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Abstract
This study uses a meta-analysis to synthesize the effects
of agricultural cooperative membership on the yield
of crops and livestock. It collects 158 estimated yield
effects from42 studies, covering 19 developing countries.
Our analysis finds evidence that there exists positive
publication bias in the empirical literature, confirm-
ing that researchers and journals have a preference
to publish articles that report positive and significant
results. After correcting for publication bias, we find that
cooperative membership has a small-sized and insignif-
icant effect on the yield. The meta-regression analysis
reveals that variation in the reported yield effects can
be largely explained by the study attributes such as the
sample type (full sample vs. subsample), membership
ratio, econometric approaches (instrumental-variable
based parametric approach, non-parametric approach
or ordinary least square regression), effect size types
(average treatment effects on the treated, average treat-
ment effects, or coefficient), agro-product type (grain or
others), and climate zones (tropical or non-tropical).
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1 INTRODUCTION

Improving the yield of crops and livestock in agricultural production is a key to ensuring global
food security, relieving hunger and poverty, and encouraging sustainable development. However,
the growth in farm yield and food production is challenged by many factors such as climate
change, higher input prices, degradation of natural resources, the loss of biodiversity, and the
spread of transboundary pests and diseases of plants and animals (Asfaw et al. 2020; Challinor
et al. 2014; Lachaud et al. 2022; Varma & Bebber 2019). A further challenge is ensuring that crop
and livestock yields keep pacewith population growth. TheUnitedNations predicts that the global
population is expected to reach around 10 billion by 2050, an increase of 2 billion people from 2019
levels. This growth means that food production needs to increase by around 60% for consumable
calories per capita to remain constant.
Different programs have been proposed and developed in recent decades to tackle the chal-

lenges facing smallholder farmers in developing countries, helping sustain or increase farm
production. Agricultural cooperatives are one of them.Agricultural cooperatives have been touted
as away to improve farm-level performance across a variety of dimensions such as improving crop
yield, farm income, production efficiency, input use, product quality, and sales price (Grashuis &
Su 2019; Lin et al. 2022; Tran et al. 2021; Zhang et al. 2020).
Efficient cooperatives can also empower theirmembers economically and socially (Dohmwirth

&Liu 2020; Engel 2012; Ferguson&Kepe 2011; Lin et al. 2022;Ma et al. 2022b;Mojo et al. 2015; Seb-
hatu et al. 2021). For example, cooperatives can create sustainable employment through equitable
and inclusive business models that are more resilient to external shocks. They can also help build
smallholder farmers’ skills by providing them with information and knowledge, helping them to
adapt to fluctuating markets, and building their capacity to adopt the appropriate practices and
technologies. Candemir et al. (2021) found that agricultural cooperatives also play a non-negligible
role in promoting smallholder farmers’ adoption of environmentally friendly practices.
While numerous studies have made efforts to investigate the relationship between cooperative

membership and farm performance, as evidenced by two review studies (Bizikova et al. 2020;
Grashuis & Su 2019), no consensus has been reached regarding how cooperatives influence farm
sustainability. Grashuis and Su (2019) reviewed 56 peer-reviewed publications and found that
cooperative membership positively affects sales price, farm income, crop yield, product quality,
market access, technology adoption, and input-output efficiency. They also pointed out that the
benefits received by small and large producers are unevenly distributed. Based on 239 studies
from 24 countries, Bizikova et al. (2020) reviewed the contributions of farmers’ organizations (e.g.,
associations, cooperatives, self-help, and women’s groups) to smallholder agriculture in develop-
ing countries. They showed that 57% of the reviewed studies report positive impacts of farmers’
organizations on farm income, but only 19% of reviewed studies report positive impacts on crop
yield. Although these two studies provide important insights, they fail to account for publication
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Cooperative Membership and Farm Yield 3

bias. Publication bias occurs when researchers and journals have preferences for estimates that
are statistically significant or have a certain sign (Anwar&Mang 2022; Xue et al. 2021). These pref-
erences work to filter out less preferred estimates so that the literature presents a distorted picture
of reality. Taking estimates in the literature at face value, without correcting for publication bias,
can mislead policymaking.
In this study, we synthesize existing research to estimate the “average” yield effects of agricul-

tural cooperative membership. We focus on farm yield because crops and livestock yields affect
food security, dietary diversity, and the nutrition intake of human beings (Kassaye et al. 2021;
Khonje et al. 2022; Rahman & Connor 2022). In addition, farm yield is an important component
of farm revenue. To date, the literature in this field reports mixed findings. Most studies show
that cooperative membership increases yield (Ahado et al. 2021; Bairagi & Mottaleb 2021; Chag-
wiza et al. 2016; Ingutia & Sumelius 2022). In contrast, some find that cooperative membership
has little (Hun et al. 2018; Kashiwagi 2020; Mwaura 2014; Shumeta & D’Haese 2016) or even a
negative impact on yield (Fischer & Qaim 2012; Neupane et al. 2022).
Meta-analysis is a statistical tool that allows researchers to appropriately weight contrasting

estimates while accounting for the influence of publication bias (Anwar & Mang 2022; Ogundari
2022; Ogundari & Bolarinwa 2018; Ridhwan et al. 2022). The goal is to produce an estimate of
the overall, average effect of a given treatment or intervention. We bring the analytical tools of
meta-analysis to the empirical literature on the effect of cooperative membership on crop and
livestock yields. To do that, we collect 158 estimates from 42 published studies that estimate the
yield effects of cooperative membership in developing countries. The findings from this study
can provide guidance to policymakers tasked with developing public policies towards agricultural
cooperatives.
A further contribution of our study is that we investigate why different studies produce dif-

