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ABSTRACT

The use of better protective packaging is often viewed as a low-cost alternative for short-run reduction
of post-harvest losses in the fruit and vegetable supply chains of sub-Saharan Africa. We present the
exploratory results of mapping the fruit and vegetable value chain actors in rural Uganda and analyzing their
influence on the adoption of packaging. We propose a decision-aiding model based on multicriteria analysis
to obtain a motivation score for assessing the degree of interest of the value chain actors toward packaging.
Because it combines quantitative and qualitative information, our approach constitutes a valuable tool in the
context of planning for an appropriate implementation of an appropriate packaging technology. The results
suggest that distributors are the most favorable for adoption of packaging, followed by collectors, farmers,
and customers, in that order. By demonstrating the use of a multicriteria decision approach for identifying
the actors most likely to adopt packaging, this work suggests that the proposed approach could be used
by potential regulators and manufacturers to focus their efforts on developing a well-targeted packaging
deployment strategy.
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INTRODUCTION

eastern Africa using the principle of circular economy, and
whose concept is to avoid unnecessary food waste and to uti-

There is much research interest in applying the principles of
circular economy and sustainable supply chain management
to develop and implement affordable solutions for improv-
ing effectiveness in the agrobusiness sector of developing
countries. We focus on those research efforts whose aim is
to enhance the fruits-and-vegetables (FV) supply chain in

lize the waste generated at each step of the supply chain cycle
(farm, transport, market, farm, and so on) to increase small
shareholder farm revenue, reduce negative environment
footprint, and improve food security for fruits and vegeta-
bles. This paper is concerned with predicting the degree of
motivation toward adoption of such novel green practices by
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the FV supply chain actors in sub-Saharan Africa, and espe-
cially in Uganda.

Ensuring sufficient food production for a rapidly growing
population is one of the foremost challenges facing society
today. To feed the predicted world population of 9.2 billion
by 2050, the amount of available food will need to increase
by at least 60% (Alexandratos & Bruinsma, 2012). As the
planet only has finite resources, this cannot be achieved only
by increasing the amount of cultivated land and agricultur-
al efficiency, but food waste must also be reduced (Bajzelj
et al., 2014). The causes of food waste differ between medi-
um/high-income and low-income countries. As incomes in-
crease, consumers tend to waste their food later in the supply
chain, due to high-quality standards, best-before dates, and
leftovers. In low-income countries, food is wasted earlier in
the supply chain where up to 50% of food can be lost during
the transport between farms and markets, mainly caused by
poor roads, inappropriate vehicles (overloaded, absence of
cold chain), and lack of packaging material (FAOSTAT, n.d.;
Fox, 2013). This greatly affects hardship and greenhouse gas
emissions as twice the amount of agriculture inputs (fertiliz-
er, labor, water) and fuel for transport is required for a given
quantity of eatable food, and the decomposition at the land-
fill emitting a large amount of methane. For instance, more
than 10 megatons of fresh fruit and vegetables is wasted
during transport in sub-Saharan Africa every year (Gustavs-
son et al., 2011). Rural exodus and city growth increase the
distance food must travel to reach markets, exacerbating food
wasted during transport (Alexandratos & Bruinsma, 2012).

Developed countries use distribution packaging to mit-
igate the damaging effects of vibration and shocks in road
transport, and refrigeration to delay rotting caused by bruis-
ing. Food packaging has a wide range of complexity, includ-
ing simple boxes that reduce produce stack height, synthetic
foams that absorb impact, and active packaging that chemi-
cally reacts with the produce to slow down rotting (Lee et al.,
2008). However, most of these solutions are not possible in
developing countries, as farmers have very limited access to
resources. Even access to cardboard or wooden boxes can be
difficult. More commonly, these farmers use “sacrificial pack-
aging”, which involves the use of a portion of the product to
protect the rest from road transport-induced damage.

Traditional woven baskets made of palm or bamboo and
plain sacks continue to be used by farmers but the lack of
protection for their content costs them important losses esti-
mated at 40-50%. Farmers attempt to minimize physical dam-
age to the produce by using dry grass as a smooth lining, but
this tends to interrupt the air movement, hence increasing
the temperature, which severely affects the produce (Mibu-
lo et al., 2020). The packaging solutions needed in various
categories of produce are significantly different than others

according to their physical characteristics (failure stress, den-
sity, chemistry, etc.). For many types of produce, every item
(e.g., eggs, tomatoes, mangos, etc.) needs to be protected and
isolated from the stack of produce above it. Recent research
aims to develop “circular” packaging solutions that can be
grown and manufactured locally by farmers or rural commu-
nities or small businesses; used to substantially increase farm
yields by eliminating waste; and ultimately be composted or
fed to livestock at the end of economic life.

In summary, while many solutions (such as cold storage and
road improvement) exist to reduce post-harvest losses, most
of these solutions require costly infrastructure, as well as sig-
nificant funding and resources. Many believe that the use of
packaging or better use of packaging could be a short-term
solution at a low cost. Adequate packaging provides protec-
tion and preservation, ease of handling, and many other ben-
efits during transport from the farm to the end customers
of FVs. Therefore, the use of appropriate packaging has the
potential to reduce post-harvest losses of FVs (Tapsoba et al.,
2022), especially in the case of environment friendly pack-
aging (Mibulo et al., 2020). In turn, successful adoption of
new handling and packaging practices in the supply chain of
FVs depends on the willingness of its participants to make the
required changes (Kereth et al., 2013).

Now, let us hypothesize that a novel packaging solution
would be developed for adequate protection of certain type
of FVs, and suppose that this solution would be assessed as
economically viable and environmentally sustainable. Then
the next concern would be about implementation and de-
ployment of this packaging solution in that FV supply chain.
Obviously, the packaging solution would have to be adopted
by all stakeholders in the supply chain. However, different
stakeholders will not have the same interests in the packag-
ing adoption, and it is not obvious how the global benefits
from the reduced losses and ecological improvements will be
shared among the supply chain participants. Also, it remains
to be seen how the different participants will have to be in-
fluenced to be convinced to adopt the prescribed packaging
solution. And finally, the logistics required for producing the
packaging materials and delivering them to the farmers and
other stakeholders will need to be analyzed and deployed as
well. The focus of the paper is situated upstream of these ac-
tivities, dealing with analysis of the FV value chain and its
stakeholders.

Hence our first concern in the present paper is to examine
the FV supply chain and to describe its main participants.
Then our second concern is to rank the stakeholders accord-
ing to who would be most likely to adopt or implement a
packaging solution, which is important in the packaging
deployment strategy. We will assess the attitude of the stake-
holders with an actor-motivation score. More specifically,
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the objective of this study is to determine the actor or actors
who are most likely to adopt packaging in the Ugandan FV
value chain. To do this, we propose a mapping of the FV val-
ue chain in Uganda. We are primarily interested in the value
chain actors for local FV consumptions, i.e., in rural and ur-
ban areas in Uganda. We exclude from our value chain anal-
ysis those actors directly or indirectly involved in the export
and import of FVs in Uganda. We identify the main actors
in the value chain, and we examine the different motivations
or criteria that could lead actors to adopt packaging for the
protection of FVs.

Supply chain management and value chain analysis have
been used extensively for finding how to strengthen a firm’s
competitiveness in the context of globalized markets and
technological innovation (Lummus & Vokurka, 1999; Men-
tzer et al., 2001; Porter, 1985). These approaches have also
been extended for understanding how regulatory require-
ments and market forces can lead to improved environmental
and social sustainability, both in the local and global markets
(Kaplinski & Morris, 2002). Also, various related theories
have been proposed to describe the factors that influence
the behaviors of the different market actors and to explain
their influence mechanisms (Dubey et al., 2015; Gosling
et al,, 2017). In contrast, other approaches have used con-
cepts from decision theory to explain their actors’ behaviors
based on value (or utility) functions and preference relations
(Belton & Stewart, 2002). Along this line, the present paper
is concerned with assessing the degree of motivation of dif-
ferent actors in the agricultural supply chains of sub-Saharan
Africa, where the reduction of post-harvest losses (PHLs) is
viewed as an important strategic goal toward food stability
and sustainability (Sheehan & Barrett, 2017).

The paper is structured as follows. In the next section, we
present a literature review on studies of the FV value chain in
Uganda. Then, as a theoretical foundation, we discuss how
institutional theory can guide an appropriate implementa-
tion of a packaging solution. This is followed by a brief meth-
odological framework on value chain and on multicriteria
decision analysis. We then propose a mapping of the FV value
chain actors in Uganda, and we develop our decision-aiding
model based on the MACBETH method for determining
the actors that are most conducive to packaging adoption.
Finally, we present the results of our model with a discussion
about its potential application. The MACBETH method is
presented in the Appendix.

LITERATURE REVIEW

Here we refer to value chain as a range of activities required
to bring FVs from farms to customers. Several scientif-
ic studies have identified players in the Ugandan fruit and

vegetable value chain. Although most authors use the term
“value chain,” others refer to “supply chain” or even “market
chain”.

Houessou et al. (2022) have conducted an analysis of the
value chain and marketing of watermelon in northern Ugan-
da. They made a statistical study using analysis of variance
and multiple regression to quantify the marketing margins
of the supply chain actors and to identify the main factors
that influence the margins. Their analysis does not refer to
a management theory. They identified three categories of ac-
tors: (1) producers, (2) wholesalers, and (3) retailers, and they
surveyed a sample of 300 respondents (100 in each category)
to estimate their marketing margins. Their findings indicate
that the margin size is larger for the actors who are closer to
the customers, and that the variables affecting the actor mar-
gins are not the same for all actors or they have an opposite
effect in some cases.

