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Abstract

Background: The combinational/configurational effects of the agricultural information literacy indicators are
believed to have an influence on the productivity performance of the horticultural crops. Previous studies have
emphasized the contributions of the net-effect of each information literacy condition of smallholder farmers on the
productivity performance of the horticultural crops. Yet, these studies failed to make qualitative analysis on configura-
tional effects of the agricultural information literacy conditions.

Methods: The study addresses the qualitative questions that are outside the scope of the conventional variable-ori-
ented method. It aims to disentangle the causal complexity that links with productivity performance in Fogera district
of the Amhara region, Ethiopia. A fuzzy-set qualitative comparative analysis (fsQCA) of 80 smallholder farmers was
conducted through a simple ransom sampling technique from two kebeles of Fogera district to examine the com-
binational effects of agricultural information literacy condition on the productivity performance instead of individual
net-effect.

Results: The results of the fsQCA model indicated that a combination of two or three conditions include the high
levels of farm organizational, farm record-keeping, and farming skills to be consistently sufficient to attain high pro-
ductivity performance of horticultural crops. These configurations help to seek relevant policy information and make
policy strategies on the horticultural sector to improve its productivity performance.

Conclusion: Thus, improving the joint information literacy effects of the farmers regarding their organizational, farm
recording, and farming skills should give due attention by governmental and non-governmental organizations that
work to improve the productivity performance of the horticultural crops.
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Background

Agriculture plays a significant role in the economic
growth of many countries in the world [1]. For instance,
in 2017, it contributes about 35.8% of gross domestic
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product (GDP) and 70% of employment opportunities
in Ethiopia [2, 37]. Hence, agricultural sector is consid-
ered an engine for overall economic growth of Ethiopia.
Despite of such economic importance, the agricultural
sector in Ethiopia is underdeveloped. About 98% of
the farmers are smallholders who engaged in subsist-
ence agriculture [6], while the rest 2% are large-scale
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commercial producers who engaged particularly in seed
production in the country [26].

On the other hand, rapid population growth in Ethio-
pia raises the level of food consumption. This requires
more food production to meet the mounting demand
and ensure food security. Increasing the level of food pro-
duction may involve more extensive and intensive use of
agricultural information, land, labor, fertilizer, water, and
other agricultural inputs. It also requires designing and
implementing sound agricultural policies, strengthening
rural institutions, and promoting agricultural research.
Accordingly, the Ethiopian government has made mas-
sive efforts to increase horticultural crop yield since 2010
[23]. This is because horticulture sector plays a significant
role in job creation, income generation, improving nutri-
tional status, poverty alleviation, and closing gender gaps
in the country. It helps to maintain an ecological balance
since its diverse species across locations [15].

The nexuses between agricultural information

and agricultural productivity in Ethiopia and in the global
context

Agricultural information literacy has been explained as
a set of skills and competencies for identifying, access-
ing and using agricultural information to improve agri-
cultural productivity [22]. Agricultural information
provisions through education have larger impacts on
agricultural productivity in the existence of fast technical
change. Because knowledge and skills acquired through
education helps farmers to regulate more readily to the
new opportunities provided by technological innovations
[17]. A study by [39], which focuses on agricultural infor-
mation literacy, noted that farmers lack skills in identi-
fying the sources of agricultural information according
to their preferences. They found a positive relationship
between access to agricultural information and agricul-
tural productivity in the Chongqing province of China.
An analysis by [4] witnessed that agricultural information
through telephone is a significant contributor to growth
in agricultural production in Africa. As found by [30],
the information that receive from extension agents help
smallholder farmers to improve their skills in farming,
organizational, and farm record-keeping. This, in turn,
could improve the productivity performance of their hor-
ticultural crops.

