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This paper assessed the conditions contributing to the success of smallholder
farmer groups in northern Ghana using mechanical maize shellers (MMS) based
on a collective business model. A sample of 156 farmers from 18 intervention
communities was analyzed using qualitative comparative analysis (QCA) to
examine the conditions necessary to increase usage of MMS. The results revealed
a single configuration for achieving high group MMS usage, observed in about
24 percent of the cases. This configuration comprises five sufficient conditions:
high cooperation, good relationships among members, payment of financial
contributions, provision of prior notice for group meetings, and obedience to
group rules. Additionally, two necessary conditions identified were low conflict
and reduced use of manual maize shelling. When these core conditions coexist
within the farmer groups, the MMS is more likely to be highly utilized. These
findings suggest that group leaders and members should encourage mutual
understanding, respect individual differences, value diverse opinions, and share
responsibilities to improve cooperation, foster better relationships, and reduce
conflicts among members. This approach can encourage both existing and
new members to utilize the services of mechanical sheller groups, ensuring
sustainability. Future research should utilize alternative econometric procedures
to evaluate the configurations identified by the QCA analysis, aiming to enhance
the reliability and confidence of empirical findings.
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1 Introduction

Agricultural mechanization is a necessary condition for agricultural intensification and
modernization since it improves production capacity and land output rates (Devkota et al.,
2020; Peng et al., 2022). Mechanization transforms the traditional labor-based agriculture to
modern technology-based agriculture and improves input-use efficiency (Kusz, 2014; Devkota
etal, 2020). Fischer et al. (2021) and Zhang et al. (2017) reported that mechanization creates
a division of labor, enhances specialization and reduces drudgery. Others have argued that
mechanization also stimulates smallholder farmers to scale up their production activities for
commercialization and competition (Pingali, 2007; Li et al., 2021; Liao et al., 2022).
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Maize is one of the dominant crops in Ghana in terms of area
cultivated and volume of production (MoFA, 2022) which has
attracted the attention of researchers, development practitioners, and
policy makers with regards to mechanization (Houssou et al., 2013;
Diao etal,, 2014; Darfour and Rosentrater, 2016). Mostly contributed
by smallholder farmers, Ghana’s annual maize production has reached
over 3 million metric tons since 2019 (MoFA, 2022) which has been
difficult to achieve without mechanization. However, the maize value
chain is mostly mechanized in pre-harvest activities such as land
preparation while postharvest activities have been given marginal
attention (Houssou et al., 2013; Diao et al., 2014; Darfour and
Rosentrater, 2016). While maize shelling is the most power-intensive
postharvest activity which entails mechanization, it is often done
manually (using hand and sticks; Darfour and Rosentrater, 2016). The
most challenging aspect of manual maize shelling is that it is laborious
and time-consuming while labor is getting scarcer among smallholder
farmers in SSA (Pingali, 2007; Baudron et al., 2019; Fischer et al,
2021). Moreover, manual shelling reduces grain quantity and quality
(Gebeyehu, 2023), causes burning sensation in the palm and fingers
as well as impaired functioning of some arm muscles and joints and
may affect the body posture due to continuous sitting, thereby leading
to a poor musculoskeletal health (Joshi et al., 2018).

Despite these limitations of the manual maize shelling method
and the potential of mechanization to address those issues, smallholder
farmers have limited access to mechanization services (Fischer et al.,
2021; Gebeyehu, 2023; Kotu et al., 2023). While mobile commercial
service providers for maize shelling operate in limited locations of
farming communities in northern Ghana, mostly they target large and
medium scale maize farmers due to better economies of scale.
Moreover, smallholder farmers are not attractive customers for
commercial shelling service providers because of their small quantities
of produce and financial constraints to pay for rental services.

Collective action is one way to overcome the limited resource
constraint confronting smallholders and the diseconomies of scale
associated with small volumes of production among smallholders
(Poteete and Ostrom, 2004; Fraser et al., 2019). Collective action helps
farmers to pull their resources, talents, skills, knowledge and power to
fulfill goals that cannot be achieved individually (Potecte and Ostrom,
2004; Fraser et al., 2018; Urena et al., 2019). Collective action also
increases recognition and feelings of self-worth and reduces exclusion
(Dong et al., 2018). Nevertheless, some collective actions may also
lead to negative sociocultural consequences, such as humiliation and
conflict, especially in groups with poor group dynamics or
cohesiveness (Urena et al, 2019; Van de Brake et al., 2020). For
instance, the unequal ability of group members to contribute to
collective tasks, free-riding and appointment of ineffective leaders
may reduce cohesiveness and lead to potential conflict (Genger, 2019;
Bakir et al., 2020).

The success, vis-a-vis the sustainability, of collective action groups
depend on the set of principles or institutions guiding the interaction
of participants and associated factors including member characteristics
and institutional support (Bowles and Gintis, 2002; Rodrik et al., 2004;
Skoog, 2005; Bartolini and Santolini, 2017). Ombogoh et al. (2018)
observed among smallholder farmers in Kenya and Uganda that
farmer groups that practiced the ‘inclusive decision making’ principle
were less likely to collapse. This model of decision making includes all
members’ views and opinions in decision making, which in turn
increases their self-worth. Ochieng et al. (2018) found in Central
Africa that farmers’ groups that adopted the ‘participatory market
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research’ principle had high market performance due to their abilities
to penetrate high-value markets. In Japan, working in small groups
and having frequent meetings were the two leading factors that
enhanced the success of collectively managed irrigation systems
(Takayama et al., 2018). While most of the group principles are often
organized locally by group leaders and their members, sometimes
other rules are devised at the higher level by government agencies. An
example is Ghana’s ‘Plants and Fertilizer Act, which presented farmer
groups and individual farmers, especially maize farmers, an unlimited
choice of improved seed varieties (Poku et al., 2018).

