






Agency-farmer networks Method
• Exponential Random Graph Model
• Statistical inference
• PNet for 1 mode network
• BPNet for 2 mode network
• Look for dyadic, triadic and complex structures

– E.g. reciprocity: tendency to reciprocate 
choices more frequently than is indicated by 
chance coincidence of choice

– E.g. closure: A gives advice to B and C and 
therefore B would not give advice to C

– Many others

Examples for structural hypotheses in 
farmer-farmer advice network
• Advice from farmer A to B is predicated on the configuration of ties the two 

actors have with a third actor C (transitivity, closure ….), 
• A women farmer receives advice from a male farmer
• Women farmers give reciprocal advice 

• A farmer simultaneously receives from and gives advice to many farmers 

• A more innovative farmer gives advice to a less innovative farmer

• A more innovative farmer gives advice to many farmers

• A more innovative farmer receives advice from many farmers

Model 1: Estimation results for farmer- 
farmer advice network

Paramete
r�

estimates

Standard�
error

Convergence�
statistics

Simple��Linkage�Model�(Markov�Model)

Arc�(Density�of�advice�given) �6.92 0.57 0.05*

Reciprocity�(Reciprocity�of�advice�given) 3.67 0.56 0.08*

Higher�Order��(complex)�Model
AinS (2.00)�(multiple�advice�received) 0.69 0.64 0.06
AoutS (2.00)�(multiple�advice�spread) 2.33 0.89 0.06*
K�L�Star(2.00)(multiple�advice�received�and�spread) 0.33 0.40 0.01
A2P�D(2.00)�(multiple�actors�receive�advice�from�A�and�spread�it�to�B)� �0.79 0.58 0.04
A2P�U(2.00)�(multiple�actors�receive�advice�from�A�and�B) �0.05 0.49 0.10

Attribute�Model�Gender
Rb for�Attribute�Gender�(A�gives�advice�to�B�if�B�has�same�gender) �3.31 4.10 �0.02
Rs for�Attribute�Gender�(A�gives�advice�to�B�if�B�has�different�gender) 0.17 0.35 0.06
Rr for�Attribute�Gender�(A�receives�advice�to�B�if�B�has�different�gender) �0.81 0.76 0.09

Attribute�Model�Adoption�of�Innovation

Sender�of�Cont.�Attribute 0.00 0.01 0.02
Receiver�of�Cont.�Attribute 0.01 0.01 0.04
Two�in�stars�of�Cont.�Attribute 0.00 0.00 0.15
Two�out�stars�of�Cont.�Attribute 0.00 0.00 0.06
Mixed�two�stars�of�Cont.�Attribute �0.00 0.00 0.02

Arc (Density of adviadviadviaaadviaa viadviaadvia vvicecccc givegivegivegggggivggggggggggg n) �6 96 96.9222 0 50 50.5777 0 00 00.05**5*5*5*

Reciprocity (Rec(RecRRRecRecRecRReRecRRecRRR cRRecRecciiiiproiproiproiproiproiproipiproproproii roipipiproiproproroprocitycityitityityitytitycityitiityciityitiityitytcitytccittcitycity ffofofofofffofofoooofofooofofof adviadvaddddddvddvddddvidviadvidadviddvadadvddvvaadvvv ccecececececceceeccceceeeececececcecee giviiiigivegivegivegivegivggivegivevegiveiigivegivgivegivegivvg )nn)n)n))))n)n)n)nnn)n)n)nn)n)n 3 63 63 633 63.63.63 663 63 63 63 63 63 63 63 63 633 63 63 63 63 633 633 63 63 63 63 63 63 6677777777777777777777777777777777 0 500 50 50 500 50 550 50.550 555550 50 550 550 550 50000 500 550 50.566666666666666666666666666666666666 0.08****