Hence, the productivity performance of horticultural
crops’ for smallholder farmers would enhance through
making an investment in farmers’ agricultural informa-
tion literacy. Agricultural information and its access ena-
ble participants in the farming system to make informed
and right decisions towards increasing agricultural pro-
ductivity [21].
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The main sources of agricultural information for farm-
ers in Ethiopia are governmental and non-governmental
extension service providers. Despite the existence of
those sources of agricultural information, a small propor-
tion of smallholder farmers are accessing and utilizing it.
The reason might be due to poor extension service deliv-
ery system in the country [6]. The insufficient access to
agricultural information is one of the causes for low agri-
cultural production, food insecurity, and poor livelihoods
in Ethiopia [6]. Thus, extension agents are expected to
ensure that the smallholder farmers can identify, access,
and use the information on modern farming methods
(uses of improved crop varieties, improved agronomic
packages, and so on) to improve production and pro-
ductivity of horticultural crops. The farmers’ means of
accessing of this information might be radio, television,
mobile free short messaging services, farmer’s field visit,
workshops and training. The study by [12] in Bangladesh
showed that the local radio is extensively used for the
dissemination of technical information on good farming
practices, weather forecast, and crop market prices in
the local languages. This applies for the agricultural sec-
tor in Ethiopia too. This would be an important issue for
agricultural information literacy, which is directly related
to critical thinking skills and emphasizes various activi-
ties like selection, evaluation, rejection, topic definition,
organization, and question definition [5].

In 2017/18, about 26% of smallholder households were
involved in horticultural crop production in the Amhara
region of Ethiopia [3]. In the same year, about 24% of
crop land was allocated for horticultural crop production
in the region [8].

Moreover, the productivity performances of the hor-
ticultural crops in the region have been affected by
not only the “net-effect” of each potential factor but
also influenced by the configurational or combina-
tional effects of two or more factors [28]. Combina-
tions of the agricultural information literacy indicators
are believed to have an influence on the productivity
performances of the horticultural crops [30]. Previous
studies found that the individual net-effect of agricul-
tural information conditions, such as education ICT,
and extension provision enhance agriculture produc-
tion [4, 33, 36]. None of these studies examined the
combinational effects of two or more factors on the
productivity performance of the horticultural crops.
Moreover, they were not from the Fogera district in
Ethiopia. Hence, the current study is to investigate the
configurational effects of the agricultural information
literacy indicators on the productivity performance of
the horticultural crops in Ethiopia in general and in
Fogera district in particular. Therefore, the objective of
this study is to examine the configurational effects of
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agricultural information literacy conditions that would
explain the productivity performance of horticultural
crops in the Fogera district of the Amhara region,
Ethiopia.

Research methods

Description of the study area

Fogera district is located in South Gondar zone of the
Ambhara regional state in Ethiopia (Fig. 1). The district
lies between 110 58 N latitude and 370 41 E longitude
[7]. The total land area of the district is 117,414 ha.
The altitude of the district ranges from 1774 m above
sea level (m.a.s.l) to 2410 m.a.s.], allowing a favorable
opportunity for wider crop production and better live-
stock rearing [7]. The average size of landholding in
the district is 1.4 ha with minimum and maximum size
of 0.5 and 3.0 ha, respectively [13, 14], while the typi-
cal small farm size in Ethiopia is 0.9 ha at national level
[29].
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Model specification

The study applied a fuzzy-set Qualitative Comparative
Analysis (fsQCA) approach to assess the configurational
effects of four micro-level farmers’ agricultural informa-
tion literacy conditions (formal education level, farm
organizing skill, farm record-keeping skill, and farming
skill). Using the fsQCA approach enables study to explore
more theoretical possibilities. The fsQCA helps to select
cases for comparison that assumes homogeneity of cases
and provide more degrees of freedom which are not
allowable in the quantitative analysis approach or varia-
ble-oriented analysis [19]. The fsQCA is a mixed-method
that able to combine the quantitative empirical testing
[20] and qualitative inductive reasoning made by the
implementation of case analysis [27]. Moreover, fsQCA
handles logical complexity acknowledging that different
results can be produced by alternative combinations of
characteristics when appropriately combined with other
conditions [16]. On the other hand, the quantitative
analysis approach has limited capacity to engage directly
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with theoretical discourse with data analysis. It relies on
measurable empirical data, and diminishes the possibil-
ity of diverse interpretation and too much complexity.
Moreover, quantitative analysis approach cannot capture
the set-theoretic nature in most of the verbal statements
drawn from the theories [19].