Kikulwe et al. (2018) made a survey to determine the mag-
nitude and factors influencing PHLs in the cooking banana
value chain in Uganda. They also used value chain analysis
and econometric analysis with multiple regression with-
out referring to a management theory. They identified four
groups of actors: (1) farm, (2) collection, (3) wholesale, and
(4) retailers from which they sampled 100 farmers, 17 col-
lectors, and 40 retailers, and they interviewed eight market
masters. Their study considers a seasonal difference between
the scarce season and the surplus season, and it distinguishes
between physical loss and economic loss. They quantify these
losses for all value chain actors, and they identify the main
factors explaining losses at producers and at retailers.

Troger et al. (2020) have deconstructed PHL using as an
example the pineapple value chain in Uganda. They used a
theoretical framework based on a systems approach to per-
form a qualitative study for understanding the phenomenon
of PHL systemically. The main objective was to (1) find the
views of multiple actors related to the range of losses and (2)
improve understanding of their strategies for dealing with re-
lated problems. The authors have classified value chain actors
into six categories: (1) farmers, (2) brokers handling various
volumes from small to large, (3) national and international
wholesalers, (4) market vendors, (5) handcart vendors, and
(6) bicycle vendors. They conducted a qualitative study with
105 participants surveyed in semi-structured interviews and
170 participants in 29 group meetings.

Ariho et al. (2015) used diffusion of innovation theory to
identify innovative market access options and actors in the
banana value chain. They identified six categories of actors:
(1) producers, (2) micro/bicycle traders, (3) market vendors,
(4) loaders, (5) transporters, and (6) bulk traders. They con-
ducted a survey of 240 actors (3 districts x 4 parishes x 20
actors) to assess the use and effect of innovative market access
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options. Based on qualitative and quantitative data and de-
scriptive statistics, they provide a detailed description of the
value chain actors’ actual practices and potential innovations.
They find an increase in innovativeness along the supply
chain with processors and exporters being more inclined to-
ward innovation.

Ssennoga et al. (2019) studied the challenges of banana
production and supply in Uganda, to explain why there was a
shortage of food in some parts of the country while there was
overproduction in other areas. They identified the following
six actors: (1) farmers, (2) bicycle transporters, (3) brokers in
collection centers, (4) urban wholesalers, (5) urban retailers,
and (6) customers. However, customers are divided into two
main groups: institutional customers and individual custom-
ers. They conducted a field study where a total of 150 ques-
tionnaires were sent out to the field targeting varied groups
including: banana growers, banana traders, truck owners, bi-
cycle vendors, banana retailers, and consumers in Kampala,
and 122 questionnaires were returned reflecting a response
rate of about 81.3%. Using statistical correlation analysis,
they observed strong evidence that (1) the existence of infra-
structural bottlenecks and (2) the absence of collaboration in
the supply chain are responsible for the food crisis in Uganda.

Other studies, however, divide the value chain actors into
more than six categories. This is the case of Kyomugisha et al.
(2017), who identified eight categories of actors in the potato
market chain. These are: (1) potato farmers, (2) rural traders,
(3) brokers, (4) urban traders, (5) retail traders, (6) supermar-
kets, (7) hotels, and (8) customers. They collected data from
180 farmers, 60 traders, and 32 small-scale processors, in or-
der to determine market efficiency and profits of the potato
market chain, and factors that influence the profits.

Mibulo et al. (2020) have clarified the importance and role
of packaging in the fruit and vegetable value chain in sub-Sa-
haran Africa. They also highlighted the different materials
used for tomato packaging and the prospects for papaya use.
It is therefore important to focus on the relationship between
the actors in the value chain and packaging. Ketelsen et al.
(2020) have reported on consumer response to environmen-
tally friendly food packaging to identify existing barriers
to purchase and potential measures to overcome these bar-
riers. First, consumers need guidance in recognizing envi-
ronmentally friendly packaging. Second, consumers lacked
knowledge, especially about new packaging materials such as
bio-based packaging. Finally, price and product quality are
more important to consumers than environmentally friendly
packaging.

Afif et al. (2022) have examined the effect of the packaging
tax on the decision of food manufacturers and distributors
to produce less packaging at source. They used a dataset of
197 food manufacturers and 105 retailers in Canada. They

have shown that the reduction effect of the packaging tax
is sensitive to the specifics of the targeted packaging. This
study finds that retailers are willing to bear higher taxes on
certain food packaging when the taxes have significant oper-
ational, environmental, and technical benefits, but they will
move to lighter, environmentally friendly packaging material
when it reduces their costs. Afif et al. (2020) have examined
the factors that influence retailers’ packaging purchase deci-
sions for perishable products. They have proposed a multi-
criteria analysis grid to improve the efficiency of purchasing
decisions and streamline communication between different
levels of the buying center. They made a qualitative survey
of 37 semi-structured interviews with various types of em-
ployees in the food retail business and 4 focus groups with
consumers.

There is a vast literature on theory and application of mul-
ticriteria decision analysis (MCDA). Most relevant to our
modeling approach are studies using the MACBETH meth-
od [Measuring Attractiveness by a Categorical Based Evalua-
tion TecHnique] of Bana e Costa et al. (2012). MACBETH
has been used in supply chain-related applications such as
evaluation of supplier performance (Akyiiz et al., 2018), and
evaluation and selection of flexible manufacturing systems
(Karande and Chakraborty, 2013), and recently in other sim-
ilar applications where an overall score is derived for each al-
ternative: assessment of building’s heritage value (Abi-Zeid
& Cerutti, 2024) and selecting rooftop solar photovoltaic
modules for households (Tamositnas, 2023).

THEORETICAL FOUNDATION

Of the previously cited studies on FV supply chains in
sub-Saharan Africa, only two reported a theoretical founda-
tion (systems approach, diffusion of innovation) while the
others had an exploratory statistical approach. Here we ar-
gue that institutional theory is a suitable theoretical frame-
work to describe the behavior of the supply chain actors
toward improved environmental practices. Indeed, Kauppi
(2013) explains that “According to institutional theory, or-
ganizations implement business practices because doing so
enhances their legitimacy (DiMaggio & Powell, 1983). This
theory can offer important insights to adoption of tools and
practices within operations management and supply chain
management.” Research in institutional theory examines
the causes of isomorphism — factors leading organizations
to adopt similar structures, strategies, and processes. Once a
set of organizations emerges as a field, rational actors tend to
make their organizations increasingly similar. Forces within
the firm and the environment encourage convergent business
practices. There are two main variants to the institutional ar-
guments: the economic variant drawing from the work of,
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e.g., Haunschild and Miner (1997), and the sociological argu-
ment drawing from DiMaggio and Powell (1983).

Under the sociological argument, mimickers are primari-
ly motivated by attempts at legitimacy, which is defined as
a generalized perception or assumption that the actions of
an entity are desirable, proper, or appropriate within some
socially constructed system of norms, values, beliefs, and
definitions. Three types of mechanisms toward institution-
al isomorphism have been identified: coercive, mimetic, and
normative. Coercive isomorphism is due to both formal and
informal pressures exerted on organizations by other organi-
zations upon which they are dependent and by expectations
from the society. Mimetic isomorphism occurs due to uncer-
tainty that encourages imitation. The more uncertain the re-
lationship between means and ends the greater the extent to
which an organization will model itself after organizations
perceived as successful. The third form of pressure is norma-
tive isomorphism. Normative forces come from profession-
alization, defined as a move by members of an occupation to
define the conditions and methods of their work to establish
greater legitimacy for their occupation.

Whereas under the economic variant, mimickers are eco-
nomically motivated, seeking efficiency, albeit not in the usu-
al profit maximization logic. Within this variant, three modes
of imitation were identified: frequency, trait, and outcome
based. Frequency-based imitation is about mimicking actions
previously taken by a large number of organizations. Trait-
based imitation means mimicking organizations with selected
traits, such as performance, size, and prestige, or organiza-
tions from the same industry or region. Outcome-based imi-
tation describes copying actions appearing to have resulted in
success for other organizations having adopted them.

The main mechanisms of influence of the supply chain ac-
tors are summarized in Table 1, which is adapted from Kaup-
pi (2013) (Figure 1). In both variants, there is a response to
uncertainty and a tendency to do benchmarking which leads
to isomorphism in the sense that the actors tend to adopt
similar practices.

In the context of green or sustainable supply chains, Glover
et al. (2014) made a qualitative study based on institution-
al theory to investigate the approach to energy reduction

TABLE 1 Social and Economic Variants of Institutional Theory
Coercive pressures Frequency-based imitation
Trait-based imitation

Normative pressures

Mimetic pressures Outcome-based imitation

followed by various actors in the dairy supply chain in the
UK. They reported that its actors were primarily seeking
cost reduction to justify their efforts in energy savings, often
with minimal efforts, rather than responding to a perceived
necessity or desirability of a sustainability objective. This was
even for smaller players who were being coerced by the more
powerful supermarkets. They concluded that government in-
volvement would be required to instigate a truly green supply
chain attitude by defining it as a social norm through regula-
tion, education, and promotional campaigns. This is consis-
tent with many of the findings that were reported about the
FV supply chain practices in sub-Saharan Africa. Moreover,
institutional theory allows for considering both the tangible
and the intangible aspects of community problem-solving
when deploying appropriate technology (Sianipar et al,,
2013), as in the case in the present research.

METHODS OF ANALYSIS

In this paper, we employ two types of methodologies. With
value chain analysis we identify the stakeholders and their
roles in the FV supply chain, while MCDA is used for assess-
ing the stakeholders’ motivation toward packaging adoption.
Our purpose was to develop a modeling approach and demo-
nstrate its practical use, based on scientific literature and in
consultation with a panel of experts including university re-
searchers from the faculty of agronomy in Makerere, where
one of the coauthors had made an extensive visit with field
trips to some farms and FV markets. The model was not de-
veloped at the demand of local authorities nor in collabora-
tion with them, so we do not expect that our findings would
be implemented in actual policy making. But we think our
modeling approach could be used as a starting point in such
a study.