Despite acknowledging the importance and potential benefits of
collective action in overcoming resource constraints and achieving
better economies of scale, there is a scarcity of empirical evidence and
comprehensive studies focusing on the conditions essential for the
success of these collective initiatives, particularly in the domain of
agricultural mechanization within smallholder farming communities.
The existing literature provides insights into the advantages of
mechanization in transforming agriculture and highlights the
challenges faced by smallholder farmers in accessing mechanization
services (Houssou et al., 2013; Diao et al., 2014; Fischer et al., 2021;
Hodjo et al., 2021; Peng et al., 2022; Kotu et al., 2023). However, the
specific factors that contribute to the success or failure of collective
efforts in adopting mechanized maize shellers among these farmers
remain underexplored. This gap in research hampers the
comprehensive understanding needed to design effective interventions
and support mechanisms for enhancing agricultural mechanization
within smallholder farming contexts, limiting the development of
sustainable collective business models in this domain.

The objective of this study was to examine the collective action
efforts of smallholder farmers with regard to mechanical maize shellers
and the conditions that contribute to their successes. Based on the theory
of collective action and the qualitative comparative analysis (QCA), the
study identified the possible contextual factors that can enhance the
success of the group business model adopted by smallholder farmers in
northern Ghana. The cases considered are farmers’ groups which were
organized and supported by the Africa RISING project' around
mechanical maize shellers (MMS) (see details of MMS groups in Section
3.1). The MMS were organized based on the assumption that, in the
presence of financial scarcity among smallholder farmers in northern
Ghana and the low scale production by these farmers, the group business
model would be attractive to more farmers than the individual business
model. This assumption is supported by studies elsewhere in Africa
(Fischer et al., 2021; Kotu et al., 2023). For instance, Kotu et al. (2023)
found that about 65% of smallholder farmers in their sample were willing
to invest in mechanized maize shelling within the group business model
while only about 10% of them would like to do so within the individual
business model.

1 Africa RISING is a research-for-development project which was sponsored
by the United States Agency for International Development with the aim of
reducing poverty among smallholder farmers through innovating and scaling
of sustainable agricultural practices and technologies. It was operational in six
countries (i.e., Ghana, Mali, Tanzania, Malawi, Ethiopia, and Zambia) from 2012
to 2022 involving several international and national research institutions,
development NGOs, and the private sector (visit https://africa-rising.net/ for

more info).
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The study contributes to the limited evidence around business
models in smallholder agriculture in general and agricultural
mechanization in particular. From a managerial perspective, this
research contributes to stakeholders recognizing the aspects necessary
and sufficient to achieving better group goals in a collective action,
given the empirical results from the MMS groups. Furthermore, our
study adds to the few but growing applications of the QCA in
empirical studies in Agriculture (Florea et al., 2019; Ndimbo et al.,
2023) which is useful to make scientifically valid comparisons of cases
in the context of small sample size (Ragin, 2000; Rihoux and Ragin,
2009; Blackman, 2013).

2 Theoretical framework

This study adopts Olson (1965) theory of collective action to
explain the conditions under which a smallholder maize farmer would
participate in a mechanical maize sheller (MMS) group, with the
willingness to shell a greater percentage, if not all, of the harvested
produce using the group’s mechanized sheller instead of any other
service, and ensure its sustainability. The hypothesis is that a farmer
incurs cost (C) by joining the MMS group. This cost consists of a fixed
cost of the sheller (A), variable cost for operating and maintaining the
sheller (B) and the rate (r) corresponding to quantity of maize shelled
by the farmer. The total cost per person is thus a function of
the rate: C = f(r) = A+ Br.

Further, the study assumes that the only benefit to the farmer is .
Therefore, total group benefit (B;) depends on the group size (Ny),
such that By = Nr. The share of benefit for the farmer (F) is the ratio

of the farmer’s benefit (B;) to the total group benefit [i.e.,B = % )
g

A rational farmer will consider his/her individual absolute advantage,
A;j = B; — C, and if it is positive, the farmer will join the MMS group.
A profit-maximizing farmer will compare changes in the individual’s
absolute advantage (4;) to changes in the rate (r), as specified in
(1) below:

dd;/ _dBi/ _dc/ _
%r_ ldr Alr_o M

Thus, a profit-maximizing farmer will join the MMS group up to
the point where the additional benefit of shelling an extra unit of
maize equals the additional cost, as specified in (2) below.

dB%r = d%r @

The sustainability of the MMS group depends on the additional
collective benefit with respect to the extra unit of maize shelled. Noting
thatin (2), B; = PBg, the expression becomes as specified in (3) below.

dbBe /' _dc
dr~ 41’;’

A%
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Therefore, the MMS group will be utilized and sustained if the
additional collective benefit of the group is equal to 1/, times the
additional cost of joining the group (i.e., at an optimal condition). The
group will also be sustainable if the ratio of collective benefit to the
cost is greater than the ratio of collective benefit to individual benefit

(i.e.,Bg/C >B%.j (increasing condition). More members
1

patronizing the group sheller implies a greater group benefit, including
higher revenue to run and maintain the group sheller. For high usage
to happen, there should be a set of conditions that foster collective
action in the MMS group.

