

t he change by 4 and 3,  respect ively,  t o obt ain t he average gain in 2004 and 

2007,  respect ively. 5 Informat ion on l ivest ock product s was obt ained only 

in t he 2007 survey (where t hey const it ut ed about  47 percent  of  t he t ot al),  

but  farmers were asked t o reveal t heir percept ion of  t he product ion in 2007 

compared t o 2004 in t erms of  whet her product ion had increased a lot  or a 

l i t t le,  not  changed,  or decreased a l i t t le or a lot .  Fol lowing t he met hod used 

by Deininger (2003) in quant ifying indicat ors based on qual it at ive responses,  

we cal led it  a 75 percent  increase (or decrease) in product ion if  farmers 

responded t hat  product ion had increased (or decreased) a lot ,  a 25 percent  

increase (or decrease) in product ion if  farmers responded t hat  product ion had 

increased (or decreased) a l i t t le,  and zero if  farmers responded t hat  produc-

t ion had not  changed.  These percent ages were used t o est imat e t he value 

of  l ivest ock product s in 2004.  To assess t he sensit ivit y of  t he result s t o using 

t his met hod,  we also used t hree ot her dif ferent  combinat ions of  percent ages,  

including 10/ 25,  15/ 25,  and 25/ 50.  Descript ive st at ist ics associat ed wit h t he 

dif ferent  l ivest ock product ivit y indicat ors in 2004 are shown in Table 5.2.  We 

f ind t hat  t he percent age dif ferences associat ed wit h t he minimum (i.e. ,  using 

t he 10/ 25 calculat ion) and maximum (using t he 25/ 75 calculat ion) values for 

t he dif ferent  subgroups of  nonpart icipant s,  indirect  part icipant s,  and direct  

part icipant s are 10.6 percent ,  4.5 percent ,  and 31.8 percent ,  respect ively.  

This suggest s t hat  t he ATT result s could be sensit ive t o t he choice of  t he 

measure of  t he l ivest ock product ivit y indicat or,  part icularly in t he est imat ion 

of  ATTDIR.  In present ing det ails of  t he est imat ion result s,  we focus on t he low 

(10/ 25) and high (25/ 75) values of  t he measures used.  Descript ive st at ist ics 

are present ed in Figure 5.7,  whereas t he est imat ed program impact s associ-

at ed wit h t he dif ferent  model specif icat ions and est imat ors are summarized 

in Table 5.19.  Det ailed select ed regression result s showing t he ef fect s of  

ot her fact ors are present ed in Tables A.4 and A.5 for crop and l ivest ock pro-

duct ivit y,  respect ively.

 The descript ive st at ist ics present ed in Figure 5.7 show t hat  t here was sub-

st ant ial  increase bet ween 2004 and 2007 in bot h crop and l ivest ock produc-

t ivit y across t he board,  al t hough t he percent age increment s were general ly 

greater in t he case of  l ivestock product ivit y.  For direct  part icipants (NAADSDIR) 
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4 One TLU is equivalent  t o one cow,  using t he fol lowing conversion rat es:  0.29 for pigs,  0.14 for 
sheep and goat s,  and 0.01 for poult ry (based on Jahnke 1982).
5 The change in t he value of  t he st ock of  l ivest ock was calculat ed as fol lows:  ending st ock plus 
t he number born,  sold,  and given away less t he number acquired and t he beginning st ock.
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Figure 5.7—Crop and livestock productivity in 2004 and 2007,  by 
treatment and control group

Source:   Mat ched sample of  t reat ment  and cont rol  observat ions f rom NAADS–IFPRI 2004 and 
2007 household surveys (panel dat a).

Not es:   The 25/ 75 and 10/ 25 represent  t he combinat ions of  percent ages used in measuring 
t he l ivest ock product ivi t y indicat or.  We do not  expect  t he mean values of  l ivest ock 
product ivi t y in 2007 t o have been t he same under t he dif f erent  combinat ions 
because t he descript ive st at ist ics were generat ed for t he mat ched sample,  which 
was det ermined based on t he ini t ial  (or 2004) values of  t he explanat ory variables,  
including l ivest ock product ivi t y.
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Table 5.19—Impact of the NAADS program on change in  crop and livestock productivity between 2004 and 2 007 
(percentage difference between treatment [ NAADSDIR]  and different control groups)

 Crop productivity Livestock productivity (25/ 75) L ivestock productivity (10/ 25)

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3

Propensit y score mat ching (PSM)
  Model I
    1 neighbor –18.6  –18.3  –50.0  –7.4  –13.3  206.2  –35.7  –59.4  192.7 *
    3 neighbors –35.7  –14.9  –58.5  0.7  12.2  197.9 * –9.1  –18.7  215.2 **
    5 neighbors –44.7  –31.6  –56.3  –3.0  16.1  185.7 * 37.9  –1.3  206.3 *
  Model II
    1 neighbor –56.2  –109.3  –38.0  –23.8  –75.8  203.1  21.3  –23.4  287.7 *
    3 neighbors –62.1  –59.5  –52.2  6.4  –60.3  182.3  –6.9  –18.5  203.7 *
    5 neighbors –50.9  –44.3  –50.5  3.2  –52.4  178.0 * 30.7  –28.2  201.8 *
  Model III
    1 neighbor –57.7  –51.4  –13.8  –34.1  –22.5  323.8 * 24.8  72.7  170.9 *
    3 neighbors –46.4  –37.0  –39.7  –0.8  –51.1  246.3 ** 21.0  5.4  229.3 *
    5 neighbors –42.5  –51.6  –45.5  5.2  –43.7  246.1 ** 24.5  –22.0  200.5 *
Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor,  NC –9.4  –7.5  –18.1  –26.5  140.6  45.8  1.7  17.7  77.4 
    1 neighbor,  C –19.2  –12.3  30.6  –15.9  238.6 ** 116.9 ** 30.3  62.6  94.6 
    3 neighbors,  NC –24.6  –0.3  78.4  –21.4  67.2  42.1  –36.8  34.6  86.4 
    3 neighbors,  C –26.3  –8.3  148.8 * 2.7  132.0 * 79.7  –26.1  112.5  133.7 *
    5 neighbors,  NC –30.0  23.4  52.2  –24.9  29.7  77.6  –28.5  31.7  140.7 **
    5 neighbors,  C –35.7  13.6  99.7  1.7  105.7  129.3 ** –9.8  99.7 * 190.4 ***
  Model II
    1 neighbor,  NC –31.5  161.6  53.9  –47.3  –30.7  178.1 ** 9.1  19.9  56.8 
    1 neighbor,  C –31.8  190.6 * 159.6  –20.1  3.3  245.4 ** 26.6  86.1  107.8 
    3 neighbors,  NC –26.5  44.0  84.5  –31.3  –35.1  158.3 ** –32.2  17.3  107.7 *
    3 neighbors,  C –27.2  37.6  120.0  –8.7  –3.4  261.7 *** –8.6  96.4  195.5 ***
    5 neighbors,  NC –29.4  23.1  51.3  –33.9  –8.0  150.1 ** –31.6  6.6  106.1 *
    5 neighbors,  C –30.2  14.2  73.5  –12.5  27.4  249.7 *** –10.8  81.0  165.3 **

(cont inued)
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Table 5.19—Continued

 Crop productivity Livestock productivity (25/ 75) L ivestock productivity (10/ 25)

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3

  Model III
    1 neighbor,  NC –47.6 ** 26.9  162.8  –51.5 ** –8.2  155.1 * –54.8 * 35.8  54.1 
    1 neighbor,  C –43.1 * 78.6  312.2 * –33.5  46.6  215.6 ** –34.5  116.4  109.5 **
    3 neighbors,  NC –50.8 *** –2.8  141.7  –48.7 ** –16.8  132.7 ** –39.1  9.8  190.6 ***
    3 neighbors,  C –40.6 * 0.2  190.2 * –31.9  31.7  216.4 *** –13.8  41.1  280.5 ***
    5 neighbors,  NC –23.2  –4.6  79.5  –37.3  –0.9  158.0 ** –40.3  3.0  100.9 *
    5 neighbors,  C –21.1  –6.7  108.8  –17.1  41.2  254.9 *** –27.2  44.4  179.9 ***
2SWR (wit h covariat es)
  Model I
    1 neighbor,  NC –4.1  –16.5  –16.4  –40.0  145.5  9.5  –23.2  –1.2  76.7 
    1 neighbor,  C –11.6  –4.4  29.0  –36.6  217.7 ** 52.8  12.4  36.0  110.2 
    3 neighbors,  NC –22.8  –3.7  57.7  –12.8  52.3  23.6  –33.7  27.0  41.5 
    3 neighbors,  C –22.1  –1.1  106.7  4.2  93.8  54.9  –12.5  88.9  84.3 
    5 neighbors,  NC –18.2  26.0  49.0  –29.8  17.8  49.7  –30.6  12.5  89.7 
    5 neighbors,  C –22.7  18.9  75.6  –7.5  60.3  83.6  1.7  58.8  133.4 *
  Model II
    1 neighbor,  NC –36.5  132.0  79.2  –56.2 * –24.0  208.5  –9.8  22.4  51.6 
    1 neighbor,  C –36.0  154.9  201.6  –42.6  1.1  284.1 ** –6.6  67.7  80.9 
    3 neighbors,  NC –33.4  35.1  72.6  –28.5  –27.4  144.0  –36.3  17.3  122.1 
    3 neighbors,  C –31.9  35.2  85.3  –8.9  –0.1  230.3 ** –12.5  64.3  244.2 **
    5 neighbors,  NC –30.4  21.3  46.2  –32.0  –1.0  134.1  –36.7  2.3  85.0 
    5 neighbors,  C –30.6 * 24.5  47.4  –11.0  30.7  217.8 ** –8.7  47.6  150.6 
  Model III
    1 neighbor,  NC –48.8 ** 24.2  217.7 * –60.4 ** 25.2  110.7  –56.1  37.5  38.8 
    1 neighbor,  C –46.1 ** 76.1  344.4 ** –56.9 *** 88.4  188.0  –35.9  118.6  85.2 
    3 neighbors,  NC –53.8 *** –1.7  130.7 * –48.5 * –11.8  103.1  –49.8  7.6  166.3 *
    3 neighbors,  C –44.5 ** 9.5  140.5 * –38.4  33.8  166.4 ** –26.0  29.0  250.7 **
    5 neighbors,  NC –18.7  –4.4  69.8  –36.4  –3.5  143.1 * –41.3  –2.7  83.0 
    5 neighbors,  C –14.3  –1.5  68.2  –19.7  36.9  231.4 *** –15.1  27.5  167.1 **

Source:   Mat ched sample of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 household survey (panel dat a).
Notes:   ATT: average t reatment  ef fect s on t he t reated;  NC and C: no correct ion and correct ion,  respect ively,  for st rat if icat ion,  clustering,  and weight ing 

of  sample (see Table 5.14).  Models I,  II,  and III indicate t hat  t he underlying matched subsamples are based on t he select ion probit s using t he base 
model (Model I),  t he base model plus squared values of  some cont inuous covariates (Model II),  and t he base model plus interact ion t erms (Model 
III),  respect ively (see Table 5.7).  *,  **,  and *** indicate stat ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank 
cells in t hese columns indicate lack of  stat ist ical signif icance.  The (25/ 75) and (10/ 25) represent  t he combinat ions of  percent ages used in measuring 
t he l ivestock product ivit y indicator.  Detailed 2SWR result s for selected model specif icat ions are presented in Appendix A (Tables A.4 and A.5).



we observe more t han a doubl ing of  l ivest ock product ivit y bet ween t he t wo 

years,  compared t o only a 2 percent  increase in crop product ivit y.  Alt hough 

NAADSNON-1 and NAADSNON-2 households real ized large increases in crop and 

l ivest ock product ivit ies,  t hose locat ed in areas where t he NAADS program 

was never implement ed (i.e. ,  NAADSNON-3) real ized relat ively small  increases 

in crop and l ivest ock product ivit ies,  around 30 percent .

Impact  of the NAADS Program on Change in Product ivity

The est imat ed average t reat ment  ef fect s present ed in Table 5.19 show t hat  

part icipat ion in t he NAADS program had most ly posit ive impact s on change 

in crop and l ivest ock product ivit y bet ween 2004 and 2007,  which t end t o be 

more pronounced when direct  part icipant s (NAADSDIR) are compared t o t hose 

locat ed in areas where t he NAADS program had never been implement ed at  

t he t ime of  t he 2007 survey (NAADSNON-3) (see t he column of  result s headed 

ATTNON-3).  This is in l ine wit h our expect at ions (i.e. ,  ATTNON-3 > ATTNON-2 > 

ATTNON-1) based on t he assumpt ion t hat  direct  part icipat ion in t he program 

confers great er benef it s t han occasional cont act  wit h NAADS service provid-

ers or informat ion.  The result s are also consist ent  wit h earl ier f indings asso-

ciated with the subsample of NAADSDIR versus NAADSNON-3 households, with t he 

former having great er access t o ext ension and a great er incidence of  adop-

t ion of  several t echnologies and pract ices in 2004 and 2007, part icularly recom-

mended plant ing and spacing pract ices in t he case of  crop product ion and,  as 

we shal l  see in t he next  sect ion,  a great er increase in sales of  l ivest ock out -

put .  In t he same vein,  t he negat ive and of t en st at ist ical ly signif icant  result s 

obt ained when direct  part icipant s are compared t o indirect  part icipant s (i.e. ,  

t he column of  result s headed ATTNON-1) is consist ent  wit h earl ier f indings,  

part icularly t hat  showing t hat  NAADSNON-1 households had great er access t o 

ext ension and a great er incidence of  adopt ion of  several t echnologies and 

pract ices in bot h 2004 and 2007.

 The general t rend of  t he result s suggest s t hat  t he NAADS program has had 

a great er average ef fect  on l ivest ock product ivit y t han on crop product ivit y,  

which is consist ent  wit h our earl ier f inding t hat  l ivest ock ent erprises were t he 

most  widely promot ed of  t he dif ferent  agricult ural ent erprises and t echnolo-

gies.  Alt hough part icipat ion in t he program was not  st at ist ical ly signif icant ly 

associat ed wit h great er adopt ion of  improved l ivest ock breeds (see Table 

5.18),  i t  was associat ed wit h a great er increase in sales of  l ivest ock product s,  

as we shal l  see in t he next  sect ion.

 The est imat es associat ed wit h t he 2SWR wit hout  t he covariat es were gen-

eral ly larger in magnit ude t han t hose est imat ed wit h inclusion of  t he co-

variat es,  suggest ing t hat  not  account ing for ot her fact ors af fect ing product iv-

it y overest imat es t he impact  of  t he program.  Comparing t he result s f rom t he 

OUTCOMES AND IMPACTS OF NAADS  99  



dif ferent  model specif icat ions shows t hat  using t he dif ferent  measures for t he 

l ivest ock product ivit y indicat or had very l i t t le ef fect  on t he result s.  Whet her 

t he est imat es were correct ed for t he sampling charact erist ics or not  did not  

seem t o mat t er much in t erms of  st at ist ical signif icance wit h t he 2SWR wit h-

out  t he covariat es.  Regarding t he 2SWR wit h t he covariat es,  however,  t he 

correct ion gave rise t o more st at ist ical ly signif icant  est imat es.  Here,  t oo,  we 

observe t he U-shaped or invert ed U-shaped nat ure of  t he result s in relat ion 

t o t he dif ferent  subsamples of  nearest -neighbor mat ches.  In general,  t he est i-

mat es associat ed wit h t he subsample based on mat ching wit h a single nearest  

neighbor or 10 nearest  neighbors (result s not  shown) t ended t o be very large 

or very small  and somet imes dif ferent  in sign and st at ist ical signif icance,  for 

reasons given earl ier.

 Given al l  t his,  in addit ion t o t he fact  t hat  t he earl ier result s of  Model III 

(i .e. ,  inclusion of  squared and int eract ions t erms and excluding t he lengt h 

of  t he program) provided more common support ,  we place more conf idence 

in t he Model III result s associat ed wit h t he 2SWR wit h covariat es correct ed for 

t he sampling charact erist ics and based on t he subsample using t he t hree and 

f ive nearest -neighbor mat ches.  Thus t he direct  ef fect  (i.e. ,  ATTNON-3) of  t he 

NAADS program on change in crop and l ivest ock product ivit y bet ween 2004 

and 2007 could be up t o 68.0–140.5 and 166.0–251.0 percent ,  respect ively. 6 

As we caut ioned earl ier,  because of  our inabil it y t o capture t he separate ef fect  

of  access t o ot her or non-NAADS ext ension services,  t hese may overest imat e 

t he impact s of  t he NAADS program t o t he ext ent  t hat  NAADS part icipant s also 

benef it ed f rom ot her ext ension services.  The same appl ies t o t he indirect  

impact s.  This issue and inconsist encies across result s for dif ferent  impact  

indicat ors make it  dif f icult  t o arrive at  def init ive conclusions regarding t he 

direct  and,  part icularly,  t he indirect  impact s of  t he NAADS program.

Other Factors Affect ing Change in Crop Product ivity

Changes in ot her fact ors t hat  signif icant ly inf luenced change in crop produc-

t ivit y bet ween 2004 and 2007 include changes in age of  household head and in 

educat ion and size of  household (see Table A.4). 7 The negat ive and signif icant  

ef fect  of  t he init ial  value of  crop product ivit y on t he change in product iv-
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6 The predict ed impact  associat ed wit h t he NAADS indicat or (as wel l  as ot her discret e variables) 
on t he product ivit y indicat ors can be calculat ed by t aking t he exponent ial  of  t he relevant  co-
ef f icient  report ed in t he respect ive t able in Appendix A,  because t he dependent  variable is t he 
logarit hm of  t he value of  t he indicat or.  In part icular,  i f  t he est imat ed coef f icient  is represent ed 
by δ,  t hen t he ATT in percent age t erms is given by (exp(δ) – 1) × 100.
7 In t he appendix t ables for t hese and ot her resul t s,  we report  det ai ls of  only t he second-
st age regression resul t s based on t he subsample using t he t hree nearest -neighbor mat ches 
and excluding t he pot ent ial  endogenous explanat ory variables (see Table 5.7 for t he dif f erent  
model  specif icat ions).



i t y suggest s t hat  crop product ivit y decl ined across t he board bet ween 2004 

and 2007.  Aging household heads and improvement  in t he educat ion of  t he 

household were signif icant ly associat ed wit h a decrease in crop product iv-

it y,  whereas an increase in household size was associat ed wit h an increase,  

part icularly among t he subsample wit h NAADSNON-3 households.  These f indings 

ref lect  many of  t he earl ier f indings regarding t he relat ionship bet ween t he 

fact ors and adopt ion of  ent erprises and t echnologies,  part icularly t he nega-

t ive relat ionship wit h age and t he posit ive relat ionship wit h household size.