Value Chain Analysis

Introduced in 1985 by Michael Porter (1985), a value chain
refers to the set of activities required to bring a product or
service from its conception to the various phases of produc-
tion, distribution to consumers, and final disposal after use
(Zamora, 2016). The value chains consist of structural and
dynamic components of a system (Zaki¢ et al., 2018). The
structural components refer to the actors in the value chain
working together on value-creating activities. The dynamic
components concern management and the relationships be-
tween actors. As stated in Porter (1985), the purpose of value
chain analysis is to identify all the activities that add value
through a firm’s production, not only along the supply chain
operations, but also within its supporting activities.

With the advent of global competition, progress in com-
puting and communication technologies, and with growing
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environmental concerns, it has become accepted that value
chain analysis must be understood in a wider context than
a single firm, but rather at the level of all participants of the
supply chain in which a firm belongs. Although the value
chains of different fruits and vegetables differ in a variety of
ways, we find that there are great similarities between their
structures and their main actors. In this paper we present a
typical value chain mapping that can be seen as a template
that could be adapted for specific situations. The analysis
aims at describing the factors which influence the main ac-
tors’ decisions about their use of improved packaging and
better environmental practices.

Multicriteria Decision Analysis

To define an actor-motivation score, we consider a deci-
sion-maker who needs to choose among several decision
alternatives or options. In many successful methods of
MCDA, such as MACBETH], it is assumed that there exists a
value function that associates numerical scores (or values) to
the alternatives in such a way that alternative x is preferred
to alternative y if the value of x is greater than the value of
¥, or mathematically, v(x) > v(y) where v(x) and v(y) are the
value scores of x and y, respectively. It is also assumed that
the value function can be evaluated with respect to certain
decision criteria, which can be conflicting in the sense that x

can be better than y on some of the criteria while being worse
on other criteria. Under suitable conditions, it can further
be assumed that the value function is additive with respect
to the criteria. Then the task of the decision-maker reduc-
es to evaluating the entries of a criteria score matrix, so that
the value of each alternative is obtained by taking a weighted
sum of its criteria scores. While the latter is just easy arith-
metic, the former is usually a much complicated task for the
decision-maker.

From multi-attribute value theory (MAVT)', the above
properties can be shown to hold provided the decision-mak-
er’s preference structure satisfies some reasonable axioms.
Then, as pointed out in Dyer (2005), “the multi-attribute
preference theories for certainty are based on ordinal com-
parisons of alternatives or on estimates of the strength of
preference between pairs of alternatives.” This property is
exploited in the MACBETH method for constructing a
mathematical representation of the decision-maker’s value
function by eliciting preference information about pairs of
alternatives. Moreover, as argued in Dyer (2005), the axiom-
atic foundation of methods based on MAVT ensures their
suitability for representing the decision-making process of
individuals who are making decisions on behalf of an organi-
zation. This is because the managers or government officials,
who are responsible to the public for their decisions, should
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want to justify their choices as being based on a reasonable set
of axioms rather than make decisions that violate such rea-
sonable axioms.

In the above theoretical setting, it is implicitly assumed that
the decision-maker has already identified the decision alter-
natives and their evaluation criteria, as well as the value func-
tion. In practice, these are rarely known a priori, so the first
step in the decision-making process is a problem-structuring
phase where the problematic situation is analyzed, the deci-
sion alternatives are identified, and the evaluation criteria are
constructed. Then the second step consists of building an
evaluation model, namely in MACBETH, providing a suffi-
ciently large number of pairwise comparisons to obtain the
cardinal value scales and the weights of the criteria. Next, a
third phase would aim to validate the model through sensitiv-
ity analysis. Finally, a decision would be implemented based
on the model’s results. In many practical applications, a mul-
ticriteria decision-aiding process is used, where an MCDA
expert is mandated by a client organization to act as a facil-
itator, and a panel of experts from the client organization is
also appointed. Then the above steps are performed through
several panel meetings in which the facilitator leads the panel
experts’ discussions into providing the relevant information
and data. A formal summary of the MACBETH method is
provided in the Appendix.

THE FRUIT AND VEGETABLE VALUE
CHAIN MODEL

The use of packaging is considered as one of the best solutions
to PHLs during transport. To facilitate the use or adoption
of packaging, an analysis of the FV value chain in Uganda is
necessary to determine the actors most likely to adopt pack-
aging. While several analyses of the Ugandan FV value chain
exist in the scientific literature, they do not address the issue
of packaging adoption by value chain actors. For example,
Houessou et al. (2022) proposed an analysis of the value
chain and marketing of watermelon in northern Uganda.
The results show that the watermelon value chain in north-
ern Uganda involves six players integrated into eight differ-
entiated channels. Kwikiriza et al. (2016) traced the organic
pineapple value chain, and they characterized and explained
the roles and functions of the chain’s actors. Rubagumya
et al. (2023) conducted a study to quantify and analyze the
current level of nutritional and economic losses for certain
supply chains in Uganda for four fruits and vegetables such
as bananas, tomatoes, potatoes, and mangoes. But their work
does not address the question of which actors are most likely
to adopt packaging. To identify the actors or groups of actors
favorable to adoption, we need to analyze and map the value
chain for fruit and vegetables in Uganda.

Value Chain Stakeholders

From the literature review, we find similarities in the supply
chains of different fruits in Uganda. It emerges that it is pos-
sible to group the actors into four main stakeholder groups,
namely farmers, collectors, distributors, and customers. The
similarities between the value chains of different FVs could
be an asset for a multicriteria analysis to select the most fa-
vorable actor for packaging adoption. To determine which
actor(s) will be more supportive of packaging adoption, it is
important first to map the FV value chain. Several authors
have made proposals for mapping the value chain of one spe-
cific FV. We propose a general (simplified) mapping for the
most common FVs in Uganda.

The actors are divided into four main groups: producers,
collectors, distributors, and customers, as shown in Table 2.
Each of the main actor types comprises several participants
with different characteristics as described in the following
list. Because there are major differences between the local op-
erations and those of the importers and exporters, we decided
to include in our model only the actors who operate in the
local markets.

(1) The producers. There are four main types of holders for

FV production in Uganda:

—  Smallholders: These are producers who practice for
the most part subsistence farming. Their produc-
tion is mainly dedicated to family consumption and
a small quantity is sold at the nearest markets. The
smallholders in Uganda have farms ranging in size
from 0.5 to 4 acres (Ariho et al., 2015). They have
little bargaining power compared to other actors
such as traders who have access to specific market
and price information. They may also form coop-
eratives or associations to pool their resources to be
more influential in the value chain and more signif-
icant in achieving economies of scale. In the case of
the banana, Ugandan smallholders depend almost
entirely on fresh banana production for their live-
lihoods. They produce and sell banana bunches to
bicycle traders at farm gate prices based on finger and
bunch size.

— Medium holders: These are farmers whose produc-
tion is mainly dedicated to commercialization in
local and regional or main markets (in urban areas).
Their production is often transported from the
fields to the markets but not over very long distances.
Their productions can also be used for the local pro-
cessing of FVs into juice and other products. Only a
small part of their production is dedicated to inter-
national exports.

— Cooperatives: These are groups of farmers who
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TABLE 2 The Four Main Actors in the FVs Value Chain and Their Participants

Producers Smallholders

Medium holders

Cooperatives

Larger farmers (not included in study)
Collectors Bicycles

Motorcycles
Three-wheelers
Trucks

Wholesalers or brokers
Retailers (rural markets)
Retailers (urban markets)

Distributors

Customers Rural
Urban
Institutional

(2)

collaborate to reduce farmers’ costs and be more com-
petitive in the marketplace by pooling their resources
and supporting each other in the face of various chal-
lenges. Cooperatives, if well managed internally, allow
farmers to have greater bargaining power in the value
chains. Bargaining power allows farmers to benefit
from reduced prices for seeds, machinery, and access to
finance. Farmers often form cooperatives based on their
geographic areas and/or types of crops.

— Large farmers: These are agro-businessmen with
several hectares of land. Their production is mainly
dedicated to local processing and national, regional,
and international exports. They are mainly charac-
terized by economic and financial power. This type
of actor is not considered in our mapping because we
focus primarily on a model where local production
of FVs is consumed locally. In other words, we do
not consider actors who process products or actors
where production is dedicated to exports.

The collectors. Collectors act as a link between farmers
and distributors. They are responsible for the collection
and transportation of FVs. They have less bargaining
power because they cannot store the product or hold it
for later sale, as a product is by nature perishable. Trans-
porters interact with brokers or resellers by selling FVs
to brokers at collection centers located in the production
areas. Transporters mostly use bicycles or motorcycles
and move from farm to farm looking for bananas to buy,
either by random checks or by reference. Inter-market
transporters use motorcycles, three-wheelers, or trucks
and then transport the bananas to larger outlets where
they are collected by wholesale traders. Inter-market
transporters play a role in transporting bananas to urban
markets, schools, and hotels.

The distributors. We consider wholesalers and retailers,

who sell to institutional or individual customers in ur-

ban or rural areas.

— Wholesales or brokers: They buy large quantities
of FV from farmers or collectors. The fruits and

vegetables are transported by truck to urban centers
such as Kampala, the capital of Uganda, which is the
largest market for FVs. They sell FVs to wholesalers
in different parts of the city, and they have regular
contact with farmers, bicycle transporters, truckers,
and wholesalers and therefore have good informa-
tion on unit prices in urban centers. They have con-
siderable power to control and influence the price
of products. Ssennoga et al. (2019) estimated that
there are 200 wholesalers in Kampala alone: most are
spread around the city’s markets, including Nakase-
ro, St Balikuddembe, Nakawa, Wandegeya, Kalerwe,
Nankulabye, and Kasubi.