3 Methodology

3.1 Farmers’ groups on mechanical maize
sheller

In December 2018, the Africa RISING project demonstrated
small-scale mechanical maize shellers (MMS) to farmers in 18
communities of Northern, Upper West and Upper East regions of
northern Ghana (Kizito et al., 2018). The MMS had a four horsepower
(hp) engine capacity which could shell up to 1.5ton of maize per hour.?
Realizing that farmers were highly motivated during the
demonstration events to mechanize maize shelling and that they had
severe financial constraints to purchase MMS, the management of the
Project decided to donate the shellers to the farmers on condition that
they (1) form groups (each group having 15-25 members), (2) jointly
mobilize starting operating capital from registered members
(Ghs800=$156=25% of the shellers’ market value), (3) develop self-
written constitutions,’ (4) operate and maintain the shellers according
to the self-written constitutions, (5) ensure a gender balance in
leadership (Odhong, 2019). The machines were transferred to 18
farmers’ groups (one per community) in October 2019 after checking
the fulfillment of these conditions. Following the transfer of the
machines, selected group members were trained on basic repair and
maintenance. Moreover, the groups were linked to local artisans so
that they could get professional supports on maintenance,
customization of the machines to their needs, and repair services, if
required.’ As indicated in their written constitutions, most of the

2 The machine comprises three main parts: diesel engine, concave-shaped
chamber where the shelling takes place, and a hopper. The shelling chamber
houses a shelling drum on which a narrow beating ridge is mounted, a coarse
screen, and collecting pan. In operation, the diesel engine powers a shaft that
rotates the shelling drum [see Supplementary Figure Al in the Annex; also refer
to Mutungi et al. (2022) for more description, benefits and procedures of using
the machine].
3 The farmers were trained on how to develop a written constitution.
4 More information on the trainings can be found on these links:
https://cgspace.cgiar.org/handle/10568/16926; https://africa-rising.net/
no-technician-no-problem-africa-rising-releases-35-vernacular-diy-videos-on-

maintenance-of-maize-shelling-machines-for-use-by-farmers-in-ghana/.
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groups agreed to provide two types of services to their members
including shelling services at payment and loan services to those who
need. In addition, they agreed to provide shelling services to
non-member farmers to generate more income.

3.2 Data source

This study used survey data collected in March 2021 by the
International Institute of Tropical Agriculture (IITA) in the
intervention communities regarding the mechanized maize shelling.’
The sampling frame consisted of all individual members (about 320)
of maize sheller groups organized in 18 communities. To obtain
adequate representation from each maize sheller group, 50% of the
total members from each group were selected from members’ lists
using the simple random sampling method, resulting in a sample size
of 162 farmers. This sample size was slightly above the statistically
required sample size (i.e., 147 farmers) following Cochran (1977).5
The sample size per farmers’ group ranged from 5 to 12 with an
average of 9.7 A semi-structured questionnaire was used to collect the
data from the sampled farmers. Interviews with individual members
focused on their household resources, maize produce, methods of
shelling before and after the introduction of the group sheller, use of
group services, knowledge of group rules and participation in decision
making process, member interactions (conflicts and cooperation),
perception regarding how maize sheller should be managed. After
data cleaning, 156 responses were used for the analysis due to missing
information from the remaining 6 farmers.

3.3 Empirical strategy: understanding
factors influencing MMS usage

The sustainability of the MMS group depended on farmers’ usage
of the sheller, making it crucial to examine the conditions collectively
leading to increased usage, as underutilization of the machine would
lead to undesirable cost and revenue implications. These conditions
were expected to represent various causal pathways affecting the MMS
group, with some being necessary and others being sufficient. We used
the Qualitative Comparative Analysis (QCA) methodology to analyze
the data. The QCA was selected as it is useful to make scientifically
valid comparisons of cases in the context of small sample size like ours
(Ragin, 2000; Rihoux and Ragin, 2009; Blackman, 2013). Eight key
variables or conditions were considered in the study, which are
detailed below.

5 The survey process was reviewed and approved by the Institutional Review
Board of the International Institute of Tropical Agriculture.

P(1-P)
2 P(1-P)
—+
22 N
z-score (z), 50% population proportion (P), and 320 population size (N)
(Cochran, 1977).

7 Although the farmers were advised to organize their groups within the

6 Sample size = = 147, assuming 5% marginal error (e), 1.65

range of 15 to 25 group size, farmers in one of the communities in Upper East
region could mobilize only 10 farmers for membership. The group was

considered for project support as a special case.
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3.3.1 Usage of group sheller (Y)

This is the outcome variable, representing the proportion of
maize harvest shelled using the group sheller machine. A higher value
indicates greater utilization, typically if the proportion was larger
than 0.5. Conversely, a lower value denotes underutilization.

3.3.2 Cooperation (D)

This variable signifies the level of cooperation among group
members. A value of 1 indicates perceived cooperation among
members, while 0 implies the opposite.

3.3.3 Quantity of maize output shelled manually
(E)

This variable represents the extent of maize shelled manually. A
higher proportion (e.g., > 0.5) implied manual shelling was present;
otherwise, it is marked as absent.

3.3.4 Rule obedience (F)

It reflects farmers perceptions regarding the adherence of group
members to constitutional rules. A value of 1 indicates perceived
obedience, while 0 implies the opposite.

3.3.5 Group relationship after machine (G)

This variable indicated farmers perceptions of improved
relationships among group members following the introduction of the
mechanized sheller. It is marked as 1 if there was perceived
improvement and 0 otherwise.

3.3.6 Info received prior to group
decision-making (H)

It represents whether members were informed before group
decision-making processes. A value of 1 denotes pre-information,
while 0 signifies otherwise.

3.3.7 Contribution to group decision-making (I)

This variable assesses the active participation of members in group
decision-making. If a member contributed, it is marked as 1;
otherwise, it is 0.

3.3.8 Group contribution (J)

It signifies whether a farmer fulfilled financial obligations within
the group. A value of 1 denotes meeting these obligations, while 0
signifies not doing so.

3.3.9 Conflict in group (L)

This variable indicates whether farmers observed conflicts among
group members. A value of 1 represents observed conflict, while 0
indicates its absence.

