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ARTICLE INFO ABSTRACT
Editor: Leonard Rusinamhodzi CONTEXT: The publication of farm (or farmer) typologies has increased over recent years. The purpose of these
studies is usually to differentiate groups of farmers so that they are “targeted” with specific agricultural in-
Keywords: novations, or best-bet interventions can be “prioritised”. The degree to which such typologies actually influence
Fa‘T“er_tYPOIOg‘ES development practice is however unclear, and little has been published on that topic.
Validation OBJECTIVE: The paper aims to move narratives and practices around farm typologies from theoretical to applied
Deployment S . .
Adoption and present a novel methodology for typology validation. We worked with a large-scale development organi-

sation to develop a typology for their use, and report here on the process of enabling the organisation to make use
of the typology. The lessons from this process are intended to inform the use of farm typologies in agricultural
development work.

METHODS: A typology of farming households was derived from a household survey in Rwanda (previously
published), in partnership with a large-scale agricultural development organisation. Responding to the organi-
sation's requests, the researchers created a decision tree tool to rapidly assign households to types; conducted
validation exercises to establish confidence in the typology and the decision tree (making adaptations as needed).
Validation was with farmers and extensionists and included developing key word and pictorial representations of
farm types which were compared against the empirical typology. The decision tree was tested and questions
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adapted to maximise accuracy. The organisation then used the tools for a period of two years. Finally, the re-
searchers interviewed representatives of the organisation to find out how the tools had been used.

RESULTS AND CONCLUSIONS: The typology validation exercises showed a high level of agreement between
farmers and extensionists, and a moderate level of agreement between the empirical typology and the types
defined by farmers and extensionists. There was a low level of agreement in the Western province of Rwanda,
where the socio-economic situation was radically different to other areas, which had not been accounted for in
the empirical typology definition. Establishing the correct questions in the decision tree tool proved important.
The organisation reduced the number of farm types, and categorised over 350,000 households, with four use
cases developed for the farm typologies: planning for the recruitment of clients (farming households are referred
to as clients by the organisation), client needs assessment, intervention adoption rate assessment, and monitoring
of farmers along the organisation's conception of their (farmers') journey to prosperity.

SIGNIFICANCE: This study provides lessons on what is required for the application of farm typologies by

development organisations.

1. Introduction

African smallholder farming households face an array of challenges
(e.g. crop failures, pest and diseases, droughts and floods, and economic
shocks). The opportunities for households to respond vary dramatically
depending upon livelihood strategies and inherent capacities for change
(e.g. Connolly-Boutin and Smit, 2016). Responses can be supported and
strengthened by external interventions and innovations from public and
private entities (CGIAR, 2024). Unfortunately, such interventions and
innovations have not achieved their expected outcomes (e.g. Giller et al.,
2011). Their limited benefits may stem from inadequate consideration
of the diverse circumstances facing households, their dynamism
responding to stressors creating moving targets, and their capacities to
adapt (Bidogeza et al., 2009; Giller et al., 2011; Cortez-Arriola et al.,
2015). For agricultural innovations to be relevant and enabling, char-
acterisation of the multi-dimensional diversity of farms is necessary
(Ruben and Pender, 2004; Descheemaeker et al., 2019). Consequently, it
is expected that consideration of this diversity should improve targeting
of specific demographic groups, prioritisation of appropriate in-
terventions, and lead to higher rates of adoption (Tittonell et al., 2010;
Lopez-Ridaura et al., 2018).

Farm typologies present an established and systematic approach to
understand household diversity and can form the first step of generating
tailored and adopted interventions (e.g. Landais, 1998; Giller et al.,
2011; Cortez-Arriola et al., 2015; Chopin et al., 2015; Kuivanen et al.,
2016). Typologies cluster farms using key structural, functional, or
performance variables, and may be derived from multivariate statistical
analysis (e.g. Cortez-Arriola et al.,, 2015; Douxchamps et al., 2016),
expert knowledge (Madry et al., 2013), or a combination of the two (e.g.
Pacini et al., 2014; Alvarez et al., 2018: Berre et al., 2019). The creation
of typologies has undoubtedly improved understanding of farm diversity
and (to a lesser extent) generated decision support tools for improved
targeting of interventions (e.g. Alvarez et al., 2018; Hammond et al.,
2020). Yet, despite the expected benefits of the insights generated from
typology development, limited evidence is available that documents the
pathway from development to real-world application.

Although widespread, typologies and their derivative tools may be
left un(der)utilised. The reasons for this may include a lack of under-
standing of what they represent, no clear demonstration of the value
added, a lack involvement with implementing partners in their devel-
opment and continuous improvement/refinement, or typologies being
unrecognisable to local stakeholders (Moreno-Pérez et al., 2011). This
underutilisation may explain the limited evidence of typologies moving
from academic papers (676 indexed on www.sciencedirect.com for 2023
alone) to real-world utility in supporting farmers. As LaFevor (2022)
highlights, despite the increased focus on targeting and policy relevance,
few studies demonstrate how typologies have been used for the basis of
targeting (see Kaur et al., 2021 for an example of post-hoc typology
analysis).

In this paper we contribute to the topic of application of farm typol-
ogies to enable greater development impact. We describe the process of

working with a large-scale agricultural development organisation to
develop, validate, and adopt a farm typology-based analysis and deci-
sion support tool to support programmatic decision-making. We build
on previously published work (Hammond et al., 2020) in which 10 farm
types were developed describing the farming, livelihood, and technol-
ogy adoption characteristics of smallholder farmers in Rwanda. Working
with the same development organisation, we assessed their needs and
supported a process of validation, adaptation, which eventually led to
adoption, although not quite as had been originally planned (see Fig. 1).