Hence, the fsQCA approach helps to identify the multi-
ple pathways to success, uses as a bridge implementation
and impact findings to explore factors associated with
outcome variables, emphasizes the need for designing
policy, and actions on the enhancement of horticultural
crops’ productivity, profitability and product quality.
The fsQCA approach enabled us to deal with the causal
complexity [28] and it assisted the evaluation of cases as
configurations of causal conditions rather than the “net-
effect” of each indicator on the outcome variables. We
were able to conduct context-specific assessments show-
ing the ways in which multiple causal conditions linked
to a specific outcome, such as productivity, profitability,
and product quality. Moreover, the fSQCA method helps
for this study because of its compatibility with micro-
level data analysis in small or medium sample size [24]
and [27]. The fsQCA approach has been applied to exam-
ine the complexity of the causal relations in different
sectors. For instance, [10] applied the fsQCA approach
map to develop policy strategies for the optimization of
municipal waste management in Italy [18] applied it to
investigate public perception, readiness and supportive-
ness of energy transition towards a circular bio-economy
in Greece. Moreover, [34] applied the fsQCA approach
to examine multiple perspectives of the resilience
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engagement in Northern Ireland while [24] used it to
investigate tourism and refugee crisis in Greece, [31]
applied the fsQCA approach to examine standards of
good practice; [25] used it to analyze the structural con-
ditions of the health in 131 countries in the world.

As illustrated in [9, 27, 28], various questions can be
answered through the fsQCA method that could not be
addressed through the quantitative data analysis. Thus,
using the fsQCA approach, this paper answers a question
on what combination of farmers’ agricultural information
literacy conditions is consistently sufficient for high pro-
ductivity, high profitability, and high product quality of
the horticultural crops.

We adopted the operational framework developed by
[10] to answer the above research question. Accordingly,
our operational framework has been built-in three main
procedures (Fig. 2). These are: (1) the identification of the
information literacy and productivity performance varia-
bles; (2) the identification of the causal relations between
these variables, and (3) analysis. The first two procedures
deal with data collection through questionnaire, Focus
Group Discussions (FGD), and Key Informant Interview
(KII). Then, the relevant system variables were derived.
The detail illustration of each procedures of the opera-
tional framework of the study is discussed as follows:

1. Identification of the variables: this procedure was
implemented by means of a data triangulation
approach that added soundness to our results [10,
11]. We first accompanied face-to-face individual
interview with the horticulture farmers. Then, we
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Identification

Interviews

Triangulation based
strategy

* FGD
KII
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Analysis

* Labeling fuzzy-sets
Calibration
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Analysis of
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Fig. 2 Operational framework of the study. Source: authors modification based on [10]
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validate the collected information through FGD and
KII as well as we tried to integrate this information
with the scientific data that were collected from lit-
erature. The variables were derived to make fsQCA
analysis. An innovation platform of the stakeholders
were organized and active discussions held to reach a
consensus regarding the relevant variables.

2. Identification of causal relations: the attitude and
knowledge of the sample farmers were used to define
fuzzy-set of the productivity performance of the
horticulture farming. Thus, a system is composed
of three outcome variables and four causal or con-
dition variables with a three-degree scale (i.e., high,
medium, and low) (Fig. 2). The characteristics of each
variable were described in the “Data and measure-
ments” section.

3. Analysis of a complexity causal relation: after attain-
ing the fsQCA approach using the farmers and key
informant interview, analysis of a complexity causal
relation has conducted in four steps; these are, iden-
tification and leveling of the fuzzy-sets, calibration,
test of necessity, and finally conducted test of suffi-
ciency (Fig. 2). The detail explanation of each steps of
the analysis was described in the “Analysis strategy”
section.

Data and measurements

The productivity performance of the horticultural crops
and farmers’ agricultural information literacy conditions
have been defined and evaluated qualitatively by the sam-
pled smallholder farmers based on their perception and
preference. We selected two kebeles in the district through
purposive sampling technique due to their high potential
of the horticulture production. A total of 400 farmers were
engaged in horticulture production in selected kebeles.
These farmers are homogenous in terms of farming system,
livelihood strategy, institutional, and socio-cultural setups.
Even though the number of the horticulture farmers in the
sample kebeles is small, there is high potential for horti-
culture production. Yamane [38] formula was employed
to determine the sample size from the total horticulture
farmers in the selected kebeles. This is because the popula-
tion size of the target group is known. The sample size was
calculated at the 10% precision level (e). Accordingly, 80
smallholder horticulture (onion, potato, garlic, and tomato)
producers were included in the study using a simple ran-
dom sampling technique. The formula is given as:

N 400
n—= = =
14+ N(e)®2 14 400(0.1)2
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where n=sample size, N=population size, e=level of
precision or the error in which the researchers tolerated
which is 10%.