Other Factors Affect ing Change in Livestock Product ivity

Det ailed select ed regression result s on t he ef fect s of  fact ors on t he change 

in l ivest ock product ivit y are present ed in Table A.5.  Similar t o t he result s 

of  t he general decl ine over t ime in crop product ivit y,  l ivest ock product iv-

it y compared t o it s init ial  value in 2004 decl ined over t he period across t he 

board.  Regarding t he ot her fact ors,  only changes in educat ion of  t he house-

hold and access t o market s had st at ist ical ly signif icant  ef fect s.  Improvement  

in educat ion had a negat ive ef fect  among t he subsample wit h NAADSNON-1 and 

NAADSNON-2 households,  whereas a reduct ion had a posit ive ef fect  among t he 

subsample wit h NAADSNON-3 households.  Increase in access t o market s (i.e. ,  

reduct ion in dist ance t o market s) had a posit ive ef fect  (part icularly among 

t he subsample wit h NAADSNON-2 households).

Commercializat ion of Agricultural Production

Anot her import ant  area t hat  t he NAADS program seeks t o address is t he low 

commercial izat ion of  agricult ural product ion.  We assessed t he impact  of  t he 

program and ot her fact ors on t hree indicat ors of  agricult ural commercial iza-

t ion:  t he percent ages of  crop out put ,  l ivest ock out put ,  and t ot al  agricult ural 

(crop,  l ivest ock,  beekeeping,  and aquacult ure) out put  t hat  were sold by 

farmers.  Descript ive st at ist ics of  t he shares of  out put  sold by farmers in 2004 

and 2007 are shown in Figure 5.8.  We can see t hat  t he share of  market ed 

out put ,  part icularly l ivest ock,  decl ined by a subst ant ial  margin across t he 

board,  al t hough farmers locat ed in areas where t he program was never imple-

ment ed (i.e. ,  NAADSNON-3) suf fered t he most  in t erms of  percent age decrease.  

For example,  t he market ed share of  l ivest ock and l ivest ock product s decl ined 

by 94 percent  for NAADSNON-3 and by 76,  74,  and 68 percent  for NAADSDIR,  

NAADSNON-1,  and NAADSNON-2 households,  respect ively.

Impact  of the NAADS Program on Change in Marketed Output

The est imat ed program impact s are summarized in Table 5.20,  and det ailed 

select ed regression result s showing t he ef fect s of  ot her fact ors are present ed 

in Tables A.6–A.8.  Table 5.20 ref lect s pat t erns similar t o t hose described 

OUTCOMES AND IMPACTS OF NAADS  101  



102  CHAPTER 5

Figure 5.8—Percentage of crop,  livestock,  and total  agriculture output 
sold by farmers in 2004 and 2007,  by treatment and control group

Source:   Mat ched sample of  t reat ment  and cont rol  observat ions f rom NAADS–IFPRI 2004 and 
2007 household surveys (panel dat a).
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earl ier regarding t he est imat es associat ed wit h t he dif ferent  model specif i-

cat ions,  including est imat ion wit h and wit hout  t he covariat es,  correct ion and 

no correct ion for t he sampling charact erist ics,  and t he U-shaped or invert ed 

U-shaped nat ure of  t he result s in relat ion t o t he dif ferent  subsamples of  

nearest -neighbor mat ches.  Looking across t he dif ferent  subsect ors,  we see 

t hat  t he impact s of  t he NAADS program were great er in t erms of  sales of  

l ivest ock and l ivest ock product s,  wit h many of  t he relevant  est imat es across 

dif ferent  model specif icat ions st at ist ical ly signif icant .  These are part icularly 

apparent  when est imat ing t he direct  ef fect s,  t hat  is,  basing est imat ions on 

t he subsample of  direct  part icipant s (NAADSDIR) and t hose in areas where 
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Table 5.20—Impact of the NAADS program on change in  the percentage of agricultural output that was sol d between 
2004 and 2007 (difference between treatment [ NAADSDIR]  and different control groups)

 Crops Livestock Total agriculture

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3

Propensit y score mat ching (PSM)
  Model I
    1 neighbor 2.01 5.78 22.14 22.97 –14.91 21.53 14.78 –0.28 21.95 
    3 neighbors 5.70 1.36 –0.89 –12.75 –3.68 31.19 12.84 –22.24 12.18 
    5 neighbors 7.10 9.11 2.36 3.46 0.31 23.80 12.56 –17.06 17.93 
  Model II
    1 neighbor 22.16 –4.56 7.24 –35.60 –9.80 34.08 –4.55 –5.90 21.51 
    3 neighbors 10.33 –4.62 15.32 –1.93 14.55 44.27 6.69 –2.69 14.50 
    5 neighbors 1.96 –5.18 15.15 1.64 9.97 28.69 4.23 –4.82 19.34 
  Model III
    1 neighbor 7.05 7.33 14.14 –78.50 –48.21 41.48 6.17 –7.37 21.19 
    3 neighbors –2.29 –4.77 26.73 –33.20 –23.90 31.29 7.74 4.76 13.01 
    5 neighbors –2.95 –4.42 18.29 –13.36 –17.48 26.70 6.55 1.20 17.94 
Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor,  NC –3.08 –2.52 3.21 0.27 0.48 4.38 –3.88 0.08 –0.76 
    1 neighbor,  C –1.81 –6.45 12.62 ** 6.38 5.67 7.92 –2.04 2.94 5.91 
    3 neighbors,  NC –1.56 0.07 –0.35 –0.12 –0.84 0.49 –0.72 –0.35 2.78 
    3 neighbors,  C –3.32 0.20 5.29 5.21 5.75 2.43 0.86 2.45 8.38 *
    5 neighbors,  NC –0.08 0.43 –0.35 0.19 –0.05 1.60 –4.14 –1.09 –0.36 
    5 neighbors,  C –2.44 0.71 5.40 4.56 6.15 4.74 –4.92 0.62 4.38 
  Model II
    1 neighbor,  NC –4.50 –2.25 –1.92 –10.76 –0.64 3.83 –13.64 ** 0.45 0.11 
    1 neighbor,  C –6.28 –2.53 4.73 –10.60 5.11 11.82 * –9.03 2.85 5.04 
    3 neighbors,  NC –2.84 –1.48 –1.33 –3.98 0.34 5.07 –9.30 ** –4.04 –4.88 
    3 neighbors,  C –6.69 –2.85 3.55 –1.25 5.68 10.86 * –7.42 –1.86 3.56 
    5 neighbors,  NC –5.19 –0.05 –0.76 –1.89 1.52 3.98 –5.74 –4.42 –2.13 
    5 neighbors,  C –7.59 –0.81 4.89 2.02 6.75 9.56 –3.86 –3.10 5.31 

(cont inued)
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Table 5.20—Continued

 Crops Livestock Total agriculture

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3

  Model III
    1 neighbor,  NC –0.94 4.08 3.94 –8.34 –0.09 5.70 –9.79 –2.29 4.93 
    1 neighbor,  C –4.10 5.25 8.63 –1.07 2.67 11.91 ** –8.12 –2.67 9.55 **
    3 neighbors,  NC –0.56 1.14 2.29 –2.84 –0.09 6.16 –4.89 –1.76 0.53
    3 neighbors,  C –3.62 2.23 6.25 0.96 3.96 12.08** –4.36 0.03 5.54 
    5 neighbors,  NC 0.33 2.42 0.08 –1.62 0.18 5.44 –3.27 –3.74 –1.53 
    5 neighbors,  C –3.50 3.20 2.58 1.86 5.15 10.62 * –0.92 –2.17 5.92 
2SWR (wit h covariat es)
  Model I
    1 neighbor,  NC 0.69 –0.17 0.72 4.58 2.41 3.27 –0.63 –0.11 0.88 
    1 neighbor,  C 2.37 –2.40 8.28 9.20 * 6.60 ** 4.74 0.39 1.49 5.87 
    3 neighbors,  NC –0.58 –0.24 –1.48 2.78 1.57 –1.17 1.70 –0.54 1.99 
    3 neighbors,  C –1.18 0.67 2.85 7.12 * 7.62 *** –0.57 2.34 1.92 6.18 *
    5 neighbors,  NC 1.87 0.18 –1.71 0.87 1.72 0.44 –3.54 –0.63 –1.27 
    5 neighbors,  C 2.34 0.55 2.19 5.26 6.55 ** 2.45 –3.52 1.76 2.34 
  Model II
    1 neighbor,  NC 0.19 2.09 –4.46 –6.39 3.77 0.01 –10.78 * 1.47 –3.91 
    1 neighbor,  C 1.40 2.92 1.61 –6.55 8.09 *** 4.96 –7.68 4.93 –0.70 
    3 neighbors,  NC 0.92 –0.32 –2.32 –2.20 2.03 3.41 –6.88 –2.68 –6.96 
    3 neighbors,  C –1.12 –1.21 0.72 –2.34 5.19 ** 7.39 ** –5.86 0.45 0.02 
    5 neighbors,  NC –3.58 0.36 –1.00 –1.30 3.22 1.61 –5.49 –3.53 –2.43 
    5 neighbors,  C –3.82 0.17 3.81 0.77 6.64 ** 5.71 * –3.26 –1.35 3.83 
  Model III         
    1 neighbor,  NC –1.71 3.30 3.06 –2.39 0.12 3.46 –13.60* –2.07 2.01 
    1 neighbor,  C –6.00 4.39 5.29 0.94 –0.76 8.75 ** –13.71 –2.76 4.14 
    3 neighbors,  NC –1.11 –0.99 1.58 –3.42 2.13 3.69 –5.24 –1.55 –1.56 
    3 neighbors,  C –1.11 1.01 5.06 –0.09 3.61 7.82 *** –6.13 0.38 2.14 
    5 neighbors,  NC 0.96 1.39 0.18 –1.25 2.30 3.07 –4.50 –2.32 –2.60 
    5 neighbors,  C 0.02 3.54 1.59 1.95 5.78 ** 6.56 ** –2.15 0.15 3.21 

Source:   Mat ched sample of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 household surveys (panel dat a).
Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed;  NC and C:  no correct ion and correct ion,  respect ively,  for st rat if icat ion,  clust ering,  and weight ing 

of  sample (see Table 5.14).  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based on t he select ion probit s using t he base 
model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he base model plus int eract ion t erms (Model 
III),  respect ively (see Table 5.7).  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  
blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  Det ailed 2SWR result s for select ed model specif icat ions are present ed in 
Appendix A (Tables A.6,  A.7,  and A.8).
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t he program was never implement ed (NAADSNON-3) (see t he column of  result s 

under l ivest ock headed ATTNON-3).  Based on our preferred model (i.e. ,  Model 

III est imat ed by 2SWR wit h covariat es,  correct ed for t he sampling charact er-

ist ics,  and based on t he subsample using t he t hree and f ive nearest -neighbor 

mat ches),  t he direct  ef fect  of  t he program on change in t he share of  l ivest ock 

out put  sold by farmers bet ween 2004 and 2007 can be est imat ed t o have been 

in t he neighborhood of  8 percent .

Other Factors Affect ing Change in Marketed Output

Changes in other factors signif icant ly inf luenced changes in the share of  crop,  

l ivestock, and total agricultural output  that  was sold between 2004 and 2007,  

although the est imated ef fects dif fer across crops and livestock and also across 

dif ferent  subsamples of  part icipat ion (see Tables A.6–A.8 for details).  For 

example, increase in the age of  t he household head was associated with an 

increase in the marketed share of  l ivestock output  but  a reduct ion in the mar-

keted share of  crop and total output .  Change in educat ion was signif icant  only in 

the regressions on the marketed share of  l ivestock output ,  with mixed ef fects.  

Regarding the other factors,  increase in household size was associated with a 

decrease in the marketed share of  crop output  but  an increase in the marketed 

share of  l ivestock output ,  part icularly among the subsample with NAADSNON-1 

households. Changes in income source and access to infrast ructure had mixed 

associat ions. Improvements in access to all-weather roads and markets were 

associated with an increase in the marketed share of  crop and total agricultural 

output .  An improvement  in access to credit ,  on the other hand, was associated 

with a decrease in the marketed share of  crop, l ivestock, and total agricultural 

output .  As with previous result s,  t he negat ive and signif icant  ef fect  associated 

with the init ial value of  t he share of  marketed output  suggests a decline in the 

share of  marketed output  between 2004 and 2007 across the board.

Agricultural Income

Agricult ural income is measured by agricult ural gross revenue per adult  equiva-

lent  (AE),  which is t he t otal value of  crop,  l ivestock,  beekeeping,  and aqua-

cult ure output  divided by t he t otal number of  household members in t erms 

of  AEs.  The issue of  how livestock product ivit y was measured is st il l  relevant  

here.  Thus we also used agricult ural revenue associated wit h t he t hree dif fer-

ent  combinat ions of  percentages int roduced earl ier (10/ 25,  15/ 25,  and 25/ 50).  

The descript ive stat ist ics for t he ext reme end of  t he combinat ions are shown 

in Figure 5.9.  We see that  t he percentage changes between 2004 and 2007 

are very close for t he cont rol groups in part icular.  The percentage increase 

in agricult ural revenue was the least  for t he direct  part icipants,  about  21–30 

percent .  The percentage increases were 97–60, 41–52, and 32–72 percent  for 



NAADSNON-1,  NAADSNON-2,  and NAADSNON-3 households,  respect ively.  Compared 

to t he measures for l ivestock product ivit y,  we see here t hat  percentage dif -

ferences associated wit h t he minimum (i.e. ,  using the 10/ 25 calculat ion) and 

maximum (using t he 25/ 75 calculat ion) values for t he dif ferent  subgroups were 

much lower,  suggest ing t hat  t he ATT result s associated wit h agricult ural rev-

enue are less l ikely t o be sensit ive t o t he choice of  t he measure of  t he l ivestock 

product ivit y indicator wit h t he except ion of  NAADSNON-3,  where t he dif ference 

in t he 2007 values is relat ively larger,  which has been conf irmed.

Impact  of the NAADS Program on Change in Agricultural Revenue

The est imat ed impact s associat ed wit h part icipat ion in t he NAADS program 

are summarized in Table 5.21.  The result s are surprising given t he general 

lack of  st at ist ical signif icance for ATTNON-3,  t hat  is,  est imat ed t reat ment  

ef fect s based on t he subsample of  direct  part icipant s (NAADSDIR) and t hose 

locat ed in areas where t he program was never implement ed (NAADSNON-3),  

which is inconsist ent  wit h t he earl ier result s,  part icularly on l ivest ock pro-
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Figure 5.9—Agricultural revenue (UGX) per adult  equ ivalent in 2004 and 
2007,  by treatment and control group

Source:   Mat ched sample of  t reat ment  and cont rol  observat ions f rom NAADS–IFPRI 2004 and 
2007 household surveys (panel dat a).

Not es:   We do not  expect  t he mean values of  l ivest ock product ivit y in 2007 t o have been 
t he same under t he dif ferent  combinat ions because t he descript ive st at ist ics were 
generat ed for t he mat ched sample,  which was det ermined based on t he init ial  (or 
2004) values of  t he explanat ory variables,  including l ivest ock product ivit y.
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Table 5.21—Impact of the NAADS program on change in  agricultural revenue 
per adult  equivalent between 2004 and 2007 (percent age difference between 
treatment [ NAADSDIR]  and different control groups)

 25/ 75 percent combination 10/ 25 percent combinatio n

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3

Propensit y score mat ching (PSM)
  Model I
    1 neighbor –1.60  31.42  –55.74  –29.33  –141.27 * 6.81 
    3 neighbors –11.98  35.03  –37.26  –8.81  –75.19  4.14 
    5 neighbors –34.78  32.90  –32.70  1.18  –42.48  0.38 
  Model II
    1 neighbor –29.37  10.89  38.59  –35.17  14.82  –56.86 
    3 neighbors –30.12  0.96  17.49  –34.98  –11.69  –20.04 
    5 neighbors –19.43  5.89  –1.73  –29.26  –7.24  –14.02 
  Model III
    1 neighbor –17.70  45.00  44.99  36.69  83.05  –26.03 
    3 neighbors –17.17  22.54  15.08  –5.40  –2.38  –7.08 
    5 neighbors –43.80  7.24  –22.77  –10.09  10.00  5.46 
Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor,  NC –26.70  81.70 ** 68.10  –24.90  0.90  3.40 
    1 neighbor,  C –14.00  106.70 *** 69.80  –23.60  8.20  14.60 
    3 neighbors,  NC –8.00  54.20 ** 49.50  –34.90 * 14.90  31.80 
    3 neighbors,  C 9.70  78.50 *** 48.30  –28.40  23.00  37.40 
    5 neighbors,  NC –35.40 * 35.40 * 16.70  –34.30 * 9.20  33.40 
    5 neighbors,  C –18.00  50.70 ** 32.80  –23.20  15.70  50.70 
  Model II
    1 neighbor,  NC –55.20 ** 32.30  59.70  –43.20  29.00  36.90 
    1 neighbor,  C –44.90 ** 32.40  68.20  –30.30  52.10 * 35.30 
    3 neighbors,  NC –43.40 ** 25.40  28.60  –40.60 ** 37.40 * 34.60 
    3 neighbors,  C –30.50  24.10  35.70  –28.20  50.20 * 42.90 
    5 neighbors,  NC –40.60 ** 24.60  47.90  –34.10 * 35.50 * 35.00 
    5 neighbors,  C –33.70  31.60  44.50  –16.70  45.00 * 48.90 
  Model III
    1 neighbor,  NC –27.60  44.50  95.90 ** 0.00  91.00 *** 32.00 
    1 neighbor,  C 9.30  59.90 * 90.30 * –3.30  120.00 *** 69.70 
    3 neighbors,  NC –27.30  26.80  79.10 * –26.00  52.20 ** 37.60 
    3 neighbors,  C –5.00  47.50 * 64.40  –21.40  66.80 ** 50.00 
    5 neighbors,  NC –35.00 * 23.30  56.80  –28.10  46.70 ** 55.60 
    5 neighbors,  C –19.10  40.60 * 50.20  –21.10  59.60 ** 65.70 
2SWR (wit h covariat es)
  Model I
    1 neighbor,  NC –25.90  98.40 *** 39.20  –9.80  18.80  –15.90 
    1 neighbor,  C –19.10  114.70 *** 26.40  12.30  19.00  –14.30 
    3 neighbors,  NC –4.70  75.60 *** 35.00  –23.30  28.50  11.30 
    3 neighbors,  C 9.80  95.10 *** 17.30  –6.70  29.40  8.60 
    5 neighbors,  NC –26.10  48.00 ** –2.90  –27.90  16.20  6.50 
    5 neighbors,  C –5.80  61.70 ** –0.80  –10.70  21.80  10.90 

(cont inued)
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Table 5.21—Continued

 25/ 75 percent combination 10/ 25 percent combinatio n

Estimator/ model ATTNON-1 ATTNON-2 ATTNON-3 ATTNON-1 ATTNON-2 ATTNON-3

  Model II
    1 neighbor,  NC –43.60 * 44.80  52.40  –31.00  22.30  30.80 
    1 neighbor,  C –40.20 * 33.20  74.70  –16.30  28.30  8.40 
    3 neighbors,  NC –34.00  31.00  16.40  –32.30  40.50 * 5.90 
    3 neighbors,  C –23.70  31.20  25.50  –3.40  53.80 ** –0.50 
    5 neighbors,  NC –37.80 * 31.60  41.10  –26.50  41.00 ** 9.70 
    5 neighbors,  C –25.30  39.90  41.80  1.40  54.80 ** 6.80 
  Model III
    1 neighbor,  NC –21.80  43.00  85.00 * 17.60  92.70 *** 25.30 
    1 neighbor,  C 5.80  53.10 * 69.70  12.10  123.80 *** 41.20 
    3 neighbors,  NC –24.50  39.20 * 57.30  –26.30  49.60 ** 10.90 
    3 neighbors,  C –7.30  53.30 ** 30.50  –15.60  55.50 ** 1.80 
    5 neighbors,  NC –33.80 * 32.40  41.40  –21.10  48.90 ** 28.40 
    5 neighbors,  C –10.40  48.10 ** 30.50  –13.10  59.30 ** 15.60 

Source:   Mat ched sample of  t reat ment  and cont rol  households f rom NAADS–IFPRI 2004 and 2007 household 
surveys (panel dat a).

Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed;  NC and C:  no correct ion and correct ion,  respec-
t ively,  for st rat if icat ion,  clust ering,  and weight ing of  sample (see Table 5.14).  Models I,  II,  and 
III indicat e t hat  t he underlying mat ched subsamples are based on t he select ion probit s using t he 
base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model 
II),  and t he base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  *,  **,  and 
*** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respec-
t ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  The 25/ 75 and 10/ 25 
percent  combinat ions represent  t he combinat ion of  percent ages used in measuring t he l ivest ock 
product ivit y indicat or.  Det ailed 2SWR result s for select ed model specif icat ions are present ed in 
Appendix A (Table A.9).

duct ivit y and sales.  Here inst ead,  it  is ATTNON-2 t hat  is most ly st at ist ical ly 

signif icant  across several of  t he model specif icat ions,  when previously it  was 

not .  The magnit udes of  t he est imat ed ef fect s are also not  consist ent ly in l ine 

wit h our expect at ions (i.e. ,  ATTNON-3 > ATTNON-2 > ATTNON-1 does not  always 

hold,  part icularly t he f irst  inequal it y).  The most ly negat ive sign of  ATTNON-1 

is consist ent  wit h previous result s,  for t he same reasons given.  Some of  t he 

pat t erns of  t he est imat es observed earl ier,  including direct ion,  magnit ude,  

and st at ist ical signif icance,  are dif ferent  here.  For example,  using t he 10/ 25 

percent  combinat ion in est imat ing t he l ivest ock income component  leads t o 

smaller ATTNON-2 est imat es for Models I and II but  larger ATTNON-2 est imat es 

for Model III.  Ot her pat t erns observed earl ier,  such as larger est imat es for 

2SWR excluding t he covariat es and t he serious sensit ivit y of  t he est imat es t o 

mat ching wit h one nearest  neighbor,  also apply here.
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 To invest igate t he inconsistency of  t he previous result s compared to t hose 

obtained separately f rom est imat ion of  crop and l ivestock product ivit y,  we 

thought  t hat  changes in income f rom the dif ferent  agricult ural subsectors

might  be moving in opposit e direct ions t o t he extent  t hat  t hey do not  add up 

as one might  expect .  Figure 5.10 shows a plot  of  t he crop and l ivestock produc-

t ivit y measures for t he direct  part icipants and dif ferent  cont rol groups.  The 

f igure suggests t hat  indeed changes in income f rom crop and l ivestock sources 

between 2004 and 2007 rarely moved in t he same direct ion.  Alt hough we con-

t rol for change in t he main income-generat ing act ivit ies (i.e. ,  crops,  l ivestock,  

et c. ) of  t he households in our est imat ions,  because of  t he enterprise-based 

approach of  t he NAADS program, change in t he aggregate income measure is 

l ikely more challenging t o explain wit h t he t ype of  matching done and the 

reduced-form model used here.

Other Factors Affect ing Change in Agricultural Revenue

Det ailed select ed result s on changes in ot her fact ors t hat  inf luenced change 

in agricult ural revenue per AE bet ween 2004 and 2007 are shown in Table A.9.  

The main cont ribut ing fact ors were changes in sources of  income and access 

t o credit  and al l -weat her roads.  Compared t o no change in source of  income,  

t he shif t  away f rom crop product ion act ivit ies had a negat ive associat ion,  

whereas t he shif t  away f rom l ivest ock product ion act ivit ies had a posit ive 

associat ion.  Improvement  in access t o credit  was associat ed wit h an increase 

in agricult ural revenue across t he board,  whereas improvement  in access t o 

al l -weat her roads had mixed associat ions,  posit ive for t he subsample wit h 

NAADSNON-3 households but  negat ive for t he subsample wit h NAADSNON-2 house-

holds.  The negat ive and signif icant  ef fect  associat ed wit h t he init ial  value of  

agricult ural revenue suggest s a decl ine in agricult ural revenue bet ween 2004 

and 2007 across t he board.

Food and Nutrit ion Security and Overall Wealth

In t he t wo household surveys,  farmers were asked t o report  t heir percept ion 

of  how t heir households’  food and nut rit ion securit y (i.e. ,  access t o food 

and nut rit ional qual it y of  food) and average level of  wealt h had changed 

(increased,  not  changed,  or worsened) bet ween 2000 and 2004 and bet ween 

2004 and 2007. The descript ive stat ist ics presented in Figure 5.11 show t hat  t he

proport ion of  t he direct  part icipant s (NAADSDIR) who perceived an improve-

ment  in t heir sit uat ion general ly increased over t ime,  whereas t he propor-

t ions of  t he dif ferent  cont rol  groups who perceived an improvement  in t heir 

sit uat ion general ly decreased over t ime,  increased marginal ly,  or remained 

unchanged.  Alt hough t he proport ions who perceived a worsening sit uat ion 
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Figure 5.10—Scatter plot of change between 2004 and  2007 in crop and 
livestock income,  by treatment and control group

Source:   Mat ched sample of  t reat ment  and cont rol  observat ions f rom NAADS–IFPRI 2004 and 
2007 household surveys (panel dat a).

Not e:   TLU:  t ropical l ivest ock unit .



Figure 5.11—Perception of changes between 2000 and 2007 in food and 
nutrit ion security and wealth,  by treatment and con trol group

Source:   Mat ched sample of  t reat ment  and cont rol  households f rom NAADS–IFPRI 2004 and 
2007 household surveys (panel dat a).



decl ined over t ime across t he board,  t he proport ions of  t he dif ferent  cont rol  

groups who perceived no change in t heir sit uat ion general ly increased over 

t ime,  wit h NAADSNON-2 and NAADSNON-3 households faring t he worst .  At  least  

t wo-t hirds of  NAADSNON-2 and NAADSNON-3 households perceived a st at ic or 

worsening sit uat ion in al l  t hree indicat ors in 2004–07.

 To assess t he impact  of  t he NAADS program,  we cont rol  for t he init ial  

values of  t he dependent  variable and changes in ot her fact ors as present ed 

in t he met hodology sect ion.  Unl ike in t he case of  t he adopt ion of  improved 

t echnologies and pract ices,  here t here are mult iple cat egories of  t he out -

come indicat or (i.e. ,  increased,  no change,  and decreased).  An appropriat e 

est imat or is t he mult inomial probit ,  which we use.  The main issue for concern 

in t his cont ext  is having adequat e observat ions across t he dif ferent  cat egories 

for bot h direct  part icipant s and t he cont rol  groups t o rel iably est imat e t he 

program’ s impact .  This is problemat ic for many of  t he model specif icat ions,  

part icularly Models II and III,  which involve est imat ing more coef f icient s,  as 

wel l  as for t he NAADSNON-2 and NAADSNON-3 cont rol  groups,  for which we have 

fewer numbers of  observat ions t o st art  wit h.  Therefore,  many of  t he impact s 

associat ed wit h t hese models could not  be est imat ed,  part icularly for our pre-

ferred model specif icat ion.  The result s are summarized in Tables 5.22,  5.24,  

and 5.26,  where t he base cat egory is no change.  Consequent ly,  we redef ined 

t he out come indicat ors t o be dichot omous under t wo dif ferent  scenarios:  

f irst ,  t aking on t he value of  one when t he response was “ improved”  and zero 

ot herwise,  and second,  t aking on t he value of  one when t he response was 

“ worsened”  and zero ot herwise.  Then we appl ied t he regular probit  est ima-

t or.  Alt hough t his makes est imat ion easier,  caut ion is required in int erpre-

t at ion of  t he result ing est imat es because t he base cat egory combines t wo 

dif ferent  perceived out comes wit h pot ent ial ly dif ferent  underlying behaviors.  

The est imat ed impact s associat ed wit h t hese are summarized in Tables 5.23,

5.25,  and 5.27.  As before,  select ed det ailed regression result s for t he mult i-

nomial probit s are present ed in Appendix A (see Tables A.10–A.12).

 The result s f rom t he t wo est imat ors are consist ent ,  and we see t hat  direct  

part icipat ion in t he NAADS program is general ly posit ively associat ed wit h 

an improving sit uat ion and negat ively associat ed wit h a worsening sit uat ion,  

part icularly when part icipat ing households are compared wit h NAADSNON-2 and 

NAADSNON-3 households.  Several of  t he est imat ed coef f icient s are st at ist ical ly 

signif icant  across dif ferent  model specif icat ions.  Here,  t oo,  t he seemingly 

negat ive impact  of  t he program when t he direct  part icipant s are compared 

wit h t he indirect  part icipant s (i.e. ,  t he column of  result s headed ATTNON-1) 

is consist ent  wit h similar f indings report ed earl ier and l ikely ref lect s bet t er 

access t o ext ension and confusion bet ween NAADS service providers and ot her 

programs’  agent s.  Toget her,  t he result s are consist ent  wit h t he increase 
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Table 5.22—Panel random-effects mult inomial-probit  regression results of the 
associat ion between direct part icipat ion in the NAA DS program and perception 
of change in access to adequate food between 2004 a nd 2007,  by different 
control groups

 ATTNON-1 ATTNON-2 ATTNON-3

Estimator/ model Improved Worsened Improved Worsened  Improved Worsened

Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor –0.027  –0.604  0.477  –0.225  0.605  0.059 
    3 neighbors –0.186  –0.414  0.286  –0.570  0.694 * –0.055 
    5 neighbors –0.151  –0.636  0.403  –0.516  0.657  0.003 
  Model II
    1 neighbor –1.154 ** –0.965 * 0.225  0.049  0.532  –0.052 
    3 neighbors –0.521  –0.876 * 0.817 ** 0.014  0.766 * 0.124 
    5 neighbors –0.040  –0.301  0.810 ** –0.114  0.624  0.214 
  Model III
    1 neighbor 0.194  –0.251  0.408  –0.582  0.794  0.083 
    3 neighbors 0.226  –0.171  0.477  –0.449  0.707 * 0.232 
    5 neighbors 0.014  –0.153  0.580 * –0.319  0.708 * 0.259 
2SWR (wit h covariat es)
  Model I
    1 neighbor –0.089  –0.764  0.447  –0.234  0.651  –0.286 
    3 neighbors –0.339  –0.815 * 0.110  –0.779 * 0.827 * –0.303 
    5 neighbors –0.249  –0.723  0.227  –0.715 * 0.892 ** –0.269 
  Model II
    1 neighbor –1.229 ** –1.220 * n.e.   n.e.   n.e.   n.e.  
    3 neighbors –0.623  –0.776  0.825 ** –0.008  n.e.   n.e.  
    5 neighbors –0.256  –0.338  0.730 ** –0.161  0.745  –0.216 
  Model III
    1 neighbor –0.669  –1.421 ** 0.419  –0.355  n.e.   n.e.  
    3 neighbors –0.236  –0.559  0.444  –0.455  n.e.   n.e.  
    5 neighbors –0.277  –0.481  0.514  –0.359  0.895 * –0.132 

Source:   Mat ched sample of  t reat ment  and cont rol  observat ions f rom NAADS–IFPRI 2004 and 2007 household 
surveys (panel dat a).

Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed;  n.e. :  not  est imat ed due t o l imit ed sample obser-
vat ions across cat egories of  t he dependent  variable.  Models I,  II,  and III indicat e t hat  t he under-
lying mat ched subsamples are based on t he select ion probit s using t he base model (Model I),  t he 
base model plus squared values of  some cont inuous covariat es (Model II),  and t he base model 
plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  *,  **,  and *** indicat e st at ist ical 
signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese 
columns indicat e lack of  st at ist ical signif icance.  Det ailed 2SWR result s for select ed model specif i-
cat ions are present ed in Appendix A (Table A.10).
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Table 5.23—Panel random-effects probit  regression r esults of the associat ion 
between direct part icipat ion in the NAADS program a nd perception of change in 
access to adequate food between 2004 and 2007,  by d ifferent control groups

 ATTNON-1 ATTNON-2 ATTNON-3

Estimator/ model Improved Worsened Improved Worsened  Improved Worsened

Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor –0.068  0.101  0.185  0.071  0.276  –0.132 
    3 neighbors –0.187  0.212  0.152  0.156  0.387 ** –0.067 
    5 neighbors –0.187  0.271  0.178  0.096  0.354 ** –0.071 
  Model II
    1 neighbor –0.101  0.563 ** 0.121  –0.059  0.184  0.122 
    3 neighbors –0.164  0.356 * 0.287 ** –0.123  0.345 * –0.123 
    5 neighbors –0.171  0.294 * 0.233 * –0.052  0.318 * –0.164 
  Model III
    1 neighbor –0.048  0.537 ** 0.306 * 0.129  0.225  –0.055 
    3 neighbors –0.146  0.275  0.133  0.098  0.323 * –0.131 
    5 neighbors –0.194  0.328 * 0.145  0.045  0.347 * –0.155 
2SWR (wit h covariat es)
  Model I
    1 neighbor –0.036  0.268  0.073  –0.009  0.203  –0.160 
    3 neighbors –0.095  0.273  0.110  0.176  0.334 * –0.162 
    5 neighbors –0.083  0.369 * 0.129  0.149  0.292  –0.181 
  Model II
    1 neighbor –0.006  0.420  0.104  –0.161  0.091  0.148 
    3 neighbors –0.095  0.382 * 0.211  –0.104  0.264  –0.076 
    5 neighbors –0.112  0.374 * 0.171  –0.041  0.249  –0.199 
  Model III
    1 neighbor –0.021  0.524 * 0.301  0.154  0.063  –0.099 
    3 neighbors –0.121  0.279  0.111  0.043  0.238  –0.133 
    5 neighbors –0.173  0.377 * 0.140  0.003  0.266  –0.170 

Source:   Mat ched sample of  t reat ment  and cont rol  observat ions f rom NAADS–IFPRI 2004 and 2007 household 
surveys (panel dat a).

Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed.  Models I,  II,  and III indicat e t hat  t he under-
lying mat ched subsamples are based on t he select ion probit s using t he base model (Model I),  t he 
base model plus squared values of  some cont inuous covariat es (Model II),  and t he base model 
plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  *,  **,  and *** indicat e st at ist ical 
signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese 
columns indicat e lack of  st at ist ical signif icance.
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Table 5.24—Panel random-effects mult inomial-probit  regression results of the 
associat ion between direct part icipat ion in the NAA DS program and perception 
of change in the nutrit ional quality of food betwee n 2004 and 2007,  by different 
control groups

 ATTNON-1 ATTNON-2 ATTNON-3

Estimator/ model Improved Worsened Improved Worsened  Improved Worsened

Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor –0.005  0.346  0.516  –0.257  1.941 *** –0.004 
    3 neighbors 0.197  0.194  0.723 * 0.138  1.069 ** –0.298 
    5 neighbors 0.229  0.349  0.899 ** 0.103  0.898 * –0.413 
  Model II
    1 neighbor 1.285 ** 1.009  1.672 *** 1.194 *** 1.635 *** 0.210 
    3 neighbors 1.420 *** 1.012 ** 1.154 *** 0.527  1.368 *** 0.076 
    5 neighbors 1.131 ** 0.717  0.884 ** 0.448  1.345 *** 0.226 
  Model III
    1 neighbor –0.105  –0.243  1.186 *** 0.816 * 1.515 *** 0.078 
    3 neighbors 0.588  0.435  1.030 *** 0.451  1.157 *** 0.195 
    5 neighbors 0.478  0.356  0.859 ** 0.400  1.002 ** 0.021 
2SWR (wit h covariat es)
  Model I
    1 neighbor n.e.   n.e.   n.e.   n.e.   n.e.   n.e.  
    3 neighbors 0.560  0.316  0.806 ** 0.244  n.e.   n.e.  
    5 neighbors 0.411  0.448  0.947 *** 0.148  n.e.   n.e.  
  Model II
    1 neighbor 1.780 *** 1.268 ** 1.650 *** 1.191 ** 2.206 *** 1.256 **
    3 neighbors 1.441 *** 0.958 ** 1.039 *** 0.502  n.e.   n.e.  
    5 neighbors 1.278 *** 0.800 * 0.971 ** 0.583  n.e.   n.e.  
  Model III
    1 neighbor –1.719 * –1.815 * 1.306 *** 0.952 ** n.e.   n.e.  
    3 neighbors 1.116 ** 0.720  1.124 *** 0.519  n.e.   n.e.  
    5 neighbors 0.864 * 0.625  0.851 ** 0.400  n.e.   n.e.  

Source:   Mat ched sample of  t reat ment  and cont rol  observat ions f rom NAADS–IFPRI 2004 and 2007 household 
surveys (panel dat a).

Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed;  n.e. :  not  est imat ed due t o l imit ed sample obser-
vat ions across cat egories of  t he dependent  variable.  Models I,  II,  and III indicat e t hat  t he under-
lying mat ched subsamples are based on t he select ion probit s using t he base model (Model I),  t he 
base model plus squared values of  some cont inuous covariat es (Model II),  and t he base model 
plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  *,  **,  and *** indicat e st at ist ical 
signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese 
columns indicat e lack of  st at ist ical signif icance.  Det ailed 2SWR result s for select ed model specif i-
cat ions are present ed in Appendix A (Table A.11).
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Table 5.25—Panel random-effects probit  regression r esults of the associat ion 
between direct part icipat ion in the NAADS program a nd perception of 
change in the nutrit ional quality of food between 2 004 and 2007,  by different 
control groups

 ATTNON-1 ATTNON-2 ATTNON-3

Estimator/ model Improved Worsened Improved Worsened  Improved Worsened

Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor –0.186  0.080  0.206  –0.091  0.528 ** –0.043 
    3 neighbors –0.259 * 0.121  0.116  0.054  0.332 * –0.002 
    5 neighbors –0.225  0.084  0.133  0.044  0.374 ** –0.023 
  Model II
    1 neighbor –0.046  –0.015  0.287 * –0.184  0.244  –0.124 
    3 neighbors –0.062  0.050  0.165  –0.038  0.409 ** –0.131 
    5 neighbors –0.088  0.049  0.124  –0.046  0.387 ** –0.128 
  Model III
    1 neighbor –0.138  0.109  0.158  –0.100  0.372 * –0.031 
    3 neighbors –0.178  0.016  0.299 ** –0.055  0.435 ** –0.158 
    5 neighbors –0.210  0.106  0.185  –0.056  0.396 ** –0.108 
2SWR (wit h covariat es)
  Model I
    1 neighbor –0.115  0.006  0.143  –0.146  0.421 * 0.224 
    3 neighbors –0.210  0.006  0.048  –0.012  0.256  0.244 
    5 neighbors –0.169  0.033  0.073  –0.013  0.272  0.203 
  Model II
    1 neighbor –0.015  –0.122  0.158  –0.194  0.270  0.089 
    3 neighbors –0.086  –0.029  0.075  –0.100  0.331 * 0.159 
    5 neighbors –0.091  –0.007  0.079  –0.120  0.275  0.212 
  Model III
    1 neighbor –0.125  0.234  0.045  –0.096  0.397 * 0.031 
    3 neighbors –0.181  –0.007  0.255 * –0.134  0.335 * 0.186 
    5 neighbors –0.180  0.043  0.143  –0.122  0.278  0.207 

Source:   Mat ched sample of  t reat ment  and cont rol  observat ions f rom NAADS–IFPRI 2004 and 2007 household 
surveys (panel dat a).

Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed.  Models I,  II,  and III indicat e t hat  t he under-
lying mat ched subsamples are based on t he select ion probit s using t he base model (Model I),  t he 
base model plus squared values of  some cont inuous covariat es (Model II),  and t he base model 
plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  *,  **,  and *** indicat e st at ist ical 
signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese 
columns indicat e lack of  st at ist ical signif icance.
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Table 5.26—Panel random-effects mult inomial-probit  regression results of the 
associat ion between direct part icipat ion in the NAA DS program and perception 
of change in average wealth between 2004 and 2007,  by different control groups

 ATTNON-1 ATTNON-2 ATTNON-3

Estimator/ model Improved Worsened Improved Worsened  Improved Worsened

Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor –0.749  –1.292 ** 0.489  –0.206  0.140  –0.805 
    3 neighbors –0.075  –0.727  0.363  –0.404  0.313  –0.741 
    5 neighbors –0.077  –0.660  0.341  –0.482  0.123  –0.728 
  Model II
    1 neighbor –0.785  –1.412 ** 0.145  –1.008 ** 0.335  –0.544 
    3 neighbors –0.411  –0.858  0.152  –0.778 * 0.426  –0.405 
    5 neighbors –0.059  –0.440  0.139  –0.745 * 0.058  –0.378 
  Model III
    1 neighbor –0.142  –0.722  –0.102  –0.947 * 0.179  –0.740 
    3 neighbors –0.316  –0.324  0.162  –0.713 * 0.383  –0.370 
    5 neighbors –0.056  –0.631  0.114  –0.638  0.201  –0.283 
2SWR (wit h covariat es)
  Model I
    1 neighbor n.e.   n.e.   n.e.   n.e.   n.e.   n.e.  
    3 neighbors n.e.   n.e.   n.e.   n.e.   n.e.   n.e.  
    5 neighbors –0.029  –0.265  0.324  –0.313  0.175  –0.882 *
  Model II
    1 neighbor n.e.   n.e.   n.e.   n.e.   n.e.   n.e.  
    3 neighbors –0.149  –0.393  n.e.   n.e.   0.495  –0.686 
    5 neighbors 0.195  –0.031  0.003  –0.773 * 0.050  –0.583 
  Model III
    1 neighbor n.e.   n.e.   n.e.   n.e.   n.e.   n.e.  
    3 neighbors n.e.   n.e.   n.e.   n.e.   n.e.   n.e.  
    5 neighbors –0.269  –0.836  –0.056  –0.755 * 0.190  –0.486 

Source:   Mat ched sample of  t reat ment  and cont rol  observat ions f rom NAADS–IFPRI 2004 and 2007 household 
surveys (panel dat a).

Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed;  n.e. :  not  est imat ed due t o l imit ed sample obser-
vat ions across cat egories of  t he dependent  variable.  Models I,  II,  and III indicat e t hat  t he under-
lying mat ched subsamples are based on t he select ion probit s using t he base model (Model I),  t he 
base model plus squared values of  some cont inuous covariat es (Model II),  and t he base model 
plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  *,  **,  and *** indicat e st at ist ical 
signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese 
columns indicat e lack of  st at ist ical signif icance.  Det ailed 2SWR result s for select ed model specif i-
cat ions are present ed in Appendix A (Table A.12).
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Table 5.27—Panel random-effects probit  regression r esults of the associat ion 
between direct part icipat ion in the NAADS program a nd perception of change in 
average wealth between 2004 and 2007,  by different control groups

 ATTNON-1 ATTNON-2 ATTNON-3

Estimator/ model Improved Worsened Improved Worsened  Improved Worsened

Two-st age weight ed regression (2SWR) (wit hout  covariat es)
  Model I
    1 neighbor –0.319 * 0.310  –0.089  0.149  0.188  –0.116 
    3 neighbors –0.288 * 0.232  0.009  0.113  0.155  –0.057 
    5 neighbors –0.217  0.155  –0.016  0.113  0.142  –0.073 
  Model II
    1 neighbor –0.209  0.229  0.046  0.201  0.218  –0.131 
    3 neighbors –0.196  0.237  –0.019  0.125  0.251  –0.109 
    5 neighbors –0.182  0.195  0.023  0.102  0.102  –0.028 
  Model III
    1 neighbor –0.388 * 0.314  0.165  –0.008  0.207  –0.100 
    3 neighbors –0.486 *** 0.426 ** 0.070  0.020  0.209  –0.109 
    5 neighbors –0.391 ** 0.330 ** 0.039  0.027  0.135  –0.066 
2SWR (wit h covariat es)
  Model I
    1 neighbor –0.210  0.192  –0.004  –0.014  0.103  –0.123 
    3 neighbors –0.223  0.151  0.077  –0.072  0.125  –0.084 
    5 neighbors –0.153  0.078  0.046  –0.051  0.129  –0.098 
  Model II
    1 neighbor –0.182  0.188  0.192  0.038  0.171  –0.160 
    3 neighbors –0.159  0.209  0.063  0.000  0.182  –0.080 
    5 neighbors –0.146  0.150  0.089  –0.020  0.090  –0.043 
  Model III
    1 neighbor –0.312  0.249  0.197  –0.046  0.208  –0.146 
    3 neighbors –0.424 ** 0.352 ** 0.125  –0.106  0.146  –0.086 
    5 neighbors –0.318 * 0.272 * 0.084  –0.088 * 0.123  –0.077 

Source:   Mat ched sample of  t reat ment  and cont rol  observat ions f rom NAADS–IFPRI 2004 and 2007 household 
surveys (panel dat a).

Not es:   ATT:  average t reat ment  ef fect s on t he t reat ed.  Models I,  II,  and III indicat e t hat  t he under-
lying mat ched subsamples are based on t he select ion probit s using t he base model (Model I),  t he 
base model plus squared values of  some cont inuous covariat es (Model II),  and t he base model 
plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  *,  **,  and *** indicat e st at ist ical 
signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese 
columns indicat e lack of  st at ist ical signif icance.
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(about  9.5 percent ) in t he per capit a consumpt ion expendit ure of  Ugandans 

bet ween 2002–03 and 2005–06 (Uganda,  BOS 2006).

 The det ailed select ed second-st age result s present ed in Tables A.10–A.12 

show t hat  dif ferent  fact ors have cont ribut ed dif ferent ly t o changes in t hese 

out comes,  wit h dif ferences across t he dif ferent  mat ched subsamples.  Regard-

ing change in access t o food,  for example,  changes in gender of  household 

head,  size of  household,  income sources,  and access t o credit ,  roads,  and 

market s were st at ist ical ly signif icant  fact ors.  Regarding percept ion of  change 

in nut rit ional qual it y of  food,  only changes in gender,  household size,  and 

access t o credit  and market s mat t ered.  Percept ion of  change in wealt h was 

signif icant ly inf luenced by changes in educat ion and income sources.

Distribution of Program Effects and Factors Enhancing 
or Mitigating These Effects
In t his sect ion we present  t he result s of  t he est imat ions done t o examine t he 

dist ribut ional ef fect s of  t he NAADS program as wel l  as assess t he fact ors t hat  

have enhanced or mit igat ed t he ef fect s of  t he program.  As present ed in t he 

met hodology chapt er,  t his was done by re-est imat ing t he ATTs associat ed 

wit h t he value of  crop out put  per acre,  t he value of  l ivest ock out put  per 

TLU,  and agricult ural revenue per AE using bot h t he grouping and int eract ion 

approaches present ed earl ier.  For t he grouping approach,  t he regression is 

est imat ed separat ely for subsamples of  cat egories of  t he explanat ory vari-

ables,  for example,  male-headed and female-headed households (t he result s 

are present ed in Table 5.28).  The second approach includes in t he regres-

sion a t erm of  int eract ion bet ween t he NAADS part icipat ion variable and 

each of  t he ot her explanat ory variables (t he result s are present ed in Tables 

5.29–5.31).  For t he grouping approach (Table 5.28),  a posit ive (or negat ive) 

coef f icient  means t hat  t he impact  of  program is great er (or lower) wit hin t he 

relevant  subcat egory of  t he fact or.  Similarly,  t he coef f icient s can be com-

pared across t he subcat egories,  part icularly where t hey are of  t he same sign.  

For t he int eract ion approach (Tables 5.29–5.31),  t he int erpret at ion has t o be

done in conj unct ion wit h t he init ial  est imat es vis-à-vis how t he init ial  ef fect s 

wit hout  t he int eract ions have changed.  However,  basical ly,  a posit ive (or neg-

at ive) coef f icient  means t hat  t he impact  of  t he program has been enhanced 

(or mit igat ed) by t he change in t he relevant  fact or.  For bot h we used t he 

Model III specif icat ion and mat ched subsamples based on t hree nearest -

neighbor mat ches.  For t he int eract ion approach,  however,  we report  only t he 

det ailed result s associat ed wit h t he subsample of  NAADSDIR and NAADSNON-3 

households.  As expect ed,  dif ferent  fact ors have cont ribut ed dif ferent ly t o 

enhancing or mit igat ing t he ef fect s of  t he program,  which is shown by t he 

dif ferences in t he signs,  magnit udes,  and levels of  st at ist ical signif icance 
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associat ed wit h est imat ed coef f icient s.  We now discuss key f indings associ-

at ed wit h each of  t he fact ors considered,  focusing most ly on t he est imat es 

t hat  are st at ist ical ly signif icant .

Gender

Alt hough inclusion of  t he t erm of  int eract ion bet ween t he NAADS indicat or 

and change in gender had no signif icant  ef fect  on t he individual separat e 

ef fect s,  t he grouping approach shows t hat  t he est imat ed program impact  

was great er for male-headed households in t he case of  l ivest ock product iv-

it y when NAADSDIR households were compared wit h NAADSNON-1 households 

but  lower in t he case of  crop product ivit y when t hey were compared wit h 

NAADSNON-1 households.  Looking at  t ot al  agricult ural out put ,  however,  t he 

est imat ed impact  was great er among female-headed households when direct  

part icipant s were compared wit h NAADSNON-1 households.  Thus it  seems t hat  

t he NAADS program has so far been ef fect ive for men and women al ike,  

al t hough in dif ferent  ways.  That  t he maj orit y of  t he ext ension providers in 

Uganda are men (about  88 percent ) does not  seem t o have biased del ivery 

of  advisory services,  al t hough research shows t hat  gender similarit y bet ween 

provider and receiver plays a maj or role in it s ef fect iveness (Lahai,  Goldey,  

and Jones 2000).  The gender imbalance in service providers in Uganda is 

consist ent  wit h t he general knowledge t hat  women experience l imit ed access 

t o agricult ural ext ension (e.g. ,  see St audt  1982;  Alawy 1998;  Adesina et  al .  

2000;  Doss 2001).  In SSA it  has been est imat ed t hat  only 7 percent  of  ext en-

sion resources are spent  on women;  global ly it  is est imat ed t hat  women 

receive only 2–10 percent  of  ext ension cont act s and 5 percent  of  services 

(Swanson,  Bent z,  and Sof ranko 1997).

Age,  Education,  and Household Size

Inclusion in t he est imat ion of  t erms of  interact ion between the NAADS indicator 

and these variables,  part icularly changes in age and educat ion,  is import ant  for 

assessing t he overal l  impact  of  t he program,  especial ly on crop product ivit y.  

The est imat ed average impact  associat ed wit h t he subsample wit h NAADSNON-1 

households was lower for bot h younger and older household heads regard-

ing crop and l ivest ock product ivit y,  respect ively.  Regarding income,  it  was 

larger when compared wit h NAADSNON-1 households and smaller for younger

part icipant s when compared wit h NAADSNON-2 households.  For educat ion we 

see great er impact s across al l  t hree cat egories (no formal school ing,  com-

plet ed primary educat ion,  and complet ed post -primary educat ion) on crop 

and l ivestock product ivit y and agricult ural revenue among the subsample wit h 

NAADSNON-2 and NAADSNON-3 households.
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Table 5.28—Distribut ion of the est imated impacts: S econd-stage weighted regression est imates using the  
grouping approach

  Livestock output Agricultural output
 Crop output (UGX per acre) (UGX per tropical livest ock unit) (UGX per adult  equivalent [AE])

Variable NAADSNON–1 NAADSNON–2 NAADSNON–3 NAADSNON–1 NAADSNON–2 NAADSNON–3 NAADSNON–1 NAADSNON–2 NAADSNON–3

Average ef fect  –0.590 ** 0.090  0.880 * –0.490  0.290  0.980 ** –0.800  0.430 ** 0.270 
Gender of  head
  Wit h variable
    Male –0.528 * –0.135  0.867  –0.412  0.325  1.333 ** –0.228  0.362  0.393 
    Female –0.337  0.905  0.317  –6.905  –1.443  n.e.   0.875 ** 0.523  –0.461 
  Wit hout  variable
    Male –0.528 * –0.135  0.867  –0.412  0.325  1.333 ** –0.228  0.362  0.393 
    Female –0.337  0.905  0.317  –6.905  –1.443  n.e.   0.875 ** 0.523  –0.461 
Age of  head
  Wit h variable
     Older t han 40 years –0.623 * 0.393  –0.066  –0.878  0.758  1.828  –0.222  0.673 ** 0.507 
    Age 40 years or younger –0.561  0.053  1.120  –0.509 * 0.152  –2.496  0.182  0.055  0.219 
  Wit hout  variable
     Older t han 40 years –0.740 ** 0.340  –0.057  –0.972  0.783  1.760  –0.285  0.642 ** 0.469 
    Age 40 years or younger –0.471  0.040  1.822 * –0.529 * 0.132  –1.131  0.182  0.010  0.113 
Educat ion
  Wit h variable
    No formal –1.050  0.872 * 1.865  –4.538  –0.729  n.e.   –1.147  0.586  –3.984 
    Primary –0.474  0.113  0.375  0.124  0.626  1.468 * –0.017  0.454 * 0.460 
    Post primary –0.447  –0.565  0.136  –0.641  –0.735  n.e.   0.034  –0.333  0.790 
  Wit hout  variable
    No formal –0.962  0.391  2.017  –3.102  –0.551  –4.230  –1.347  0.474  –1.382 
    Primary –0.345  0.124  0.268  0.342  0.536  1.586 ** 0.037  0.450 * 0.447 
    Post primary –0.207  –0.579  0.127  –0.591  –0.735  n.e.   0.020  –0.264  0.629 

(cont inued)
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Table 5.28—Continued

  Livestock output Agricultural output
 Crop output (UGX per acre) (UGX per tropical livest ock unit) (UGX per adult  equivalent [AE])

Variable NAADSNON–1 NAADSNON–2 NAADSNON–3 NAADSNON–1 NAADSNON–2 NAADSNON–3 NAADSNON–1 NAADSNON–2 NAADSNON–3

Household size
  Wit h variable
    More t han 5 AEs –0.784 * –0.183  –0.010  –0.536  0.215  1.586  –0.165  0.501  0.962 *
    5 or fewer AEs –0.660 * 0.133  1.642  –0.152  0.298  –0.572  –0.097  0.104  –0.998 
  Wit hout  variable
    More t han 5 AEs –0.815 ** –0.171  0.041  –0.589  0.193  1.567  –0.171  0.553 * 1.046 *
    5 or fewer AEs –0.778 ** 0.121  1.573  –0.092  0.305  –0.680  –0.057  0.076  –0.817 
Income st rat egy
  Wit h variable
    Crops –0.635 ** –0.416  1.549 ** –0.686  0.622  1.508 * –0.390  0.091  0.196 
    Livest ock n.e.   n.e.   n.e.   n.e.   n.e.   n.e.   n.e.   n.e.   n.e.  
    Ot her agricult ure n.e.   1.342  n.e.   n.e.   n.e.   n.e.   n.e.   n.e.   n.e.  
    Nonagricult ure –1.100 ** 0.355  0.613  –0.324  –0.130  1.158  0.421  1.152 ** –0.195 
  Wit hout  variable
    Crops –0.635 ** –0.431  1.596 ** –0.638  0.634  1.348  –0.397  0.107  0.018 
    Livest ock n.e.   n.e.   n.e.   n.e.   n.e.   n.e.   n.e.   n.e.   n.e.  
    Ot her agricult ure n.e.   1.342  n.e.   n.e.   n.e.   n.e.   n.e.   n.e.   n.e.  
    Nonagricult ure –1.068 ** 0.305  0.649  –0.377  –0.185  1.237  0.408  1.076 ** –0.357 
Land owned
  More t han 1 acre –0.015  0.586  0.192  –1.089  0.942  1.973 ** –0.216  0.185  0.282 
  1 acre or less –0.899 ** 0.095  0.727  0.064  –0.105  0.390  0.197  0.569 ** 0.499 
Product ive asset s
  Tercile 1 –0.506  0.390  0.584  1.237  1.428 * n.e.   –0.021  0.455  –0.577 
  Tercile 2 –0.892 ** –0.803  1.281  0.014  –1.131  –0.158  0.369  0.196  0.908 *
  Tercile 3 –0.460  0.275  0.748  –1.950  –0.533  –0.749  –0.929 * 0.234  0.104 
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Dist ance t o credit
  Wit h variable
    More t han 10 km –0.229  0.253  1.337 * –0.490  0.391  1.319 * –0.408  0.438  0.092 
    10 km or less –1.104 *** –0.441  –1.159 * 0.146  0.066  n.e.   0.873 ** 0.127  –0.193 
  Wit hout  variable
    More t han 10 km –0.196  0.231  1.358 * –0.488  0.408  1.420 *** –0.407  0.435  0.410 
    10 km or less –1.105 *** –0.441  –1.140 ** –0.015  0.075  n.e.   0.861 ** 0.161  –0.189 
Dist ance t o road
  Wit h variable
    More t han 0.5 km –0.398  0.540  0.031  –0.685  –0.282  0.545  –0.377  0.412 * –0.012 
    0.5 km or less –0.700  –0.602  1.851  –0.500  1.222 * 0.740  0.859 * 0.167  1.376 **
  Wit hout  variable
    More t han 0.5 km –0.404  0.526  0.314  –0.686  –0.330  0.581  –0.384  0.413 * –0.034 
    0.5 km or less –0.724  –0.638 * 1.815  –0.500  1.191  0.740  0.762  0.013  1.422 **
Dist ance t o market s
  Wit h variable
    More t han 5 km –0.511  0.307  1.411 *** –0.655  0.256  1.765 * –0.080  0.538 * 0.813 *
    5 km or less –0.589 * –0.250  –0.066  0.454  –0.085  –0.375  –0.227  0.207  –0.238 
  Wit hout  variable
    More t han 5 km –0.513  0.304  1.396 *** –0.698  0.229  1.742 * –0.146  0.538 * 0.813 *
    5 km or less –0.585 * –0.271  –0.044  0.358  –0.130  –0.056  –0.288  0.208  –0.366 
Region
  Cent ral  –0.785  0.062  1.160  n.e.   n.e.   n.e.   0.423  –0.280  –0.002 
  East ern 0.574  0.690  0.448  2.387  –0.046  0.747  1.074  0.889 *** 0.194 
  Nort hern –0.476  0.791  n.e.   1.036  0.757  n.e.   0.291  0.316  n.e.  
  West ern –0.218  –0.436  –0.675  –0.701  –0.754  –0.619  –0.247  0.279  –0.028 