The work sought to continue the research cycle described in Ham-
mond et al. (2020), with the validation and adaptation exercises
continuing in 2019-2020, and adoption in 2021. We aimed to: i) vali-
date the empirically derived typologies of Hammond et al. (2020),
comparing validation methods; ii) assess the validity and report on the
use of a decision support tool built from the typologies; and iii) reflect on
the needs of an implementing organisation when using empirically
derived typologies and the decision tree, drawing implications for ty-
pology development methods.

2. Methods
2.1. Description of the empirical typology

Hammond et al. (2020) generated a suite of farm typologies to
describe the diversity of farming households in Rwanda. The aim of
these typologies was to support the scaling strategy of a large-scale
implementing rural development organisation in the region. In late
2018, ~2750 farming households were interviewed using the RHoMIS
surveying tool (Hammond et al., 2017). Through the application of a
minimum variable approach, key variables were identified for differ-
entiating farming households, with cluster analysis used to generate the
ten typologies. The key variables used for typology development were
whether or not they grew maize and beans; livestock ownership
measured in Tropical Livestock Units (TLUs), the land area cultivated in
the last year, whether the household head was married or single,
whether the household head had formal education, and the count of
perceived positive changes which had occurred within the farm-
household within the last four years (such as increased incomes,
increased crop production, labour saving technologies used, etc.).

Following consultation with the development organisation, six farm
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Fig. 1. Workflow of typology generation.
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types were shortlisted as being of particular interest (Table 1). These
were selected based upon whether: farmers could benefit from the
product- and extension-based interventions of the organisation; the farm
types were under-represented in the organisation's client list; and that
they cover the widest perceived diversity of farms. The shortlisted farm
types represented around 60 % of surveyed farms.

A decision support tool based on these typologies was also described
(Hammond et al., 2020). The aim of which was to enable the rapid
assignment of farmers to a given typology. This was done via a decision-
tree model, shown in Fig. 2. Based on responses to a maximum of four
yes/no questions, interviewees were assigned to one of the six prioritised
farm types, with an accuracy of 79 % (Hammond et al., 2020).

2.2. Typology validation approaches

Validation of the typologies and decision-support tool in field con-
ditions was identified as a prerequisite before the development organi-
sation could consider them for wider use. Although typology validation
is not nearly as commonly published as typology generation, previous
studies have outlined methods for participatory approaches, which we
considered appropriate to this context (e.g. Kuivanen et al., 2016;
Alvarez et al., 2018; Thar et al., 2021; Sinha et al., 2022). We combined
three approaches to validate the shortlisted typologies (Fig. 3): under-
standing the variables used by stakeholder groups to distinguish farm
types, generation of farm types using icon-based variables, and
comparing generated typologies with the empirically derived typologies
from Hammond et al. (2020).

2.2.1. Selection of participants

We engaged two groups of stakeholders: farmers who had been
interviewed in the original survey and local agricultural experts. The
experts were themselves local farmers who also act as agricultural
extension officers of the organisation. These extension officers facilitate
interactions with other farmers, provide training on interventions and
management practices, and offer general support to local clients of the
organisation.

Farmers were selected through purposive sampling of the original
survey (2713 households). Criteria for selection included: that house-
holds were distributed as evenly as possible across the 3 provinces
(where data were originally collected) and that households were clus-
tered in one or two districts per province, to ensure efficiency of
sampling.

2.2.2. Data collection schedule

2.2.2.1. Farmers: Face-to-face interviews. Interviews were performed
(ideally) with the same respondent as in the original survey (usually the
household head). If the respondent was unavailable, an available adult
confident to speak on all farm and household matters was interviewed.
Each interview lasted a maximum of three hours. In total, 81 households
were interviewed during the period August-September 2019 (Fig. 3).
After review, only 77 of the interviews were rich enough to be analysed.

2.2.2.2. Farmers: Phone-based interviews. We identified a number of

Table 1
Shortlisted farm types from Hammond et al. (2020).
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Do you own
more than

one cow or
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school?
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school?
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cultivate
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Fig. 2. Decision-tree model for clustering farms.

inconsistencies between farmers' responses in the original survey
compared to the face-to-face interviews, for questions which responses
were not anticipated to change greatly (educational and marital status of
household head). We found that translations from English into Kinyar-
wanda had led to questions and response options which were ambiguous
and culturally insensitive, particularly regarding definitions of an indi-
vidual whose marital status is defined as single. We therefore developed
a 20-min follow-up survey conducted by phone to correct these issues. In
total, 82 farms were interviewed by phone in June 2020. Of these, we re-
interviewed 14 of those face-to-face due to ongoing inconsistencies of
responses (Table 2).

2.2.2.3. Local agricultural experts: Focus group discussions. Interactions
with local agricultural experts were via focus group discussions (FGD),
allowing for a more interactive and consensus-based approach to the
validation. Three FGDs were performed in February 2020, with one
performed in the Eastern, Southern, and Western provinces of Rwanda.
Seven local agricultural experts participated in each FGD. The discus-
sions lasted less than 3 h and were moderated by a representative of the
development partner.

Despite the interaction type being different to that of farmers, the
methods followed in the interviews of FGDs was the same. Unless stated
otherwise, the deployed method was identical for farmers in the in-
terviews or with local agricultural experts in the FGDs.