ferent estimates. Different study attributes (e.g., econometric approaches, effect types, sample
types, and climate zones) may help explain different estimated yield effects of cooperative mem-
bership. For example, cooperativemembership is widely considered to be an endogenous variable.
Scholars have addressed the endogeneity issue of cooperative membership using both instrumen-
tal variable-based parametric approaches such as the endogenous switching regression model
(Kehinde & Ogundeji 2022; Kumar et al. 2018; Ma et al. 2022a) and non-parametric approaches
such as the propensity score matching (PSM) technique (Hoken & Su 2018; Mishra et al. 2018;
Ortega et al. 2019; Shumeta & D’Haese 2016). These different estimation procedures may produce
systematically different estimates of yield effects. Another example relates to climate. Agricultural
production in tropical regions or African countriesmay have different yield effects comparedwith
production in temperate regions or Asian countries. Meta-analysis can help to identify this. Being
able to associate conditions under which agricultural cooperatives have a greater impact can help
policymakers to design better policy instruments.
The rest of this paper is structured as follows: Section 2 discusses themechanismof how cooper-

ative membership affects farm yield. Section 3 presents the meta-dataset, methods, and variables.
The results are presented and discussed in Section 4. The final section concludes the paper and
recommends policy implications.
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4 W. MA et al.

Cooperative 
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F IGURE 1 Influencing pathways
on the relationship between cooperative
membership and farm yield

2 THEMECHANISM OF HOWCOOPERATIVEMEMBERSHIP
AFFECTS FARM YIELD

Agricultural cooperatives can help increase farm yield mainly through two channels: increasing
the levels of inputs (e.g., fertilizers, pesticides, machinery, and labour) and improving the lev-
els of technical efficiency (Figure 1). Several studies have found that cooperative membership
increases the probability of agricultural technology adoption and the levels of input use (Abebaw
& Haile 2013; Addai et al. 2022; Blekking et al. 2021; Manda et al. 2020; Sarkar et al. 2022; Zhang
et al. 2020). In their investigations of maize farmers in Zambia, Manda et al. (2020) found that
cooperative membership significantly increases the probability of adopting improved variety and
inorganic fertilizer andBlekking et al. (2021) showed that cooperativemembers usemore fertilizer
and hybrid seeds than non-members. A study for Ghana reveals that rice farmers who havemem-
bership in farmer-based organizations are 38%more likely to adoptmachinery than those without
membership (Addai et al. 2022). The increased usage of inputs contributes to an improvement in
farm yield.
Technical efficiency refers to the effectiveness with which a given set of inputs is used to pro-

duce an output (Carrer et al. 2022; McFadden et al. 2022; Zheng et al. 2021). An improvement
in technical efficiency also helps increase the yield of crops and livestock. Relative to improving
farm yield by increasing input levels, improving technical efficiency is a more ideal way because
the latter strategy does not require additional investment in inputs. It only requires better farm
management and readjustments in utilizing the existing inputs inmore efficient ways, which ulti-
mately saves production costs. Prior evidence also reveals that cooperative membership plays a
significant role in improving the technical efficiency of crop and livestock production. (Abate et al.
2014; Addai et al. 2022; Ahado et al. 2021; Lin et al. 2022; Neupane et al. 2022; Olagunju et al. 2021;
Qu et al. 2020).
Ahado et al. (2021) analyzed the impact of cooperative membership on the technical efficiency

of potato farmers in Mongolia and found that cooperative members are more technically efficient
with an average technical efficiency between 64% and 71%, in comparison to 54%–57% for non-
members. This is further confirmed by Olagunju et al. (2021), who investigated maize production
in Nigeria and found that the technical efficiency of cooperative members is 49% higher than that
of non-members. Neupane et al. (2022) estimated the production efficiency of goat production
in Nepal. They found that the average technical efficiency scores of cooperative members and
non-members are 93.2% and 90.7%, and the difference is statistically significant. By estimating
the technical efficiency of apple production in China, Addai et al. (2022) found that the technical
efficiency for cooperativemembers ranges from 79% to 86% and that for non-members ranges from
74% to 84%.
In light of the important role of agricultural cooperatives in supporting sustainable agricul-

tural development, quantifying the nexus between agricultural cooperatives and farm yield using
the meta-analysis approach can deepen our understanding in this field. The study’s findings
can help decision-makers to revisit the existing cooperative development policies and improve
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Cooperative Membership and Farm Yield 5

appropriately, making cooperative organizations better assistors for sustainable rural and
agricultural development.

