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Introduction:
Effects of cooperative membership on technology adoption

l A large literature on cooperatives and technology adoption of 
smallholder farms

l Less is known on those of family farms (which refer to farms 
in moderate scale in the Chinese context)

l Family farms play an important role in the PRC and technology 
adoption is essential in promoting family farms’ performance



Introduction: 
PRC

Relevant yet under-explored context

l Agricultural policies encourage the change from small scale to 
larger scale operation recently

l Rapid growth of family farms and cooperatives
- Joint development under-explored

l Family farms: why cooperative participation can promote 
better technology adoption?
- technical training and service
- information
- purchasing service
- financial service



In this paper..

l Causal effects of cooperative membership on family farms’ 
technology adoption

- First-hand survey data on family farms and cooperatives in 2017-2019 

- Propensity score matching (PSM) 

- Endogenous switching probit (ESP) model

- Probability of new technology adoption increases: 7.3-9.5 percentage 
points

l Heterogeneous effects
- Effects are larger for family farms with smaller size

- Effects are larger for family farms with lower income



Previous Evidence

l Positive association between cooperative membership and
technology adoption
- Most attention is given to smallholder farms (Wollni and Zeller, 2007;

Fischer and Qaim, 2012; Abebaw and Haile, 2013; Verhofstadt and Maerten,
2014; Ma and Abdulai, 2019; Zhang et al., 2019; Yu et al., 2021)

- Less is known about family farms

l Farms of different sizes have different patterns of technology
adoption (Abdulai and Huffman, 2014; Ma et al., 2018; Zhang et al.,
2019; Hu et al., 2022)

- Family farms have larger scale than smallholder farms

- Family farms are still family-centered



Data

l First-hand data based on surveys in 2017-2019
- Face to face interview
- Conducted by Family Farm Research Group of the Center for Economic

Development Research, Wuhan University
- In Wuhan & Langxi in 2017; across 20 provinces in 2018; in Wuxue and

Macheng in 2019

l Survey covers information including:
- land circulation and utilization, fixed assets and investment, labor and

wage, income and expenditure of production and operation, new
technology demand and application, natural and market risks,
cooperative membership and leading enterprises, finance and
insurance, etc.



Data

l Because most of the technologies covered in our survey are
planting related, we focus only on planting or planting-breeding
hybrid family farms in the analysis
- new varieties
- new machinery
- new fertilizers
- new pesticides
- new pest control methods
- new production and management methods

l The main analytical sample consists of 848 planting family farms



Methods: Propensity score matching

𝑃𝑟 𝑀! = 1 𝑍! = "!"
#$
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#$

（1）

- 𝑀! equals one if the family farm has participated in any cooperative 
(treated group) and equals zero if not (untreated group)

- 𝑍! : a set of control variables, including family farms’ family 
characteristics, operation characteristics and external environment 
characteristics

𝐴𝑇𝑇 = 𝐸 𝑌#!|𝑀! = 1 − 𝐸 𝑌%!|𝑀! = 0 （2）
- 𝑌#! : the outcome for member family farms
- 𝑌%! : the outcome for non-member family farms



Methods: Endogenous switching probit

l To address the issue from possible unobservable factors, we
use the bounding approach to examine the sensitivity of the
estimated results to hidden bias (Rosenbaum, 2002)

l Furthermore, we employ ESP model to account for the
selection bias from unobservable factors



Methods: Endogenous switching probit

𝑀!
∗ = 𝑍!b+ 𝜇!，𝑀! = 1 𝑖𝑓𝑀!

∗ > 0 （3）
- 𝑀! = 1 if a family farm participated in a cooperative and 𝑀! = 0

otherwise 
- 𝑍!: a vector of variables that may affect cooperative membership 

decision
𝑌#!∗ = 𝑋#!𝛽# + 𝜀#!，𝑌#! = 1 (𝑌#!∗> 0) 𝑖𝑓 𝑀! = 1 （4a）
𝑌%!∗ = 𝑋%!𝛽% + 𝜀%!，𝑌%! = 1 (𝑌%!∗> 0) 𝑖𝑓 𝑀! = 0 （4b）

- 𝑌#!∗ and 𝑌%!∗ : the latent variables representing the new technology 
adoption for member and non-member family farms respectively

- 𝑌#! and 𝑌%!: equal to 1 if the family farm adopts any new technology 
and 0 otherwise

- 𝑋!: family farms’ family characteristics, operation characteristics and 
external environment characteristics



Methods: Endogenous switching probit

l IV: neighbor family farms’ cooperative participation
- If family farm’s neighbor family farm has joined any cooperative, it

indicates that local cooperatives exist. Moreover, the cooperative
member may attract other family farms to join.