2.2.3. Local-knowledge farm typology: Verbal approach

Following a brief introduction, participants were asked to think
about farms in their locality and the characteristics they would use to
group them. Participants were invited to answer open-ended questions
regarding how they described farms; how these farms differed; the
drivers that differentiate farming types; and the characteristics they use

Farm % of surveyed Grows maize, bush beans, Heads of Land area % of Household % of household heads Positive changes in
Type households and/or climbing beans livestock (mean cultivated (mean heads married with formal education last 4 years (mean
(modal yes/no) TLU) ha) count)
1 12 Yes 0.4 0.3 82 72 1.1
2 13 No 0.5 0.2 64 14 1.1
3 20 Yes 0.4 0.3 0 12 1.3
6 13 Yes 1.5 0.7 80 20 1.9
7 28 Yes 0.4 0.5 100 0 1.7
9 15 Yes 1.9 0.9 91 100 2.9
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Hammond et al. 2020
Surveyed 2713 households, generating
10 typologies

!

Validation

Farmers l

l Agricultural Experts

Face-Face Interviews

Date: September 2019
Individuals: 81 (from Hammond et al.)
Methods: Verbal approach, pictorial
approach, decision tree validation

Focus Group Discussions

Date: February 2020
Individuals: 21 (across 3 groups)
Methods: Verbal approach, pictorial approach,
decision tree validation

l

Analysis

Date: January 2020
Response inconsistencies identified from
Hammond et al. to face-face interviews

l

Phone-based Interviews

Date: June 2020
Individuals: 82 (from Hammond et al.), 14
reinterviewed from face-face for validation
Methods: Verbal approach, decision tree
validation

Fig. 3. Typology validation approach deployed.

Table 2
Distribution of interviewed farmers across farm types.

Farm Face-to-Face Phone-based Face-to-Face and Phone-
Type Interviews Interviews based Interviews

T1 12 7 3

T2 16 6 3

T3 25 13 3

T6 5 9 3

T7 13 28 1

T9 6 19 1

Total 77 82 14

to group farms in their area. During the interaction, an enumerator
noted the key words and features, recording them in an Open Data Kit
(ODK) form.

2.2.4. Local-knowledge farm typology: Pictorial approach

Following approaches described by Alvarez et al. (2018) and Lopez-
Ridaura (personal communication), interviewees were invited to
develop a pictorial representation of (simplified) farms, using icons
(“pictograms™) to describe various features. The features were selected
to represent variables used in the empirically derived typologies. The
farmers were asked to describe their own farms, and the local agricul-
tural experts to develop typical farms in their locality.

Participants used a sorting technique, where they would look
through a series of pictograms and identify the pictogram most relevant
for them for each variable used in the empirical farm types (and other
key features identified from that work): family size, education, off-farm
income, farm size, crops grown, livestock owned, market sales, inputs
sales, and farm changes. The method consisted of the following 4 steps
(or 6 steps for the local experts):

Step 1: The interviewer described each of the variables and requested
participants to consider the farm in question vis-a-vis the variables and
pictograms presented, and to imagine how they could describe the farm
using the pictograms provided (Fig. 4).

Step 2: The interviewer described a hypothetical typical farm in the
region, expressly referring to the images provided: “Aimable lives in
Huye, is married with two children (picks up the family pictogram), he
completed primary school (picks up the rucksack pictogram). He
currently farms 0.25ha (picks up <0.3ha card), grows mainly beans and
maize (picks up maize and beans image), and has one cow and two
chickens (picks up). He sells less than a quarter of his production at
market. He uses NPK on his crops. He has seen 2 positive changes on the
farm, with increases in income and market sales over the past 4 years.”

Whilst describing this hypothetical farm, the interviewer placed the
selected pictogram in each corresponding variable on the laminated
paper for the farm description. Once completed the hypothetical farm
was described using Aimable's characteristics (Fig. 5).

Step 3: After the interviewer characterised Aimable's farm, the
interviewer went through the exercise again, explaining each of the
pictograms' meanings and where to place them, whilst referencing the
key for each variable (Table S1). The interviewer then asked the
participant if they understood the exercise and if they had questions.

Step 4: Participants were invited to describe their own farm (or two
typical farms in the area for the experts) using the pictograms. Following
the description of the farm, the enumerator recorded the pictorial
version farm into an ODK form. A photo was also taken of the finalised
simplified farm.

Step 5 (Local Agricultural Experts only): Following completion,
participants presented both farms they had generated. The facilitator
sorted these into similar groupings, inviting participants to comment on
whether the groupings were correct, and if not, where a farm should be
placed. A single representative farm for each grouping was selected.
Following grouping, the facilitator asked whether the diversity of farms
in the area has been described. If participants believed any were missing,
they were asked to describe them, with a pictogram-based farm created.
Participants were then asked to estimate the approximate proportions of
local farms represented by each of the developed farms.

Step 6 (Local Agricultural Experts only): Participants were presented,
pictorially, with the empirical typologies (Hammond et al., 2020) and
asked whether they existed in the area, whether they were similar to
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those described in Step 5, and what could be added or changed to make
the empirically-derived farm types more realistic and representative of
farms in the region.

2.3. Comparing local-knowledge and empirical typologies

2.3.1. Comparison of variables derived from verbal descriptions

The key words taken from exchanges with farmers and local experts
were compiled and sorted, grouping words representing similar con-
cepts. The most common key word for a specific concept was retained,
with a tally made for each. The key words were ranked on how
frequently they were used. The farmers' choice of key words, the local
experts' choice of key words, and the variables used for the empirically-
derived typology were compared.