3 META-DATASET, METHODS, AND VARIABLES

3.1 Meta-dataset

3.1.1 Data strategy and selection criteria

The first step in meta-analysis is to search and collect the existing studies that empirically
examined the effects of agricultural cooperative membership on the yield of crops and livestock
and then extract required information such as effect size, t-statistics, degree of freedom, and
study attributes. To be included in our meta-analysis, a study must contain an estimation that
explores how cooperative membership affects yield.We collect the required studies from different
databases, including Google Scholar, Scopus, JSRTOR, RePEc, Web of Science and ScienceDirect
and others. The selected studies include journal articles, working and conference papers, master’s
theses, and PhD dissertations.
When searching the databases, we combined three groups of keywords: “cooperative”, “yield”,

and “agriculture”. The “cooperative” group consisted of “cooperatives”, “cooperative member-
ship”, “producer association”, “farmer association”, “farmer group”, “farmer-based organization”,
“farmer organization”, and “collection action”.We consider “association”, “farmer group”, “farmer
organizations”, and “collective action” in our search because they are similar forms of cooperatives
and expected to improve smallholder farmers’ production performance in developing countries
(Bizikova et al. 2020; Fischer & Qaim 2012; Grashuis & Skevas 2022; Minah 2022). The “yield”
group consisted of “yield”, “productivity”, “household welfare”, and “farm performance”. In some
studies (Kumar et al. 2018; Ma & Abdulai 2016), the yield of crops and livestock is used as one of
the dependent variables that capture household welfare and farm performance. The “agriculture”
group consisted of “agriculture”, “farm”, “rural”, “crop”, and “livestock”. Our search produces 994
studies.
We apply the following inclusion criteria to select the studies used for our meta-analysis. First,

the studymust empirically estimate the effects of cooperativemembership. Thus, qualitative stud-
ies are excluded. Second, the study must consider the yield of crops or livestock as a dependent
variable. Third, the study must contain sufficient information to calculate t-statistics. Therefore,
the studies that did not report standard errors or t-statistics are excluded. Fourth, we further com-
pared published journal articles and the theses and removed the theses that overlap with the
journal articles. Fifth, we excluded the literature on developed countries because we are only
interested in exploring the yield effects of cooperative membership in developing countries. As
a result, our original dataset consists of 42 studies (see Table A1 in the Appendix), covering 19
developing countries (see Table A2 in the Appendix). The selected studies record 158 estimated
yield effects. The mean number of estimates from these studies is 3.45, ranging between 1 and 12.

3.1.2 Distributions of t-statistics

Figure 2 depicts the distribution of t-statistics used in our dataset. It can be seen that the distribu-
tion is right-skewed with many studies reporting positive estimates. The descriptive statistics of
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6 W. MA et al.

F IGURE 2 Distribution of t-statistic values. Notes: The x-axis represents the effect size captured by the PCC
values; the y-axis represents the inverse of the standard errors of the effect size. The solid vertical line denotes the
mean of the sample [Colour figure can be viewed at wileyonlinelibrary.com]

TABLE 1 Descriptive t-statistics

t-statistics
Full sample (1) Truncated sample (2)

Mean 3.037 2.900
SD 4.446 3.928
Median 2.220 2.220
Minimum −4.917 −4.903
Maximum 29.76 29.76
1% −4.903 −4.623
5% −1.995 −1.158
10% −0.280 −0.245
90% 6.733 5.92
99% 22.25 19.30
Skewness 2.633 2.869
Kurtosis 14.04 18.16
Number of estimates 158 154

the t-statistics (column 1 of Table 1) show that the mean andmedian t-statistics for the full sample
are 3.037 and 2.220, respectively. The minimum and maximum t-values are –4.917 and 29.76.
We follow Duan et al. (2020) and truncated the top and bottom 1% of partial correlation coef-

ficient values to eliminate potential outliers. This approach removed only four estimates. The
associated t-statistics are reported in column 2 of Table 1. The mean t-statistic for the truncated
sample decreases slightly to 2.9 and the median t-statistic stays the same (i.e., 2.220). In sum, the
t-statistics between the full and truncated samples are not substantially different. As a robustness
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Cooperative Membership and Farm Yield 7

check, we estimated our meta-analysis models using both the full sample and the truncated sam-
ple and found that they generated similar results. Consequently, we subsequently only report the
results for the full sample.

3.2 Methods

3.2.1 Measuring the effect sizes

A commonapproach to estimating the impact of cooperativemembership on the yield of crops and
livestock assumes a linear specification for yield as a function of a vector of a dummy cooperative
membership choice variable, a vector of control variables that capture farmer- and household-
level variables, as well as an error term. The yield regression can be expressed as:

𝑌𝑖 = 𝛼𝑖 + 𝛽𝑖𝐶𝑖 + 𝛾𝑖
∑

𝑋𝑖 + 𝜀𝑖 (1)

where 𝑌𝑖 refers to the yield of crops or livestock; 𝐶𝑖 identifies the cooperative membership status
of a farming household (1 =members; 0 = non-members); 𝑋𝑖 represents a vector of control vari-
ables (e.g., age, gender and education of farmers, household size, asset ownership, farm size, and
geographical locations) that affect the farm yield; 𝛼𝑖 is a constant and 𝜀𝑖 is an error term; 𝛽𝑖 and 𝛾𝑖
are parameters to be estimated.
In a meta-analysis, the estimated parameter 𝛽𝑖 from Equation (1), which represents the yield