—  The rural markets sellers: They are mainly supplied
by local smallholders and the main buyers are local
customers. They can also be a source of supply for
the main markets or urban markets. In the latter
case, this is done through an intermediary.

— The urban markets sellers: These are mostly fruit
and vegetable markets, supermarkets, etc. They sup-
ply the main markets. They are mainly supplied by
small and medium-sized farms. The local market also
supplies the urban markets. The supply is done via
local transporters. The transport can be the respon-
sibility of the farmers or a third party. In our map-
ping, we grouped rural market vendors and urban
market vendors into retailers.

(4) The customers. We have mainly two types of customers.

These are the individual customers and the institution-
al customers. Individual customers are divided into two
groups. These are as follows:

— Rural customers: They are mostly characterized
by low economic power. They are mainly supplied
through local markets and rural markets.

—  Urban customers: They are characterized by higher
economic power than local customers. They are of-
ten more demanding than local customers. This type
of customer pays particular attention to the pre-
sentation of FVs. The country’s rapid urbanization

JCIM | https://journals.lib.unb.ca/index.php/JCIM

175



Journal of Comparative International Management
Vol. 27 (2), 168-186. https://doi.org/10.55482/jcim.2024.34371

RESEARCH NOTE
Multicriteria Analysis to Assess Stakeholders Motivation in Uganda

offers farmers new market opportunities to supply
potatoes to urban customers and fast food restau-
rants, which are expanding (Kaganzi et al., 2009).

The flow of produce and the topology of the FV supply chain

are analyzed next.

Value Chain Mapping

In the mapping proposed by Ariho et al. (2015), farmers and
groups of farmers go through marketing cooperatives to sell
bananas. Marketing cooperatives supply wholesale traders,
processors, institutions, re-cutters, and exporters. Wholesal-
ers can be suppliers to exporters, retailers, and institutions.
The same applies to processors who supply retailers, house-
holds, and exporters. Retailers also supply households with
bananas.

In our proposed mapping, we note that farmers do not di-
rectly supply bananas to households or any other value chain
actors without going through marketing cooperatives. How-
ever, Kikulwe et al. (2018) proposed a mapping for the ba-
nana supply chain where the farmers’ production is collected
by bicycle traders, market retailers, companies, and exporters.
The collection of farmers’ productions by bicycle traders is
collected by brokers to supply wholesalers. Houessou et al.
(2022) propose in their mapping of the watermelon value
chain a possibility that the producers directly supply the dif-
ferent actors of the value chain namely retailers, wholesalers,
exporters, institutions, and customers.

In Kyomugisha et al. (2017), the potato value chain includ-
ed farmers, rural traders, urban traders, brokers, processors,
and final customers as the key actors. The authors identified
three main chains. The first chain involved farmers selling
potatoes to rural traders who ultimately sell them to final
customers. The second chain involved farmers selling directly
to urban traders. The latter then sold the potatoes to the fi-
nal customers. The third and longest chain involved farmers
selling to urban traders through brokers. The brokers then
sold to processors who turned the potato into French fries
or potato chips for final consumption. Customers in the first
and second chains bought ware potatoes, while those in the
third chain bought processed potatoes. The ware potato was
transported from farmers in the form of raw tubers, which
was also the most common form sold to final customers.

We propose a mapping of the FV value chain in Uganda
for local production and consumption. We exclude from
our mapping the large farmers who, for the most part, pro-
duce for export. We also exclude the case of imported FVs
and the main actors involved in this import chain. As shown
in Figure 1, at the entry of the chain, we have the produc-
ers divided into two groups, namely the small farmers and
the medium farmers. In some cases, farmers can be grouped

into cooperatives depending on the type of production and
their geographical areas. Cooperatives play an essential role
in the value chain. They constitute a negotiating force for the
producers with the other actors in the value chain. The fact
that collective organizations can provide smallholders with
access to modern markets is widely discussed. Smallholder
farmers collectively benefit from economies of scale, have
access to technology, pool their capital resources to invest in
value-added activities, and gain bargaining power (Fernando
et al., 2021). Production is collected by collectors on bicycles
or motorcycles, or even by trucks for large-scale production.
To simplify, we group collectors, transporters, shippers, and
brokers. In some cases, collectors, transporters, and brokers
are the same people. The collected goods are then transport-
ed to retailers and institutions like hotels and restaurants by
wholesale traders.

In Figure 1, the actors are grouped in four columns (farm-
ers, collectors, distributors, and customers), and the pro-
posed mapping is in a three-axis plot. The ordinate on the
left represents the level of influence or power of influence
of the actor. Also, in addition to the higher position on the
map, actors with a larger cell width have a higher power of
influence or bargaining power than actors with a smaller cell
width. For example, the cooperative box is wider because it
has greater bargaining power than small and medium-sized
farmers. On the x-axis, we have the value chain stage. The
y-axis on the right represents the quality requirement of FVs.
Actors with a higher relative vertical position have on aver-
age a higher quality requirement for FVs. For example, for
clients, institutional clients have higher FV quality require-
ments. The y-axis on the left represents the bargaining power
requirement. Actors with a higher relative vertical position
have on average higher negotiating power.

MULTICRITERIA MODEL OF
STAKEHOLDERS MOTIVATION

In the present study, a multicriteria analysis is used to determine
which of the four groups of actors will be the most favorable to
the adoption of packaging for the protection of fruits and vege-
tables. This analysis is based on several criteria that influence the
actor’s decision to adopt a packaging solution. The MACBETH
method is particularly useful for reaching consensus among dif-
ferent stakeholders and is a very effective way to accurately mod-
el the ideas expressed by a panel of experts. Our approach was
then to emulate a decision-aiding situation in which a hypothet-
ical organization wished to decide which group of actors should
be targeted for packaging adoption. We thus put ourselves in
the role of a facilitator who leads a panel of experts through the
steps of structuration, evaluation, and validation (Abi-Zeid &
Cerutti, 2024).
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The eight-person consensus panel was composed of re-
searchers, engineers, and students. The researchers and stu-
dents came from three universities, namely the University
of Cambridge in the United Kingdom, the University of
Makarere in Uganda, and Université Laval in Canada. Sev-
eral interviews were conducted via online meetings. Also, at
the Africa Business and Entrepreneurship Research Society
(ABERS) conference in May 2022 at Université Laval, we ob-
tained input on the criteria and the agricultural value chain
from researchers with expertise in the rural sector and the
business community in Africa.

Criteria Definition

The objective of this analysis is to determine the actor(s) most
favorable to the adoption of packaging in the value chain. To
do so, we will analyze the attitude of the different actors ac-
cording to the criteria for the selection or adoption of pack-
aging. Following our previous discussion, to facilitate our
analysis we grouped these actors into four main categories:
producers, transporters, distributors, and customers. Farm-
ers include smallholders, medium holders, and in some cas-
es cooperatives. Transporters include brokers, transporters,
and collectors. Distributors include wholesalers and retailers.
In our framework of multicriteria decision analysis, the main
value chain actors coincide with the decision alternatives
that are being offered to the decision-maker. This way, the
value scores obtained by the MACBETH procedure for the
alternatives can be interpreted as motivation scores for the
actors, namely the producers, transporters, distributors, and
customers.

In the MACBETH methodology, it is assumed that the de-
cision-maker’s preferences can be adequately represented by
a value function that is additive with respect to the criteria.
This way, a multicriteria value score is obtained for each deci-
sion alternative by first assessing its values with the univariate
value functions of the individual criteria and next taking a
weighted sum of the individual scores. The proper weights
and the criteria values are elicited using the MACBETH
method of pairwise comparisons between the differences of
attractiveness.

Beyond the influence and power of players in a value chain,
packaging adoption must necessarily involve not only iden-
tifying the most favorable actor in the value chain, but also
identifying the criteria or factors favoring adoption. In Ku-
mar et al. (2018), the authors identified economic factors
such as price or “margin”, and operating characteristics such
as “operational effort”, as among the factors facilitating the
adoption of a new technology. In a survey of internet bank-
ing adoption factors (Almaiah et al., 2022), performance ex-
pectancy and service quality were among the criteria favoring
adoption. Performance expectancy and service quality can

be grouped together as technology effectiveness or, in our
study, “packaging effectiveness”. Exploring user acceptance
issues related to the adoption of reusable packaging systems,
Long et al. (2022) identified ease of use and finance as part
of the packaging acceptance criteria. By analyzing the factors
influencing the adoption of environmentally friendly prod-
ucts, it was concluded that innovation and adaptability were
the two psychological factors influencing the purchase of
environmentally friendly products for consumers (Bhate &
Lawler, 1997). This factor can be represented by “openness
to innovation”. Therefore, the decision model we propose
will use the above four criteria (margin, effort, efficiency, and
openness) for assessing the actors’ motivation.

To validate the different criteria, a workshop was conduct-
ed with a group of value chain experts from Uganda, and the
above list of four criteria was retained. The group agreed on
four criteria, namely:

= Margin: the margin on the sold produce,

= Efficiency: the packaging efficiency,

= Effort: the operation effort of introducing the packag-

ing solution, and

= Openness: the openness to new ideas and innovations.

More detailed explanations of these criteria are given below.
For the first two criteria, margin and efficiency, the value
scores are first obtained from quantitative variables and then
these numbers are used to derive their matrices of judgments
about the differences of attractiveness. For the last two crite-
ria, effort and openness, the pairwise judgments are assessed
qualitatively. To derive the criteria weights in a meaningful
way, qualitative judgments are made about pairwise compar-
isons to establish how the range of variation in one criteri-
on compares in value with the range of variation of another
criterion.