These variables/conditions can be grouped into two sets,
namely: the crisp set and the fuzzy set. The crisp set represented
binary variables, indicating either membership (1) or
non-membership (0). These variables distinctly fit into clear-cut
categories without any intermediate degrees. For example,
whether a member actively contributed to group decision-making
(1 if yes, 0 if not) is a crisp set. The fuzzy set included variables
which do not fit into a clear-cut category, but have varying degrees
of membership with values lying between 0 and 1. For instance,

the proportion of maize output manually shelled might
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be represented as a fuzzy set. A value closer to 1 implies a higher
proportion shelled manually, while closer to 0 indicates a
lower proportion.

Using the QCA, the relationships between the eight conditions
(i.e., D, E,..., L) and the outcome (Y) were analyzed. QCA labels
the sets conventionally using lower and upper cases. In crisp sets,
uppercases represented a value of 1 (i.e., full membership) and
lowercases represented a value of 0 (i.e., full non-membership).
With fuzzy sets, uppercases showed the degree of set membership
(e.g., the value of D) and lowercases showed the degree of set
non-membership (e.g., 1 minus the value of D). Accordingly, QCA
identified different combinations of variables (e.g., D*E, D*e, d*E,
d*e in the case cooperation and quantity of maize output shelled
manually) to assess their impact on the outcome (Y). In the
crisp-set case, the relationship between the predictors and the
outcome were evaluated using conditional probabilities (e.g.,
Pr(Y|D*E), where higher conditional probabilities implied the
statement “D*E was a subset of Y,” or, in logical terms, “if D*E,
then Y”). In the fuzzy-set case, individuals were considered more
or less a member of a particular set (e.g., 0.33 would indicate
“more out than in, but still somewhat in” the set, whereas 0.7
would signify “more in than out, but not entirely in” the set). To
combine fuzzy sets into configurations, the minimum operator,
e.g., D*E=min(D, E), or &*E=min[(1 — D), E] was used.

The analysis evaluated these combinations, considering both crisp
and fuzzy sets due to the presence of continuous and binary variables
in the dataset, to identify configurations significantly contributing to
higher or lower usage levels. The goal was to identify the optimal
combination of factors that impact MMS usage. To evaluate this
relationship, an inclusion ratio or consistency score was calculated
following Ragin (2006) as follows:

_ Zmin(x;.y;)

= (4)

Ixy

where X is the predictor configuration, Y signifies the outcome
set, x; stands for each case’s membership in the configuration X, and
y: stands for each case’s membership in the set Y. Equation (4)
calculates the consistency score by comparing how many cases in
configuration X are also part of the outcome set Y. A higher value
closer to 1 shows greater consistency, suggesting that X is a
subset of Y.

Sufficient configurations were then condensed to a more concise
solution, assessed based on coverage, the degree to which the solution
explained the outcome. Based on Ragin (2006), coverage (Cxy) was
computed as specified in (5) below.

B Zmin(x,- ,y,-)

%, 5)

Cxy

This equation computes the coverage, indicating the extent to
which the solution (X) explains the outcome (Y). A higher value
implies that more of Y is covered or explained by X.
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4 Results

4.1 Framers' socio-demographic
characteristics and shelling methods used

Table 1 displays descriptive results on some basic variables.
About 53 and 47% of male and female farmers were, respectively,
sampled for the study. In rural Ghana, men are more involved in
agricultural production (GSS, 2021b). However, women are more
engaged in post-harvest activities (FAO, 2018). The average female
farmer (52.9years) in the sample is about 6years older than the
average male farmer (46.6years). About 74% of farmers have no
formal education, indicating high illiteracy rate in the study area.
According to the GSS (2021a), educational attainment among the
aged in rural Ghana is low, as rural areas lack appropriate
infrastructure and face other institutional rigidities (Barrett
etal., 2019).

Furthermore, the results show the presence of a substantial
difference between male and female farmers in terms of formal
education, i.e., 37% of male farmers and 14% of female farmers have
formal education, which confirms the evidence that females are
disadvantaged in terms of access to education (Senadza, 2012). About
61% of farmers are monogamously married. More male sample
farmers are in polygamous marriages compared to female farmers,

TABLE 1 Socio-demographics, role and shelling method(s) used by
participants.

Male Female Total Chi?/t-
n=83 n=73 n=156 value
Age (years) ‘ 46.6 ‘ 52.9 ‘ 49.5 ‘ 2.74%%%
Education (%)
Educated 31(37.3) 10 (13.7) 41 (26.3) 17.29%%*
Not educated 52 (62.7) 63 (86.3) 115(73.7)
Marital status (%)
Single 1(1.2) 0(0.0) 1(0.6) 43.83% %
Monogamous 51 (61.5) 44 (60.3) 95 (60.9)
Polygamous 31(37.4) 5(6.8) 36 (23.1)
Divorced/ 0(0.0) 24 (32.9) 24 (15.4)
Widowed
Roles (%)
Ordinary 52 (62.7) 53 (72.6) 105 (67.3) 32.90%#*
members
Leaders 31(37.3) 20 (27.4) 51 (32.7)
Manual shelling (%)
Yes 38 (45.8) 26 (35.6) 64 (41.0) 1.66
No 45 (54.2) 47 (64.4) 92 (59.0)
Commercial shelling (%)
Yes 13 (15.7) 0(0) 13 (8.3) 12.47%%*
No 70 (84.3) 73 (100.0) 143 (91.7)
Mechanical shelling (%)
Yes 53 (63.9) 53 (72.6) 106 (67.9) 1.36
No 30 (36.1) 20 (27.4) 50 (32.1)
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while more female farmers are also divorced or widowed compared
to male farmers. The dominance of Islamic religion in northern
Ghana allows men to have more than one wife while women find it
difficult to remarry even after divorce or after the demise of their
husbands. The majority of farmers (67.9%) used the group mechanical
shellers provided by Africa RISING. Even though more female
farmers use the group sheller machines than their male counterparts,
the difference is not statistically significant. About 41% of farmers
shell their maize manually, while about 8% of the farmers shelled
their maize using commercial shelling services. While about 16% of
male farmers use commercial maize shelling services none of the
female farmers do so.