Source:   Mat ched sample of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 household survey panel dat a;  based on Model III (see 
Table 5.7) and t hree nearest  neighbor mat ches.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  The t reat ment  group in each case is NAADSDIR.  Wit h and wit hout  variable:  inclusion 
or exclusion of  t he variable in t he second-st age regression;  n.e. :  not  est imat ed due t o lack of  observat ions.  *,  **,  and *** indicat e st at ist ical signif i-
cance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.
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Table 5.29—Distribut ion of the est imated impacts: S econd-stage weighted regression est imates using the  interact ion 
terms approach,  crop output (UGX per acre)

 Including interact ion with

     Household Income Access to Access to Access to 
Explanatory variable Init ial Gender Age Education s ize source credit  roads markets

NAADS 0.88 * 0.88 * 0.47  0.91  0.97 ** 1.78 ** 0.88 * 0.82 * 0.88 *
∆ gender of  head –0.29  0.23  –0.47  –0.34  –0.29  –0.06  –0.27  –0.28  –0.29 
∆ ln age of  head –2.58 * –2.48 * –4.82 * –2.08  –3.47 ** –2.65 ** –2.57 * –2.60 ** –2.57 *
∆ educat ion (cf .  no change)
  Reduct ion –2.48 * –2.51 * –1.86  –3.99 * –2.17 ** –2.73 ** –2.49 * –2.46 * –2.49 *
  Improvement  –0.47  –0.44  –0.36  1.32  –0.21  –0.35  –0.48  –0.45  –0.48 
∆ ln household size 1.36 ** 1.35 ** 1.70 ** 1.42 ** 2.34 ** 1.57 *** 1.37 ** 1.38 ** 1.36 **
∆ Income source (cf .  no change)
  Crops t o ot her sources 1.33 * 1.33 * 1.16 * 1.37 ** 1.05 * 2.45 *** 1.33 * 1.37 * 1.33 *
  Livest ock t o ot her sources 1.83  1.83  1.70 * 1.14  1.33  0.71  1.83  1.90  1.82 
  Ot her agricult ure t o ot her  –0.69  –0.70  –0.49  –0.76  –0.42  –0.39  –0.70  –0.72  –0.70
    sources  
  Nonfarm act ivit ies t o  0.57  0.63  0.63  0.69  0.86  1.94 ** 0.57  0.57  0.56
    ot her sources  
∆ ln dist ance t o service
  Credit  –0.25  –0.22  –0.28  –0.26  –0.04  –0.42  –31.27  –0.62  –0.34 
  Al l-weat her road 1.84 ** 1.81 ** 1.94 ** 1.72 ** 1.74 ** 1.95 ** 1.85 ** 1.08 ** 1.85 **
  Market s 0.21  0.20  0.30  0.18  0.20  0.37  1.22  0.22  0.15
ln crop out put _2004 –0.66 *** –0.65 *** –0.66 *** –0.68 *** –0.66 *** –0.63 *** –0.65 *** –0.63 *** –0.65 ***
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NAADS × ∆ gender of  head   –1.18               
NAADS × ∆ ln age of  head     4.69             
NAADS × ∆ educat ion
  NAADS × reduct ion       2.82           
  NAADS × improvement        –3.06 ***          
NAADS × ∆ ln household size         –2.71 *        
NAADS × ∆ income source
  NAADS × crops t o ot her            –2.26 **
    sources       
  NAADS × l ivest ock t o          2.56
    ot her sources                 
  NAADS × ot her agricult ure            –0.12
    t o ot her sources                  
  NAADS × nonfarm t o            –2.89 **
    ot her sources                 
NAADS × ∆ ln dist ance t o service
  NAADS × credit              30.94     
  NAADS × al l -weat her road               2.33   
  NAADS × market s                 1.16 
Int ercept  6.74 *** 6.70 *** 7.00 *** 6.91 *** 6.75 *** 6.05 *** 6.68 *** 6.46 *** 6.68 ***
R-squared 0.53  0.53  0.55  0.56  0.57  0.58  0.53  0.53  0.53 

Source of  dat a:    Mat ched sample of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 household survey panel dat a;  based on Model 
III (see Table 5.7) and t hree nearest  neighbor mat ches.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by nat ural loga-
rit hm;  ∆:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  
respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls mean not  appl icable.
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Table 5.30—Distribut ion of the est imated impacts: S econd-stage weighted regression est imates using the  interact ion 
terms approach,  livestock output (UGX per tropical livestock unit)

 Including interact ion with

     Household Income Access to Access to Access to 
Explanatory variable Init ial Gender Age Education s ize source credit  roads markets

NAADS 0.98 ** 0.98 ** 1.00 ** 1.10 * 1.18 ** 0.87  1.15 ** 1.21 ** 1.02 **
∆ gender of  head –0.18  0.37  –0.02  –0.07  –0.34  –0.36  –0.03  0.02  –0.21 
∆ ln age of  head –0.31  –0.33  –1.32  0.27  –0.66  0.01  0.27  –1.17  –0.61 
∆ educat ion (cf .  no change)
  Reduct ion 1.05 ** 1.06 ** 1.07 ** 0.83 ** 1.07 ** 0.92 ** 0.99 ** 1.16 *** 1.04 **
  Improvement  –0.65  –0.65  –0.93  0.75  –0.59  –0.56  –1.20  –1.16  –0.87 
∆ ln household size 0.95 ** 0.93 * 1.23 ** 1.16 ** 1.48 ** 0.87 * 1.15 ** 1.10 ** 1.00 **
∆ Income source (cf .  no change)
  Crops t o ot her sources –0.41  –0.41  –0.39  –0.41  –0.49  –1.23  –0.31  –0.68  –0.39 
  Livest ock t o ot her sources 0.23  0.23  0.41  0.26  0.44  0.17  0.29  0.41  0.27 
  Ot her agricult ure t o ot her –0.38  –0.37  –0.48  –0.54  –0.28  –0.23  –0.49  –0.65  –0.45 
    sources  
  Nonfarm act ivit ies t o ot her  –0.68  –0.70  –0.70  –0.84 * –0.67  –0.72  –0.81 * –0.58  –0.73 *
    sources 
∆ ln dist ance t o service
  Credit  –1.24  –1.26  –1.09  –1.11  –0.94  –1.38  –4.94  –1.13  –1.34 
  Al l-weat her road –11.42  –11.93  –17.50  –15.74  –12.30  –20.32  –14.94  –30.47  –6.54 
  Market s –0.44  –0.41  –1.31  –1.19  –1.39  –0.64  –1.27  0.04  –18.55 
ln crop out put _2004 –0.58 *** –0.59 *** –0.58 *** –0.55 *** –0.61 *** –0.63 *** –0.55 *** –0.55 ** –0.59 ***



O
U

T
C

O
M

ES A
N

D
 IM

P
A

C
T

S O
F N

A
A

D
S  

127  

NAADS × ∆ gender of  head   –2.07 ***              
NAADS × ∆ ln age of  head     1.98  
NAADS × ∆ educat ion
  NAADS × reduct ion       0.34           
  NAADS × improvement        –1.89           
NAADS × ∆ ln household size         –0.95         
NAADS × ∆ income source
  NAADS × crops t o ot her            1.14
    sources                  
  NAADS × l ivest ock t o ot her            n.e.
    sources                  
  NAADS × ot her agricult ure            n.e.
    t o ot her sources                  
  NAADS × nonfarm act ivit ies            –0.06
    t o ot her sources                  
NAADS × ∆ ln dist ance t o service                  
  NAADS × credit              3.89     
  NAADS × al l -weat her road               38.82   
  NAADS × market s                 18.59 *
Int ercept  7.05 *** 7.08 *** 6.91 *** 6.58 *** 7.26 *** 7.59 *** 6.54 *** 6.58 ** 7.16 ***
R-squared 0.46  0.47  0.47  0.47  0.46  0.47  0.47  0.47  0.46 

Source of  dat a:    Mat ched sample of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 household survey panel dat a;  based on Model 
III (see Table 5.7) and t hree nearest  neighbor mat ches.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by nat ural loga-
rit hm;  ∆:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  
respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls mean not  appl icable.
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Table 5.31—Distribut ion of the est imated impacts: S econd-stage weighted regression est imates using the  interact ion 
terms approach,  agricultural revenue (UGX per adult  equivalent)

 Including interact ion with

     Household Income Access to Access to Access to 
Explanatory variable Init ial Gender Age Education s ize source credit  roads markets

NAADS 0.27  0.26  0.41  0.19  0.04  0.54  0.29  0.18  0.26 
Δ gender of  head 0.56  0.50  0.67 * 0.56 * 0.40  0.70 * 0.57  0.47  0.56 
Δ ln age of  head –0.24  –0.27  1.28  –0.30  0.17  –0.21  –0.15  –0.09  –0.26 
Δ educat ion (cf .  no change)
  Reduct ion 0.37  0.37  0.49  0.41  0.33  0.33  0.37  0.44  0.37 
  Improvement  –0.33  –0.34  –0.20  –0.59  –0.30  –0.31  –0.38  –0.36  –0.32 
Δ ln household size –0.49  –0.50  –0.77 ** –0.49  –1.19 *** –0.36  –0.47  –0.51 * –0.50 
Δ income source (cf .  no change)
  Crops t o ot her sources –0.89 ** –0.88 ** –0.85 * –0.88 ** –0.74 ** 0.37  –0.91 ** –0.96 ** –0.88 **
  Livest ock t o ot her sources 1.10 ** 1.11 ** 0.90  1.11 ** 1.68 *** 0.62  1.05 * 0.67  1.11 **
  Ot her agricult ure t o ot her  –1.76 ** –1.75 ** –2.03 ** –1.76 ** –1.91 ** –2.34 *** –1.78 ** –1.78 ** –1.74 **
    sources 
  Nonfarm act ivit ies t o ot her  0.39  0.38  0.33  0.36  0.30  0.82 * 0.37  0.31  0.40
    sources  
Δ ln dist ance t o service
  Credit  –1.10 * –1.11 * –1.34 ** –1.20 * –1.56 ** –1.18 ** –1.97  –1.25 ** –1.00 
  Al l-weat her road –1.12 *** –1.11 *** –1.30 *** –1.11 *** –1.14 *** –1.08 *** –1.14 *** –1.10 *** –1.11 ***
  Market s 0.15  0.15  0.07  0.15  0.19  0.19  0.17  0.14  0.18 
ln crop out put _2004 –0.90 *** –0.90 *** –0.91 *** –0.89 *** –0.87 *** –0.89 *** –0.91 *** –0.90 *** –0.91 ***
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NAADS × Δ gender of  head   0.17               
NAADS × Δ ln age of  head     –3.22 **            
NAADS × Δ educat ion                  
  NAADS × reduct ion       0.00           
  NAADS × improvement        0.60           
NAADS × Δ ln household size         1.57 **        
NAADS ×  Δ income source
  NAADS × crops t o ot her            –1.46 ***
    sources                 
  NAADS × l ivest ock t o ot her            0.53 
    sources                  
  NAADS × ot her agricult ure            2.70 ***   
    t o ot her sources                 
  NAADS × nonfarm act ivit ies            –0.96 
    t o ot her sources                  
NAADS × Δ ln dist ance t o service
  NAADS × credit              0.93     
  NAADS × al l -weat her road               –7.99   
  NAADS × market s                 –1.23 **
Int ercept  10.71 *** 10.69 *** 10.74 *** 10.60 *** 10.37 *** 10.45 *** 10.73 *** 10.65 *** 10.73 ***
R-squared 0.46  0.46  0.50  0.46  0.48  0.48  0.46  0.56  0.46 

Source:   Mat ched sample of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 household survey panel dat a;  based on Model III (see 
Table 5.7) and t hree nearest  neighbor mat ches.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by nat ural loga-
rit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  
respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls mean not  appl icable.
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Livelihood Strategies and Land and Nonland Assets

Direct  part icipants in t he program that  experienced a shif t  in t heir primary 

sources of  l ivelihood away f rom crop product ion act ivit ies were associated wit h 

a greater increase in agricult ural revenue per AE, part icularly when compared 

to t hose in areas where t he program was never implemented.  The amount  

of  land owned was also a signif icant  factor t hat  enhanced the impacts of  t he 

program. Alt hough the impact  was greater among households t hat  owned less 

t han 1 acre of  land,  when NAADSDIR households are compared wit h NAADSNON-3 

households,  it  was lower when they are compared with NAADSNON-1 households.  

Among those where t he program had never been never implemented,  t he est i-

mated impact  on l ivestock product ivit y was greater among those that  owned 

at  least  one acre of  land.  Looking at  nonland assets (i.e. ,  when the est ima-

t ion is done for dif ferent  asset  t erciles),  we f ind t hat  t he NAADS program has 

been successful in increasing t he average crop and l ivestock product ivit y and 

the agricult ural revenue of  t he poor and the rich alike.  For example,  among 

the poorest  households (t ercile 1) and those in t he middle-asset  category 

(t ercile 2),  t he est imated impacts were larger for l ivestock product ivit y and 

agricult ural revenue, respect ively.  Together,  t hese result s suggest  t hat  t he 

NAADS program’ s obj ect ive of  t arget ing t he economically act ive poor,  including 

t hose wit h l imit ed physical and f inancial assets,  has been ef fect ive in increas-

ing revenue. The fact  t hat  richer households,  part icularly t hose wit h greater 

land assets,  also benef it ed underlies t he importance of  increasing households’  

capacit y t o acquire t he improved technologies and related advisory services 

being promoted by t he NAADS program.

Access to Services and Infrastructure and Regional Location

The result s associated wit h access t o inf rast ructure are quit e interest ing,  

because they seem counterintuit ive at  f irst  glance. Basically,  t he result s f rom 

using t he group approach show that  t he est imated average impact  of  t he 

program was greater among households l iving relat ively fart her away f rom 

credit  services and markets.  This suggests t hat  t he NAADS program, by bring-

ing farmers advisory services and grants for acquiring necessary t echnologies 

in addit ion t o creat ing market  l inkages,  has been more ef fect ive in areas wit h 

poor access t o t he services and inf rast ructure needed to support  t echnology 

adopt ion and increased commercializat ion of  agricult ural product ion.  Where 

access t o such services and inf rast ructure (including access t o all-weather 

roads) is good,  farmers not  part icipat ing in t he program are able t o acquire on 

t heir own the improved technologies being promoted by t he NAADS program as 

well as related advisory services.  Looking at  t he dist ribut ion of  t he impacts of  

t he program across t he four regions,  t he result s are not  stat ist ically signif icant ,  

wit h t he except ion of  t he result  regarding greater average agricult ural revenue 
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per AE in t he subsample wit h NAADSNON-2 households in t he Eastern Region.  The 

Cent ral and Western regions are t he most  developed regions in Uganda, and 

of f icial nat ional stat ist ics show that  households in t he Cent ral and Western 

regions have the highest  and second-highest  rural consumpt ion expendit ures,  

respect ively (Uganda, BOS 2006).  The Western and Cent ral regions were also 

associated wit h t he highest  and third-highest  growth rates in rural consumpt ion 

expendit ure,  respect ively (Uganda, BOS 2006).



CHAPTER 6

Conclusions

The primary purpose of  t his monograph is t o assess t he impact s of  t he 

NAADS program in Uganda.  The program, which st art ed in 2001 and has 

been planned t o cont inue for 25 years,  uses a publ ic–privat e ext ension 

service del ivery approach,  wit h t he goal of  increasing market -orient ed agri-

cult ural product ion by empowering farmers t o demand and cont rol agricul-

t ural advisory services.  The assessment  focuses on t he period f rom 2004 t o 

2007,  using panel dat a on 113 farmer groups and 719 households t hat  were 

generat ed f rom t wo rounds of  surveys conduct ed in 2004 and 2007.  A com-

bined mat ching and panel regression t echnique and dif ferent  model specif i-

cat ions were used t o evaluat e t he direct  and indirect  ef fect s of  t he program 

on several out come indicat ors,  assess t he dist ribut ive ef fect s of  t he pro-

gram and fact ors enhancing or mit igat ing t hese impact s,  and analyze t he 

sensit ivit y of  t he result s.  The out comes evaluat ed include adopt ion of  new 

crop and l ivest ock ent erprises and t echnologies,  crop and l ivest ock product iv-

it y,  share of  market ed agricult ural out put s,  agricult ural income,  and percep-

t ion of  change in food and nut rit ion securit y as well  as overal l  wealt h.

 We f ind t hat  direct  part icipat ion in t he program did not  have any st at ist i-

cal ly signif icant  ef fect  on adopt ion of  new crop and l ivest ock ent erprises or 

t he improved agricult ural t echnologies considered,  except  in t he case of  rec-

ommended plant ing and spacing pract ices,  which were more widely adopt ed,  

but  only when households direct ly part icipat ing in t he NAADS program 

(NAADSDIR) were compared wit h t hose in areas where t he program had never 

been implement ed (NAADSNON-3).  Direct  part icipat ion had a great er average 

ef fect  on l ivest ock product ivit y t han on crop product ivit y,  which is consist ent  

wit h t he posit ive impact  of  t he program on t he sale of  l ivest ock and l ivest ock 

product s.  The result s relat ed t o change in agricult ural revenue were mixed.  