The MACBETH method provides a means to obtain
well-defined weights for obtaining adequate value scores for
each alternative by combining its individual criteria scores.
The criteria weights must represent correctly the trade-offs
between the value scores in the different criteria scales, so
they are derived by asking the decision-maker to provide the
strengths of differences in attractiveness between pairs of cri-
teria for some reference levels in each criterion.

Based on the expert observations, we assess the attractive-
ness between criteria. The attractiveness of one criterion
relative to another is judged using the seven semantic scale
classes and the consistency of the judgments is checked. The
M-MACBETH software determines the weights of the cor-
responding criteria from equations 4 through 11 (in Appen-
dix) and provides the range in which these weights can be
adjusted. In the following steps, we proceed to the compari-
son of the performance level of each criterion. Note that, in
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this process, we found the criteria margin and openness not
comparable (in the sense of no difference). We judge the at-
tractiveness of the margin criterion with both the efficiency
of the packaging criterion and the operation effort criterion
as “moderate”. Where there is no difference in attractiveness
between the two criteria, “no” is inserted at the intersection.
These findings are reported in Table 3 where the resulting
values are shown in bold.

After selecting the attractiveness preferences, the model al-
lows to verify the consistency of the judgments. Consistent
judgments lead to the quantification of performance levels,
which leads to the generation of criteria weights (refer to the
last column of Table 3). Unsurprisingly, this results in the
two criteria margin and openness to have equal weights of
38.46, followed by a weight of 15.39 for efficiency and 7.69
for effort. One should keep in mind that these weights should
not be interpreted as a measure of relative importance of the
criteria. Rather, they should be viewed as substitution scaling
factors of the range of variation of their implied value func-
tions within the set of alternatives.

Assessment of Criterion 1: Margin

The inclusion of the margin criterion is based on the idea
that the actors’ interest in packaging is related to their rel-
ative benefit in the FV value chain. The players are ranked
according to their profit margins. Large players often have
more margin than small players. Small farmers are often
poor and have little economic power. The actors’ margins
are calculated based on the prices of bananas along the value
chain in Uganda reported by Ssennoga et al. (2019, Table 2).
Farm-level prices are assessed in the Buwejju (Uganda) study
area, and the final customers are in Kampala, which is about
320 km away. We calculate the margin of an actor by taking

TABLE 3 Comparison of Performance Levels for Criteria

the difference between the average price of the next actor in
the chain and that of the current actor, divided by the price
at the customers (UShs 25,000). We set the customers’ mar-
gin to 0 as they do not sell or resell the fruits and vegetables.
These prices and the resulting margins are shown in Table 4.

For the margin criterion, the most attractive performance lev-
el, i.e., very strong, is selected as the upper reference level and the
least attractive, i.e., very weak, is selected as the lower reference
level. The degrees of attractiveness difference are judged qualita-
tively from the margin values in Table 4. Based on the provided
attractiveness differences, the method converts the ordinal per-
formance levels into proportional MACBETH cardinal scales
(attractiveness). Table 5 shows the differences and the attractive-
ness for the “margin” criterion, where the previously obtained
margin values are shown in white and the resulting MACBETH
scores are shown in bold.

Hence on the margin criterion the highest scores are for the
distributors (100), closely followed by the collectors (83.33),
and with much lower scores for the farmers (33.33) and the
customers (0). For the quantitative reader, computations are
explained in the Appendix.

Assessment of Criterion 2: Efficiency

The use of packaging that can efficiently protect the pro-
duce could significantly reduce losses. Indeed, Kikulwe et al.
(2018) found that 14.9% of all cooking bananas produced
in Uganda experience post-harvest spoilage along the value
chain, which is mainly affecting retailers. There is a variation
in the percentage of losses between actors in the value chain.
Hence packaging efficiency can be considered as a criteri-
on for packaging adoption since the potential savings from
packaging are related to the losses of the FV at each actor.
Published data indicates that there are differences in losses

Margin No No Moderate Moderate 38.46

Openness No No Positive Positive 38.46

Efficiency No Positive 15.39

Effort No 7.69
TABLE 4 Margin of Each Actor of the Value Chain and Price of a Medium Size Banana (Ssennoga et al., 2019, Table 2)

Price of banana (UShs) 3,000 6,000 15,000 25,000

Margin 0.12 0.36 0.40 0
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between the different actors. PHLs caused by a lack of ad-
equate packaging are higher for distributors than for other
actors. This suggests that packaging would be more effective
for the distributors than for the other actors. Table 6 shows
the percentage of economic losses at different levels of the
value chain adapted from Kikulwe et al. (2018).

For the efficiency criterion, the most attractive perfor-
mance level, i.e., extreme, is selected as the upper reference
level and the least attractive, i.e., very weak, is selected as the
lower reference level. We use the loss percentages as a basis for
comparison to provide the attractiveness differences. Based
on them, the method converts the ordinal performance levels
into proportional MACBETH cardinal scales (attractiveness)
from equations 5 through 8. Table 7 shows the attractive-
ness for the “efficiency” criterion, where the values in white
are the previously shown loss percentages and the resulting
MACBETH scores are shown in bold.

For the efficiency criterion, again the two highest scores
are for the distributors (100) followed the collectors (55.56)
though not closely, and with lower scores for the farmers
(22.22) and the customers (0).

TABLE 5 Comparison of Attractiveness for “Margin” Criterion

Assessment of Criterion 3: Effort

The operation effort refers to the set of tasks and additional op-
erations undertaken or performed by the actor because of the
use of the packaging. For example, if the farmer and the local
transporter adopt the packaging, the farmer will have a higher
operating cost than the transporter because they will have to
perform more tasks on average to package the fruit in most cas-
es. Shippers and transporters have the role of transporting and
packing bananas in green banana leaves, bags, or in trucks.

For the criterion effort, the expert panel believes that the
collectors provide more effort to pack the fruits and veg-
etables collected in the fields. It judged this to be extreme.
Farmers can also make considerable efforts to pack the fruits
and vegetables; therefore, it judges high efforts of operations
during the packing. Distributors can make efforts to pack the
fruits and vegetables before the sale. This effort is rated as
moderate. Customers do not make any effort to package fruits
and vegetables. However, it should be noted that customers
do try to unwrap fruits and vegetables if they are packaged.

For the effort criterion, the most attractive performance
level, i.e., extreme, is selected as the upper reference level and

Distributors Collectors
0.40 0.36
Distributors No Very weak
Collectors No
Farmers
Customers

Farmers Customers Attractiveness Scale
0.12 0
Moderate Very strong 100
Moderate Strong 83.33
No Weak 33.33
No 0

TABLE 6 The Percentage of Economic Losses of Each Actor in the Value Chain

Farmers

Chain Level

Collectors

Distributors Customers

Value 2.49 3.72

7.93 -

TABLE 7 Comparison of Attractiveness for “Efficiency” Criterion

Distributors Collectors
7.93 3.72
Distributors No Moderate
Collectors No
Farmers
Customers

Farmers Customers Attractiveness Scale
2.49 0
Strong Extreme 100
Weak Moderate 55.56
No Very weak 22.22
No 0
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the least attractive, i.e., moderate, is selected as the lower ref-
erence level. Based on the provided attractiveness differenc-
es, the method converts the ordinal performance levels into
proportional MACBETH cardinal scales (attractiveness)
from equations 5 through 8. Table 8 shows the attractiveness
of the “effort” criterion, where the MACBETH scores are
shown in bold.

For the effort criterion, the highest scores are for the collec-
tors (100) followed by the farmers (63.64) with lower scores
for the distributors (27.27) and the customers (0). The dis-
tributors rank in third position on this criterion instead of
first position as in the margin and efficiency criteria.

Assessment of Criterion 4: The Openness to
New Ideas and Innovations

This criterion refers to openness to accept the introduc-
tion and use of packaging for the protection of FV. Most of
the time many actors are hostile to change even though the
change could be very useful. It is difficult to measure the level
of openness of the actors.

For the openness criterion, the expert panel evaluated the
level of openness of collectors and distributors as low. Indeed,
beyond their often-low level of education, collectors and dis-
tributors are much more influenced by the profit and the
possibility of quickly selling or collecting the goods. Farmers
have on average a moderate level because they are more open
than distributors and collectors to an innovation or new idea.
On the other hand, customers are on average more open to
new ideas and innovations.

TABLE 8 Comparison of Attractiveness for “Effort” Criterion

For the criterion of openness to new ideas and innovations,
the most attractive performance level, i.e., strong, is selected
as the upper reference level and the least attractive, i.e., mod-
erate, is selected as the lower reference level. Table 9 shows the
attractiveness for the criterion “openness to new ideas and
innovations” from equations 5 through 8, where the MAC-
BETH scores are shown in bold. For the openness criterion,
the highest scores are for the customers (100) followed by the
farmers (50) with a much lower score for the collectors and
distributors ex aequo at a score of 0.

RESULTS

The next step in the MACBETH method is to aggregate the
attractiveness scores of the criteria into a single value score
for each actor, which we interpret as a motivation score that
can be used for ranking the actors’ interest in adopting a
packaging solution. To do this, we have reported in Table 10
the criteria weights from Table 3 (in bold) and the attractive-
ness scores by criteria of the different actors from Table 5 and
Tables 7-9. Then, for each actor, its motivation score is the
weighted sum of its criteria value, as shown (in bold) in the
last column of Table 10.