2.3.2. Comparison of farmers' pictorial descriptions of their own farms

The pictorial descriptions of farms were compared in two ways:
against the empirically-derived typologies and the underlying survey
data. First, the choice of each pictorial descriptor variable was compared
against the corresponding variable recorded in the original household
survey to check for response consistency. Second, the pictorial
description was used to assign the farm to a typology class, and this was
compared to the original typology found for the farm using the empirical
method.

To convert the pictorial description to a farm typology class, we
coded farmers' responses to each of the six variables (used in the
empirical typology definition) to binary or simple vectors (Table S2). For
example, the family question in which farmers selected the pictogram
that best described their family (single male/female, couple without
children, couple with children) was coded to married yes (1) and no (0)).
For those variables which could not be converted to binaries, they were
categorically coded. For example, the farm size was converted to: Below
0.3 ha (1), Between 0.3 and 0.6 ha (2), etc. From this, each farm was
converted into a vector of six values (one for each variable). We did the
same coding method for each of the empirical farm types to enable
comparison. Each coded vector was then processed in the decision tree
(Fig. 2) to generate a farm type for that pictorial depiction of the farm.
We then compared each generated (pictorial) farm type with the farm
type derived from the original household survey data.

2.3.3. Comparison of local agricultural experts' pictorial descriptions of
farm types

Using the coding method described above, each of the experts'
pictorial farm type descriptions was processed using the decision tree
tool and assigned into one of the categories from the empirically-derived
typology. This allowed comparison of the presence of different farm
types in the different study sites as reported by the experts and by the
empirical method based on the survey data. We also compared the
prevalence for each farm type as estimated by the local experts
compared to those found from the original survey analysis.
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2.4. Validation of the decision tree

We also tested the validity of the decision tree presented in Ham-
mond et al. (2020). Using the same sample of farmers described above,
the decision tree questions were put to them, with a typology class
assigned in function of these responses. This classification was compared
to the empirically-defined typology. We performed the validation in two
stages: via face-face interviews; and then later a phone call follow-up.

2.4.1. Face-to-face

During the face-to-face interviews with the farmers, the interviewer
requested they think about their farm and respond to four questions
(derived from four key variables used in the decision-tree in Fig. 2): i)
‘Do you own more than one cow or five goats?’; ii) ‘Are you married?’;
iii) ‘Did the household head receive a formal education?’; and iv) ‘Do
you cultivate beans or maize?’ Binary responses were invited and
recorded in a yes/no format in an ODK form. The questions were asked
in Kinyarwanda.

2.4.2. Phone-based

Following analysis of the face-to-face interviews, we observed that
responses to two key questions (educational and marital status) differed
markedly from the responses recorded in the original survey. We
therefore reviewed how these questions were posed in both interactions
and discussed with colleagues fluent in both English and Kinyarwanda
and Rwandan culture. We found inconsistency in question framing
(from the original survey to the validation) in the translation from En-
glish to Kinyarwanda for the decision tree tool, and social ambiguity in
response options. Following interactions with the development partner
and taking advice from those with local knowledge, we considered that
this may have accounted for the discrepancies. We revised the decision
tree questionnaire translation (Table S3), developed responses which
could only be interpreted in a binary manner, and conducted a phone-
based follow-up with the same respondents to gather unambiguous
response data on the questions regarding educational and marital status.

2.5. Adaptation and use of the typology and decision tree

Following the validation exercises, discussions were held with the
implementing organisation to enable them to assess the validity of the
empirically derived typology and the decision tree tool for their pur-
poses. This involved explaining the methodologies, presenting results,
and discussing the implications. It involved multiple interactions over
time and between multiple individuals, mainly during 2020. Within the
development organisation, results were discussed internally, and then
further queries made to the research team. After the tools were
considered to be acceptable to the development organisation in-
teractions with the researchers decreased, down to about once every six
months during 2021 to 2023. Over this period the development orga-
nisation made use of the typology and the decision tree, aligned to their
needs, organisational strategy, and the evolving context. During prep-
aration of this manuscript meetings were held to understand how the
development organisation made use of the tools, and the findings are
reported below in the results section.

3. Results
3.1. Typology validation

3.1.1. Farm description — Verbal approach

From the farmer and expert interviews, we tallied and ranked the
most frequently used terms to differentiate farm types and compared
those to the variables used in the empirical typologies (Table 4). Both
farmers and local experts quoted farm size as the most important dis-
tinguishing characteristic for farms. Three of the six variables used in the
empirical typologies were mentioned by farmers (farm size, livestock

Agricultural Systems 224 (2025) 104250

Table 4
Variables used to differentiate farm types.

Variable Empirical Farmer Local Agricultural Expert
Typology Mentions Mentions (count (rank))
(count
(rank))

Livestock X 17 (3)

ownership
Farm Size X 41 (1) 4
Marital Status (hh X

head)
Formal Education X

(hh head)
Crops Grown X 8 (6) 1(8)
Farm Changes X
Farm Productivity 20 (2) 3(4)
Fertiliser 13 (4 2 (6)

(inorganic) Use
Hired Labour 10 (5)
Wealth Status 3
Soil Fertility 4 (1)
Crop Management 4 (1)
Topography 34
Land Ownership 2(6)

ownership, and crops grown). The most important variables used by
farmers to differentiate farm types were farm size, farm productivity,
livestock ownership, and (inorganic) fertiliser use. For local experts:
farm size, soil fertility, crop management, farm productivity, and farm
topography. Expert respondents used only physical and agronomic
variables for distinguishing farm types, they did not use socio-economic
variables. The farmer respondents considered household wealth and use
of hired labour as less important distinguishing variables.