Regarding t he broader out come indicat ors of  food and nut rit ion securit y as 

well  as overal l  wealt h,  we f ind t hat  direct  part icipat ion was general ly posi-

t ively associat ed wit h an improving sit uat ion and negat ively associat ed wit h 

a worsening sit uat ion when direct  part icipant s are compared wit h bot h t ypes 

of  nonpart icipant s,  eit her t hose based in t he same areas where t he program 
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was implement ed (NAADSNON-2) or t hose based elsewhere (NAADSNON-3).  The 

est imat ed indirect  ef fect s of  t he program, which were obt ained based on 

comparison bet ween t he direct  part icipant s (NAADSDIR) and indirect  part ici-

pant s (NAADSNON-1),  were surprising:  t hey were consist ent ly negat ive for t he 

dif ferent  out comes analyzed,  suggest ing t hat  t he impact s of  t he program on 

direct  part icipant s were not  as great  as t he change observed among indirect  

part icipant s.  Because farmers in t he group def ined as indirect  part icipant s 

are not  very famil iar wit h t he NAADS program, t hey may have confused 

NAADS service providers wit h agent s of  ot her programs,  leading t o an over-

est imat ion of  NAADS program ef fect s for t his group.

 As expect ed,  t he impact s of  t he program were dist ribut ed dif ferent ly 

across dif ferent  groups of farmers in terms of gender, age, educat ion, owner-

ship of  asset s,  and locat ion.  Furt hermore,  we f ind t hat  dif ferent  fact ors 

have cont ribut ed dif ferent ly t o enhancing or mit igat ing t he ef fect s of  t he 

program. The most  st riking result ,  one t hat  is seemingly count erint uit ive at  

f irst  glance,  is t hat  t he est imat ed average impact  of  t he program was great er 

among households locat ed relat ively fart her away f rom credit  services and 

market s.  This suggest s t hat  t he NAADS program, by bringing farmers advisory 

services and grant s for acquiring necessary t echnologies in addit ion t o creat -

ing market  l inkages,  has been more ef fect ive in areas wit h poor access t o 

t he services and inf rast ruct ure needed t o support  t echnology adopt ion and 

increased commercial izat ion of  agricult ural product ion.  Where access t o such 

services and inf rast ruct ure is good (including in areas closer t o al l-weat her 

roads),  farmers are able t o acquire on t heir own t he improved t echnologies 

being promot ed by t he NAADS program as well  as relat ed advisory services.

 In sum, t he evidence,  st art ing wit h t he analysis of  whet her t he NAADS 

program adequat ely induced part icipant s t o est abl ish new ent erprises or t o 

adopt  t echnologies and improved pract ices more f requent ly t han t heir non-

part icipat ing counterpart s,  seems patchy, with tenuous links,  in t erms of  con-

sistent  sign and stat ist ical signif icance across the dif ferent  methods and model 

specif icat ions,  t o increased product ivit y and commercializat ion of  agricult ure.  

Our underlying assumpt ion is t hat  part icipat ion in t he NAADS program confers 

benef it s via mat erial input s (seeds,  l ivest ock,  fert i l izers,  et c. ) t hat  wil l  lead 

t o subsequent  out comes.  But  t his assumpt ion is not  consist ent ly val idat ed in 

t he result s obt ained.  It  is t hus dif f icult  t o draw def init ive conclusions regard-

ing t he direct  impact  of  t he NAADS program and,  part icularly,  it s indirect  

impact .  This appl ies t o our earl ier result s publ ished in Benin et  al.  (2011).

 Alt hough we have t ried t o account  for several import ant  issues t hat  are 

crit ical for a rel iable program evaluat ion st udy,  a maj or l imit at ion here is our 

inabil it y t o capt ure in our est imat ions t he separat e ef fect  of  access t o ot her 

or non-NAADS ext ension services.  Basical ly,  t he government ’ s regular ext en-
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sion service,  as well  as NGOs and ot hers t hat  provide agricult ural advisory 

services t hrough special proj ect s,  cont inued t o operat e in t he same areas as 

t he NAADS program and elsewhere.  This is l ikely t o cause overat t ribut ion of  

t he est imat ed ef fect s t o t he NAADS program, part icularly where NAADS par-

t icipant s also benef it ed f rom ot her ext ension services,  as was l ikely t he result  

in Benin et  al.  (2011).  Besides addressing t his short coming,  it  wil l  be useful 

for a fol low-up t o t his st udy t o look at  t he cost s and benef it s of  invest ment  

in t he program and assess t he ret urns t o such invest ment .
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Table A.1—Second-stage weighted regression results of change in the number of extension visits between  2004 
and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

NAADS –21.50 *** –21.26 *** –18.92 *** 2.61 *** 2.32 *** 2.20 *** 2.40 *** 1.01  1.09 
Δ gender of  head 6.45 * 8.53  22.93 * –0.31  –0.39  –0.62  –0.53  –0.90  –0.32 
Δ ln age of  head 6.59  3.90  0.22  –2.71 * –2.18  –3.60 ** –3.62 *** –4.09 ** –4.09 **
Δ educat ion (cf .  no change)
  Reduct ion –0.95  8.34  –6.86  2.52  2.38  2.39  7.96 * 8.10  8.03 
  Improvement  –13.48 ** –6.88  –2.16  –0.16  0.48  –0.16  0.93  0.81  –0.08 
Δ ln household size 24.36 *** 27.27 *** 21.54 *** 0.11  0.20  –0.14  0.42  1.23 ** 1.20 **
Δ income source (cf .  no change)
  Crops t o ot her sources 2.27  –4.85  –1.84  –0.71  0.24  0.12  –4.19 ** –2.33  –2.25 
  Livest ock t o ot her sources –6.74 ** –19.43 *** 3.12  0.40  –0.26  –0.39  –2.48  –2.30  –2.34 
  Ot her agricult ure t o ot her  –6.73  3.52  7.29  –0.34  –1.21 ** –0.57  –5.24 ** –2.73 ** –5.53 ***
    sources 
  Nonfarm act ivit ies t o ot her  –8.86 ** –2.62  –9.81 ** 0.13  0.79  0.46  1.74  0.82  0.93
    sources  
Δ ln dist ance t o service
  Credit  7.69 *** –1.92  12.58 *** 0.08  –0.01  –0.22  –0.85  –0.83  –1.07 
  Al l-weat her road –1.16  5.18 ** –4.36  –0.16  –0.15  –2.94 *** –0.73  –0.94 * –1.46 
  Market s –7.40 *** –6.92  –28.92  0.79  0.86  2.38 ** 0.49  –0.35  2.38 
ln ext ension_2004 –0.96 *** –0.94 *** –0.95 *** –0.98 *** –0.97 *** –0.97 *** –0.99 *** –0.99 *** –1.00 ***
Int ercept  15.97 *** 12.45 *** 13.16 *** 0.96 * 0.75 * 1.23 *** 0.78  1.88 ** 1.87 **
R-squared 1.00 *** 1.00 *** 1.00 *** 0.90 *** 0.92 *** 0.90 *** 0.81 *** 0.83 *** 0.83 ***

Source:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 house-
hold survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 
percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.
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Table A.2—Second-stage panel random-effects probit regression results of adoption of new crop and live stock 
enterprises in 2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

New crop ent erprises
  NAADS –0.14  –0.08  –0.09  –0.24 * –0.20  –0.19  0.28  0.07  0.09 
  Gender of  head 0.25  0.13  0.46 ** 0.18  0.22  0.24  0.36  0.36  0.30 
  ln age of  head –0.39  –0.50 * –0.63 * –0.78 *** –1.00 *** –0.82 *** –1.19 *** –1.50 *** –1.41 ***
  Educat ion (cf .  no formal)
    Primary –0.30  –0.55 ** –0.49 * –0.22  –0.12  0.06  –0.35  –0.62 * –0.57 *
    Post primary 0.02  –0.14  –0.12  0.04  0.34  0.43 * 0.37  0.05  0.14 
  ln Household size 0.02  –0.01  0.33  –0.07  0.20  0.02  0.20  0.38 * 0.28 
  Membership in ot her organizat ions 0.22  0.31 * 0.09  0.27 ** 0.14  0.22  –0.09  –0.02  –0.13 
  Income source (cf .  crops)
    Livest ock 0.55  0.48  0.42  0.39  0.63 * 0.17  1.06 ** 0.95 * 0.95 *
    Ot her agricult ure 0.30  –0.35  0.29  0.39  0.58 ** 0.34  0.58  0.47  0.49 
    Nonfarm act ivit ies –0.08  –0.17  –0.13  –0.03  –0.06  0.05  –0.38  –0.40  –0.29 
  ln dist ance t o service
    Credit  –0.02  –0.03  0.05  –0.11  0.07  0.05  0.03  0.09  0.10 
    Al l -weat her road –0.01  –0.08  –0.02  –0.07  –0.03  –0.04  –0.12  –0.06  –0.06 
    Market s 0.02  –0.01  –0.15  0.04  –0.06  –0.08  –0.15  –0.24  –0.23 
  Region (cf .  Cent ral)
    East ern –0.60 ** –0.40  –0.29  –0.58 *** –0.70 *** –0.41 * –1.53 *** –1.51 *** –1.41 ***
    Nort hern –0.24  –0.43  0.15  –0.52 ** –0.72 *** –0.47 *      
    West ern –0.29  –0.29  0.09  –0.22  –0.30  –0.05  –1.08 *** –1.20 *** –1.14 ***
  Int ercept  1.41  2.09 * 1.76  3.21 *** 3.33 *** 2.61 *** 4.84 *** 6.15 *** 5.85 ***
  Chi-squared 19.93  26.25  17.43  38.88  44.50  34.80  52.68  48.22  46.81 

(cont inued)
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Table A.2—Continued

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

New l ivest ock ent erprises
  NAADS –0.15  –0.04  –0.14  –0.23  –0.27  –0.14  –0.05  0.01  0.10
  Gender of  head –0.01  0.05  0.06  0.17  –0.03  –0.08  0.89 *** 0.80 *** 0.81 ***
  ln age of  head –0.46  –0.72 ** –0.49  –0.55 * –0.25  –0.45  –0.80 ** –0.66 * –0.91 **
  Educat ion (cf .  no formal)
    Primary –0.38  –0.46  –0.49  0.10  –0.15  –0.21  –0.14  –0.44  –0.42 
    Post primary 0.00  –0.13  –0.21  0.64 ** 0.25  0.19  0.29  0.29  0.29 
  ln household size 0.15  0.22  0.24  0.15  –0.11  0.07  0.16  0.27  0.15 
  Membership in ot her organizat ions –0.18  –0.08  –0.12  0.07  0.24  0.23  –0.06  –0.04  –0.12 
  Income source (cf .  crops)
    Livest ock 0.52  0.50  –0.35  –0.05  0.11  –0.21  0.50  0.46  0.46 
    Ot her agricult ure 0.62  0.57  0.70  –0.12  0.12  –0.39  0.61  –0.17  –0.28 
    Nonfarm act ivit ies 0.12  0.21  0.11  –0.20  –0.15  –0.29  0.37  0.11  0.31 
  ln dist ance t o service
    Credit  0.11  0.07  0.00  –0.02  0.08  –0.03  0.02  0.03  0.01 
    Al l -weat her road –0.10  –0.07  0.02  –0.03  –0.05  –0.01  0.00  0.01  –0.04 
    Market s –0.09  0.00  0.02  –0.06  –0.27 * 0.00  –0.07  –0.28  –0.35 
  Region (cf .  Cent ral)
    East ern 0.26  0.20  0.09  0.17  0.19  0.50 * 0.21  0.48  0.47 
    Nort hern –0.58 * –0.65 * –0.62 * –0.37  –0.41  0.08       
    West ern –0.40  –0.39  –0.42  0.04  0.16  0.23  0.00  0.20  0.24 
  Int ercept  0.85  1.64  1.12  0.72  0.28  0.35  1.20  0.86  2.05 
  Chi-squared 23.66  22.03  16.85  13.79  20.32  11.70  18.26  21.17  21.15 

Source:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 house-
hold survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in 
t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls mean not  est imat ed due t o l imit ed sample observat ions across cat -
egories of  t he dependent  variable.
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Table A.3—Second-stage panel random-effects probit regression results of adoption of improved crop and  livestock 
technologies and practices in 2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

Improved crop variet ies
  NAADS 0.10  –0.25  –0.19  0.15  0.12  0.24  0.25  0.23  0.31 *
  Gender of  head 0.15  –0.07  0.25  0.43 ** 0.09  0.17  0.21  0.37  0.33 
  ln age of  head –0.28  0.07  –0.30  0.01  –0.09  –0.06  –0.20  –0.16  –0.03 
  Educat ion (cf .  no formal)
    Primary 0.06  0.07  –0.02  0.25  0.01  0.13  0.08  0.20  0.19 
    Post primary 0.05  0.03  0.14  0.52 ** –0.05  0.19  0.52 * 0.64 ** 0.75 **
  ln household size 0.54 *** 0.33 * 0.53 *** 0.43 *** 0.40 *** 0.35 ** 0.33 * 0.34 * 0.38 **
  Membership in ot her organizat ions 0.58 *** 0.72 *** 0.45 *** 0.26 * 0.26 * 0.33 ** 0.25  0.26  0.26 
  Income source (cf .  crops)
    Livest ock –0.54  –0.70 * –0.62  –0.47  –0.22  –0.40  –0.35  –0.20  –0.33 
    Ot her agricult ure 0.57  0.33  0.17  –0.37  –0.14  –0.39  –0.45  –0.57  –0.82 
    Nonfarm act ivit ies 0.43 * 0.57 ** 0.61 *** 0.54 *** 0.51 *** 0.42 ** 0.23  0.38  0.27 
  ln dist ance t o service
    Credit  –0.02  –0.09  –0.09  0.05  0.08  0.02  0.05  0.07  0.05 
    Al l -weat her road –0.17 ** –0.04  –0.06  –0.11 ** –0.09  –0.06  –0.05  –0.07  –0.12 
    Market s –0.03  0.11  0.10  0.02  0.05  0.06  0.06  0.01  0.07 
  Region (cf .  Cent ral)
    East ern 0.06  0.44  0.22  –0.04  –0.12  –0.20  –0.25  –0.10  –0.06 
    Nort hern –0.12  0.42  0.22  –0.23  –0.26  –0.54 **      
    West ern –1.02 *** –0.60 ** –0.86 *** –1.03 *** –1.17 *** –1.27 *** –1.08 *** –0.95 *** –0.88 ***
  Int ercept  0.24  –0.97  0.44  –1.05  –0.35  –0.41  0.01  –0.42  –1.08 
  Chi-squared 60.10  62.58  69.23  77.36  72.85  69.00  39.59  41.73  43.53 

(cont inued)
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Table A.3—Continued

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

Recommended plant ing and spacing pract ices
  NAADS –0.33 ** –0.48 *** –0.42 ** 0.04  0.01  –0.13  0.22  0.39 ** 0.35 *
  Gender of  head 0.25  0.34  0.26  0.12  0.23  0.28  –0.22  0.04  0.00 
  ln age of  head –0.26  0.00  –0.10  0.01  0.02  –0.03  –0.06  0.02  0.00 
  Educat ion (cf .  no formal)
    Primary 0.55 ** 0.28  0.66 ** 0.37  0.46 ** 0.42 * 0.49 * 0.62 ** 0.58 **
    Post primary 0.49  0.79 ** 0.74 ** 0.79 *** 0.76 *** 0.70 *** 0.62 * 0.62 * 0.58 *
  ln household size –0.14  –0.14  –0.14  0.15  0.08  0.11  0.04  0.09  0.11 
  Membership in ot her organizat ions 0.54 *** 0.52 *** 0.51 *** 0.34 ** 0.43 *** 0.28 ** 0.39 ** 0.43 ** 0.41 **
  Income source (cf .  crops)
    Livest ock –0.20  –0.58  –0.46  –0.37  0.30  –0.01  0.65  0.48  0.48 
    Ot her agricult ure –0.55  –0.42  –0.46  –0.39  –0.56 * –0.53 * –1.54 ** –0.63  –0.86 *
    Nonfarm act ivit ies 0.24  0.34  0.13  –0.08  –0.06  –0.06  0.06  0.22  0.11 
  ln dist ance t o service
    Credit  0.02  0.01  –0.06  –0.07  –0.05  0.00  0.07  –0.03  0.02 
    Al l -weat her road 0.07  0.09  0.05  –0.01  0.06  0.02  0.00  –0.03  –0.04 
    Market s 0.13  0.08  0.26 ** –0.03  –0.16  –0.15  0.11  0.31 * 0.31 **
  Region (cf .  Cent ral)
    East ern –0.60 ** –0.99 *** –0.69 ** –0.56 ** –0.28  –0.45 ** –0.75 *** –0.46 * –0.59 **
    Nort hern –0.10  –0.19  –0.09  0.48 * 0.72 *** 0.35       
    West ern –1.00 *** –1.30 *** –1.06 *** –0.85 *** –0.69 *** –0.81 *** –1.34 *** –1.00 *** –1.11 ***
  Int ercept  0.87  0.52  0.27  –0.33  –0.38  0.02  –0.21  –1.36  –1.22 
  Chi-squared 47.76  54.52  37.59  70.49  72.73  64.45  40.04  36.50  40.16 
Inorganic fert i l izers
  NAADS 0.02  –0.04  –0.22  0.27  0.28  0.06    0.11  0.25 
  Gender of  head –0.09  –0.02  –0.07  0.27  0.58 * 0.49 *   –0.21  –0.29 
  ln age of  head 0.03  0.06  0.50  0.03  –0.23  –0.37    0.48  0.42 
  Educat ion (cf .  no formal)
    Primary 0.68  0.61  0.36  0.44  0.07  0.12    6.15  6.26 
    Post primary 0.04  0.39  –0.52  0.42  –0.29  –0.10    5.62  5.96 
  ln household size –0.24  –0.59 ** –0.13  0.18  0.55 ** 0.45 *   0.02  –0.06 
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  Membership in ot her organizat ions –0.14  –0.14  –0.46  –0.25  –0.25  –0.17    0.11  0.15 
  Income source (cf .  crops)
    Livest ock 0.40  0.44  –0.03  0.65  0.67  0.82 *   1.39 ** 1.40 **
    Ot her agricult ure 0.54  0.20  0.31  0.19  –6.03  –0.23    –6.68  –6.87 
    Nonfarm act ivit ies 0.47  0.63 ** 0.10  –0.06  –0.09  0.00    –0.10  –0.25 
  ln dist ance t o service
    Credit  0.01  –0.12  –0.05  –0.23 * –0.03  –0.07    0.09  0.08 
    Al l -weat her road 0.17 * 0.08  0.26 ** 0.05  0.06  –0.07    0.10  0.16 
    Market s 0.19  0.19  0.33  –0.17  –0.43 ** –0.30 *   –0.12  –0.17 
  Region (cf .  Cent ral)
    East ern –0.63  –0.81 * –0.99 ** –0.51  –0.70  –0.38    –1.77 *** –1.65 ***
    Nort hern –0.40  –0.82 * –1.10 ** 0.26  0.36  0.18       
    West ern –0.62 * –0.93 ** –1.23 *** –0.46  –0.48  –0.42    –1.34 ** –1.30 **
  Int ercept  –1.64  –0.70  –2.62  –1.34  –0.70  –0.01    –8.33  –8.24 
  Chi-squared 11.55  14.09  13.29  18.18  16.82  17.74    13.23  11.75 
Pest icides
  NAADS –0.19  –0.13  –0.24  0.14  0.10  –0.11  –0.15  –0.07  –0.01 
  Gender of  head –0.49 ** –0.28  –0.32  –0.29  –0.21  –0.23  –0.20  –0.51 * –0.54 *
  ln age of  head –0.58 ** –0.38  –0.20  –0.19  –0.72 ** –0.46  –0.64 ** –0.33  –0.44 
  Educat ion (cf .  no formal)
    Primary –0.15  0.05  0.07  0.28  0.34  0.39  0.08  –0.19  0.00 
    Post primary 0.34  0.39  0.34  0.63 * 0.66 ** 0.62 * 0.63 * 0.38  0.60 
  ln household size 0.03  0.03  –0.11  0.15  0.44 ** 0.21  0.16  0.12  0.19 
  Membership in ot her organizat ions 0.53 *** 0.58 *** 0.65 *** 0.24  0.30 * 0.24  0.29  0.45 ** 0.32 
  Income source (cf .  crops)
    Livest ock –0.10  –0.03  –0.38  0.36  0.33  –0.12  0.60  0.64  0.64 
    Ot her agricult ure –0.41  –0.70  –0.27  –0.60  –0.22  –0.30  –0.66  –0.73  –0.74 
    Nonfarm act ivit ies –0.15  –0.24  0.01  –0.07  –0.24  –0.15  –0.41  –0.26  –0.27 
  ln dist ance t o service
    Credit  –0.09  –0.06  –0.18 ** –0.17  –0.07  –0.16  –0.06  0.00  0.01 
    Al l -weat her road 0.08  0.05  0.04  –0.02  0.11  0.10  0.04  0.03  –0.02 
    Market s 0.02  0.02  0.12  –0.07  –0.12  –0.13  0.11  0.00  –0.09 
  Region (cf .  Cent ral)
    East ern 0.28  0.18  0.36  0.40  0.54 ** 0.42  –0.47 * –0.23  –0.34 
    Nort hern –0.52 * –0.39  –0.30  –0.39  –0.09  –0.14       
    West ern –0.32  –0.27  –0.15  –0.18  –0.01  0.11  –0.76 ** –0.51  –0.53 *
  Int ercept  1.61  0.50  0.08  –0.35  0.79  0.62  1.65  0.50  0.83 
  Chi-squared 43.87  29.13  34.53  22.01  41.19  22.56  28.89  25.64  26.04 