The table shows that distributors have a motivation score of
55.95, collectors 48.29, farmers 40.36, and customers 38.46,
so they can be ranked as follows: first — distributors, second —
collectors, third — farmers, and fourth — customers. The results
obtained from our multicriteria analysis can be integrated into

the design of a packaging business model. The ranking of the

Collectors No Strong Very strong Extreme 100
Farmers No Strong Very strong 63.64
Distributors No Moderate 27.27
Customers No 0
TABLE 9 Comparison of Attractiveness for “Openness” Criterion
Customers No Moderate Strong Strong 100
Farmers No Moderate Moderate 50
Collectors No No 0
Distributors No 0
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TABLE 10 Motivation Scores of the Value Chain Actors as Weighted Sums of Criteria Attractiveness

Weight 38.46 15.39
Distributors 100 100
Collectors 83.33 55.56
Farmers 33.33 22.22
Customers 0 0

7.69 38.46

27.27 0 55.95
100 0 48.29
63.64 50 40.36
0 100 38.46

actors obtained depends first on the criteria scores, but also on
the comparison of the criteria through the swing weights. This
dependency limits the generalization of the results to other ag-
ricultural value chains or other geographical areas. Moreover,
the choice of criteria and their comparison depends on the deci-
sion-makers we interviewed. The choice of criteria could change
slightly depending on the decision-makers or actors in the field,
but also their comparison.

The details of a sensitivity analysis are discussed in the Ap-
pendix, where the effect of varying the criteria weights on
the actors’ motivation scores is shown graphically in Figure
Al. We see that increasing the weight of margin implies no
change with the distributors remaining the most motivated,
but that decreasing it implies a switch from distributor to
customer when the weight is below 25.4%. Also, a decrease
in the weight of effort does not change the distributor to re-
main on top, but an increase to a weight of 16.5% results in a
switch to collectors to be on top. Similarly, a decrease in the
weight of openness does not change the distributor to remain
on top, but an increase to 47.6% induces a switch to custom-
ers to be on top. Finally, changing the weight of efficiency has
no effect on the top two actors.

DISCUSSION

The main objectives of this study were to analyze the Ugan-
dan FV value chain, to identify its main actors, to understand
their relationships, and to develop a modeling approach to
determine which actors are most favorable to the adoption
of packaging. Using a multicriteria analysis with the MAC-
BETH method, we have developed a methodology to obtain
a quantitative motivation score for the value chain actors.
Our results reveal that the collector and the distributor seem
to be the most favorable actors, while the farmers and cus-
tomers are not very far below.

In non-integrated value chains, the actions of actors such
as farmers, collectors, and distributors are influenced by
the demands of customers (consumers). This implies that

consumer requirements in terms of packaging can influence
the mentioned actors to adopt a type of packaging. Consider-
ing mainly local production of FVs for local consumption, it
may be assumed that customers are mostly undemanding to
the type of packaging, especially if it impacts the price of FVs.
However, consumers may influence the adoption of packag-
ing. Indeed, in a consumer study by Scott and Ellis (2014)
in South Africa, 49% of participants defined environmentally
friendly packaging as packaging that is not harmful to hu-
mans and the environment.

As pointed out earlier, many authors have found that the
actors in that FV supply chain are not aware of potential
gains from avoiding PHLs in transportation and storage, or
they do not view the economic benefit of investing in better
packaging. Research on bio-based packaging made in local
factories from farming subproducts seems promising but to
be successful, their appropriate implementation will require
well-targeted efforts from governments or other public orga-
nizations to support them with propagating the required in-
stitutional norms that will incite the FV value chain actors to
change their packaging and handling practices. That will also
require a value chain analysis for the supply of packaging to
the producers and the supply of inputs to the packaging fac-
tories, as well as the required adaptations for the transporters
and the distributors.

CONCLUSION

The objective of reducing food waste in sub-Saharan Africa
and, especially, PHLs of fruits and vegetables presents some
difficult challenges. While the use of improved packaging is
seen as a low-cost solution, it would not be suitable to use
plastics or other synthetic materials because of environmen-
tal damages, but also for economic reasons. From the point
of view of appropriate technology, well-designed bio-based
packaging solutions made of farming subproducts in local
factories seem appealing and are the object of intense sci-
entific research. Our analysis indicates, however, that the
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successful implementation of a packaging solution will also
require the creation and propagation of a set of appropri-
ate social norms with a balanced blend of normative and
economic incentives in the FV value chain.

NOTE

1. Or multi-attribute utility theory (MAUT) in the case of
decisions under risk.

CONFLICT OF INTEREST DISCLOSURES
No potential conflict of interest was reported by the authors.

AUTHOR BIOGRAPHIES

Sountongnoma Martial Anicet Kiemde

Al Ethics Advisor, Quebec Ministry of Cybersecurity and Digital Affairs
(Ministere de la cybersécurité et du numérique), Québec (Québec) Canada.
Martial Anicet Kiemde holds a Master’s degree in Operations and
Decision Systems from Université Laval. He also holds an engineering
degree in telecommunications and a bachelor’s degree in engineering
sciences from ESMT Dakar, as well as a bachelor’s degree in fundamental
physics from Université Nazi-Boni (formerly Université Polytechnique
de Bobo-Dioulasso) in Burkina Faso. He is currently an advisor to the
Quebec Ministry of Cybersecurity and Digital Affairs (Ministere de la
cybersécurité et du numérique).

Bernard F. Lamond

Professor, Department of Operations and Decision Systems, Faculty of
Administrative Sciences, Université Laval, Québec (Québec) Canada.
Bernard F. Lamond (PhD, University of British Columbia) is a professor
of operations research and management science in the Department of
Operations and Decision Systems at Université Laval, where he teaches
project management, statistical methods for business, and quantitative
modeling for decision under uncertainty. He is a regular member of the
Center for Research in Modeling, Information and Decision (CERMID),
and his research is concerned with developing models and methods for
industrial management and planning in energy, natural resources, and
sustainable manufacturing.

Julien Lépine

Professor, Department of Operations and Decision Systems, Faculty of
Administrative Sciences, Université Laval, Québec (Québec) Canada.
Julien Lépine (PhD, Victoria University) is an associate professor at the
Department of Operations and Decision Systems at Université Laval
in Québec City and a member of the Interuniversity Research Centre
on Enterprise Networks, Logistics and Transportation (CIRRELT).
Formerly, he was a research associate at the Sustainable Road Freight
Centre and Cambridge University Engineering Department, and a
postdoctoral associate at St Catharine’s College, Cambridge.

REFERENCES

Abi-Zeid, 1., & Cerutti, J. (2024). Multi-criteria decision aiding for built
heritage value assessment: Model and application in Québec City,
Canada. Annals of Operations Research. https://doi.org/10.1007/
$10479-024-06059-5

Abi-Zeid, I., Marleau Donais, F., & Cerutti, J. (2023). Multicriteria decision
aiding — An overview of some challenges during interventions in real-
life applications. In M. F. Norese, M. A. De Vicente y Oliva, & I. Abi-
Zeid (Eds.), Multicriteria decision aiding interventions: Applications

for analysts (pp. 161-186). Springer.

Afif, K., Rebolledo, C., & Roy, J. (2020). Organizational buying
behaviour for perishable-food packaging in grocery retail. Canadian

Journal of Administrative Sciences/Revue Canadienne Des Sciences
de DAdministration, 37(4), 483-494. https://doi.org/10.1002/
cjas.1565

Afif, K., Rebolledo, C., & Roy, J. (2022). Evaluating the effectiveness
of the weight-based packaging tax on the reduction at source of
product packaging: The case of food manufacturers and retailers.
International Journal of Production Economics, 245, 108391.
https://doi.org/10.1016/j.ijpe.2021.108391

Akyiiz, G., Tosun, 0., & Aka, S. (2018). Multi criteria decision-making
approach for evaluation of su})plier erformance with MACBETH
method. International Journal of Inf{:rmation and Decision Sciences,
10(3), 249-262. https://doi.org/10.1504/IJIDS.2018.093932

Alexandratos, N., & Bruinsma, J. (2012). World agriculture towards
2030/2050: The 2012 revision, ESA Working Paper 12-03, FAO,
Rome, p. 4.

Almaiah, M. A., Al-Rahmi, A. M., Alturise, F., Alrawad, M., Alkhalaf,
S., Lutfi, A., Al-Rahmi, W. M., & Awad, A. B. (2022). Factors
influencing the adoption of internet banking: An integration of
ISSM and UTAUT with price value and perceived risk. Frontiers in
Psychology, 13,919198. https://doi.org/10.3389/fpsyg.2022.919198

Ariho, A., Makindara, J., Tumwesigye, G., & Sikira, A. (2015). Assessment
of innovative market access options for banana value chain in
Uganda. Journal of Development and Agricultural Economics, 7(10),
323-331. https://doi.org/10.5897/jdae2015.0644

Bajzelj, B., Richards, K. S., Allwood, J. M., Smith, P., Dennis, J. S.,
Curmi, E., & Gilligan, C. A. (2014). Importance of food-demand
management for c%imate mitigation. Nature Climate Change, 4,
924-929. https://doi.org/10.1038/nclimate2353

Bana e Costa, C. A., & Vansnick, J.-C. (1999). The MACBETH
approach: Basic ideas, software, and an application. In N. Meskens,
& M. Roubens (Eds.), Advances in decision analysis (pp. 131-157).
Springer. https://doi.org/10.1007/978-94-017-0647-6_9

Bana e Costa, C. A.,, De Corte, J.-M., & Vansnick, J.-C. (2012).
MACBETH. International Journal of Information Technology
& Decision Making, 11(02), 359-387. https://doi.org/10.1142/
$0219622012400068

Bana e Costa, C. A., De Corte, J.-M., & Vansnick, J.-C. (2016). On the
mathematical foundations of MACBETH. In Multiple criteria
decision analysis: State of the art surveys (Vol. 233). Springer. https://
doi.org/10.1007/978-1-4939-3094-4