3.1.2. Farm description — Pictorial approach
The findings from the pictorial approach are presented separately for
farmer respondents and local agricultural expert respondents.

3.1.2.1. Farmers. Respondents' pictorial representations of their own
farms were compared with the empirically-derived typologies for their
farms. Fig. 6 shows the number of variables where the pictorial repre-
sentation aligned with the empirical. 47 % of farms matched four or
more of the six variables used in Hammond et al. (2020), and 87 %
matched three or more variables. Only one farm matched all six
variables.

Table 5 presents the discrepancy rates for the specific variables be-
tween the pictorial and empirical typologies. The variables with greatest
discrepancy were the number of positive changes in farm and livelihood
productivity changes (68 %) and land size (65 %). The level of
disagreement (not-matching) between the empirical and pictorial ty-
pologies on farm size was surprisingly high. Positive changes are an
abstract and dynamic variable, which may be open to misinterpretation.
High discrepancy in farm size may be accounted for by farm types
having very similar farm sizes. Empirical farm types 1-3 have average
cultivated areas of between 0.2 and 0.3 ha, with 6 and 7 between 0.6 and
0.9 ha, and farm type 9 having greater 0.9 ha. Also farm sizes are highly
dynamic with plots rented or leased between seasons. Such small dif-
ferences could shift farms into different groups, especially if farmers
have taken on more land, did not consider certain plots in the original
survey, or were simply unsure of the definition of land size. That edu-
cation and marital status had such high discrepancies in responses was
confusing, these variables would be expected to have limited dynamism
in such a short intervening period (<18 months).

Table 6 gives an overview of the consistency or agreement between
how farmers self-categorised, using the pictograms, and their empirical
farm type. The results show that only 30 % share a pictorial vision of
their farm that matches their assigned empirical farm type. Agreement
was especially low for farm types 1 and 2, which had 20 % and 0 %
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Fig. 6. Matching variables from pictograms and clusters across households.

Table 5
Discrepancies between coded households and coded clusters.
TLU Ownership Education Marriage Status Cultivation of Beans or Maize No. of Positive Changes Farm Size
Matching 56 42 53 60 24 27
(72 %) (54 %) (69 %) (78 %) (32 %) (35 %)
Not-matching 21 35 24 17 50* 50
(28 %) (46 %) (31 %) (22 %) (68 %) (65 %)

* Three households didn't provide answer to this variable.

Table 6
Agreement between farmer self-categorise farm type and empirical farm type.
Empirical Farmers Empirical Categorisation - Empirical Categorisation - Empirical Categorisation - Empirical Categorisation -
Farm Type interviewed Household Self-Categorisation Household Self-Categorisation Household Self-Categorisation Household Self-Categorisation
Agreement Agreement (%) Disagreement Disagreement (%)
T1 12 2 17 10 83
T2 16 0 0 16 100
T3 25 10 40 15 60
T6 5 2 40 3 60
T7 13 4 31 9 69
T9 6 5 83 1 17
Eastern Province Southern Province Western Province

75

) =
| JLL_I-‘ lL‘L‘- nrm

Farm Type 1 Farm Type 2 Farm Type 3 Farm Type 6 Farm Type 7 Farm Type 9 Farm Type 1 Farm Type 2 Farm Type 3 Farm Type 6 Farm Type 7 Farm Type 9 Farm Type 1 Farm Type 2 Farm Type 3 Farm Type 6 Farm Type 7 Farm Type 9

Frequency of Farms across Typologies (%)