4.2 Maize quantity produced and
proportion shelled by different shelling
methods

Table 2 displays quantity of maize produced in 2020 cropping
season and the shelling methods used by farmers. Farmers
harvested an average of output about 556 kg. In most rural areas,
especially in northern Ghana, men have more physical access to
land compared to women, making male farmers more likely to
cultivate larger acreages of land and produce higher output than
female farmers. This was the case in the study, where the average
male maize farmer produced about 223 kg more than the average
female maize farmer. In terms of shelling, the average farmer
shelled about 25% of the total maize produced manually and 6%
using commercial services. Male farmers shell about 12% of their
total maize production using commercial services, but no female
farmer accessed commercial shelling services. With the MMS
group machine, farmers used it to shell about 62% of their total
maize output in 2020. Female farmers significantly shelled a higher
proportion (69%) of the total maize produce with the MMS
compared to male farmers (55%). Women perform more household
chores than men in Africa (Chahalis et al., 2021). This means that
women are more likely to embrace a technology that helps them to
save labor time, as in the case of the mechanical maize sheller.
Therefore, it is not surprising that women shelled a greater
proportion of their maize using the group machine.

TABLE 2 Quantity of maize produced and proportion shelled by various
methods across genders.

Male  Female  Total Diff.

n=83 n=73 n=156
Quantity 659.8 437.2 555.6 222.6 3.24%%%
produced (kg/
year)
Manually 26.2 23.4 24.9 2.8 0.43
shelled (%)
Commercially 115 0.0 6.1 11.5 3.44%%%
shelled (%)
Mechanical 55.0 69.0 61.6 —14.0 —1.94*
machine
shelled (%)
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4.3 Factors associated with group sheller
usage

The most important elements to ensuring sustainability in
collective action are cooperation and good relationship (Bakir et al,
2020). From the results in Figure 1, about 78% of participants affirmed
that there is high cooperation within their groups, while about 87% of
participants perceived that members have better relationships within
their groups. Due to this, there is very low conflict in the groups; only
about 6% reported that they were aware of conflicts in their groups.
Rural people often exhibit a high level of social solidarity and unity,
which makes them work collectively and effectively (Gongbuzeren
etal., 2021), leading to better relationship and cooperation. The high
level of cooperation and relationship among participants highlight the
advantages of well-organized collective action (Dong et al., 2018).
With the availability of mechanical shellers, farmers will be less
motivated to shell their maize manually. Therefore, most participants
shelled larger proportions of their maize with the mechanical group
shellers. Responses from some of the participants reveal that a few of
them shelled their maize manually due to low output or the sheller was
malfunctioned when they wanted to shell.

In terms of group rules, majority of participants (76.3%) stated
that members obey the group rules. In addition, about 80% of
participants fulfill their financial obligations. According to Reina et al.
(2021), decision-making is complex and may lead to conflict; however,
effective decision ensures the success of a collective action. In the
sample, about 72% of the participants revealed that they are usually
pre-informed before group decisions are made, while about 42%
contribute actively to group decision-making.

4.4 Conditions for increasing group sheller
usage and enhancing sustainability

4.4.1 Possible configurations and best-fit solution

The key initial step in QCA is to ascertain the configuration that
contains the highest number of individuals through best-fit solutions.
The best fit solution is used to assess the combination of causal
conditions and how they are distributed across the cases (farmers).
With eight causal conditions, there are 2* (28=256) logically possible
configurations. Figure 2 reports 35 of these 256 combinations of
conditions that have at least one case (farmer) with greater than
0.50 membership.

The results show that only 1 farmer (0.64%) is likely to experience
all of the independent measures at above-mean levels (DEFGHIJL).
The most common configuration is DeFGHiJl, with approximately
18% of the sample best fitting it. This configuration corresponds to
high group cooperation, less manual shelling of produce, high rules
obedience, better within-group relationships, frequent or consistent
prior notice to meetings, low participation in group decision-making,
high commitment to group contributions and low levels of conflict
within the group.

4.4.2 Overlap between conditions and
mechanized maize sheller usage

Next, the relationship between the various conditions and group
sheller usage were examined through the coincidence matrix, which
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helps to understand the relationship between the conditions by
measuring the amount of overlap or coincidence between the two sets
or configurations. The outcomes are reported in Table 3. The results
show that the high cooperation and high MMS usage set overlap by
59% of their possible shared area, as shown by their 0.592
coincidence score.

High conflict and high MMS usage sets overlap the least, by only
about 1.3% as indicated by the coincidence score of 0.013. There are
also high degrees of overlap between the condition sets, implying that
these conditions can combine to produce high MMS usage, to
be confirmed in subsequent analysis.

4.4.3 Necessity and sufficiency of conditions in
predicting mechanized maize sheller usage

Next, the sufficiency and necessity of the conditions were
examined, which help to determine the relationship between
individual sets with each other and with the outcome. QCA was used
to generate consistency scores for these two conditions. According to
Ragin (2006), consistency is a measure of the degree to which a
relation of necessity or sufficiency between a causal condition (or
combination of conditions) and an outcome is met within a given
data set. The upper diagonal of Table 4 represents the consistency
scores for sufficiency while its lower diagonal reports that
for necessity.

The scores show that high cooperation (D) is the single set that—
the
(consistency=0.656). Better relationship within the sheller groups

alone-is most sufficient for predicting outcome
follows next with a high consistency score of 0.625 and group
contribution by 0.618. Regarding necessity, better relationships within
groups is the single set that-alone—-is most necessary for predicting the
MMS usage (consistency=0.905). This is again followed by rules
obedience (0.882) and cooperation (0.859). What these results tell is
that cooperation, better relationships and group contributions are core
conditions which in existence can contribute to higher usage of the
group MMS.