effect of cooperative membership, becomes the dependent variable. However, 𝛽𝑖 is not directly
comparable across studies for at least two reasons. First, studies estimate yields for a variety of
farm products such as apple (Ma & Abdulai 2016), potato (Ahado et al. 2021), maize (Olagunju
et al. 2021), rice (Bairagi & Mottaleb 2021), banana (Ma et al. 2022a), coffee (Ortega et al. 2019),
dairy (Chagwiza et al. 2016), and goat (Neupane et al. 2022). Accordingly, different units (e.g.,
tons, kilograms, and litres) are employed to measure yields. Even when the studies examine the
same crop, some may capture the log-transformed form of the yield whereas others use a linear
or some other form. Second, scholars have used different estimation procedures such as ordinary
least squares regression (Sellare et al. 2020), endogenous treatment regression model (Ingutia &
Sumelius 2022), propensity score matching method (Blekking et al. 2021; Desai & Joshi 2014), and
endogenous switching regressionmodel (Kehinde &Ogundeji 2022; Kumar et al. 2018) when esti-
mating the yield effects of cooperative membership. Because the estimated “effects” are captured
by average treatment effects on the treated (ATT), average treatment effect (ATE), and coefficients,
they are interpreted in different ways. To make these different studies comparable, the estimated
yield effects of cooperative membership must be transformed into a standard unit.
The standard approach to dealing with this problem is to convert the estimated yield effects to

a partial correlation coefficient, or PCC (Ogundari 2022; Ogundari & Bolarinwa 2018; Xue et al.
2020). The PCC is a scale-free metric, providing a unified interpretation across different studies
(Anwar &Mang 2022; Ogundari & Bolarinwa 2018; Ridhwan et al. 2022). It is calculated using the
following equation:

𝑃𝐶𝐶𝑖 =
𝑡𝑖√

𝑡2
𝑖
+ 𝑑𝑓𝑖

(2)

 14678292, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apce.12411 by L

incoln U
niversity, W

iley O
nline L

ibrary on [10/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8 W. MA et al.

where 𝑡𝑖 and 𝑑𝑓𝑖 refer to the t-statistic and degrees of freedom associated with the respective yield
effect. The PCC bears a closemathematical relationship to the standardized beta coefficient. From
Equation (2) it can be seen that PCC ranges between –1 and 1. The associated standard error for
the PCC, that is, 𝑆𝐸_𝑃𝐶𝐶𝑖 , is given by:

𝑆𝐸_𝑃𝐶𝐶𝑖 =

√
1 − 𝑃𝐶𝐶2

𝑖

𝑑𝑓𝑖
(3)

FollowingDoucouliagos (2011), we interpret the absolute values of PCC equal to 0.07 as “small”,
equal to 0.17 as “moderate”, and “0.33” as large.

3.2.2 Testing the publication bias

A simple way to estimate the overall mean effect of cooperative membership on the yield of crops
and livestock is to average the sample of PCC values. This is equivalent to regressing 𝑃𝐶𝐶𝑖 on a
constant using the ordinary least squares (OLS) regression model as follows:

𝑃𝐶𝐶𝑖 = 𝜇 + 𝜓𝑖 (4)

where 𝑖 = 1, 2, … , 𝑁 refers to the number of estimated yield effects in themeta-analysis sample,
𝜇 captures the overall mean effect of cooperative membership on yield, and 𝜓𝑖 is an error term.
In Equation (4), 𝜇 should be interpreted with caution because the estimates do not account for

publication bias. The existence of publication bias may outweigh the real effect size, skewing the
distributions of the reported effect size, and leading to biased policy implications. One important
application of meta-analysis is to identify the existence of publication bias and correct it.
Two approaches can potentially be used to check whether there exists the presence of publica-

tion bias inmeta-analysis: funnel plots and the funnel asymmetry test (Hong et al. 2021; Ogundari
& Bolarinwa 2018; Ridhwan et al. 2022; Xue et al. 2021). The funnel plot is a scatterplot of study-
specific effect sizes on the x-axis against a measure of study precision such as standard errors or
inverse standard errors (in our case) on the y-axis. It provides an intuitiveway to detect publication
bias.
If the distributions of the inverse standard errors are symmetrically distributed around the

mean line, this suggests there is no publication bias (Xue et al. 2021). If there existed upward
publication bias, the scatter-dots would be clustered on the right of themean line. Because funnel
plots are always vulnerable to subjective interpretations, people usually also employ the funnel
asymmetry test to check the publication bias (Xue et al. 2020). The funnel asymmetry test is car-
ried out by including the standard error as an additional regressor in Equation (4). We use both
funnel plots and the funnel asymmetry test to check for the existence of publication bias in this
study.
The specification for the funnel asymmetry test (Egger et al. 1997) is:

𝑃𝐶𝐶𝑖 = 𝜛 + 𝜉𝑖𝑆𝐸_𝑃𝐶𝐶𝑖 + 𝑉𝑖 (5)

where 𝑃𝐶𝐶𝑖 and 𝑆𝐸_𝑃𝐶𝐶𝑖 refer to the PCC and its corresponding standard error for the ith
estimate in the created samples, respectively. 𝜛 is a constant; 𝜉𝑖 is an estimated parameter; 𝑉𝑖
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Cooperative Membership and Farm Yield 9

represents the error term of the regression model. If the estimated coefficient for 𝜉𝑖 is statistically
significant, this indicates the presence of publication bias (Duan et al. 2020; Xue et al. 2021).
It is worth noting that OLS estimation of Equations (4) and (5) is inefficient because of

heteroscedasticity.1 Heteroscedasticity arises because the estimated yield effects have different
standard errors in the original studies. This carries over to the PCC values having differ-
ent standard errors. This, in turn, induces the error term in the respective equations to be
heteroscedastic.
Following previous studies (Anwar & Mang 2022; Duan et al. 2020; Ogundari 2022; Ridhwan

et al. 2022; Xue et al. 2021), we employ twoweighted least squares (WLS) estimators to address this
problem: WLS-Fixed Effects (FE) and WLS-Random Effects (RE).2 The WLS-FE model assumes
that there is a single underlying true effect and the reason for different estimates across studies is
solely due to sampling error. The corresponding weight is given by the inverse of the variance of
the estimated effect, that is, 1∕[𝑆𝐸(𝑃𝐶𝐶𝑖)

2
] (Xue et al. 2021).