(cont inued)
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Table A.3—Continued

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

Improved l ivest ock breeds
  NAADS –0.08  –0.08  –0.13  0.04  0.08  0.19  0.08  0.13  0.19 
  Gender of  head –0.41 * –0.38  –0.36  0.16  0.03  –0.01  0.08  0.02  0.05 
  ln age of  head 0.41  0.27  0.26  0.46  0.39  0.22  0.58  0.51  0.63 
  Educat ion (cf .  no formal)
    Primary 0.44  0.52  0.49  0.30  0.10  0.32  1.02 * 1.01 * 0.94 *
    Post primary 0.74 ** 1.07 *** 0.59  0.45  0.23  0.40  1.07 * 0.93  1.05 *
  ln household size 0.11  –0.02  –0.09  0.28 * 0.35 * 0.25  0.30  0.30  0.29 
  Membership in ot her organizat ions 0.52 ** 0.28  0.26  0.08  0.28  0.21  0.56 ** 0.62 ** 0.54 **
  Income source (cf .  crops)
    Livest ock 0.37  0.94 *** 0.89 ** 0.34  0.12  0.19  1.00 ** 1.05 ** 0.97 **
    Ot her agricult ure 0.13  0.03  0.15  –0.22  0.23  –0.01  –0.22  –0.13  –0.40 
    Nonfarm act ivit ies 0.30  0.08  0.28  0.32 * 0.29  0.42 ** 0.38  0.34  0.24 
  ln dist ance t o service
    Credit  –0.07  –0.10  –0.02  0.04  0.04  0.06  –0.10  –0.04  –0.07 
    Al l -weat her road –0.21 *** –0.17 ** –0.16 * 0.07  0.03  0.04  0.00  –0.05  –0.06 
    Market s –0.16  0.01  –0.05  –0.05  –0.07  –0.35 ** –0.03  –0.11  –0.11 
  Region (cf .  Cent ral)
    East ern –0.17  –0.57 * –0.30  –0.51 ** –0.79 *** –0.44  –0.83 *** –0.90 *** –0.65 **
    Nort hern –0.51 * –1.33 *** –1.11 *** –0.92 *** –0.82 ** –0.63 *      
    West ern –0.28  –0.81 *** –0.42  –0.48 ** –0.65 ** –0.15  –0.32  –0.25  –0.10 
  Int ercept  –2.69 ** –1.70  –1.77  –3.12 *** –2.80 ** –2.25  –4.34 ** –4.14 ** –4.56 ***
  Chi-squared 37.12  41.46  20.35  27.52  24.35  23.64  39.08  35.72  31.77 

Source:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 house-
hold survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 percent  levels,  respect ively;  blank cel ls in 
t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls mean not  est imat ed because of  lack of  observat ions.
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Table A.4—Second-stage weighted regression results of change in the logarithm of the value of total cr op output per 
acre between 2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

NAADS –0.25  –0.38  –0.59 ** –0.01  0.30  0.09  0.73  0.62  0.88 *
Δ gender of  head –0.62  0.13  –0.76  –0.60  –0.56  –0.99  –0.10  –0.52  –0.29 
Δ ln age of  head –0.75  –0.08  –1.94 *** –0.67  –1.01  –0.93 * –2.31 ** –2.19 * –2.58 *
Δ educat ion (cf .  no change)
  Reduct ion –0.61  0.61  –1.22 *** –0.54  –0.50  0.01  –2.13  –2.66 * –2.48 *
  Improvement  0.13  –1.07 *** –0.47  –0.22  –1.60  –0.83  –0.04  –0.18  –0.47 
Δ ln household size 0.23  0.33  –0.11  0.26  0.21  0.16  1.19 ** 1.42 ** 1.36 **
Δ income source (cf .  no change)
  Crops t o ot her sources 0.87  –0.68 ** –0.29  0.59 * 0.89 ** 0.10  1.04  1.26  1.33 *
  Livest ock t o ot her sources 0.08  1.17  0.15  –0.78  0.69 ** –1.13  1.50  1.71  1.83 
  Ot her agricult ure t o ot her sources 0.63  0.82 * 0.03  0.20  0.23  0.77  –0.77  –0.92  –0.69 
  Nonfarm act ivit ies t o ot her sources –0.12  0.24  0.00  0.14  0.39  –0.03  0.03  0.73  0.57 
Δ ln dist ance t o service
  Credit  –0.60 ** –0.27  0.12  0.16  0.45  –0.08  –0.82  –0.22  –0.25 
  Al l-weat her road 0.13  0.69  –0.14  –0.58  –0.47  0.28  1.37 ** 1.75 * 1.84 **
  Market s –0.34  –0.70  –0.23  –0.19  0.40  –0.90  0.00  1.18  0.21 
ln crop out put _2004 –0.90 *** –0.74 *** –0.92 *** –0.69 *** –0.58 *** –0.73 *** –0.93 *** –0.64 *** –0.66 ***
Int ercept  10.80 *** 8.89 *** 11.66 *** 8.17 *** 6.63 *** 8.59 *** 10.09 *** 6.72 *** 6.74 ***
R-squared 0.72 *** 0.74 *** 0.84 *** 0.44 *** 0.27 *** 0.35 *** 0.55 *** 0.51 *** 0.53 ***

Source:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 house-
hold survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 
percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.
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Table A.5—Second-stage weighted regression results of change in the logarithm of the value of total li vestock output 
per tropical livestock unit between 2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

NAADS 0.04  –0.09  –0.49  0.66  0.00  0.29  0.44  1.20 ** 0.98 **
Δ gender of  head –0.69 * –0.59  –0.49  0.27  –0.75 *** –0.23  0.20  –0.45  –0.18 
Δ ln age of  head –0.58  0.58  –0.27  –0.70  0.21  –0.47  –0.16  0.45  –0.31 
Δ educat ion (cf .  no change)
  Reduct ion –0.34  –0.19  –0.04  0.48  –0.03  –0.08  0.52  1.27 *** 1.05 **
  Improvement  –1.20 ** –0.51  –1.04 ** 0.54  –0.96  –1.18 * –0.92  0.27  –0.65 
Δ ln household size 0.78 * 0.43  0.13  0.68  1.06 *** 0.75 *** 0.35  0.97 ** 0.95 **
Δ income source (cf .  no change)
  Crops t o ot her sources –0.57  0.08  0.57  0.24  0.12  0.61  –0.24  –0.75  –0.41 
  Livest ock t o ot her sources 2.70 *** –0.45  0.45  –0.55  1.00  –0.68 *** –0.59 * 0.45  0.23 
  Ot her agricult ure t o ot her sources 1.15  0.08  0.11  –0.43  –1.36 * –0.18  0.26  –0.38  –0.38 
  Nonfarm act ivit ies t o ot her sources –0.07  0.33  0.25  –0.47  –0.72 ** –0.32  0.22  –0.68  –0.68 
Δ ln dist ance t o service  
 Credit  0.09  0.24  0.28  –0.61 * –0.57 * –0.43  –0.23  –1.06  –1.24 
  Al l-weat her road 0.58  0.28  0.15  –1.01  –4.93  –6.26  –1.48  –20.57 ** –11.42 
  Market s 0.95  –0.05  0.76  –5.83 ** –3.16 *** –5.16 ** 0.96  –2.35  –0.44 
ln l ivest ock out put _2004 –0.57 *** –0.81 *** –0.65 *** –0.38 *** –0.35 *** –0.41 *** –0.53 *** –0.67 *** –0.58 ***
Int ercept  7.56 *** 10.44 *** 9.02 *** 5.03 *** 5.53 *** 5.70 *** 7.11 *** 7.79 *** 7.05 ***
R-squared 0.36 ** 0.48 *** 0.43 *** 0.30 *** 0.40 *** 0.36 *** 0.39 *** 0.51 *** 0.46 ***

Source:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 house-
hold survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 
percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.
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Table A.6—Second-stage weighted regression results of change in the percentage of the total value of c rop output 
that was sold between 2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

NAADS –1.18  –1.12  –1.11  0.67  –1.21  1.01  2.85  0.72  5.06 
Δ gender of  head 4.40  –4.10  0.61  –4.77  0.30  –5.37  –6.40  –7.08  –13.00 *
Δ ln age of  head –24.07 ** –36.36 *** –15.81  –23.00 *** –16.93 ** –12.31  –14.10  –18.42 * –15.38 
Δ educat ion (cf .  no change)
  Reduct ion –6.74  6.06  8.36  –4.43  –11.15 * 1.38  9.27  10.91  8.72 
  Improvement  –10.67 * –9.26  –7.07  –11.54  –12.32 ** –9.73 * –0.58  –1.48  –3.14 
Δ ln household size –6.59  –13.80 * –16.26 ** –0.19  2.73  5.38  –1.97  1.10  0.51 
Δ income source (cf .  no change)
  Crops t o ot her sources 11.86  2.24  –17.76 *** 13.58  –9.93  –3.64  8.49  9.05  5.51 
  Livest ock t o ot her sources –3.95  4.04  –9.08  9.48  –8.57  –8.74  23.56  31.70 * 17.56 
  Ot her agricult ure t o ot her sources 17.50  9.67  9.41  –19.85 *** 23.95  –1.06  –13.32 ** –17.97 ** –17.57 **
  Nonfarm act ivit ies t o ot her sources –1.72  3.62  –1.90  0.19  –6.02  –0.21  9.85  7.56  6.33 
Δ ln dist ance t o service
  Credit  –3.23  –9.08  15.19 *** 19.99 *** 14.25 ** 13.92 *** 14.62  15.19  18.91 
  Al l-weat her road –27.21 ** 1.20  –16.69 *** –6.16 *** –189.13  –3.59  –17.05 *** –14.79 *** –17.48 ***
  Market s 2.26  0.30  –3.29  –17.22  –14.30  –18.80  –0.51  –1.45  –1.26 
ln crop market _2004 –0.72 *** –0.67 *** –0.82 *** –0.85 *** –0.70 *** –0.76 *** –0.74 *** –0.88 *** –0.87 ***
Int ercept  23.36 *** 21.45 *** 30.32 *** 25.88 *** 25.20 *** 22.13 *** 13.94 ** 20.91 *** 19.30 ***
R-squared 0.44 *** 0.45 *** 0.49 *** 0.46 *** 0.40 *** 0.43 *** 0.49 *** 0.56 *** 0.54 ***

Source:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 house-
hold survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 
percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.
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Table A.7—Second-stage weighted regression results of change in the percentage of the total value of l ivestock 
output that was sold between 2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

NAADS 7.12 * –2.34  –0.09  7.62 *** 5.19 ** 3.61  –0.57  7.39 ** 7.82 ***
Δ gender of  head 1.64  9.98  3.55  9.82  14.57 ** 15.72 ** 10.41  14.32 ** 10.71 *
Δ ln age of  head 14.84 * 17.35 ** 20.54 ** 6.90  6.05  10.22 * 16.77  10.22 ** 11.96 ***
Δ educat ion (cf .  no change)
  Reduct ion 3.46  12.78 * 14.63 *** 15.61 ** 9.21 * 12.26 * 24.69 * 19.14 ** 15.88 **
  Improvement  4.90  5.16  7.34  13.00 ** 11.86 ** 12.62 ** 6.28  6.14  8.31 *
Δ ln household size 5.83 ** 4.53  6.46 * –0.95  1.14  4.07  –7.64  –6.60 *** –3.80 **
Δ income source (cf .  no change)
  Crops t o ot her sources –1.50  –5.05  –8.76 ** –4.29  –5.95  0.03  –9.26  –12.77 ** –11.05 *
  Livest ock t o ot her sources 11.14  42.37 * –7.82  36.17 *** 45.98 *** 53.10 *** 25.22  34.37 * 42.22 *
  Ot her agricult ure t o ot her sources 23.73 ** 11.77  21.32 * 12.00  17.93 * 3.66  –1.41  1.00  1.87 
  Nonfarm act ivit ies t o ot her sources 6.08 ** 6.27  7.49 * 0.90  3.13  0.98  26.04 ** 10.79 *** 8.68 ***
Δ ln dist ance t o service                  
  Credit  1.30  8.53  4.89 * 3.09  6.29  0.82  18.67 ** 11.12 *** 9.65 **
  Al l-weat her road –12.98 *** –11.90 ** –10.30 ** –7.30  –10.77  –1.61  –6.20  –2.10  –1.66 
  Market s 8.92  –1.34  –7.21  5.48 * 8.69 ** 6.33 * 3.73  5.99 * 0.05 
ln l ivest ock market _2004 –1.01 *** –1.02 *** –1.02 *** –1.01 *** –0.98 *** –0.95 *** –1.05 *** –1.00 *** –1.00 ***
Int ercept  –2.44  4.81  2.44  –1.36  0.04  –0.08  2.76  –1.40  –2.03 
R-squared 0.89 *** 0.88 *** 0.86 *** 0.86 *** 0.90 *** 0.88 *** 0.78 *** 0.92 *** 0.93 ***

Source of  dat a:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 
2007 household survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 
percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.
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Table A.8—Second-stage weighted regression results of change in the percentage of the total value of a gricultural 
output that was sold between 2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

NAADS 2.34  –5.86  –6.13  1.92  0.45  0.38  6.18 * 0.02  2.14 
Δ gender of  head 8.78  1.26  8.02  5.08  2.61  3.71  3.36  2.87  4.45 
Δ ln age of  head 7.55  –8.44  8.01  –2.88  –12.17 *** –6.43  –9.43 * –13.68 ** –16.34 **
Δ educat ion (cf .  no change)
  Reduct ion –4.99  19.97 * 2.06  0.79  2.77  –2.88  11.06  1.20  2.61 
  Improvement  –4.03  6.83  5.60  –3.32  –0.16  –4.73  1.15  5.32  10.64 *
Δ ln household size 2.31  –14.16 ** –0.16  –2.37  –2.03  4.46  –1.20  –3.31  –4.66 
Δ income source (cf .  no change)
  Crops t o ot her sources 5.39  0.39  –4.69  –8.96 *** –3.42  –6.06  –9.68  5.80  7.25 
  Livest ock t o ot her sources 5.76  –23.82  –11.17  11.19  –7.77  –8.63  29.12 ** 26.18  27.59 
  Ot her agricult ure t o ot her sources 6.88  –23.78 *** –20.08 *** –5.09  16.27  –0.40  –12.40 *** –13.44 *** –11.87 ***
  Nonfarm act ivit ies t o ot her sources –2.83  –4.61  –12.07 ** 2.00  –2.54  –2.69  4.88  8.99 * 5.87 
Δ ln dist ance t o service
  Credit  –4.54 * –2.35  7.28 * 6.64  11.07 *** 10.41 *** 15.01 ** 8.01  6.95 
  Al l-weat her road –6.67 * 1.90  –9.07 * –2.28  –26.27 *** –88.66  –11.26 * –14.79 ** –13.91 *
  Market s 0.35  –24.38  –2.13  –15.81 ** –10.20  –10.84  0.47  –10.25 *** –8.72 **
ln agricult ure market _2004 –0.81 *** –0.95 *** –0.91 *** –0.90 *** –0.90 *** –0.95 *** –1.00 *** –0.89 *** –0.90 ***
Int ercept  8.51 ** 22.95 *** 23.06 *** 15.03 *** 18.48 *** 19.88 *** 12.21 *** 12.59 *** 10.71 **
R-squared 0.58 *** 0.59 *** 0.56 *** 0.64 *** 0.64 *** 0.66 *** 0.77 *** 0.65 *** 0.68 ***

Source:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 house-
hold survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 
percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.
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Table A.9—Second-stage weighted regression results of change in the logarithm of agricultural revenue per adult 
equivalent between 2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