The preceding results all confirm that the condition sets are
related, hence the next exercise is to examine their resulting
configurations’ sufficiency with the group MMS usage variable. In
Tables 5, 6, the consistency scores for the retained configurations that

satisfy minimum conditions and a set value (0.8) are reported.
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According to Ragin (2006), a consistency score lower than 0.75
indicates an obvious departure from the set-theoretic relation in
question. A significant value of p means that the inclusion in Y
consistency and the inclusion not-in Y consistency of a particular
configuration are statistically different for all configurations in the
solution. Each configuration’s consistency is displayed, as well as the
resulting test against 0.800 set value. The results indicate that eight
configurations are significantly more consistent with high MMS usage
than 0.800 at the 0.05 significance level. Table 5 for instance indicates
that the configuration DeFGHiJl has the highest number of cases (28
farmers) fitting it, while DeFGhijl has the highest Y consistency score
but with only two cases. It is possible though that these configurations
may logically overlap.

4.4.4 Final reduction test and consistent solution

To find a consistent solution, the reduction test was reported. The
results for the reduction test in Table 7 show that the eight initial
configurations have been collapsed into just two, which are DeFGhijl
and DeFGHIiJl. Based on the reduction test, there are two causal
pathways to higher usage of the group sheller. The first causal pathway
consists of high cooperation (D), low manual shelling (e), high rules
obedience (F), better relationships within groups (G), low prior notice
(h), low contribution to group decisions (i), low group contribution
(j), and low levels of conflicts (1). The second causal pathway consists
of high cooperation (D), low manual shelling (e), high rules obedience
(F), better relationships within groups (G), high prior notice (H), low
contribution to group decisions (i), high group contribution (J), and
low levels of conflicts (1).

The six conditions that are key to higher usage of the mechanized
group sheller, vis-a-vis its sustainability, are high cooperation within
the sheller groups (H), low usage of manual shelling (), obedience to
rules in the constitutions (F), maintaining better relationships within
groups (G) low contribution to group decisions (i) and low level of
conflicts within groups (1). When these base sets exist, usage of the
group sheller is likely to be high. The conditions sets relating to prior
notice (H) and group contribution (J) seem to be not so crucial, as the
presence or absence of these sets combined with the base sets still
produce the same outcome. These two conditions can thus
be considered as necessary but not sufficient for high usage of the
group sheller.
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obligations; L, high conflicts among group members; |, low conflicts among members.

TABLE 3 Coincidence matrix.

Y D 3 F (€] H / J L

Y (MMS usage) 1.000

D (cooperation) 0.592 1.000

E (manual shelling) 0.443 0.568 1.000

F (rules obedience) 0.544 0.724 0.644 1.000

G (relationships) 0.586 0.693 0.644 0.786 1.000

H (prior notice) 0.488 0.597 0.473 0.709 0.676 1.000

1 (group decision) 0.282 0.369 0.250 0.404 0.389 0.534 1.000

J (group contribution) 0.545 0.646 0.558 0.725 0.727 0.681 0.360 1.000

L (conflict) 0.013 0.016 0.009 0.021 0.022 0.027 0.015 0.016 1.000
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TABLE 4 Sufficiency and necessity matrix.

10.3389/fsufs.2023.1228382

Y D 3 F G H I J L
L (conflict) 0.406 0.664 0.292 1.000 1.000 1.000 0.333 0.667 1.000
J (group contribution) 0.618 0.778 0.260 0.895 0.879 0.774 0.403 1.000 0.016
1 (group decision) 0.535 0.776 0.318 0.908 0.862 0.954 1.000 0.769 0.015
H (prior notice) 0.599 0.778 0.287 0.929 0.885 1.000 0.549 0.850 0.027
G (relationships) 0.625 0.779 0.274 0.896 1.000 0.741 0.415 0.807 0.022
F (rules obedience) 0.587 0.786 0.313 1.000 0.864 0.750 0.421 0.793 0.021
E (manual shelling) 0.402 0.928 1.000 0.925 0.779 0.683 0.435 0.679 0.018
D (cooperation) 0.656 1.000 0.361 0.902 0.862 0.720 0.413 0.791 0.016
Y (MMS usage) 1.000 0.859 0.205 0.882 0.905 0.726 0.373 0.823 0.013

TABLE 5 Y-Consistency vs. N-Consistency.

Y 1-Y

consistency consistency

defGhi]l 1.000 0.300 12.23 | 0.001 0
deFGHiJl 0.878 0.428 13.66 | 0.000 0
DefGhi]l 1.000 0.242 20.31 | 0.000 3
DefGHIJI 0.883 0.361 418 | 0.043 4
DeFGhijl 0.995 0.344 9.78 | 0.002 2
DeFGhi]l 0.796 0.256 8.00 | 0.005 17
DeFGHijl 1.000 0.217 10.59 | 0.001 1
DeFGHIiJl 0.918 0.209 70.73 | 0.000 28
DeFGHIjl 0.892 0.418 6.08 | 0.015 7

Based on the coverage parameters in Table 7, there is low coverage
(0.029) for the first configuration (DeFGhijl), which indicates that the
cases (number of farmers) exhibiting this causal condition only form
about 3 % of the sample and do not represent a large proportion of the
cases exhibiting the outcome (high group MMS usage). On the other
hand, the second configuration (DeFGHIi]Jl) exhibits relatively high
coverage of about 24 percent, indicating that the cases exhibiting this
causal condition represent a large proportion of the cases that exhibit
high group MMS usage. Thus, the second configuration is more
plausible to generate higher usage of the group sheller for a large
proportion of farmers than the first.