Alternatively, the WLS-RE model assumes true effects are heterogeneous. As a result, the vari-
ance in the estimated effects is determined by both sampling error and heterogeneity in the true
effects (Xue et al. 2021). The corresponding weight for the WLS-RE model is 1∕[𝑆𝐸(𝑃𝐶𝐶𝑖)

2
+ 𝜏2],

with 𝜏2 capturing the variance of the true effects. There is no consensus as to whether WLS-FE is
superior toWLS-RE. Accordingly, we followDuan et al. (2020) and proceed by using bothmodels.

3.2.3 Investigating sources of heterogeneity

To investigate the factors that lead to variation in effect sizes, we perform a meta-analysis by
estimating the following equation:

𝑃𝐶𝐶𝑖 = 𝛼0 + (1 − 𝜚) 𝜑𝑖𝑆𝐸_𝑃𝐶𝐶𝑖 +
𝑘∑
=1

𝛼𝑘𝑋𝑖𝑘 + 𝜗𝑖 (6)

where 𝑃𝐶𝐶𝑖 is the ith estimate capturing the yield effect of cooperative membership; 𝛼0 is a con-
stant; 𝑋𝑘 is a vector of data, study, and estimation characteristics, 𝜑𝑖 and 𝛼𝑘 are parameters to be
estimated, and 𝜗𝑖 is an error term.
The parameter 𝜚 represents a “rule” identifying whether 𝑆𝐸_𝑃𝐶𝐶𝑖𝑗 should be included as a

regressor or not. Specifically, 𝑆𝐸_𝑃𝐶𝐶𝑖 is included if publication bias is identified by the results
of Equation (5), in which case 𝜚 = 0. If no evidence is found for publication bias, we exclude
𝑆𝐸_𝑃𝐶𝐶𝑖𝑗 as a regressor in Equation (6), in which case 𝜚 = 1.

3.3 Description of variables

To understand the factors causing systematical differences among the reported yield effects,
we code 13 variables for 𝑋𝑘 in Equation (6) (see Table 2), capturing sample characteristics,

1 Both White’s test and Breusch and Pagan’s test are utilized to test the potential heteroscedasticity; both reject the null
hypothesis of homoscedasticity and confirm the presence of heteroscedasticity.
2 It is worth mentioning here that the WLS-FE and WLS-RE models used for meta-analysis are different from the FE and
RE models used for panel-data analysis in nature, although the names are quite similar.
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10 W. MA et al.

TABLE 2 Description of variables

Variables Description Mean SD
Dependent variable
PCC Effect size captured by the partial

correlation coefficient
0.210 0.270

Independent variables
SEPCC Standard error of PPC 0.070 0.050
Sample characteristic
Full sample 1 if the effect is estimated by full sample, 0

otherwise
0.790 0.410

Membership ratio Ratio of the number of members to total
sample size

0.460 0.190

Econometric approaches
IV-based
parametric
approach

1 if primary study used instrumental
variable-based parametric approach, 0
otherwise

0.170 0.380

Non-parametric 1 if primary study used non-parametric
approach, 0 otherwise

0.590 0.490

OLS 1 if primary study used ordinary least
square (OLS) regression, 0 otherwise.

0.340 0.480

Effect types
ATT 1 if the effect is captured by the average

treatment effect on the treated (ATT), 0
otherwise

0.530 0.500

ATE 1 if the effect is captured by an average
treatment effect (ATE), 0 otherwise

0.130 0.340

Coefficient 1 if the effect is captured by a coefficient, 0
otherwise

0.240 0.420

Agro-product type
Grain 1 if grain yield is used in the analysis, 0

otherwise
0.390 0.490

Publication characteristics
Publication year The year that the primary paper was

published
2018 2.970

Journal article 1 if the work is published in a
peer-reviewed journal article, 0
otherwise

0.880 0.330

Climate zone
Tropical 1 if primary study is carried out in a

tropical region, 0 otherwise
0.700 0.460

Geographical location
Africa 1 if primary study is carried out in an

African country, 0 otherwise
0.530 0.500
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Cooperative Membership and Farm Yield 11

TABLE 3 Study weights

WLS-FE model (1) WLS-REmodel (2)
Mean (%) 2.381 2.381
Std. dev. 4.735 2.057
Median (%) 0.972 1.628
Minimum (%) 0.016 0.141
Maximum (%) 25.727 5.894
1% 0.016 0.141
5% 0.051 0.243
10% 0.205 0.288
90% 4.339 5.830
95% 6.155 5.854
99% 25.727 5.894
Top 3 (%) 49.885 17.637
Top 10 (%) 76.303 55.750
Number of studies 42 42

econometric approaches, effect types, agro-product type, publication characteristics, climate zone,
and geographical location.
Table 2 presents the definitions and descriptive statistics of the variables used in the meta-

analysis. For example, we show that the average cooperative membership ratio is 0.46. Most of
the yield effects (59%) are estimated by the non-parametric models such as PSM, and just more
thanhalf of the estimates (53%) are captured by theATTs.Around 53%of yield effects are estimated
by samples fromAfrican countries. Before we proceed, we checked the potential multicollinearity
issue using the variance inflation factor (VIF). TheVIF value for the individual variable is all below
3 and the mean VIF is below 2, confirming there is little multicollinearity among the explanatory
variables we have chosen.