Belton, V., & Stewart, T. J. (2002). Multiple criteria decision analysis: An
integrated approach. Springer. https://doi.org/10.1007/978-1-4615-
1495-4

Bhate, S., & Lawler, K. (1997). Environmentally friendly products: Factors
that influence their adoption. Technovation, 17(8), 457-465. https://
doi.org/10. 1016/S0166-4972(97)00006-0

DiMaggio, P. J., & Powell, W. W. (1983). The iron cage revisited:
Institutional isomorphism and collective rationality in organizational
fields. American Sociological Review, 48(2), 147-160. https://doi.
org/10.2307/2095101

Dubey, R., Gunasekaran, A., & Alj, S. S. (2015). Exploring the relationship
between leadership, operational practices, institutional pressures and
environmental performance: A framework for green supply chain.
International Journal of Production Economics, 160, 120-132.
https://doi.org/10.1016/j.ijpe.2014.10.001

Dyer, J. S. (2005). Maut — Multiattribute utility theory. In Multiple
criteria decision analysis: State of the art surveys: International series
in operations research € management science (Vol. 78). Springer.
https://doi.org/10.1007/0-387-23081-5_7

FAOSTAT. (n.d.). Food and agriculture organization of the United
Nation, statistical division. https://www.fao.org/faostat/

Fernando, S., Garnevska, E., Ramilan, T., & Shadbolt, N. (2021).
Organisational attributes of cooperatives and farmer companies.
Journal of Co-operative Organization and Management, 9(1),
100132. https://doi.org/10.1016/j.jcom.2021.100132

Fox, T. (2013). Global food: Waste not, want not. Institute of Mechanical
Engineers.

JCIM | https://journals.lib.unb.ca/index.php/JCIM

182



Journal of Comparative International Management
Vol. 27 (2), 168-186. https://doi.org/10.55482/jcim.2024.34371

RESEARCH NOTE
Multicriteria Analysis to Assess Stakeholders Motivation in Uganda

Glover, J. L., Champion, D., Daniels, K. J., & Dainty, A. J. D. (2014). An
institutional theory perspective on sustainable practices across the
dairy supply chain. International Journal of Production Economics,
152,102-111. https://doi.org/10.1016/j.ijpe.2013.12.027

Gosling, J., Jia, F., Gong, Y., & Brown, S. (2017). The role of supply
chain leadership in the learning of sustainable practice: Toward an
integrated framework. Journal of Cleaner Production, 140, 239-250.
https://doi.org/10.1016/j.jclepro.2014.10.029

Gustavsson, J., Cederberg, C., & Sonesson, U. (2011). Global food losses
and food waste. FAO.

Haunschild, P., & Miner, A. (1997). Modes of interorganizational
imitation: The effects of outcome salience and uncertainty.
Administrative Science Quarterly, 42(3), 472-500. https://doi.
org/10.2307/2393735

Houessou, J. A., Mugonola, B., & Odongo, W. (2022). Value chain and
marketing margins analysis of watermelon: An insight from Northern
Uganda. African Journal of Science, Technology, Innovation and
Development, 14(2), 359-367. https://doi.org/10.1080/20421338.
2020.1829353

Kaganzi, E., Ferris, S., Barham, J., Abenakyo, A., Sanginga, P., & Njuki,
J. (2009). Sustaining linkages to high value markets through
collective action in Uganda. Food Policy, 34(1), 23-30. https://doi.
org/10.1016/j.foodpol.2008.10.004

Kaplinski, R., & Morris, M. (2002). 4 handbook for value chain research.
Institute of Development Studies, University of Sussex.

Karande, P., & Chakraborty, S. (2013). Evaluation and selection of flexible
manufacturing systems using MACBETH method. International
Journal of Services and Operations Management, 16(1), 123—144.
https://doi.org/10.1504/IJ]SOM.2013.055576

Kauppi, K. (2013). Extending the use of institutional theory in operations
and supply chain management research: Review and research
suggestions. International Journal of Operations €& Production
Management, 33(10), 1318-1345. https://doi.org/10.1108/
I[JOPM-10-2011-0364

Keeney, R. L. (2002). Common mistakes in making value trade-offs.
Operations Research, 50(6), 935-945. https://doi.org/10.1287/
opre.50.6.935.357

Kereth, G. A., Lyimo, M., Mbwana, H. A., Mongi, R. J., & Ruhembe, C.
C. (2013). Assessment of post-harvest handling practices: Knowledge
and losses of fruits in Bagamoyo District of Tanzania. Food Science
and Quality Management, 11, 8-15.

Ketelsen, M., Janssen, M., & Hamm, U. (2020). Consumers’ response
to environmentally-friendly food packaging - A systematic
review. Journal of Cleaner Production, 254, 120123. https://doi.
org/10.1016/j.jclepro.2020.120123

Kikulwe, E. M., Okurut, S., Ajambo, S., Nowakunda, K., Stoian, D., &
Naziri, D. (2018). Postharvest# losses and their determinants: A
challenge to creating a sustainable cooking banana value chain in
Uganda. Sustainability (Switzerland), 10(7), 2381. https://doi.
0rg/10.3390/5u10072381

Kumar, G., Engle, C., & Tucker, C. (2018). Factors driving aquaculture
technology adoption. Journal of the World Aquaculture Society,
49(3), 447-476. https://doi.org/https://doi.org/10.1111/
jwas. 12514

Kwikiriza, N., Mugisha, J., Rye Kledal, P., Karantininis, K., &
Namuwooza, C. (2016). Tracing Uganda’s global primary organic
pineapple value chain. African Crop Science Journal, 24(1), 15-33.
https://doi.org/10.4314/acsj.v24il.2

Kyomugisha, H., Mugisha, J., & Sebatta, C. (2017). Potential determinants
of profits and market efficiency of potato market chains in Uganda.
Journal of Agribusiness in Developing and Emerging Economies, 7(1),
52—-68. https://doi.org/10.1108/JADEE-06-2015-0031

Lavoie, R., Joerin, F., Vansnick, J. C., & Rodriguez, M. J. (2015).
Integrating groundwater into land planning: A risk assessment

methodology. Journal of Environmental Management, 154, 358—
371. https://doi.org/10.1016/j.jenvman.2015.02.020

Lee, D. S, Yam, K. L., & Piergiovanni, L. (2008). Food packaging science
and technology. CRC Press.

Long, Y., Ceschin, F., Harrison, D., & Terzioglu, N. (2022). Exploring
and addressing the user acceptance issues embedded in the adoption
of reusable packaging systems. Sustainability, 14(10), 6146. https://
doi.org/10.3390/5u14106146

Lummus, R. R., & Vokurka, R. J. (1999). Defining supply chain
management: A historical perspective and practical guidelines.
Industrial Management & Data Systems, 99(1), 11-17. https://doi.
0rg/10.1108/02635579910243851

Mentzer, J. T., DeWitt, W., Keebler, J. S., Min, S., Nix, N. W.,
Smith, C. D., & Zacharia, Z. G. (2001). Defining supply chain
management. Journal of Business Logistics, 22(2), 1-25. https://doi.
0rg/10.1002/j.2158-1592.2001.tb00001.x

Mibulo, T., Banadda, N., & Kiggundu, N. (2020). A review of packaging
options for tomato smallholder farmers in Sub-Saharan Africa. Open
Journal of Organic Polymer Materials, 10(4), 35—48. https://doi.
org/10.4236/0jopm.2020.104004

Morton, A. (2018). Multiattribute value elicitation. In L. C. Dias, A.
Morton, & J. Quigley (Eds.), Elicitation: The science and art of
structuring judgement (pp. 287-311). Springer.

Porter, M. E. (1985). Competitive advantage: Creating and sustaining
superior performance. The Free Press.

Rubagumya, I., Komakech, A. J., Menya, E., Kizito, S., Zziwa, A., &
Kabenge, I. (2023). Postharvest losses of fruits and vegetables along
their urban supply chain in Eastern Africa: A case study of Uganda
towards sustainable management. Journal of Biosystems Engineering,
48,105-114. https://doi.org/10.1007/542853-023-00177-x

Scott, L., & Ellis, D. (2014). Consumer understanding, perceptions and
behaviours with regard to environmentally friendly packaging in a
developing nation. International Journal of Consumer Studies, 38(6),
642—649. https://doi.org/10.1111/ijcs.12136

Sheehan, M., & Barrett, C. B. (2017). Review: Food loss and waste in Sub-
Saharan Africa. Food Policy, 70, 1-12. https://doi.org/10.1016/j.
foodpol.2017.03.012

Sianipar, C. P. M., Dowaki, K., Yudoko, G., & Adhiutama, A. (2013).
Seven pillars of survivability: Appropriate technology with a human
face. European Journal of Sustainable Development, 2(4), 1-18.
https://doi.org/10.14207/ejsd.2013.v2n4p1

Ssennoga, F., Mugurusi, G., & Oluka, P. N. (2019). Food insecurity as a
supply chain problem. Evidence and lessons from the production and
supply of bananas in Uganda. Scientific African, 3, €00076. https://
doi.org/10.1016/j.sciaf.2019.¢00076

Tamosianas, A. (2023). Selecting rooftop solar photovoltaic modules
by measuring their attractiveness by a categorical-based evaluation
technique (MACBETH): The case of Lithuania. Energies, 16(7),
2999. heps://doi.org/10.3390/en16072999

Tapsoba, L. D. S., Kiemde, S. M. A., Lamond, B. F., & Lépine, J. (2022).
On the potential of packaging for reducing fruit and vegetable losses
in Sub-Saharan Africa. Foods, 11(7), 952. https://doi.org/10.3390/
foods11070952

Troger, K., Lelea, M. A., Hensel, O., & Kaufmann, B. (2020). Re-framing
post-harvest losses through a situated analysis of the pineapple value
chain in Uganda. Geoforum, 111, 48—61. Kttps://doi.org/lo.1016/j.
geoforum.2020.02.017