Outcome variables

The target outcome variable in this study was the small-
holder farmers’ productivity performance of the horticul-
tural crops. Following [30], the productivity performance
of the horticultural crops, in this study, has been meas-
ured in terms of productivity, profitability, and product
quality. The details of the specification of the outcome
variables are explained using ordinal scale, such as
1=Ilow; 2=medium; and 3 =high).

1. Productivity: the general measurement of productiv-
ity is output per unit of land. However, in the context
of this study, this outcome variable has been meas-
ured through a self-assessment of the respondents
using an ordinal scale measurement (1 to 3; low,
medium, and high, respectively).

2. Profitability: the general measurement of the profit-
ability is gross margins per unit of land. But, in the
context of this study, this outcome variable has been
measured through a self-assessment of the respond-
ents using an ordinal scale measurement (1 to 3; low,
medium, and high, respectively).

3. Product quality: the product quality can be measured
based on the ability of the horticultural produce to
meet the consumers’ expectations like shape, taste,
shelf live, variety, and color. Nevertheless, in the
context of this study, this outcome variable has been
measured through a self-assessment of the respond-
ents using an ordinal scale measurement (1 to 3; low,
medium, and high, respectively).

Conditions/indicator/independent variables

The possible causal conditions or indicator variables are
farmers’ agricultural information literacy that has been
measured in terms of formal education level, organi-
zational skill, farm record-keeping or farm accounting
skills, and farming skill. Sang and Cheruiyot employed
these causal factors for measuring the horticultural
information literacy in Kenya [30]. The detailed specifi-
cation of the causal conditions or indicator variables is
explained below:

1. Level of formal education: indicates the years of
schooling for the respondents. But, the respondents
measured it in terms of ordinal scale, thus, this indi-
cator can be measured in terms of ordinal scale of 1
to 3, which represents low (maybe 1-4 schooling),
medium (5-10 schooling), and high (> 11 schooling).



Fikadu and Gebre Agric & Food Secur (2021) 10:24

2. Organizational skills: indicates the ability to use farm
resources available in an effective way. It is defined as
making priority of the activities throughout the farm-
ing process. This indicator is measured in terms of
ordinal scale of 1 to 3, which represents low, medium,
and high, respectively.

3. Farm record-keeping/farm accounting skills: is
defined as the practice of keeping documents on pro-
duction inputs and outputs of the horticulture farm-
ing. This indicator can be measured in terms of ordi-
nal scale of 1 to 3, which represents low, medium,
and high, respectively.

4. Farming skills: is explained as the ability to carry out
the horticultural farm practices well that means, it
indicates the farmers to enable efficient horticulture
farming. This indicator is also measured in terms of
ordinal scale of 1 to 3, which represents low, medium,
and high, respectively.

Analysis strategy
We followed four stages to address our objective through
the fsQCA approach:

Stage 1: the definition and labeling of the fuzzy-sets

The key step in the fsQCA approach is the construction
and standardization or calibration of the fuzzy-sets. The
first stage in fsQCA, after data collection, is to construct
the variables to be used in the analysis. Hence, we devel-
oped a “membership function” that maps each condition
or outcome variable into the unit interval [0-1]. Actu-
ally, the success of any fuzzy-set analysis is determined
by this step [28]. As denoted by [28, 31, 32], we defined
two fuzzy-sets due to the asymmetry in the set-theoretic
analysis. First, the smallholder farmers who have high
productivity, high profitability, and high product qual-
ity of horticultural crops were one categorized fuzzy-set.
Second, the smallholder farmers who have low produc-
tivity, profitability and product quality of horticultural
crops were another fuzzy-set. For each condition, hence,
a fuzzy-set was constructed and the degree of the mem-
bership of each case in the constructed fuzzy-sets was
determined. As a result, the fuzzy-set membership scores
ranged between 0 and 1, which indicated whether the
cases had a low or high level of each condition [25] and
[27].

Stage 2: calibration

As described by [28], we used a direct method of data
calibration to convert our interval-scale measures. In the
direct calibration method, specifying three qualitative
anchors that structure a fuzzy-set is the vital task [28],
such as the threshold for full membership, the threshold
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for full non-membership, and the threshold for the cross-
over point or maximum ambiguity point. The specified
of these three thresholds must be defined based on the
practical and theoretical knowledge of the cases [28].This
stage determines the range of meaningful variation in the
features and what values correspond to varying levels of
membership in the set of cases with that feature through
substantive knowledge of the cases.