Fig. 7. Frequency of farms across empirical and pictorial typologies.
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agreement. In the case of farm type 2, there was no self-categorisation to
that type. In contrast, respondents in farm types 3-9 agreed with their g 3
empirical farm type at least 44 % of the time, with farmers in farm type 9 = 22
agreeing to the greatest extent. 2 ;‘j % -
8 S8& 2088 8
3.1.2.2. Local agricultural experts. Thirty-four pictorial descriptions of é
typical farms were developed across three focus group sessions. The 2
pictorial variables were input into the decision tree to assign each to one =) B
of the types identified in the empirical study. A pictorial example of each E R
different farm type identified in each region is available in Table S4. In g é N % § g
the Eastern Province, participants described 5 of the 6 shortlisted farm % i cﬁ 2 §° E
types. Each farm type was identified at least twice, with types 1 and 3 258 B8E|lnormald?
described four times. In the Southern Province four of the six shortlisted
types were identified, with type 9 classified the most frequently. In the ¥
Western Province all farms developed were classified as type 1. N —g’ §
The local agricultural experts estimated the prevalence of the defined .E g £ e o
farms (Fig. 7). They estimated farm type 9 was the most common in the g .§ SSE|BomoBo &
Eastern Province (41 %), type 3 in the Southern Province (38 %), and § jﬁ
type 1 in the Western Province (100 %). This contradicts the empirical ‘:5 i P
distribution, where farm type 7 was the most common in the Eastern (47 S g g B
%) and Southern (21 %) provinces, and farm type 6 in the Western (27 % 2 g § =)
%). The empirical analysis put farm type 9 (18 %) as the third most g :3’ TS| % g
common farm in the Eastern province; farm type 3 was the second most ESS |23
common (19 %) in the South, and farm type 1 as the least common in the EE5&El88E|acommo
Western province (10 %). Local experts did not depict farm type 2 in any
region, and infrequently represented farm type 6. This is particularly £ g
interesting in the Western Province, where these two farm types were % .1? §
suggested to be the two most common by the empirical analysis. B £ g
é ! SEE|8coo0oo 3
3.1.3. Expert response to the empirical typologies g s
The local expert participants were presented with the empirical farm Lz‘.j é
types. In general, the feedback was positive, in the Eastern and Southern & ‘E B
provinces, participants agreed that all empirical farm types were present E b iﬁ % 7!4?
in the region. They also stated that, in general, the empirical farm types g .§ g ~§ %
were similar to what had been developed pictorially, even if the fre- g § 238
quency estimates were different. In the Western Province, participants £ & SfE|lmwoarma
stated that that local farms from their experience diverged greatly from
those portrayed in the empirical typologies, this is evidenced in Fig. 7. g
3.2. Validation of decision tree £Y -
SSE|FdoR883 8
In the original testing of the decision tree, using the 2018 survey
dataset, it successfully categorised 79 % of households to the correct %
farm type (Table 8). Using the coded pictorial descriptions of farms from QE) B
the data collected from the face-to-face farmer interviews, the success kel R
rate dropped to 30 % (Table 6). The decision tree struggled in classifying :% g .é -g ;oJ
farm types 1, 2, 6, 7. The authors suspected the reduction in accurate Ll 28
classification was primarily due to changes in how respondents reported £ & B8E|Focl+Ro
their educational and marital status. Changed educational status of
household head was reported by 39 % of cases and marital status change ]
reported by 58 %, compared to the original data 2018 survey. Fourteen ” %’ §
of the 77 individuals in the face-to-face farmer interviews responded 2 £ a o
almost entirely differently to their answers to these and the other key g ség|mzg8s= R
variable questions from Hammond et al. (2020). ;
An updated questionnaire was designed with improved phrasing and 5 ©
use of Kinyarwanda to gather unambiguous responses from the farmer % E‘ B
respondents (see Methods section 2.5). The revised questions (and § 2 § % g
translations, Table S3) improved the response consistency, from 53 % to gl g % § g -§ %
88 % for marital status and from 42 % to 94 % for educational status. R I g8 E ZgENE RS
Using these updated responses, we retested the adapted decision tree : SR SRR
and found its accuracy increased to 60 %, a considerable improvement, S Y
but still below the 79 % of the trained data from the baseline (Table 8). :qzj E E
e L o]
® 2 & =7 :
g2 E lcppered®®
[
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3.3. Deployment of the decision tree

Following the testing and adaptation processes described, the
development partner began to use the typologies and deploy the
decision-tree in their activities. In March 2021, the decision-tree was
embedded into the partner's data collection tools used by their field
officers. During four agricultural seasons, 2021 A, 2021B, 2022 A, and
2022B (A refers to the growing season between September—January, B
covering the period February-June) the decision tree was deployed,
with almost 1 million responses collected (Table 9). Responses were
collected from more than 350,000 individual clients of the organisation,
covering ~40 % of the organisation's clients in Rwanda. Some farmers
were categorised multiple times across the four seasons, accounting for
the almost 1 million categorisations. Across the four seasons data was
collected across all 30 of Rwanda's districts, extending beyond the 20
districts which were used for the original typology analysis and decision
tree tool creation.

The distribution of farms across farm types during the data collection
is inconsistent with that of Hammond et al. (2020). From the deploy-
ment of the decision tree, there appears to be a particular underrepre-
sentation of type 2 (0.6-0.7 % of farmers), compared with 12 % in the
original survey data. These results seem to confirm, or align more closely
with the local agricultural experts, where no type 2 farms were gener-
ated. We note that farm type 2 farmers are categorised by small-scale
cassava production, not a focus of the development organisation. For
farm types 1, 6, and 9, they appear to be overrepresented in the data
collected by the partner, compared with the original data, with farm
types 3 and 7 are underrepresented. We note that in each data collection
moment (season) most farmers were categorised into the ‘wealthier’
groups (6-9).

The timeline of collection of these distributions of farms is too short
to generate any valid conclusions on the dynamism of farms with farm
types, or the farm types themselves. Across the two years of collection
and four seasons, the relative distribution appears stable.

4. Discussion

The key contributions of this article were to trial various participa-
tory validation methods, for an empirical typology; and to reflect on how
to improve the science-development interface whereby a development
organisation makes use of a farm typology. Farm typologies are widely
used in the academic literature (e.g. Huber et al., 2024), although there
is less focus on their validation (e.g. Alvarez et al., 2018; Kumar et al.,
2019), and negligible description of their application and utility in real-
world situations. We discuss these two key contributions below.

4.1. Approaches to validation of empirically derived typologies

We deployed a novel combination of validation methods, collecting
key terms which informants used to categorise farms, constructing
pictorial typologies from icons representing specific aspects of farms,
and by presenting the previously defined (empirical) typology for dis-
cussion. Informants were drawn from local farmer and from local expert
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(extensionist) pools. We followed an ex-post approach, engaging farmers
and experts after the empirical typologies had been finalised (Burton
and Wilson, 2006; Thar et al., 2021; Sinha et al., 2022). This allowed
comparison between the informant farmers' self-description and their
empirically-defined farm types.