4 RESULTS AND DISCUSSIONS

4.1 Study weights

Table 3 presents the study weights for each study in our sample, calculated by the WLS-FE
and WLS-RE models. They weigh the individual estimates of a study by the respective weight-
ing scheme and then aggregate the weights at the study level. Study weights are calculated by
𝑤𝑖∕

∑
𝑤𝑖 , in which 𝑤𝑖 = 1∕(𝑆𝐸_𝑃𝐶𝐶𝑖𝑗)2 for the WLS-FE model and 𝑤𝑖 = 1∕[(𝑆𝐸𝑃𝐶𝐶𝑖𝑗)

2 + 𝜏2)]

for theWLS-REmodel (Duan et al. 2020; Ringquist 2013). In thisway, each study receives aweight,
and the sum of weights equals 100%. Because 42 studies are included in our meta-analysis, each
study would receive a weight of 2.381% if the weights were divided equally across studies.
Column 1 of Table 3 shows the study weights of the WLS-FE model. The median weight is

0.972%, and the maximum weight for a single study is 25.727%. The top 3 studies account for
49.885% of the total weights, and the total top 10 studies account for 76.303%. Why is this a poten-
tial problem? If we believe that there is a distribution of true effects, not just one true effect, then
having the overall average dominated by just a few studies means that we run the risk of attaching

 14678292, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apce.12411 by L

incoln U
niversity, W

iley O
nline L

ibrary on [10/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12 W. MA et al.

F IGURE 3 Funnel plot of effect size [Colour figure can be viewed at wileyonlinelibrary.com]

undue influence to these studies. Figure A1 in the Appendix gives a closer look at the respective
studies.
Column 2 of Table 3 presents the study weights of the WLS-RE model. Three results are worth

noting. First, the difference between themean andmedian values ismuch smaller for theWLS-RE
model compared to theWLS-FEmodel (0.753 vs. 1.409). Second, the maximumweight among the
42 studies for theWLS-REmodel is 5.894%, compared to 25.727% for theWLS-FEmodel. Third, the
top 3 studies account for 17.637% of the total weights for the WLS-RE model, and the total top 10
studies account for 55.75%. This is againmuch smaller than the corresponding values for theWLS-
FEmodel (49.885% and 76.303%). Compared with theWLS-FEmodel, theWLS-REmodel weights
the estimates more uniformly while still allowing different weights based on estimate precision.
The contrast between Figures A2 and A1 in the Appendix further highlights the differences in the
weights used by the two models. Based on these results, our subsequent analysis emphasizes the
WLS-RE results, though we also report results for the WLS-FE model for comparison.

4.2 Publication bias and mean yield effects of cooperative
membership

As indicated previously, we use both funnel plots and funnel asymmetry tests to check for publi-
cation bias. Figure 3 presents a funnel plot. In the centre is a vertical line indicating the estimate
of the overall mean. On either side of that line are curved lines indicating a 95% confidence region.
Under the assumption of no publication bias, we would expect 95% of the estimates to lie within
this region. In fact, Figure 3 shows that a disproportionate number of studies lie outside the 95%
confidence interval on the positive side, to the right of the vertical. This indicates positive publi-
cation bias. This is consistent with researchers and/or journals selectively reporting results that
find a positive relationship between cooperative membership and farm yield.
Table 4 presents the results of the funnel asymmetry test. “Panel A” of Table 4 presents the

estimates of the overall mean effect of cooperative membership on yield without correcting for
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Cooperative Membership and Farm Yield 13

TABLE 4 Overall mean effect of cooperative membership on the yield and publication bias

WLS-FE model (1) WLS-REmodel (2)
Panel A: Without correction for publication bias
Constant (𝜇) 0.104 (0.038)*** 0.192 (0.037)***
Panel B: With correction for publication bias
SEPCC (𝜉) 2.867 (0.772)*** 1.963 (0.784)***
Constant (𝜛𝑖) 0.008 (0.039) 0.062 (0.055)

Standard errors are clustered on studies and reported in parentheses; *** p < 0.01

publication bias (cf. Equation 4). The estimates are all positive and statistically significant at the
1% level. Based on these results, one would conclude that cooperative membership, on average,
significantly increases the yield of crops and livestock. Focusing on the WLS-RE estimate of 0.192
in column 2 and using the Doucouliagos (2011) size classifications, this estimate fits squarely in
the “moderate” size category. Importantly, however, it does not account for publication bias.
Panel “B” of Table 4 presents estimates of the overallmean effect after correcting for publication

bias (cf. Equation 5). In this specification, the variable SEPCC (𝜉) captures the effect of publica-
tion bias; whereas the constant term (𝜛𝑖) estimates the overall mean effect after correcting for
publication bias. There are two findings of note here.
First, the estimated coefficients of SEPCC are positive and statistically significant at the 1% sig-