5 Discussion

The arduous task of manual maize shelling prompts farmers to
seek mechanized solutions through collective action (Fischer et al.,
2021; Kotu et al., 2023). Factors influencing collective action success
are intricate; some conditions aiding success in one context may lead
to failure in another (Poteete and Ostrom, 2004). For instance,
Gavrilets (2015) discusses free-riding problems and within group
heterogeneities, while others point to the adverse implications of
group size on collective action success (Ostrom, 1986; Esteban and
Ray, 2001; Fujiie et al, 2005). Contextual aspects, such as
demographics, collective goals, and guiding institutions, shape
collective action outcome (Abdul-Rahaman and Abdulai, 2020; Zang
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et al., 2022). This study assesses contextual factors for sustaining a
mechanical maize sheller intervention among smallholder farmers in
northern Ghana using QCA. The study’s main hypothesis centered on
MMS usage as pivotal for sustainability, generating funds for
operational costs and future investments.

Five key conditions—-group cooperation, member relationships,
individual contributions, rule adherence, and meeting notifications—
emerged as essential pathways to increase usage of the group sheller.
These findings support existing literature emphasizing cooperation’s
significance in collective action success (Dong et al., 2018; Urena et al.,
2019; Nayak et al., 2020; Van de Brake et al., 2020).

High levels of cooperation often stem from a strong sense of trust
among group members, and this remains crucial for successful
collective action (Bakir et al., 2020). Cooperation encourages active
participation in group activities, including the use of the group sheller
for maize processing. This synergy innures to learning among group
members, as argued by Orsi et al. (2017), and demonstrates effective
collaboration and inclusive decision-making, valuing diverse opinions
and shared responsibilities (Bakir et al., 2020). Conversely, low
cooperation, as noted by Jagers et al. (2020), can lead to defection and
negative impacts on group performance. Moreover, positive member
relationships foster a sense of belonging, motivating individuals
toward collective goals rather than individual gains (Fraser
etal., 2019).

Group financial contributions play a pivotal role in boosting
group funds and maintaining the operational efficiency of the
mechanical group sheller, thereby ensuring sustained functionality
and productivity. Regular maintenance of the sheller prevents frequent
breakdowns, mitigating farmer disillusionment and discouragement
from utilizing the group sheller, potentially resorting to manual
shelling. Willer (2009) notes that groups reward an individual’s
financial sacrifices to the group, while Fischer and Qaim (2014)
concludes that reciprocity motivates individuals to contribute to group
goals. Individuals acknowledging the value of their contributions to
group capital formation is essential for group capital formation,
providing instrumental capacity to the group’s sheller maintenance.

Compliance with constitutional rules within the group context
plays a pivotal role in stimulating various aspects that are
fundamental to sustained collective action. As highlighted by
Markelova et al. (2009), adherence to these rules increases group
security by establishing a structured framework that promotes
orderliness, consistency, and predictability within the group’s
operations. By strengthening credibility, obedience to group rules
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TABLE 6 Y-Consistency vs. Set Value.

Y Set
consistency  value
deFghi]l 0.992 0.800 1198.72 0.000 0
deFGHIjl 0.940 0.800 11.92 0.001 0
dEFghi]l 0.928 0.800 8.23 0.005 0
DefGhijl 0.994 0.800 1107.24 0.000 1
DeFghijl 0.892 0.800 4.62 0.033 1
DeFghi]l 0.987 0.800 1841.07 0.000 0
DeFGhijl 0.995 0.800 3410.93 0.000 2
DeFGHiJl 0.918 0.800 11.15 0.001 28
TABLE 7 Final reduction set.
Sets Raw Unique Solution
coverage coverage consistency

DeFGhijl 0.029 0.029 0.995
DeFGHiJl 0.237 0.237 0.918
Total 0.266 0.926

increases the trust and reliability members have in the group’s
functioning, thereby consolidating their commitment to collective
initiatives such as the utilization of the group sheller. Moreover,
observing these rules fosters uniformity among members, creating
a common ground and shared understanding of expected behaviors
and responsibilities. This harmonization of conduct cultivates a
cohesive environment where members are aligned in their
approaches and actions, ultimately contributing to the pursuit of
collective objectives. In essence, general adherence to group rules
not only signifies a high level of cooperation but also acts as a
catalyst for promoting harmonious interactions, facilitating
equitable access to shared resources, and consolidating efforts
toward achieving collective goals within the group context.

Providing advance information to members about forthcoming
group meetings is a crucial factor in nurturing increased usage of the
group sheller. Poteete and Ostrom (2004) highlight the significance of
adequate information dissemination, emphasizing that a lack of such
communication tends to impede coordination and obstruct the
attainment of shared objectives within collective endeavors. Offering
advance notice of meetings underscores the value placed on members’
participation and contributions to collective decision-making aimed
at achieving common goals. This proactive communication serves as
a foundation for fostering an inclusive environment where each
member feels valued and engaged in the collective decision-making
process. By informing members beforehand, it acknowledges their
importance and encourages active involvement in shaping the
direction of the group’s initiatives. Consequently, this practice not only
cultivates a sense of ownership and accountability among participants
but also reinforces a shared commitment toward the group’s objectives,
such as sustaining the use of the group sheller. Ultimately, prior
information dissemination plays a pivotal role in enhancing
collaboration, cohesion, and the collective success of the group’s
endeavors (Poteete and Ostrom, 2004).
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In human interactions, conflict can scarcely be ruled out
(Rahim, 2023). The absence of conflict within the group setting
emerges as a significant factor encouraging the utilization of the
group sheller. Conflict, as highlighted by Roskosa and Rupniece
(2016), tends to undermine cooperative efforts, ultimately impeding
the group’s ability to effectively execute shared tasks. Therefore, a
low level of conflict becomes a necessary condition for fostering an
environment conducive to utilizing the group sheller. Reduced
conflict levels signify an atmosphere characterized by mutual
respect, peace, and cooperation among group members. This
harmonious environment promotes a sense of belonging and unity,
motivating individuals to engage positively and actively in collective
activities, such as utilizing the group sheller. As the saying goes,
“you go where you are celebrated rather than tolerated,” indicating
that a conflict-free environment encourages active participation and
support for shared initiatives.