Stage 3: test of necessity

After the variable calibrated and transformed into meas-
ures of fuzzy-set membership, the next step is to identify
conditions characteristics that have a necessary relation-
ship with the outcome variables. Necessity can be defined
as when the causes must be present to yield the outcome,
but the existence of the cause does not always ensure the
outcome’s presence. Ragin argued this type of asymmetri-
cal association as the outcome is the subset of the causes.
This helps us to identify key variables and their combina-
tions by reducing the number of conditions in the next
step of the analysis [27] and [28]. Thus, based on set-the-
oretic relationships, if the fuzzy-set scores of a condition
or configuration are consistently equal to or higher than
the fuzzy-set scores for the outcome variables, a relation
of necessity is indicated, which means a causal condi-
tion is necessary for an outcome when instances of the
outcome variables constitute a subset of instances of the
causal condition [28]. As illustrated in Fig. 3, the set of
the productivity performance of the horticultural crops
would be the subset of information literacy indicators;
here, if you want to remove the causes (X), then you can-
not have the outcome (Y).

Stage 4: test of sufficiency

Sufficiency is defined as when the cause or predictor vari-
ables can produce the outcome variable or productivity
performance, but the outcome can be produced by other
causes (other predictor variables). Ragin argued this type
of asymmetrical association as the causes are the subset
of the outcome [27] and [28]. If the fuzzy-set scores of
a condition or configuration are consistently equal to or
smaller than their fuzzy-set membership scores on the
outcome variables, this means that the configuration or
condition is a fuzzy subset of the outcome; hence, this set
relationship suggests that the condition is sufficient for
the outcome [28].

As illustrated in Fig. 3, the set of the information lit-
eracy indicators would be the subset of the productivity
performance of the horticultural crops; here, if you want
to remove the causes (X), then you will still have the out-
come (Y) because there are other different causes that
affect the productivity performance of the horticultural
Crops.
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Necessity: The outcome is the subset of the causes

X = information literacy indicators

Y = Productivity performance of the horticultural crops

Sufficiency : The causes is the subset of the outcome

Y = Productivity performance of the horticultural crops

X = information literacy indicators

Fig. 3 A graphical illustration of necessity and sufficiency in fsQCA approach. Source: own manipulation based on [28]

The truth table formalizes and elaborates one of the key
analytic strategies of comparative research that examining
cases sharing specific combinations of causal conditions to
see if they share the same outcome [28].

Consistency is the degree to which the data support the
set theoretical privilege supported by the researcher (ie.,
necessity or sufficiency). Consistency scores range from
0-1, where 0 indicates that the causal combination is not a
subset of the outcome and 1 indicates that the causal recipe
is a perfect subset of the outcome. In set theory, consist-
ency of a sub-relation with fuzzy measures emerges when
the membership scores in a specific attribution causal set
are equal or systematically less than the membership scores
in the outcome set [28, 35]. Hence, consistency can be cal-
culated as follows:

> _ilmin(X;: Yj)]
Zi (Xi)

where i is the horticulture farmer; X is the membership
score in the X configuration; and Y; is the membership
score in the outcome condition.

Coverage denotes the proportion of cases that shows the
outcome that the causal conditions explain. In principle,
coverage is conceptually similar, but not mathematically
equivalent to a measure of statistical effect size (e.g., “total
variance explained”). Coverage includes the assessment of
sufficient configurations’ empirical importance [28, 35].
Thus, the mathematical nation for the coverage is calcu-
lated as follows:

Consistency (X < Yj) =

’

> i[min(X;; Y)]

Coverage(X; < Yj) = S (Y
i Ui

As explained in [15], there are three types of cover-
age. (1) Raw coverage refers to the proportion of cases
that exhibit the outcome that the causal input explains
regardless of conceptual overlap with other causal
inputs. (2) Unique coverage refers to the proportion
of cases that exhibit the outcome that a causal input
uniquely covers. (3) Unique coverage is conceptually
similar to “partitioned (or unique) variance” in multiple
regressions. Finally, solution coverage refers to the pro-
portion of cases that exhibit the outcome that is cov-
ered by all causal inputs (or causal recipes).