- It is not likely that the neighbor family farm’s cooperative membership
would affect other family farm’s technology adoption in other
channels.

l A family farm’s cooperative membership is positively and
significantly influenced by the participation of its neighbor.
- Ito et al. (2012) ; Ma and Abdulai (2016)



Variable definition and descriptive statistics
Variables Definition Members

(n=323)
Non-members
(n=525)

Mean difference

Outcome variable

New technology 
adoption

1 if the family farm has adopted any new technology, 0
otherwise

0.842（0.365） 0.731（0.444） 0.111***

Individual characteristics

Gender 1 if the head of family farm is male, 0 if she is female 0.898（0.303） 0.893（0.309） 0.004

Age Age of the head of family farm 49.848（7.528） 49.739（8.655） 0.109

Education Illiteracy=1, primary school=2, junior high school=3, high
school or equal=4, junior college or equal=5，college or
above=6

3.455（1.027） 3.310（0.983） 0.145**

Training experience 1 if the head of family farm has attended any technical
training, 0 otherwise

0.824（0.382） 0.590（0.498） 0.233***

Past career 1 if the head of family farm was a farmer before he set up the
farm, 0 otherwise

0.765（0.425） 0.832（0.374） -0.068**

Operation characteristics

Family labors Number of family members engaged in agriculture 2.362（1.007） 2.192（0.936） 0.170**

Years of farming The average years of farming for family members engaged in
agriculture

19.901（11.788） 21.175（12.419） -1.274

Farm size Total farming area (mu) 426.256（570.374） 235.226（351.904） 191.030***

Operation income Total operation income in a year (ten thousand yuan) 149.549（277.890） 79.623（185.002） 69.925***

External environmental characteristics

Loans 1 if the family farm has loans, 0 otherwise 0.641（0.480） 0.550（0.498） 0.090***

Internet use 1 if the head of family farm often uses Internet for operation, 2
if sometimes, 3 if never

1.619（0.748） 1.838（0.773） -0.219***

Government 
extensions

1 if the family farm has extensions from government, 0
otherwise

0.935（0.247） 0.935（0.246） 0.000

Satisfaction of 
extensions

1 if the family farm is satisfied with the extensions from
government, 2 if less satisfied, 3 if not satisfied

1.430（0.613） 1.545（0.677） -0.114**

Neighbor member 
farm

1 if any other family farm in this town is cooperative member,
0 otherwise

0.981（0.135） 0.594（0.491） 0.387***



Results of factors determining cooperative membership
Variables Odds ratio Standard error z-Value
Individual characteristics
Gender 1.115 0.293 0.42
Age 1.008 0.012 0.69
Education 0.957 0.085 -0.50
Training experience 2.344 0.445 4.49***
Past career 0.729 0.151 -1.52

Operation characteristics
Family labors 1.064 0.087 0.75
Years of farming 1.000 0.008 0.07
Farm size 1.289 0.115 2.85***
Operation income 1.279 0.107 2.93***

External environmental characteristics
Loans 1.183 0.194 1.03
Internet use 0.777 0.084 -2.32**
Government extensions 0.749 0.246 -0.90
Satisfaction of extensions 0.952 0.121 -0.39

Regional fixed effects Yes
Year fixed effects Yes
Constant 0.039 0.037 -3.40***

Pseudo-R2 0.114
LRχ2 128.67***
Observations 848



Estimations of ATT of cooperative membership and sensitivity 
analysis

Matching algorithm Mean 
treated

Mean 
control

ATT SE z-Value Γ

Nearest neighbor 1-1 0.840 0.776 0.063 0.045 1.39 1.2

Nearest neighbor 1-4 0.840 0.767 0.073** 0.036 2.01 1.8

Nearest neighbor 1-8 0.840 0.765 0.075** 0.032 2.31 2.0

Radius (caliper=0.05) 0.840 0.759 0.081*** 0.029 2.81 2.0

Nearest neighbor 1-4 
(caliper=0.05) 0.840 0.767 0.073** 0.036 2.01 1.8

Kernel (bw=0.06) 0.840 0.761 0.078*** 0.029 2.74 2.0

Local linear regression 0.840 0.766 0.073*** 0.028 2.59 2.0



Determinants of cooperative membership and its impact on 
new technology adoption: ESP model estimation

Variables Selection
New technology adoption

Members Non-members
Gender -0.030 (0.176) 0.225 (0.303) 0.363 (0.204) *
Age 0.014 (0.008) * -0.010 (0.015) -0.017 (0.010) *
Education 0.017 (0.058) 0.038 (0.098) -0.187 (0.075) **
Training experience 0.330 (0.124) *** 0.290 (0.265) 0.263 (0.150) *
Past career -0.185 (0.136) 0.155 (0.253) -0.200 (0.181)
Family labors 0.010 (0.053) 0.004 (0.095) -0.034 (0.070)
Years of farming -0.001 (0.005) 0.007 (0.009) -0.005 (0.007)
Farm size 0.129 (0.062) ** -0.085 (0.121) -0.058 (0.073)
Operation income 0.189 (0.057) *** 0.209 (0.112) * 0.091 (0.067)
Loans 0.034 (0.110) -0.014 (0.213) 0.295 (0.130) **
Internet use -0.155 (0.071) ** -0.214 (0.119) * -0.266 (0.089) ***
Government extensions -0.342 (0.217) 0.657 (0.346) * 0.401 (0.236) *