AinAinSS (2(2.00)00) ( l(multi ltiple d iadvice recei dived)) 0 60.699 0 60.644 0.00.066666666
AoutS (2.00) (mulmulmulmulmu tipltipltiptiipp ee advice spread) 2.3.33333 0.89 0.06*6*****
K�L�Star(2.00)(mmulmulmululuuuumulluuluu titi ltipltiptipltiplpplpltiptiplttiptiplplllplltt plpippliippipipppllltiplplllipplplttippltipt plt plpllpp eeeeeeeeeeeeeeeeeeeeeeeeeeeee dadvadvidadvidvdvddvdadvidadvadvddvdadviadvid iviaaadadviadvadviadadaddvviaadviadddvadvadviadviaadvadddddvdviadviaddvaddd iddvvviadvaddddvvadva vvdvvvddaadddd cccccceeeeeceeeceeeeceeeeeecceeeeeecceeeeeecceeeeceeeeceeecceeeeeeeeeeecee recerecererecerecerececerecereceecerecrecrereceececececereceerececerecrecerececrecerecerrreceeecceceereceerrecerecreeccr cccerececeeceeccceeceeecceeeerrer cc vvvivedivediivedvvivediiivvvededededivediivedivedeeevedddiveddivedvedediveddivededivedediveddvedededdediivivedveddii edddi dddivedi edddii edddiiveeediivedi ei ev d ndandaaaaanandnandnandnddandddanananndandandaannndnndandandandandanandddaanaaaanannanddnanddaannaaananandaannddnd spsprspresprespresprepresprepresprsprspreespreprepreesprespsprepresprespresppreespreprreepreprprprpsprsprreeprespsprespreeepprspresspreprpprrreprersspppreerrespreep eeepppp aadad)ad)ad)add)ad)ad)aadd)dad)aad)add)ddd)d))d))adad)dd)ad)d))))aaaad)ddddd)dd)d))add)dd))ddaddddaddddd))ad)ddddd)dddad 00.30 30.30.30.30.30..333333330000.33000.0.330 300000000 330.30 30000 33000 3330.300.333300000000 3000000000 30000 3333333333333333333333333333333333333333333333333333333 00.40.40000 40.40.40.4440.440 440.400 44.40.40.40 400 40.40 40 440.4400000.440.444000 40.44.4400 40 40.4000 444444.4400.4.4.4440 440.444000000000000000000000 0.00111111
A2P�D(2.00) (mulu tipltipleee actoctactorsrs recereceiveive adviadvicece fromfrom AA andand sprespreadad itit toto B)B) ��0.70.700 79999 00 50.50 50.50.50 58 0.00444444
A2PA2P�U(2U(2( .0000))) (mul(multipltiplee actoactorsrs recereceiveive adviadvicece fromfrom AA andand B)B) �0.00 055 0.40 499 0.10.100000000

RbRb ffor AttAtt ibrib tuteeee GenGenGeGenGennderderdeddde (A(AA givegiveggiveivegivess adviadviicecceceec tottoto BBBBB ifif BB hashashashashas samesammesasa gendgendndddnder)er)eeee �3.33.3333 11 4.14.1444 00 �0.00.022222222
Rs for Attributeeeeee GenGenGenGenGGGenGeGenGenGenGenGeGenGenGenGenenenGenGGeGenGenGeGeGenGenGenGenGenenGenGeGGeGGGGGeGeGenenenGenGGenGenneenenGennGenGGeeeennnGGGeneGeenenGGenennGennGeennGGeenGenGGGendddderdeddddededeedederdddededeerderdederderderdddededederderderddededddedeeededdedereeededddeeererdeeereeerddeerdeedeereee (A((AAA(A(A(A(AAAA(AAA(AAA(AAA(AAA(AAAAAAAA(AAAAAA(AAAA(AAAAAAAAAAAAAAAAAAAAAAAA(AA givegiveggivegivegivegiveivegivegivegivegivegivgivegiveiveveveivegiveggiveivgivegivveivegivegivegigivvgiveeegiveiivveeiveggivegiveigivveegivegggiveeeeeggigivevveeegiveeeeggg egggivgi eegggggiveeg sssssssssssssssssssssssssssssss adviadadadviadviadviadviadvidvidddvadvidvidviadviadviaaddadvadvddadvividviadvviadvadvadaddvvadviaddddvviddvdvviidddddvaddvadvddvvadviddadvividdvivivvidviaadv cecececccececccececeeeececcceeeceeeeeeeeceeeeeceeeeeeeeeeeecceeeeceecce totttottototoototttootootttoototttottttotottotoootooootttooootttttttto BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ififififififfiiififififififffffiffffiffffffffffffffffffiff BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB hashhashhashashhaashahashashashashashhashaashashhhhhahhhhhasashashashhhhahashassssssssaasssh sshhhh shhaassshaa diffdddiffdiffdiffdidifdifdiffdifffffdddiffddiffiffiffdiffddddiffififffdifffdiffdifdiffdifffddddififffiffdiifffdddifddddiffdiffdd fdddiifdiffffd fffffferenerenerenerenerenerenenereneeerenerenerenerenereereneerenerenerenenerenerenereneeereerenerenrreerenerennrenerenereeeereerrrreereerennnneeererenenereeereneeererereneenneerrreererennrr nerene enneer nne eee ttttttttttttttttttttt gendgendgengendgendgendgendgendgendendgendgendddgendgendgendgendnendgengenendddgendgengengendgenendnngengenddgendndgendnnddendendnndgendnddddgendggendggendndngenddndgendggendgendgendeendggendgeegengggeendeggengen eeeerer)erer)er)erer))er)er)r)er)eeerer)er))er)eeer)eer)er)eeer)eer)erer))er))er)ererr)r)ree )))))) 0.10.1000.10000 1.11111110 10.10.10.1000.10 111.10 111110.10000000.10.10.10.1110 10.111110 100.10000.1110000.1.10.1000000.111110.10000.11110000.10.1000 110.0 1100 1177777777777777777777777777777777777 00 30.30 3000 30.3.30 3330.33300.3000 30.0.330.3330.0 30.30 3000 30.330 330.00.0.0 30.30 300 330 300 3330.000.333000 33333330..0..3000 35 0.00666666
Rr for Attribute Gender (A(A(A(AAAA rerecereere ives advice totototooo BBBBBBBB iifii B has different gender) �0.811111111 0.76 0.00999999