Table 1 Distributions of the outcome and indicator variables for
the smallholder farmers

Variables Original Range  Original mean  Fuzzy-set mean

Outcome variables

Productivity 1-3 2.31 0.64

Profitability 1-3 238 067

Production quality ~ 1-3 224 061

Conditions/indicator variables

Formal education 1-3 1.84 043

Farm organizational  1-3 2.60 0.77
skill

Farm record- 1-3 246 0.71
keeping

Farming skill 1-3 248 0.71

Source: own analysis [2020]
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Results and discussion

Descriptive statistics of data

As depicted in Table 1, the average value of productiv-
ity, profitability and product quality of the horticultural
crops laid down at a medium level. Moreover, the aver-
age values of the socioeconomic and demographic char-
acteristics of the smallholder farmers are placed at a
medium level except their formal education level. The
majority of the Ethiopian smallholder farmers have either
uneducated or low level of formal education. However,
those smallholder farmers have an excellent experience
in farming skill and farm organizational skills to culti-
vate horticultural crops and other agricultural activities
because their average value of these two causal condi-
tions is approached to three (high value).

Sources of information for horticultural farming

As illustrated in Fig. 4, we identified four sources of
horticultural farming information. These are, 43.75%
of the sample households have gained horticulture
farming information from governmental agricultural

M government agricultural
extension offices

B NGO (GIZ and others)

-

[ Media (Television, Radio, free
mobile calling services)

W Peer groups

Fig. 4 The main sources of information for horticulture farming.
Source: own analysis (2020)

Page 8 of 13

extension offices, while 30% received from non-govern-
mental organizations (GIZ, and others). For the sample
households, 17.5% of the sample households relied on
peer groups who have neighbor farmers and actively
engaged/attached to different extension services pro-
viders and public media. Moreover, the very little sam-
ple of households (8.75%) has acquired horticulture
farming information through media (television, radio,
and free mobile calling services). This percentage sur-
prised us that we expected to get more percentage on
it because the study area is very close to the capital city
of the region (Bahir Dar). That means, due to the avail-
ability of the head office of different governmental and
non-governmental organizations, several households
would get farming information through media. We
perceived in this finding that the government agricul-
ture extension service or public extension service is the
most pertinent source of farm information for small-
holder farmers than others.

Information provision for different agricultural activities
Multiple types of farm information are essential for
farmers to successfully perform farming activities to
yield high production and productivity. As illustrated
in Fig. 5, we investigate eight type of farm informa-
tion provision in their farming activities. Among
these, about 26.25%, 17.5%, and 17.5% of the sample
smallholder farmers obtained information of chemical
fertilizer use, improved crop varieties, and weed man-
agement technology, respectively. However, we observe
in this figure, there is low information provision for
smallholder farmers regarding weather prediction,
improved irrigation technology and postharvest tech-
nology for horticultural crops.

percentage

Improved crop varieties

PERENNW

percentage
ouvouvouno

Weed management
technology

Types of information provision

Fig. 5 Information provision for different agricultural activities. Source: own analysis (2020)

Chemical fertilizer use

B Weather prediction

Improved irrigation
technology
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Level of farmers’ satisfaction in terms of getting

the agricultural information

The utility level of farmers in terms of obtaining the
agricultural information is illustrated in Fig. 6 which is
a five level of ordinal measurement. The result reveals
that about 42.5 percent of the sample farmers are mod-
erately satisfied in terms of getting agricultural infor-
mation, while only 26.25% are satisfied, 11.25% are
satisfied to some extent, and 12.25% are not satisfied
at all. The evidence shows that only 7.5% of the sam-
ple farmers are highly satisfied. Thus, the finding shows
that farmers have low level of satisfaction on getting
the agricultural information in the study area; the rea-
son might be the quality of the agriculture information
delivery by the providers.
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Results of the direct calibration approach

Based on the direct calibration method in Table 2, the
threshold for full membership, full non-membership,
and cross-over point for the productivity of the horti-
cultural crops for the smallholder farmers are 0.95, 0.5,
and 0.05, respectively. Based on the given data available,
we calibrated full membership, crossover point, and full
non-membership when the smallholder farmers have a
high, medium, and low value of the outcome variables
and causal conditions, respectively. About 53.75% of the
sample households have a high level of profitability of
horticultural crops, while about 38.47% of the households
have a high quality of product for horticultural crops.
This shows that the majority of the households will have
either low or medium product quality for the horticul-
tural crops.