NAADS 0.09  –0.27  –0.08  0.67 *** 0.27  0.43 ** 0.16  0.23  0.27 
Δ gender of  head 0.32  0.12  –0.07  0.64 * 0.86 ** 0.46  0.48  –0.02  0.56 
Δ ln age of  head –0.18  0.53  –0.09  –0.04  0.33  0.26  –0.03  0.09  –0.24 
Δ educat ion (cf .  no change)
  Reduct ion 0.34  –0.02  –0.50  –0.22  –0.56 * –0.26  1.18 * 0.11  0.37 
  Improvement  0.06  –0.33  –0.14  –0.13  –0.18  –0.31  –0.25  0.15  –0.33 
Δ ln household size –0.30  0.16  0.12  0.23  0.02  –0.04  –0.07  –0.45  –0.49 
Δ income source (cf .  no change)
  Crops t o ot her sources –0.15  0.08  –0.30  –0.38  –1.15 *** –0.41  –1.25 *** –0.80  –0.89 **
  Livest ock t o ot her sources 0.73  1.37 * 0.53  0.85 ** 0.79  1.25 ** 0.79  1.05 ** 1.10 **
  Ot her agricult ure t o ot her sources 0.46  1.34  –0.37  0.71 ** 0.46  0.16  –2.10 *** –2.00 ** –1.76 **
  Nonfarm act ivit ies t o ot her sources 0.03  0.19  –0.12  –0.17  –0.37  –0.31  0.10  0.47  0.39 
Δ ln dist ance t o service
  Credit  0.41 * –0.71  0.05  –0.59 *** –0.29  –0.40 ** –1.38 ** –0.09  –1.10 *
  Al l-weat her road –0.51 * 1.08  0.47 ** 0.88 *** 0.30  0.81 *** –1.43 *** –0.74  –1.12 ***
  Market s –0.05  1.40  0.23  0.09  –0.48  –0.90 * –0.12  –1.26 *** 0.15 
ln agricult ural out put _2004 –0.75 *** –0.83 *** –0.68 *** –0.67 *** –0.69 *** –0.83 *** –1.05 *** –0.97 *** –0.90 ***
Int ercept  9.09 *** 10.26 *** 8.45 *** 7.69 *** 8.62 *** 9.92 *** 12.47 *** 11.67 *** 10.71 ***
R-squared 0.41 *** 0.43 *** 0.34 *** 0.43 *** 0.42 *** 0.49 *** 0.49 *** 0.43 *** 0.46 ***

Source:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 house-
hold survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 
percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.
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Table A.10—Second-stage mult inomial-probit regressi on results of perception of change in access to ade quate food 
between 2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

Worsened (cf .  no change)
  NAADS –0.82 * –0.78  –0.56  –0.78 * –0.01  –0.46  –0.30  –0.22  –0.13 
  Δ gender of  head 1.35  1.40  –0.07  0.38  0.07  0.77  1.92 ** 1.71 ** 1.62 *
  Δ ln age of  head 4.53 * –0.03  0.01  –0.15  –0.99  –0.98  –1.35  –0.92  –0.89 
  Δ educat ion (cf .  no change)
    Reduct ion –0.01  –0.33  0.17  0.26  –0.15  –0.23  –0.04  0.09  0.14 
    Improvement  –2.56 ** –2.71 *** –0.04  0.05  0.74  –0.16  0.01  0.47  0.61 
  Δ ln household size 0.95  0.82  –0.52  0.51  0.28  0.49  0.87 ** 0.92 ** 0.89 **
  Δ income source (cf .  no change)
    Crops t o ot her sources 0.39  0.84  –1.22 * 0.15  –1.08 * –0.68  –2.80 *** –2.84 ** –2.89 ***
    Livest ock t o ot her sources –13.87 *** –11.72 *** –11.46 *** –1.25  0.15  0.18  1.00  1.74  2.02 
    Ot her agricult ure t o ot her sources 0.22  –1.31  –1.23  –1.41 * –0.24  –1.97 ** –1.25  –0.89  –0.76 
    Nonfarm act ivit ies t o ot her sources –0.72  –1.49 ** –0.18  0.23  0.26  0.00  –0.09  –0.23  –0.21 
  Δ ln dist ance t o service
    Credit  0.09  0.27  0.43  –0.33  –0.65 ** –0.50  –2.81 ** –3.29 ** –3.23 **
    Al l -weat her road –0.23  –0.91 * –0.20  3.14  –0.64  –0.60  28.67 ** 34.51 *** 40.37 ***
    Market s –1.52 * –0.30  1.09  –1.23  1.38  –0.39  0.56 ** 0.72 *** 0.95 ***
  Percept ion in 2000–04
    Improved –1.45 ** –1.43 ** –0.41  –0.49  –0.38  –0.38  0.48  0.65  0.59 
    Worsened                  
  Int ercept  1.28 ** 1.78 *** 0.83  0.71 * 0.02  0.54  0.33  0.00  –0.02 

(cont inued)
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Table A.10—Continued

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

Improved (cf .  no change)
  NAADS –0.34  –0.62  –0.24  0.11  0.83 ** 0.44  0.83 * 0.75  0.90 *
  Δ gender of  head 0.50  2.29 *** 0.02  0.20  –0.22  0.32  0.43  0.55  0.40 
  Δ ln age of  head 0.63  –0.71  –0.25  –0.67  –1.04  –0.96  –0.29  0.15  0.06 
  Δ educat ion (cf .  no change)
    Reduct ion –0.37  –0.11  –0.43  –0.16  –0.40  –0.78  –1.09  –1.78 ** –1.74 **
    Improvement  0.36  0.17  –0.15  0.44  1.05  0.30  1.11 * 1.06 * 1.28 *
  Δ ln household size 0.82  0.42  –0.06  1.13 *** 0.46  0.72 * 0.83 ** 0.77 * 0.85 **
  Δ income source (cf .  no change)
    Crops t o ot her sources –2.00 *** –1.97 *** –2.78 *** –0.17  –0.67  –0.70  –1.04 * –0.36  –0.43 
    Livest ock t o ot her sources –3.10 *** –1.87  –1.70 * 0.42  0.68  –0.14  14.81 *** 14.97 *** 16.37 ***
    Ot her agricult ure t o ot her sources –1.09  –2.33 * –0.26  –1.58 * –0.17  –1.17  –13.37 *** –12.50 *** –13.16 ***
    Nonfarm act ivit ies t o ot her sources –1.46 ** –1.90 *** –0.05  –0.62  –0.10  –0.69  0.91  0.78  1.05 *
  Δ ln dist ance t o service
    Credit  –0.60 ** 0.66  0.27  –1.14  –0.84 * –0.15  –0.29  –0.44  –0.45 
    Al l -weat her road 0.35  0.50  –0.50  –1.02  3.32  –0.33  26.45 ** 30.74 ** 37.90 ***
    Market s 0.76  0.12  2.39 ** –1.72  0.28  –1.11  1.36 *** 1.50 *** 1.80 ***
  Percept ion in 2000–04
    Improved –1.09 ** –0.34  0.51  –0.02  0.45  0.31  0.28  0.24  0.40 
    Worsened
  Int ercept  2.55 *** 2.39 *** 1.19 ** 0.65  –0.20  0.47  –0.21  –0.15  –0.44 
  Chi-squared 2,208.75 2,053.37 2,979.53 40.14 42.93 39.97 32,479.15 17,565.58 20,799.19

Source of  dat a:    Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 
household survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 
percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.
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Table A.11—Second-stage mult inomial-probit regressi on results of perception of change in the nutrit ion al quality of 
food between 2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

Worsened (cf .  no change)
  NAADS 0.32  0.96 ** 0.72  0.24  0.58  0.40    1.26 **  
  Δ gender of  head 0.87  1.87 *** –0.47  –0.43  –0.79  –0.29    –1.68 **  
  Δ ln age of  head –0.22  –0.66  –0.24  0.42  0.40  0.53    1.41   
  Δ educat ion (cf .  no change)
    Reduct ion –0.47  –0.10  –1.53 * 0.62  0.23  0.81 *   –0.89   
    Improvement  0.17  –1.15  –0.93  –0.29  0.20  0.09    –1.38 *  
  Δ ln household size 0.31  –0.72  0.63  0.67  0.83 ** 0.85 **   2.23 ***  
  Δ income source (cf .  no change)
    Crops t o ot her sources –1.33 * 1.03  0.86  –0.10  –0.22  0.36    –0.50   
    Livest ock t o ot her sources 1.12  –1.77  1.28  –0.63  –12.20 *** –1.87 **   0.02   
    Ot her agricult ure t o ot her sources –2.43 *** –0.59  0.63  1.51 * –0.34  –0.58    1.60   
    Nonfarm act ivit ies t o ot her sources –0.52  0.01  –0.77  –0.02  –0.01  –0.31    0.33   
  Δ ln dist ance t o service
    Credit  1.16 * 0.23  0.86  –0.14  0.51  0.49    –0.07   
    Al l -weat her road 1.43 ** –0.48  0.00  –4.89  –8.12 * –3.11 *   5.20   
    Market s –4.01 ** –0.10  –4.04 ** 0.07  0.24  0.45    0.06   
  Percept ion in 2000–04
    Improved 0.34  –1.69 *** –0.14  –0.35  0.24  –0.05    0.62   
    Worsened –0.19  –0.59  0.23  –0.84 * 0.19  0.04    –0.01   
  Int ercept  0.87  1.09 ** 0.66  1.31 *** 0.68 * 0.85 **   0.12   
Improved (cf .  no change)
  NAADS 0.56  1.44 *** 1.12 ** 0.81 ** 0.97 ** 0.85 **   2.21 *** 0.56 
  Δ gender of  head 0.03  2.39 *** 0.28  –0.97 * –1.15 ** –1.06 **   –0.89  0.03 
  Δ ln age of  head 0.16  –1.72  0.10  0.65  –0.40  0.00    1.85  0.16 

(cont inued)
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Table A.11—Continued

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

  Δ educat ion (cf .  no change)
    Reduct ion 0.05  –0.33  –2.84 *** 0.54  0.43  0.44    –0.59  0.05 
    Improvement  0.68  –1.73 ** –1.39 * 0.35  1.21  0.76    –0.17  0.68 
  Δ ln household size –0.33  –0.60  1.19 ** 0.71 * 1.00 ** 0.95 **   1.89 *** –0.33 
  Δ income source (cf .  no change)
    Crops t o ot her sources –0.79  1.51 * 0.90  –0.36  –0.11  0.38    –1.20  –0.79 
    Livest ock t o ot her sources 1.50  –1.92  3.18 *** –0.43  –1.41  0.45    14.49 *** 1.50 
    Ot her agricult ure t o ot her sources –0.25  –0.02  0.18  0.11  –0.20  –0.54    –11.87 *** –0.25 
    Nonfarm act ivit ies t o ot her sources 0.68  0.55  –1.08 * –0.62  –0.24  –0.13    0.61  0.68 
  Δ ln dist ance t o service
    Credit  1.63 *** 0.59 ** 0.88  –0.79 * –0.07  0.51    –0.56  1.63 ***
    Al l -weat her road 0.11  –0.77 * –0.18  –6.75  –9.70 * –2.95    16.66  0.11 
    Market s –5.05 *** 0.81  –4.70 *** 0.18  –0.26  0.21    –1.00  –5.05 ***
  Percept ion in 2000–04
    Improved 0.71  –1.22 * 0.57  0.16  0.84 * 0.43    0.33  0.71 
    Worsened 0.95  0.39  0.92  –0.28  0.97 ** 0.99 **   0.09  0.95 
  Int ercept  0.16  0.49  0.26  0.61  –0.40  –0.27    –0.79  0.16 
  Chi-squared 51.41  48.86  61.44  36.47  4,083.55  49.42    36,655.17  51.41 

Source of  dat a:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 
2007 household survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 
percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.  Elsewhere,  blank cel ls mean not  est imat ed due 
t o l imit ed sample observat ions across cat egories of  t he dependent  variable.
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Table A.12—Second-stage mult inomial-probit regressi on results of perception of change in overall wealt h between 
2004 and 2007

 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

Worsened (cf .  no change)
  NAADS –0.27  –0.39  –0.84  –0.31  –0.77 * –0.76 * –0.88 * –0.69  –0.49 
  Δ gender of  head –1.93 *** –0.95  –0.81  –0.12  0.10  0.33  0.42  1.09 * 0.99 
  Δ ln age of  head –0.44  0.32  –0.10  1.21  1.04  0.03  0.04  –0.09  0.01 
  Δ educat ion (cf .  no change)
    Reduct ion –0.49  –0.72  –1.45 * –0.26  0.02  –0.35  1.16  1.21  1.36 
    Improvement  –11.21 *** 0.91  –11.12 *** –1.38 ** 0.91  0.76  0.36  0.80  0.55 
  Δ ln household size –0.83  –0.82  0.56  0.22  –0.09  0.08  –0.06  –0.69 * –0.40 
  Δ Income source (cf .  no change)
    Crops t o ot her sources –1.60 ** –11.36 *** –11.26 *** –0.33  0.36  0.53  –1.79 ** –2.28 ** –3.05 **
    Livest ock t o ot her sources –11.86 *** –12.00 *** –11.61 *** 0.43  0.58  0.45  –0.28  –0.18  –0.16 
    Ot her agricult ure t o ot her sources –11.42 *** –16.22 *** –11.91 *** 0.79  0.04  0.11  –11.58 *** –11.34 *** –12.02 ***
    Nonfarm act ivit ies t o ot her sources –1.17 * –0.84  –0.58  –0.09  0.49  –0.23  –1.24 ** –0.87  –1.12 *
  Δ ln dist ance t o service
    Credit  –1.06 * –0.32  0.08  –0.29  –0.19  –0.31  –1.70  –1.97  –1.82 
    Al l -weat her road 0.42  –1.08 * –0.24  –0.93 * –1.04 ** –0.22  7.56  11.03  8.49 
    Market s 0.88  5.50 *** –0.22  0.33  –0.04  0.42  0.15  0.21  0.19 
  Percept ion in 2000–04
    Improved 1.89 *** 1.95 *** 2.22 *** –0.41  –0.54  –0.78 * –1.50 ** –1.38 ** –1.72 ***
    Worsened 1.37 ** 0.97  2.33 *** –1.06 ** –0.45  –1.14 ** –0.85  –1.49 ** –1.60 **
  Int ercept  –1.70 *** –1.55 ** –2.11 *** –0.02  –0.23  0.34  1.37 ** 1.46 ** 1.56**

(cont inued)
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 NAADSNON–1 NAADSNON–2 NAADSNON–3

Explanatory variables Model I Model II Model III Mo del I Model II Model III Model I Model II Model III

Improved (cf .  no change)
  NAADS –0.03  –0.15  –0.27  0.32  0.00  –0.06  0.18  0.50  0.19 
  Δ gender of  head –0.65  –0.23  –0.87  0.53  0.90 * 0.53  –0.73  –0.81  –0.14 
  Δ ln age of  head 0.03  –0.51  0.39  –0.79  –0.15  0.09  0.22  0.39  0.31 
  Δ educat ion (cf .  no change)
    Reduct ion 0.10  –2.07 ** –0.93  –0.17  0.33  –0.17  –0.12  –0.14  0.48 
    Improvement  1.02  0.53  2.70 *** 0.25  1.29 ** 1.21 ** 1.46 ** 0.98  1.18**
  Δ ln household size 0.14  0.13  0.94 * 0.34  0.30  0.43  0.14  –0.16  0.04 
  Δ income source (cf .  no change)
   Crops t o ot her sources –0.07  0.19  –1.37 ** –0.42  –0.25  –0.03  –0.78  –0.68  –0.70 
   Livest ock t o ot her sources –0.81  0.77  –1.26  0.29  0.79  –0.75  13.01 *** 12.57 *** 12.72***
   Ot her agricult ure t o ot her sources –1.29  0.62  –1.16  –2.20 *** –0.95  –0.40  2.25 ** 0.36  0.24 
   Nonfarm act ivit ies t o ot her sources –1.26 ** –1.41 *** –1.63 *** –0.33  0.15  –0.06  0.74 * 0.77  0.61 
  Δ ln dist ance t o service
    Credit  0.20  –0.08  1.57 *** –0.35  –0.11  –0.12  –0.56  –0.70  –0.75 
    Al l -weat her road –0.47  0.33  0.24  –0.28  –0.06  –0.14  5.70  8.11  6.05 
    Market s 0.46  –1.54  –0.61  0.00  –1.30  –0.67  0.78  1.20 ** 0.85*
  Percept ion in 2000–04
    Improved 0.76  0.86  –0.31  –0.61  –0.16  –0.24  –0.66  –0.12  –0.46 
    Worsened 1.22 * 0.59  1.36 ** –0.20  0.02  –0.09  –0.48  –0.65  –0.71 
  Int ercept  –0.05  0.61  0.58  0.58  0.06  0.28  0.51  0.18  0.56
  Chi-squared 3,055.19 2,792.51 2,545.21 59.83 36.14 23.57 7,771.61 6,310.88 9,175.87

Source:   Mat ched sample (based on t hree nearest  neighbor mat ches) of  t reat ment  and nont reat ment  households f rom NAADS–IFPRI 2004 and 2007 house-
hold survey panel dat a.

Not es:   See Tables 5.1 and 5.2 for a det ailed descript ion of  t he variables.  Models I,  II,  and III indicat e t hat  t he underlying mat ched subsamples are based 
on t he select ion probit s using t he base model (Model I),  t he base model plus squared values of  some cont inuous covariat es (Model II),  and t he 
base model plus int eract ion t erms (Model III),  respect ively (see Table 5.7).  The t reat ment  group in each case is NAADSDIR.  ln:  t ransformat ion by 
nat ural logarit hm;  Δ:  change bet ween 2004 and 2007 values.  *,  **,  and *** indicat e st at ist ical signif icance at  t he 10 percent ,  5 percent ,  and 1 
percent  levels,  respect ively;  blank cel ls in t hese columns indicat e lack of  st at ist ical signif icance.
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I
N UGANDA, AGRICULTURAL EXTENSION HAS BEEN HOTLY DEBATED SINCE THE IMPLEMENTATION OF 
the National Agricultural Advisory Services (NAADS) program in 2001.  Conceived as a demand-driven 
approach and largely publicly funded with services provided by the private sector, the NAADS program 
targets the development and use of farmer institutions.  It is a key strategy in the government’s poverty-

 reduction and national development plan.  

Due to methodological challenges arising from the complex ways that many factors in�uence the 
relationship between extension inputs and outcomes, as well as data-quality issues, the e�ectiveness 
of agricultural extension in raising agricultural productivity and incomes and reducing poverty is often 
viewed with skepticism among policymakers and development practitioners.  The NAADS program has 
been no exception.    

Some initial evaluations, mostly qualitative in nature, indicate the program has had a favorable e�ect on 
increasing the use of improved technologies, marketed output, and wealth status of farmers receiving 
services from the program. However, the program does not appear to be promoting improved soil-fertility 
management, raising concern about the sustainability of potential productivity increases. 

Now that the �rst phase of the program has ended, this study rigorously assesses the outcomes and impacts 
obtained thus far, in order to help inform the current second phase and o�er lessons for others implementing 
or planning to implement demand-driven agricultural advisory services in developing countries. 

The �ndings presented here are useful to policymakers of central and local governments, farmer groups, 
advisory service providers, donors, and others seeking to improve agricultural extension services in Uganda 
and elsewhere. Program evaluators and policy analysts will �nd the methods instructive. 
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