SenSendderder fofof ConCont.t AttAtt bribributeute 0 00.000 0 00.011 0.00.0022222222
Recccceiveiveiveivvereeee ofo ConCoCont.t. Attribributeute 0.00.00 11 0.00 1 0.00444444
Twowooooowooowooooooooooooooooo���������� nininiininininnnniininininnniininnnnninnininnnnininnnnnnnnninnninnninnnniniin������������� tstastastttastattastastasttastttsttttatatastastassstatastastaasttaasstsstttstastatastassstassttstastssstasttstastassssstatttastttatattst rsrsrsrsrsrsrsssssrsrsrsrssssssssssssrsrrrsssrrrrssssrrrsssssrsssrssrssssss oofofofofofofoffofofofofofffofoofoffofofofoffofofoofooofffoofofoffooooffooffooooffof ConConConCCConConCCConCoConCConConCoConConCononConConCoConConCCConoonConConConConCConConConConnCononononnnnConCConCoonoooCoConnnCCoooCCC nCooonnnt.tt.t.t.ttttttttttt.t.ttttt.ttttttttttttt..tttttttttttttt AAttAttAttAAttAttttAttAAAtAAtttAAAttAttAttAttAAAttAAtttttAttAttAtAtAAAAAAtttttttttAttAAAAAAtAttAttttAttAttAAAtttAttttAtttAttAAtttAttAtttAAAttAtAttAttAAttAttttttttttttttAAAA bribribribribibribibibribbribibribibribribribibbribribibribribribibbbbbibibriiibbbribribribrribrribribribiribrrir brr bbbr brr br bututeuteuteuteutttuteuttttuttuteutettutttuttuteuutututeuteteuteuteu eeuteutuuteuu eteuuuuuteeuteuuutetttttteuuttttuteuteuuuttte 0 00.00 0000.000 000.00 00.00000.000 000 00 0000.0.000.0 00.00 000.000.000000000 00.000000.0000 0000.00 00 000 000 000 00 00 0000.0.0.000 0000 0000 00000000000000000000000000000000000000000000000000 0.00.00 00 00 00 00 00.000.00 000 000.000 00 000 000 00.0000 00000.00 00.00 0000.000 00.00000 00..00.00.00000.0.0000000 00.000.000.00 0000 0000.00000000.0000000000000000000000000000000000000000 0.11555555
Twooo�outoutoutuout��stastastastatarsrsrrssrsrs ofofofofoof ConConConConConCo tt.ttt.t AttAttAtttAttribribibribbbbbbbribbbbbbbbbbuteuteuteuteutuuteu 0 00.00 00 00.00 0000000 0.00 000 00.00000 0.00666666
MixMixeded�twotwo�stastarsrs ofof ConCont.t. AttAttribributeute �0.00.000 0.00.000 0.00.022222222



Model 2:
Hypotheses agency-farmer advice network
• Farmers receive advice from agencies that provide advice to other farmers

• Farmers receive advice from different agencies jointly

• Male farmers receive advice from more than one agency

• A more innovative farmer receives advice from an agency

• A more innovative farmer receives advice from two agencies

• A farmer is more innovative if the agency that gives him or her advice also gives 
advice to another farmer

Model 2: Results for agency-farmer 
advice network

Parameter�
estimates

Standard�
error

Convergence�
statistics

Markov�Model
L �2.93 1.31 0.01*
Sa2�Star 2.20 1.68 0.01
Sp2�Star �0.63 1.27 0.05
L3 �0.05 0.06 0.05

Higher Order Model
Ksa (agencies provide advice to�many f..) 1.70 0.68 0.05*
Ksp �0.64 1.53 0.01
Kca 0.62 1.26 0.04
Kcp (farmers receive advice from two agencies) �2.97 1.47 �0.01*

Continous Attribute Model�Innovation
rPc1 �0.00 0.01 0.07
tscPc1 0.00 0.01 0.08
tsoPcs1 �0.00 0.00 0.08
c4Pcs1 �0.00 0.00 �0.00
c4Pcd1 0.001036 0.00384 0.03692