M percentage

Satisfaction level of the farmers on agricultural information
42.5
45 4
40 A
321 26.25
5 .
%D 30
5 25 T
e 20 1 11.25 12.25
@ 15 ’
=7 7.5
10
> ] A
0
highly satisfied moderately  satisfied to not satisfied
satisfied satisfied some extent
level of satisfaction
Fig. 6 Level of farmers'satisfaction in terms of getting agricultural information. Source: own analysis [2020]

Table 2 The output of the direct calibration method of data conversion original data to fuzzy-set

Variables Full membership

Cross-over point

Full non-membership

(maximum ambiguity)

Fuzzy score Obs % Fuzzy score Obs % Fuzzy score Obs %

Outcome variables

Productivity 095 40 50.00 0.5 25 31.25 0.05 15 18.75

Profitability 095 43 5375 0.5 24 300 0.05 13 16.25

Production quality 0.95 31 38.75 0.5 37 46.25 0.05 12 15.00
Conditions/indicator variables

Formal education 0.95 14 17.50 0.5 39 48.75 0 27 33.75

Farm organizational skill 0.95 56 70.00 0.5 16 20.0 0 8 10.00

Farm record-keeping 0.95 44 55.00 0.5 29 36.25 0 7 8.75

Farming skill 095 48 60.00 05 22 27.50 0 10 12.50

Source: own analysis [2020]
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Results of the coincidence matrix

The sets of the high formal education and high produc-
tivity of horticultural crops overlap by 72% of their pos-
sible shared area as shown by their 0.721 coincidence
score which is the lowest coincidence score. We also see
that the sets of high farm organizational skill with high
productivity and with product quality of horticultural
crops is the single set that has the most coincidence score
among the possible combinations/ configurations. The
high formal education level and high profitability sets
overlap by 87% of their possible shared area as shown by
their 0.867 coincidence score (Table 3).

Analysis of sufficiency and necessity conditions

As depicted in Table 4, high farm organizational skill and
high formal education level are the most sufficient con-
ditions for predicting the productivity, profitability, and
product quality with a consistency score of 0.751, 0.867,
and 0.828, respectively. In general, we also see that the
necessity and consistency score for each causal condi-
tion is above 0.50 except the necessity value of educa-
tion in productivity of horticultural crops. On the other
hand, based on sufficiency and necessity matrix, the
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least sufficient for predicting high productivity, profit-
ability, and product quality of horticultural crops of the
smallholder farmers are formal education, farming skill,
respectively (Table 4).

What combination of agricultural information literacy
indicators or conditions is sufficient for the high
productivity performance of horticultural crops?

After doing multiple iterations for the reduction of the
configuration of causal conditions or predictors (to get
the true configurations), the combination of high farm
organizational skill and high farming skill is consistently
sufficient for high productivity of horticultural crops. The
combination of high farm record-keeping skills and high
farming skills are also consistently sufficient for gain-
ing high production profitability of horticultural crops.
Moreover, the combination of high farm organizational
skills, high farm record-keeping skills, and high farming
skills are consistently sufficient for causing high prod-
uct quality of horticulture crops. Based on the Ragin’s
definition on fuzzy-set construction [28], the consistency
score for the true combination of the configurations in
this study is above 0.75. Thus, those true combinations

Table 3 Analysis of the coincidence matrix for the outcome against the conditions/predictors

Productivity
p E O R F
p 1.000
E 0.721 1.000
O 0.903 0.894 1.000
R 0.797 0.867 0.840 1.000
F 0.824 0.881 0.889 0.848 1.000
Profitability
B E O R F
B 1.000
E 0.867 1.000
O 0.831 0.894 1.000
R 0.789 0.867 0.840 1.000
F 0.780 0.881 0.889 0.848 1.000
Production quality
Q E O R F
Q 1.000
E 0.828 1.000
O 0.898 0.894 1.000
R 0.860 0.867 0.840 1.000
F 0.860 0.881 0.889 0.848 1.000

Source: own analysis [2020]

The capital letter P, B, Q E, O, R, and F indicate productivity, profitability, production quality, formal education, farm-organizational skill, farm record-keeping, and

farming skill, respectively
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Table 4 Analysis of sufficiency and necessity conditions of the outcome and predictors