Zakié, N., Bozilovié, S., & Sijakovic’, I. (2018). Analysis and upgrading
of value chain. Ekonomika, 64(4), 1-15. https://doi.org/10.5937/
ekonomika1804001z

Zamora, E. A. (2016). Value chain analysis: A brief review. Asian Journal
of Innovation and Policy, 5(2), 116-128. https://doi.org/10.7545/
2jip.2016.5.2.116

JCIM | https://journals.lib.unb.ca/index.php/JCIM

183



Journal of Comparative International Management
Vol. 27 (2), 168-186. https://doi.org/10.55482/jcim.2024.34371

RESEARCH NOTE
Multicriteria Analysis to Assess Stakeholders Motivation in Uganda

APPENDIX
MACBETH Method Description

The value function data consist of matrices of pairwise com-
parisons. To paraphrase Abi-Zeid and Cerutti (2024), “the
multi-criteria model was built using the MACBETH method,
which allows the intrinsic assessment of the value of an alter-
native [...] by providing a global score allowing to rank alter-
natives from the highest value to the worst with a possibility of
ex aequo (Bana e Costa et al., 2012). MACBETH is a method
to elicit value function and weights that is compatible with
the multi-attribute value function theory (MAVT) paradigm.
However, it uses qualitative judgments about strength of pref-
erence to construct the value functions and to assess the swing
weights whereas other MAVT elicitation techniques use quanti-
tative assessments (Morton, 2018). The qualitative information
provided by participants serves to establish the different model
parameters, which reflect the participants’ preferences.”

Abi-Zeid and Cerutti (2024) defend the method: “There
are several reasons for selecting MACBETH. First, it avoids
the main traps associated with aggregating several criteria
based on a weighted sum (Bana e Costa et al., 2012). Although
this kind of aggregation is frequently employed in practice,
it frequently results in methodological issues such as the use
of non-cardinal scales or a misinterpretation of the meaning
of weights as reflecting the criteria’s importance (Abi-Zeid
et al., 2023). According to Keeney (2002), this is the most
frequent and severe error in weighted sums. Second, the
MACBETH method allows various elements to be assessed
on both qualitative and quantitative bases, and it is relatively
simple to use for participants who do not have experience in
MCDA (Lavoie et al., 2015). Third, the method has its own
supporting computer software (M-MACBETH) that allows
simple and effective recording of the judgments formulated
by participants. In addition to enabling the construction of a
real-time decision analysis model, this software also identifies
possible inconsistencies between the judgments expressed by
participants during the process and proposes alternative solu-
tions, if necessary.”

In the MACBETH method, the decision-maker compares
two stimuli at once by making qualitative judgments about
their difference in attractiveness based on a predefined se-
mantic judgment scale (Bana e Costa & Vansnick, 1999). The

(Bana e Costa et al., 2016). To illustrate the method, let K be
a criterion with levels of performance N, for 7 ranging from
1 to ». The criterion is used for evaluating alternatives. The
performances of each criterion are arranged in matrix form.
For example, consider a criterion for which there are five lev-
els of performance, namely N, very low, N, low, N, medium,
N, high, and N, very high. Then the ranking (from best to
worst) of the preference levels will be N.-N,-N,-N,-N,. In the
MACBETH method the preference levels are quantified by
solving a linear programming model, with v(/V)) being the
score of the performance level N, such that:

»(N,)=100 (1)
v(N,)=0 ()
v(N1)<v(N2)<v(N3)<v(N4)<u(NS) (3)

The next step is to compare the performance strengths of the
levels. For 7 reference levels, a maximum number of 7 (n—1)/2
comparisons are possible, but a number (z—1) of comparisons of
adjacent levels is sufficient for the scale conversion. For example,
if the decision-maker prefers the performance of IV, to IV, with
a strength b € {0,1,...,6}, then this will be represented in the
quantitative model with the equation

v(Nl)—v(N2)=ba, (4)

where 2 is a coefficient adjusted to satisfy the condition that
v(N,) and v(N,) €[0,100].

The pairwise comparisons of differences of attractiveness
between the criteria levels are provided by the decision-maker,
in the form of a matrix. An example is presented in Table A1,
where the strengths of the pairwise comparisons are indicated. If
the decision-maker provides no performance strength, it is not-
ed with a “positive” in the corresponding cell of the matrix. The
value “positive” indicates that there is a difference in attractive-
ness between the two stimuli V, and IV, although this difference

TABLE A1 Strengths of Performance Levels for kth Criterion (An
lllustrative Example)

judgments are transformed into a MACBETH scale using N, No
linear programming if the judgments are consistent. Consis-
. . N, V. Strong No
tent judgments lead to the generation of the converted MAC-
BETH scale. The judgments are qualitative or quantitative N, Begiifive Strong No
but will be quantified proportionally on a scale from 0 to 100.
Moreover, to ease the judgmental process, six semantic cat- N, Positive Positive Weak No
egories of difference of attractiveness are used, “very weak,” N N N
« » « » « » « » « » N, Positive Positive Positive V. Weak No
weak,” “moderate,” “strong,” “very strong,” or “extreme
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could take any value. Note also that when there is no difference
in attractiveness between two stimuli /N, and N, “no” is inserted
at the intersection of row x and column y, and vice versa, and the
ordered pairs (/V,, IV,) and (N, V).

The quantitative measures for a seven-point semantic scale
are as follows: extreme (C6) = 6, very strong (C5) = 5, strong
(C4) = 4, moderate (C3) = 3, weak (C2) = 2, very weak (C1) =
1, and none = 0. Therefore, from the judgments provided in
Table Al, the following system of equations can be extracted.

v(N,)-o(N,)=5a (5)
o(N,)-0(N,)=4a (6)
o(N,)-2(N,)=2a 7)
o(N;)-2(N,)=0a (8)

From these equations, the linear programming model is
solved to obtain, with « = 8.333, the values v(N,) = 41.67,
v(N,) =75, v(IN,) = 91.67. Applying the same procedure, we
can quantify the performance levels for all remaining criteria
as well as the corresponding weights. Let X, be the perfor-
mance measure of 7 alternative on ;™ criterion.

v(xl.j) = v(xj)-i-%(v(xﬂ)—v(xj)) 9)
j+ T

The overall score is obtained by:

o(x,)=D " w, v(x,) (10)

with

Zw =1and v(x;,)=100,v(x, )=0 (11)

The algorithm of the MACBETH program finds the weights
that are in the solution domain that respect equations (9), (10),
and (11), and that are consistent with the judgment matrices,
one for comparing the criteria scales and the other for assessing
the criteria values. In our model of the stakeholders motiva-
tion, the pairwise comparison matrices and their corresponding
scores are given in Table 3, Table 5, and Tables 7-10.

MACBETH Computations for the Margin
Criterion

Applying the equations to the performance level comparison
for the margin criterion in Table 5, we obtain the following
equations from equations 5 through 8:

v(Distributors) — v(Collectors) = o (12)
v(Collectors) —v(Farmers) =3 (13)
v(Farmers) — v(Customers) = 2a (14)

From equation 11, we have »(Distributors) = 100, and
v(Customers) = 0. By replacing the value v(Distributors) = 100
in the equation and v(Customers) = 0 in equations 12 and 13,
and by adding the three equations 12, 13, and 14, we obtain
a = 16.67, and v(Collectors) = 5 « or v(Collectors) = 83.33,
and v(Farmers) = 2 « or v(Farmers) = 33.33. These scores
appear in the column labeled Attractiveness Scale in Table 5.

MACBETH Sensitivity Analysis

To assist in model validation, the M-MACHBETH software
provides a sensitivity analysis by showing graphically how the
value scores of the alternatives (the actors’ motivation scores)
would be affected if the criteria weights were changed. The
resulting four graphics are shown in Figure A1.

The sensitivity analysis is performed by varying the weight
of a specific criterion and then adjusting the difference equal-
ly on the other criteria so that the sum of the weights is un-
changed. It then shows the degree of stability of the derived
results. In our example, the criteria margin and openness have
the highest weights. The effect of varying the weight of the
“margin” criterion on the ranking of actors is illustrated in
the top left graphic of Figure A1. We see that increasing this
weight implies no change with the distributors remaining the
most motivated, but that decreasing it implies a switch from
distributor to customer when the weight is below 25.4%.

From the lower left graphic of Figure Al, by varying the
weight of the effort criterion, we see that for a weight value of
less than 0.165, the distributor is the most favorable actor fol-
lowed in second place by the collector. For a weight between
0.165 and 0.354, the collector is the most favorable actor
followed by the distributor. When the weight is higher than
0.354, the collector remains the first most favorable actor and
the farmer becomes the second most favorable actor. So, a de-
crease in the weight of effort does not change the distributor
to remain on top, but an increase to a weight of 16.5% results
in a switch to collectors to be on top.

The upper right graphic of the figure shows that by varying
the weight of the openness criterion, for a value of weight
lower than 0.44 the distributor is the first most favorable ac-
tor followed by the collector. For a value between 0.44 and
0.476, the customer becomes the second most favorable ac-
tor after the distributor. From 0.476 to 0.531, the customer
is the most favorable actor followed by the distributor. But
from 0.531, the farmer becomes the second actor instead of
the distributor. So, a decrease in the weight of openness does
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FIGURE A1 Sensitivity Analysis — Effect of the Weighting Scale on the Actor-Motivation Score

not change the distributor to remain on top, but an increase
to 47.6% induces a switch to customers to be on top.

Finally, the lower right graphic of the figure indicates
that the variation in the value of the weight of the efficiency

criterion does not affect the results of the first two actors,
namely the distributor and the collector.
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