Furthermore, while individual contributions to group decisions
indicate an interest in achieving collective goals, an excessive number
of contributions, particularly those that are repetitive or irrelevant are
costly (Zhang et al., 2019) and may impede progress. It may lead to
extended meeting durations, hindering the establishment of cohesive
and forward-moving collective goals within stipulated timeframes. In
response, members might choose to limit their active participation in
decision-making processes, allowing the constitutional rules to guide
proceedings, thereby streamlining discussions and ensuring
productive outcomes within the group. Hence, the absence of conflict,
balanced participation in group decisions, and a reduction in manual
shelling of maize emerge as essential conditions that promote a
conducive environment for the successful utilization of the group
sheller among the collective.

The necessity of reducing manual shelling of produce cannot
be overstated in ensuring the sustainability of the intervention. The
continuous reliance on manual shelling practices poses a significant
threat to the viability of the group maize sheller. Should farmers
persist in manually shelling their produce, the maize sheller within the
collective could lose its relevance or even face potential disuse.
Consequently, the identification of a low proportion of total output
being shelled manually as a vital condition for high utilization of the
group sheller is reassuring. Low reliance on manual shelling signifies
a higher adoption rate of the mechanized sheller among group
members (Kotu et al., 2023). This increased utilization is pivotal as it
directly influences the efficiency and cost-effectiveness of the shelling
machine. When a substantial portion of produce is manually shelled,
it compromises the efficiency gains offered by the shelling machine.
This situation may hamper the generation of sufficient funds required
for servicing and maintaining the sheller. Ultimately, this could lead
to a decrease in the quantity shelled by the machine, further
exacerbating the sustainability concerns surrounding its functionality
within the collective.

Summarizing, the crucial combination of conditions that
collectively ensure high usage of the group sheller, thereby securing its
sustainability, includes several key factors: strong group cooperation,
minimized manual shelling of produce, adherence to constitutional
rules by members, fostering positive relationships within groups,
limited contributions to group decisions by members, and reduced
conflicts within groups. With these conditions coexisting, the future
prospects for the sustainability and potential expansion of the group
sheller intervention appear promising.
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While the results underscore the impacts of certain conditions on
group sheller usage and sustainability, one caveat is the failure of
QCA to clarify correlation between variables, hence its inability to
quantify how changes in the independent variable (i.e., the causal
conditions) affect the dependent variable (Cunha et al., 2023).
Nevertheless, QCA explains the logical relationships between the
conditions, determining whether they are necessary or sufficient to
produce the outcome. Secondly, due to low case counts in the QCA
methodology, subjectivity in case selection, conditions and indicator
choices could exist (Rihoux et al., 2013). This study preselected cases
from the collective action groups, thus precluding theory-based case
selection. Accordingly, the claims for generalizability cannot
be guaranteed. Nevertheless, the survey design was adequately
informed by the collective action theory. The study sample was also
randomly generated, thus reducing the risk of subjectivity.
Additionally, a 156-farmers sample is comparatively large in QCA
context. These strategies are expected to minimize the subjectivity
and small sample size risks potentially affecting the results. While
QCA does not establish direct cause-and-effect relationships in the
traditional sense, its ability to identify necessary and sufficient
conditions offers a nuanced understanding of the complex interplay
of factors contributing to observed outcomes within specific contexts.
This depth of analysis provides valuable insights into the multifaceted
nature of social phenomena, contributing to a more holistic
understanding of causal mechanisms.

6 Conclusion and recommendation

This paper uses the qualitative comparative analysis (QCA)
methodology and data from the Africa RISING project to highlight
the contextual conditions that enhance the success of smallholder
maize shelling mechanization through a collective business model.
The study used the proportion of maize output harvested in 2020
cropping season that was shelled using the mechanized maize sheller
as the explained variable, and eight other causal conditions as the
explanatory variables. Findings of the study indicate that group
cooperation is the single most important sufficient condition that can
foster increased usage of the group MMS. Additionally, good
relationships among members, payment of financial contributions,
provision of prior notice to group meetings and obedience to group
rules are important complementary sufficient conditions.

These findings suggest that group members need to understand
and respect individual differences, value the opinions of other
members and assume shared responsibilities in order to improve
cooperation and establish better relationship for a sustainable
collective action. Also, the fulfillment of financial obligations is key in
augmenting group capital that can be used for maintenance of the
mechanized sheller and onboarding of other important interventions
that may strengthen their membership and foster the sustainability of
the group.

The role of proactive leadership in collective action is key;
therefore, it is important that group leaders take proactive steps to
always provide prior notice to all members before major group
decisions. Further, reduced manual shelling is very necessary for
group sheller usage. Hence, leaders must ensure that the mechanical
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maize sheller remains in well-functioning modes to discourage
farmers from manually shelling their produce, as this would retard
group success in terms of usage of the group sheller. Finally, as the
findings reveal that the absence of conflict enhances success and
sustainability of collective action, it is further suggested that group
leaders as well as members desist from engaging in actions that may
generate conflicts.

In addition to the caveats already outlined, this study requires
further cross-validation to improve the reliability and confidence of
the empirical findings. Currently, studies addressing this topic are
limited, which restricted the depth of discussion. A complementary
study applying econometric procedures to assess the QCA-identified
configurations might allow the results to be comprehensively
scrutinized. These limitations notwithstanding, this study provides
valuable insights into the factors influencing group sheller usage.
Future research should consider the importance of socioeconomic
variables and explore other analytical procedures that can help
increase the understanding of the collective actions and
their outcomes.
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