One challenge thrown up in interpretation of the results was deciding
which source most accurately described the real situation. Where find-
ings between the informant groups and the empirical typology were well
aligned, that could be interpreted as confirmation of “correctness”.
However, when the findings did not align it was not straightforward to
decide which of the differing observations was “correct”. For example, in
the Eastern province, the local experts identified Farm Types 1 and 9 as
the most common, but the empirical typology identified Types 3 and 7.
Which is correct? Did the survey have a more unbiased perspective due
to the quasi-random sampling over the entire province, and the local
experts were biased for some reason, perhaps due to the localised ge-
ography of where they worked, or the particular types of farmers who
made use of their extension services? It is hard to say without conducting
further research.

Differences in knowledge and conceptualisation skills also came into
play. For example, the local experts chose to use no demographic vari-
ables in their typology construction, the farmers used some simple de-
mographic variables, and the researcher created some quite abstract
variables based on past experiences over preceding years. It may not be a
coincidence that when asked to construct pictorial typologies based on
these abstract variables, farmers frequently did not describe themselves
in the same way that the empirical typology had. However, farmers also
commonly assigned themselves into different land size categories
compared to what had been recorded in the original household survey.
This is not surprising considering the dynamism of land size in farming
communities of Rwanda, with owned and rented land cultivated inter-
changeably between seasons, based upon available resources. This raises
questions about the accuracy of survey data and suggests that without
physical measurement of land, self-reported land size data should be
considered an estimate, subject to change. Georeferencing of farmer
plots could address this problem, at a cost.

There are two lessons to be drawn from these observations. The first
is to accept a degree of “fuzzyness” is probably unavoidable, acknowl-
edging that the participatory validation can only be confirmatory, and
the analyses unavoidably contains multiple sources of error - a well
reported outcome of surveying (e.g. Wollburg et al., 2021). The key
question of how much fuzzyness to accept (and on what issues) relates to
the purpose of the typology — in this case it was to guide an organisa-
tion's decision making regarding the design and targeting of in-
terventions for their client population. What was most important to the
organisation was distinguishing farmers with different characteristics
relating to the technologies and practices which the organisation pro-
moted. The organisation was satisfied with an overall confirmation that
the types identified existed and represented real differences in the
population, even if there was little agreement about the prevalence of
each type.

The second lesson relates to acknowledging the differences in con-
ceptualisation between different stakeholders involved in typology

Table 9

Categorisation of farmers for farm types using the decision-tree.
Farm Type Hammond et al., 2020 % Distribution 2021 A 2021B 2022 A 2022B

No. % No. % No. % No. %

T1 12 43,058 20.7 34,794 20.1 57,323 20.5 46,047 20.1
T2 13 1374 0.7 1156 0.7 1676 0.6 2633 0.7
T3 20 25,475 12.2 21,471 12.4 34,371 12.3 43,940 12.7
T6 13 44,069 21.2 26,317 21.6 58,715 21.1 69,685 21.1
T7 28 33,024 15.9 26,317 15.2 43,606 15.6 57,088 15.3
T9 15 61,264 29.4 68,016 30.2 83,772 30.0 98,357 30.2
Total 208,264 173,518 279,463 229,067
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construction and validation; and leveraging those differences for
maximum benefit. We propose a marginally adapted approach to the
one we used, bearing some similarities to the approach proposed by
Alvarez et al. (2018). Taking a more informant-centric approach, with
multiple opportunities for feedback offers a more rounded understand-
ing of the diversity of farming households, and strengthens the validity
(Huber et al., 2024). We recommend informant input before creation of
the typology and then present the typology back to informants for
validation. The approach would be to:

1. First, conduct a typology scoping exercise with the development
partner organisation to understand the general requirements. This
could be done in an open conversational format, with the partner
sketching out the ideal result they are hoping for, including potential
discriminatory variables and the expected uses the typology would
be put towards.

2. Second, conduct a typology construction exercise with farmers and/
or local experts. This could first elicit key terms used to discriminate
farm types and the different states of the key terms (e.g. if land size
was a key term, what would the thresholds be to determine a small or
big farm? Should there be a medium farm size category?). These key
terms could be sketched as icons and common farm types described
by the informants within the geographies in which they are familiar.

3. Third, the researchers should compile a long list of potential vari-
ables for empirical typology creation, based on the two above ap-
praisals, farm typology theory, and their own hypotheses. A
household survey should be carried out covering the geographies of
interest. Empirical typology creation could follow any of the estab-
lished approaches and could include more abstract or complex
variables.

4. Fourth, to present the typologies (and prevalences) back to farmers
and/or local experts for confirmatory validation. They could
comment on the degree to which they recognise the types, the
prevalence, and they could attempt to allocate case study (or their
own) farms into the typology.

5. Fifth, to present the typology back to the development organisation
and attempt to integrate it into their operational model.

6. Sixth, to repeat steps 1-5 at pre-determined temporal steps (e.g.
every year, 5-years, or 10-years) based upon budget availability and
programme requirements. This ensures that typologies remain rele-
vant and representative of contemporary farm types.

4.2. Towards adoption of the typology by the development organisation

Two “products” were provided to the development organisation: the
typology definitions and the decision tree to rapidly assign any
respondent into one of the farm types. Uptake and use of these by the
development organisation took a period of years and involved iterative
communication between members of the research team and the devel-
opment organisation, as well as iterative communication between actors
at different levels and with different objectives within the development
organisation. The first lesson to draw is that the serious uptake of a
typology-based approach to guide development investment entails a
substantial time commitment for all parties involved.