nificance level. This provides further confirmation of the presence of publication bias. According
to Doucouliagos and Stanley (2013) and Ogundari (2022), estimated coefficients larger than one
in absolute value for the standard error variable indicate substantial selectivity bias. The respec-
tive estimate in Table 4 for the WLS-RE model is 1.963 (2.867 for the WLS-FE model), indicating
strong publication bias. In other words, our analysis provides evidence that the current literature
on the effect of agricultural cooperatives on crops and livestock yield is not representative of the
true effect. Rather, it is distorted by publication bias.
Second, based on theWLS-REmodel, our best estimate of the overall mean effect of cooperative

membership on yield is 0.062 (0.008 for the WLS-FE model). In terms of the Doucouliagos (2011)
size classifications, this represents a “small” effect. In other words, after correcting for publica-
tion bias, our estimate of the yield effect of cooperative membership decreased from “moderate”
to “small”. Even more, the estimated effect is no longer statistically significant, even at the 10%
significance level.
In other words, our estimates cannot reject the hypothesis that agricultural cooperatives yield

no benefits, on average, to smallholder farmers in developing countries. This echoes the findings
of studies that report an insignificant relationship between cooperative membership and farm
yield (Hun et al. 2018; Kashiwagi 2020; Mwaura 2014; Shumeta & D’Haese 2016). With respect
to the subsequent analysis, the finding of publication bias indicates that we should include the
SEPCC variable in Equation (6) when investigating the sources of effect heterogeneity in the
literature.
Although the findings of this study show that cooperatives are not very effective, on average, in

boosting farm yield in developing countries, this does notmean that they are useless. Besides yield
improvement, cooperatives may help farmers on other dimensions such as serving as amarketing
channel (Hao et al. 2018; Liu et al. 2019) and empowering rural women (Dohmwirth & Liu 2020;
Meador et al. 2019).
If cooperatives provide little yield benefit in developing countries, why are they so widely

adopted? Agricultural cooperatives are widespread and longstanding organizations in most
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14 W. MA et al.

TABLE 5 Sources of heterogeneity in effect sizes

Variables WLS-FE model (1) WLS-REmodel (2)
SEPCC 1.854 (1.031)* 1.664 (0.858)*
Full sample 0.102 (0.051)* 0.087 (0.050)*
Membership ratio 0.287 (0.183) 0.306 (0.180)*
IV-based parametric approach 0.148 (0.079)* 0.238 (0.082)***
Non-parametric −0.031 (0.055) −0.023 (0.050)
ATT 0.187 (0.083)** 0.172 (0.062)***
ATE 0.228 (0.089)** 0.182 (0.077)**
Grain 0.117 (0.062)* 0.162 (0.068)**
Publishing year −0.004 (0.012) −0.020 (0.011)*
Journal article −0.071 (0.089) 0.004 (0.070)
Tropical −0.143 (0.090) −0.176 (0.078)**
Africa −0.012 (0.085) 0.066 (0.073)
Constant 7.440 (24.850) 40.656 (21.769)*
Number of estimates 158 158

Standard errors are clustered on studies and reported in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01; The reference group of
IV-based parametric approach and non-parametric approach is OLS; The reference group of ATT and ATE is coefficient.

developing countries. According to Francesconi and Wouterse (2019, 2022), every other village
in rural Africa hosts at least one member-owned organization of some sort and their preva-
lence has been growing consistently since the beginning of colonialism. We discuss two possible
explanations here.
First, the proliferation of cooperatives across the developing world has been mostly driven by

national governments and international donors. These find it convenient to use cooperatives to
distribute subsidies and aid to large numbers of small and scattered rural farmers (Francesconi &
Wouterse 2019). Although this may not be the most effective and efficient use of cooperatives, it is
nonetheless an important service, especially to poor and vulnerable farmers. Second, cooperatives
may contribute to building social cohesion and thus improve the effectiveness and efficiency of
mutual support among farmers in times of need (Deng et al. 2021; Valentinov & Iliopoulos 2021).
It is possible that cooperatives play more of a social protection or resilience-enhancing role

in developing countries rather than a productive and income-generating role. With respect to the
latter, not all cooperatives function aswell as they should.Hu et al. (2017) surveyed 50 cooperatives
in China and found that some of them fail to deliver the expected benefits to smallholder farmers
and do not meet the standards outlined in China’s Cooperative Law. Nevertheless, the longevity
and popularity of cooperatives cannot be overlooked, as it represents evidence that farmers need
and want cooperatives.

4.3 Meta-regression analysis

Table 5 reports the results of a meta-regression analysis. We continue to focus on the estimates
from the WLS-RE model (cf. column 2), though we also report WLS-FE estimates for the sake of
comparison. The estimated parameters show that the SEPCC variable remains positive, indicating
positive publication bias, but is now only significant at the 10% level.
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Cooperative Membership and Farm Yield 15