*�indicates�that�occurrence�of�structural�effect�is�significantly�greater�than�chance�level

LL �2.93 1.31 0.011****
SSa2�Star 2.2.2.2.22.222.22222222222 20202202022202222222222222 1.68 0.01111
SSp2�Star �00000.00 6663636666 1.27 0.0555
LL3 �0.05 0.06 0.0555

KsKsa (agencies provide advice to many f..) 11.7070 00.6868 00.0505*****
KsKsKsKsKsssssKsssssssssssKssssssssssssssssssspppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppp ����������0.0.0.0.0.00.0.0.0.0.0.0.000.000000.0.0000.00.00.0.000000000.000000000.00000.0000000000000 64646466466444644644646464646464646464644646466646464646444664666444646466466646464664664646464646466466466646464666666446644444466464444444446464646664 11.11.111111.11111111.1111111.1.111.111111.111.1.1111.1.11.111111.11.1.1.111..1111111111111111..111..111.1111 53535355553535353535353333353353535335553553335353353353535535355535353553535355353335333335353333353535333533353533333553333333333355335 00.0.00.0.0000.0.0000.0000.0.00000000.0.0.000000.0.0.0000.0.00000.000000.00000000000000.0.000.0000000000000000000000..0000101010110
KKca 0.0000.0.00.000.0.0.000000000.000..0000.0000000.000...000 626262626222622662666262222222226626262626662626262622626222666626262262626662622626266626262222626266626262262622226626226222662662222666626666222662662662266 1111.111111111111.1.1111.1.1.1111111.1111111.1111111111111111111111.11.1111111111111111111111.111 22222626626262222222222222222222222 0.0444444
KKcp (farmers receive advice from two agencies) �2.97 1.47 �0.01****

rPrP 1c1 �00.0000 00.0101 00.07077777
tstscPc c1 0.00 0.011 0.088888
ttssssssssssssssoPoooPoPoooPoPPoPoPoPoPPPoPoPoPoPoPooPPPPPoPoPoPoPoPoPPPoPoPPoPPPoPoPPPoPoPPPPPPooPPooooPoPoPoPPoPoPPPoooPPPPoPoooPoooPPoPPPPoPooPPoPooPooooPoPo cscsccscscscscscscscscscscscsscssccsccscsscsscsscscsscsscssccccssssssscscscssscscscscscssscsscscscssccsscccss11111111111111111111111111111111111111111111111111111111111111 ��������������������00.00000.0.00000.00.000.0000000000.0.0.00.000000000000000.00000.00.000.0.0.0000.0000.0.000.000.00..000.00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 0000000000000.0..0..000.00000000000000000000000000000000000000000000.000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 0000.0000000000.0.0.0.00.000.0.0000000000000000.0000.000000.000.00000.0.0.00 00080808088000000000000000000000
cc4Pcs1 �0.00 0.00 �0.000000
c4c4cc4c PcPcPcd1d1d1 0.0.0.000000101010363636 0.0.0.000000383838444 0.0.0.030303696969922222222

Study conclusions
• Few things we can say and many we cannot
• Giving and receiving advice does not have any gender 

specific characteristics.
• Giving and receiving advice does also not depend on 

whether the giver or receiver is more innovative.
• In view of low overall adoption of the innovation (which 

supposedly is not beneficial enough), why would people 
communicate about it and give advice.

Towards good practices in the study of 
innovation processes
• Bi-variate (correlation)
• Multivariate (regression models)

� Including a variable on connectedness (e.g. number of 
times the extension officer passed the farm)

� Production function with input in research / extension 
• Social Network Analysis

� One mode / two mode networks
� Communication/advice on innovative practices
� Innovativeness as an attribute (correlation)

• Autocorrelation models
� Matrix on interaction
� Vectors of socio-economic determinants



Conclusions

• Networks/social capital are important in the explanation 
of innovation behavior, but few models which show this

• For innovation to happen it needs interaction in social 
networks
� Modeling cumulative efforts of multiple agents

� Private and public input providers
� Private buyers of agricultural products
� Research institutions
� Development agencies
� Higher education and training institutions

• Advisory services need to build-in collaboration and 
shared responsibility with other development actors

• Move from participatory advisory service to pluralistic 
innovation systems?

Conclusions (2)

• However, not everybody can do everything. Role 
models need to be developed and negotiated in 
each specific context

• Important design parameters
� Platforms that allow for exchange of experience and 

joint learning among farmers and with specialists
� Inflow of external and local knowledge and 

technology

Questions to the audience

• Have we opened the “black box” of the 
innovation process?

• Would we need to conduct more empirical 
studies applying this approach?

• Have you had similar troubles studying 
innovations that did not get strongly adopted?

• Are there alternative approaches who deliver the 
similar information?