The ways in which the typology and decision tree were used evolved
over a period of five years (2018-2023). The initial plan for the typology
study was made and executed in 2018, and in 2019 the organisation
made sense of the findings and requested the validation study. From
2020 to 2022 the organisation used the typology and decision tree in
various ways and in 2023 they reflected upon it both internally and with
the research team.

The initial purpose of the typology was to provide information on
potential adoption rates of their products and identify opportunities for
expansion of the development organisations' client base, both into new
areas and into new population segments in already-served areas. Some
useful insights were obtained, notably the under-representation of some
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of the poorest sector of the communities (a common challenge in agri-
cultural development — see Hammond et al., 2023a; Barrett, 2005) in
hindsight the demand for agricultural support was so high that the
organisation scaled their activities over the entire country. In addition,
the misrepresentation of farm types in the Western province could have
led to poor investment decisions — highlighting the need for some vali-
dation exercises and the importance of developing context specific ty-
pologies. Despite this, the scaling approach adopted by the organisation
has followed a blanket approach, with little optimisation of product
offerings or training services to farmers, offering a continued entry point
for typology derived insights.

The second use of the typology and decision tree was to design
intervention packages for specific sub-groups of the population (types or
combinations of types). The typologies were to be used for the inter-
vention package design and the decision tree was used to rapidly classify
clients so that specific packages could be recommended to them. This
followed the logic of Descheemaeker et al. (2019) who outlined the
benefits of designing relevant interventions for farming groups, which
should lead to higher adoption rates (Tittonell et al., 2010). Here the
decision tree tool was an essential component, allowing the classifica-
tion at grass-roots level of clients within a few minutes. The first step of
this was initiated in 2021 and continued in to 2022, with around
350,000 farmers (clients) categorised during the four growing seasons.
After trialling the approach, the decision was taken not to limit the
services offered according to farm type.

The third use was to gather information on the adoption rates of
promoted interventions, evaluating which farm types adopted more (or
less) heavily. These adoption rate studies were conducted for established
products such as improved maize seed, fertilisers, or vegetable garden
training; but were also conducted for pilot products (e.g. spray pumps,
cookstoves, or mobile phones) in order to gather information to guide
deployment decisions. Substantial variation in adoption rates was
observed between types, which prompted the organisation to conduct
qualitative research to better understand the needs of different farm
types in relation to specific practices or technologies; then influencing
design and delivery of interventions. A decision was taken to continue
this adoption and needs assessment approach. Were comprehensive data
available, this would offer a tantalising opportunity to test the hypoth-
esis that tailoring interventions encourages adoption (e.g. Lopez-
Ridaura et al., 2018).

The fourth use of the typology was conceptualised later (2022—23)
and entailed using the typology to monitor change in the population
served by the development organisation. One of the guiding principles of
the organisation is their “farmer journey” by which client farmers are
conceptualised to transition from hunger (low subsistence), to self-
sufficiency, to advancement to prosperity (commercial). There are
observable criteria associated with each step and the services of the
development organisation are intended to enable progress along this
trajectory. The idea was to align the farm types into these four categories
and then to assess changes in the proportion of clients (or the general
population) in each of the four categories. Alternatively, the progress of
individual clients could be tracked over a period of years. However, the
original farm types did not align well with the farmer journey, so this
was not possible. Nevertheless, the development organisation set this as
an objective for future typology work.

A few additional key points emerged from the reflection process
conducted by the development organisation in 2023. First was that the
approach of generating an empirically based, validated typology and
then a tool for rapid allocation of clients into the typology was consid-
ered valuable. Second was that after five years, the typology was
outdated, due to the rapidly evolving socio-economic situation, national
policies, and the organisation's own evolving agenda and business
model. This is well noted in the academic literature: Giller et al. (2011)
described farms as moving targets, with typologies only relevant for a
given moment (Kostrowicki, 1977), and needing to be continually
updated (Valbuena et al., 2015; Landais, 1998; Shukla et al., 2019). The
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development organisation stated intention to revise the typology based
on new data, and with the farm types better aligned to the organisational
vision of the farmer journey. This suggests a need for more agile (see
Hammond et al., 2023b), cost-effective, and rapid typology creation
process than currently exists. This may involve more user-friendly
methods of typology generation (e.g. Hassall et al., 2023) but must
also involve greater understanding of the potential uses of the typology
to design the most fit-for-purpose and actionable analysis.

5. Conclusions

In this study, we report on the process of co-developing farm typol-
ogy analysis and decision support tools with a large-scale development
organisation. We deployed a novel validation method for the farm ty-
pologies and supported the use of a decision tree tool to rapidly assign
respondent farmers to farm types. The deployed validation methods
entailed dynamic engagement with farmers and extensionists, and
included developing key word and pictorial representations of farm
types which were compared against the empirical typology. Moderate
overlap was found between the results, leading to some adaptation of
the typology and then uptake by the development organisation. The
decision tree tool was tested and also adapted to maximise accuracy. The
organisation then used the tools for a period of two years. Through this
mixed methods approach, farm interventions were tailored to clients'
needs, adoption rates studied, and evidence gathered for organisational
decision making. This deployment saw 350,000 households categorised
into the farm typologies, with four use cases defined by the development
organisation. After five years the typologies were considered outdated,
highlighting the need for typology methods to be more agile, enabling
regular updates, ensuring continuous real-world utility if they are to be
helpful for guiding development investment.
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