The coefficient of the full sample is positive and statistically significant at the 10% level, sug-
gesting that the yield effects estimated using the full sample are larger than those estimated using
subsamples such as subsamples by farm sizes or survey locations. The membership ratio variable
has a positive and statistically significant coefficient at the 10% level. This suggests that a higher
membership ratio in a survey sample is associated with a higher estimated yield effect.
The coefficient of the IV-based approach is positive and significantly different from zero at

the 1% level, suggesting that studies estimating IV-based models report larger effect sizes than
those estimated using the OLS regression model as the reference. The IV-based models such as
the ESR model and ETR model help correct for selection bias arising from both observed and
unobserved factors (Dong et al. 2019; Ingutia & Sumelius 2022; Kehinde & Ogundeji 2022; Kumar
et al. 2018), while the OLSmodel does not correct for selection bias. Thus, our finding underscores
the importance of estimatingmodels that correct for both observed and unobserved selection bias
for better-informed policy implications.
The coefficients of ATT and ATE are positively and statistically significant at the 1% and 5%

levels, respectively, suggesting that studies estimating treatment effects report larger effect sizes
than those estimating “normal” coefficients. Both IV-based parametric models (Dong et al. 2019;
Ingutia & Sumelius 2022; Kumar et al. 2018) and non-parametric approaches such as the PSM
model and IPWRAmodel (Blekking et al. 2021; Kehinde&Ogundeji 2022; Ortega et al. 2019) could
help calculate ATT and ATE by accounting for selection bias; the simple coefficients are usually
estimated without addressing selection bias. The findings further highlight the importance of cor-
recting selection bias (either observed or unobserved selection bias or both) in estimating the yield
effects of cooperative membership.
The coefficient of grain is positive and statistically significant at the 5% level. The finding sug-

gests that studies focusing on the yield of grain production report larger effects than those focusing
on other crops such as fruits and vegetables. The finding verifies that cooperative membership
generates uneven benefits for farmers cultivating different crops and livestock.
The publishing year variable has a negative and statistically significant coefficient at the 10%

level. The finding suggests that more recent studies find a smaller effect than older studies. The
significant and negative coefficient of the tropical variable suggests that studies focusing on trop-
ical countries report lower yields than those focusing on non-tropical countries. Previous studies
find that crop yield in tropical regions is generally lower than in temperate regions (Challinor
et al. 2014; Lesk et al. 2021).

5 CONCLUSIONS AND POLICY IMPLICATIONS

Increasing the yields of crops and livestock plays an integral part in ensuring global food secu-
rity, improving the nutrition intake of human beings, and promoting sustainable agricultural
production. Although agricultural cooperatives have been considered an important institutional
innovation that helps farm performance, the findings for the yield effects of cooperative mem-
bership are difficult to synthesize, both because of estimates widely, and because of concerns
that publication bias distorts the published literature. Accordingly, this study provides a meta-
analysis of that literature, utilizing 158 estimates from 42 studies across 19 developing countries.
Our analysis produces several important findings.
First, we find evidence of positive publication bias in the literature. This is consistent with the

hypothesis that researchers and/or journals prefer estimated yield effects that are positive and
statistically significant. After correcting for publication bias, we estimate an overall mean effect
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16 W. MA et al.

of cooperative membership on crops and livestock yield that is small in size. Further, we cannot
reject the hypothesis that, on average, agricultural cooperatives do not produce yield benefits for
smallholder farmers in developing countries. Second, our analysis identifies a number of data,
study, and estimation characteristics that are systematically related to differences in estimated
yield effects across studies. Specifically, estimates depend on factors such as whether the effects
are estimated by full sample or subsample,membership ratio, the econometricmodels used, effect
types, type of agro-product, and climate zone (tropical or non-tropical).
Although we find that membership in agricultural cooperatives does not, on average, generate

a significant impact on farm yield, this does not imply that policymakers in developing countries
should reject cooperative organizations as a tool for economic development. Many institutions
and organizations do not function as well as they should. If not yield benefits, cooperatives must
be generating other benefits for farmers or they would not be so prevalent. Instead, we interpret
our findings to indicate that policymakers should focus on how tomake cooperatives work better,
especially through improving their provisions of yield-improving services, rather than on how
many cooperatives they should build. In other words, there should be greater emphasis on quality
rather than quantity.
Although many cooperatives collectively purchase farm inputs (e.g., fertilizers, pesticides, and

improved seeds) to help lower their members’ production costs, they should train their mem-
bers on how to use those inputs efficiently and manage cropland appropriately to boost farm
productivity and incomes. Our findings suggest the importance of the government’s role in care-
fully evaluating the qualifications of the applicants before approving the establishment of new
agricultural cooperatives. Governments and non-governmental agencies should also check the
functioning of existing cooperatives before providing financial and material subsidies to them.
These efforts can help ensure that cooperatives assist rural farmers in securing benefits from
agricultural production and marketing.
We note that this study only focused on yield as a farm performance indicator. Future research

could employ meta-analytic investigations to study other farm performance indicators such as
farm income, sales price, technical efficiency, and adoption of farm technologies (e.g., fertilizers
and pesticides). This would improve the discipline’s understanding of the effects of agricul-
tural cooperatives in developing countries. Future research could use meta-regression to explore
the pathways through which cooperative membership affects farm economic performance. This
could help us comprehensively understand the roles and functions of agricultural cooperatives in
contributing to sustainable agricultural development and rural income growth.
Finally, like any empirical analysis, estimation becomesmore reliablewith larger andmore rep-

resentative samples. Because the empirical literature on the effects of cooperative membership is
still relatively young, our studywas only able to include 158 estimated yield effects from 42 studies.
As the literature expands over time, further meta-analyses using larger samples can improve our
understanding of the role of agricultural cooperatives in improving farm performance.
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