Satisfaction of extensions -0.061 (0.085) -0.400 (0.148) *** -0.219 (0.097) **

Neighbor member farm 1.957 (0.200) ***

Regional and year effects Yes

Constant -3.628 (0.654) *** 0.411 (1.458) 2.029 (0.765) **
𝜌! — 0.155 (0.469) —
𝜌" — — -0.031 (0.212)

Waldχ2 161.43***

LR test of independent
equations (𝜌! = 𝜌" = 0) 0.13 (0.938)

Observations 848
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Heterogeneous effects: by operation income

Matching
algorithm

Lower operation income Higher operation income

Mean
treated

Mean
control ATT Mean

treated
Mean
control ATT

Nearest
neighbor 1-4 0.826 0.721 0.105**

（0.047） 0.880 0.883 -0.003
（0.066）

Radius
(caliper=0.05) 0.826 0.722 0.104***

（0.036） 0.880 0.876 0.004
（0.063）

Kernel (bw=0.06) 0.826 0.723 0.104***
（0.037） 0.880 0.878 0.002

（0.063）

Observations 659 189



Heterogeneous effects: by farm size

Matching
algorithm

Smaller farm size Larger farm size

Mean
treated

Mean
control ATT Mean

treated
Mean
control ATT

Nearest
neighbor 1-4 0.834 0.716 0.118**

（0.050） 0.844 0.803 0.041
（0.072）

Radius
(caliper=0.05) 0.834 0.720 0.114***

（0.040） 0.844 0.790 0.054
（0.063）

Kernel (bw=0.06) 0.834 0.720 0.114***
（0.041） 0.844 0.794 0.050

（0.064）

Observations 611 237



Conclusion
l Limited literature and field surveys focus on family farm in the

PRC and worldwide

l We find that:
- For family farms, cooperative membership increases the probability of 

new technology adoption by about 7.3-9.5 percentage points
- The effects are larger for family farms with lower operation income 

and smaller farm size

l More policies and supports are required to encourage family 
farms to join or initiate cooperatives
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Test of matching quality

Variables Sample
Mean

% Bias
% Reduction 
of bias p-ValueMembers Non-members

Gender Unmatched 0.898 0.893 1.5 - 0.836
Matched 0.896 0.909 -4.5 -204.2 0.560

Age Unmatched 49.848 49.739 1.3 - 0.851
Matched 49.796 50.098 -3.7 -176.5 0.622

Education Unmatched 3.455 3.311 14.4 - 0.041**

Matched 3.450 3.444 0.5 96.4 0.947
Training 
experience

Unmatched 0.824 0.590 52.9 - 0.000***

Matched 0.821 0.820 0.2 99.6 0.978
Past career Unmatched 0.765 0.832 -16.9 0.015**

Matched 0.770 0.767 0.7 95.6 0.930
Family labors Unmatched 2.362 2.192 17.5 - 0.013**

Matched 2.362 2.360 0.1 99.2 0.986
Years of 
farming

Unmatched 19.901 21.175 -10.5 - 0.139
Matched 19.906 19.861 0.4 96.5 0.965

Farm size Unmatched 5.483 4.787 58.5 - 0.000***

Matched 5.448 5.415 2.8 95.2 0.689
Operation 
income

Unmatched 4.182 3.606 48.9 - 0.000***

Matched 4.140 4.067 6.2 87.4 0.436
Loans Unmatched 0.641 0.550 18.5 - 0.009***

Matched 0.638 0.625 2.8 85.1 0.725
Internet use Unmatched 1.619 1.838 -28.8 - 0.000***

Matched 1.629 1.630 -0.1 99.6 0.989
Government 
extensions

Unmatched 0.934 0.935 -0.1 - 0.988
Matched 0.937 0.934 1.3 -1203.7 0.866

Satisfaction 
of extensions

Unmatched 1.430 1.545 -17.7 - 0.013**

Matched 1.431 1.413 2.7 84.6 0.720



Pseudo-R2, likelihood ratio and mean bias before and after 
matching using alternative algorithms

Matching algorithm Pseudo-R2 LRχ2 p-Value % Mean bias % Medium
bias

Unmatched
0.115 129.80 0.000 23.4 18.5

Nearest neighbor 1-1
0.012 10.63 0.875 4.3 3.9

Nearest neighbor 1-4
0.006 4.96 0.998 3.5 2.6

Nearest neighbor 1-8
0.005 4.20 0.999 3.2 2.3

Radius (caliper=0.05)
0.002 1.82 1.000 2.4 2.5

Nearest neighbor 1-4 (caliper=0.05)

0.006 4.90 0.998 3.4 2.6

Kernel (bandwidth=0.06)
0.002 1.83 1.000 2.4 2.7

Local linear regression
0.012 10.63 0.875 4.3 3.9