Productivity

p E ) R F
p 1.000 0.480 0.903 0.797 0.824
E 0.721 1.000 0.894 0.867 0.881
O 0.751 0494 1.000 0.773 0.824
R 0.721 0.521 0.840 1.000 0.848
F 0.739 0.525 0.889 0.842 1.000
Profitability

B E ) R F
B 1.000 0.552 0.831 0.789 0.780
E 0.867 1.000 0.894 0.867 0.881
O 0.721 0.494 1.000 0.773 0.824
R 0.745 0.521 0.840 1.000 0.848
F 0.731 0.525 0.889 0.842 1.000
Production quality

Q E ) R F
Q 1.000 0.581 0.898 0.860 0.860
E 0.828 1.000 0.894 0.867 0.881
O 0.707 0.494 1.000 0.773 0.824
R 0.737 0.521 0.840 1.000 0.848
F 0.731 0.525 0.889 0.842 1.000

Source: own analysis [2020]

The capital letter P, B, Q E, O, R, and F indicate productivity, profitability, production quality, formal education, farm-organizational skill, farm record-keeping, and
farming skill, respectively. The “bold italic” and “italic” emphasis indicates the value the sufficiency and necessity scores, respectively

might have an impact on the outcome variables. As illus-
trated in Table 5, farming skill (efficient use of resources)
are the most consistent and sufficient to gain the cause
of high productivity, profitability, and product quality of

horticultural crops. The reasons beyond these configura-
tions might when farmers have excellent ability and expe-
rience on farm organization, documenting, and overall
farm operations, and farming experience; they might gain

Table 5 The intermediate solution for high productivity performance of horticultural crops

Configurations Raw coverage Unique coverage Consistency

High productivity of horticultural crops

Organizational skill and farming skill (O*F) 0.771

Total coverage 0.771

Solution consistency 0.778
High profitability of horticultural crops

Farm record-keeping and farming skill (R*F) 0.679

Total coverage 0.679

Solution consistency 0.756

High production quality of horticultural crops
Organizational skill and farm record-keeping and farming skill  0.730
(O*R*F)
Total coverage 0.730
Solution consistency 0.822

0.771 0.778
0.679 0.756
0.730 0.822

Source: own analysis [2020]
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the potential maximum level of yield, return and produce
a better quality of horticultural crops. Thus, the drivers
that affect the horticulture farming will not be an indi-
vidual specific rather it might be a combination of two or
three factors together or configurational effects.

Conclusions and policy implications

The main aim of this study was to assess the connection
between combinations of farmers’ agricultural infor-
mation literacy and productivity performance of horti-
cultural crops in Ethiopia. The substantive knowledge
of the link between information literacy and productiv-
ity performance of the horticultural crops tells us that
causation is more complex or combinatorial; thus, it is
unlikely to identify the impact of the causal conditions on
the outcome variables through conventional quantitative
methods rather it is better to use the fSQCA approach.
We identified four sources of horticultural farming infor-
mation: these are governmental agricultural extension
offices, non-governmental organizations (GIZ, and oth-
ers), peer groups, and media (television, radio, and free
mobile calling services). There was better information
provision for smallholder farmers on chemical fertilizer
use, improved crop varieties, and weed management
technology in the study area, while information provision
for smallholder farmers regarding weather prediction,
improved irrigation technology and postharvest technol-
ogy for horticultural crops is very low.

The results of the fsQCA indicated that high or low
productivity performance of horticultural crops could
be affected by a combination of farmers’ agricultural
information literacy conditions. The results show that
a configuration of two or three conditions include the
high levels of farm organizational, farm record-keeping,
and farming skills to be consistently sufficient to attain
high productivity performance of the horticultural
crops. This result is in line with the concept of the asym-
metric causality of the conditions [27, 35]. Thus, provi-
sion of information for smallholder farmers regarding
weather prediction, improved irrigation technology and
postharvest technology for horticultural crops should
be promoted. Improving the joint information literacy
effects of the farmers regarding their organizational,
farm recording, and farming skills should give due atten-
tion by the policy makers and practitioners to enhance
the productivity performance of the horticultural crops
in the study area. Moreover, future analysis might apply
our approach to other relevant issues for information lit-
eracy conditions to define a comprehensive set of policy
interventions to enhance the productivity performance
of the horticultural crops in Ethiopia and other agrarian
countries.
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