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ABSTRACT
In Uganda, farmers in arid and semi-arid areas lack sweetpotato seed after dry spells.
This constrains the crop’s potential to contribute to food security. Triple S (sand,
storage, sprouting) is a root-based technology addressing seed scarcity. Despite
the technology’s efficacy, a systematic assessment of its demand has not been
done. A study was undertaken to assess how Knowledge, Attitudes, Norms and
Perceptions influence farmers uptake of the Triple S, using a structured
questionnaire with 255 farmers stratified into users (n = 132) and non-users (n =
123). Sex-disaggregated focus groups were conducted with 40 farmers. The Theory
of Planned Behavior and Technology Adoption Model were used to test
hypotheses on Triple S adoption. Perceived Behavior Control, Perceived Usefulness
and Knowledge positively predicted Behavior Intention (BI) only for non-users,
while Attitude, Subjective Norms and Agency predicted BI for users. Gender Norms
negatively influenced Agency for both groups. Gender-responsive adoption
strategies may enhance technology uptake.
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1. Introduction

In Uganda, the northern and eastern regions are the
driest parts of the country, and also have the
highest poverty and weakest food security status
(Wichern et al., 2017). The dry seasons there have
become longer and harsher, ravaging crop pro-
duction and disrupting the already vulnerable food
systems (Phiiri et al., 2016).

Sweet potato (Ipomoea batatas (L) Lam.) is a versa-
tile, low-input root crop grown widely in sub-Saharan
Africa (SSA). The crop is adaptable to drier areas with
poor soils. It is easy to cultivate and matures quickly,
bridging the hunger gap (Mwanga & Ssemakula,
2011). Sweet potato is nutritious, especially the
orange-fleshed, beta-carotene-rich varieties, which
provide Vitamin A (Hill & Johnson, 2012). So, sweet
potato is suitable for areas with unreliable rainfall,
and as an emergency response crop following
weather disaster or other shocks (Heck et al., 2020).

In Uganda, sweet potato is the third most impor-
tant staple crop (Mwanga & Ssemakula, 2011), pro-
duced mainly in the eastern and northern regions.
The crop is grown for food and income, mostly by
women, who also play an important role in seed con-
servation (McEwan et al., 2015). Therefore, sweet
potato is a major contributor to food security
(Obong et al., 2017). However, sweet potato seed is
perishable, bulky, and has low multiplication rates,
so seed is often unavailable (Gibson, 2013). In this
paper, ‘seed’ is defined as vegetative planting
material, especially sweet potato vines.

Several strategies have been developed to break the
seed bottleneck, including the promotion of new
improved varieties, and community seed multiplication
and protection technologies such as net tunnels (Sse-
makula et al., 2014). One of the seed conservation tech-
niques that has attracted interest, especially in drought-
prone areas, is Triple S (sand, storage, sprouting). Triple
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S is a climate-smart technology designed to help small-
holder farmers in arid areas gain access to planting
material earlier in the season, especially following a
long dry period, where conventional conservation
methods are less effective. Triple S involves storing
quality sweet potato roots under layers of sand inside
a container, such as a plastic tub, or a cardboard box
(Namanda et al., 2011). Shortly before the rainy
season, the roots are allowed to sprout, to plant in irri-
gated gardens near the homestead. The vines are
watered, carefully tended to and are ready to plant in
farmers’ open fields in just three weeks (Figure 1).

Since its development between 2007 and 2011,
Triple S has shown great potential to address seed
scarcity (Parker et al., 2019; Hundayehu et al., 2022).
Triple S is more convenient than collecting volunteer
vines as planting material. Triple S makes vines avail-
able sooner after a long drought, and farmers can sell
excess vines (Namanda et al., 2013). This technology
has now been introduced to several countries where
sweet potatoes are grown in the drylands, and seed
is hard to get, for example, Malawi, Mozambique
Nigeria, Ghana and Ethiopia (McEwan et al., 2022).

This paper is the first systematic assessment of
farmers’ perceptions and intentions to use Triple
S. Users’ perceptions have been documented
(Namanda et al., 2013), but little is known about
why farmers who were exposed to the technology
did not adopt it. Such knowledge can help to refine
Triple S and improve its uptake. In this study, we
assess the influences on farmers’ intentions to use
Triple S, especially the differences between technol-
ogy users and non-users regarding:

. How knowledge, attitude, perceptions, norms and
agency affect their uptake of Triple S.

. The extent to which adoption behavior predicts
their implementation intention (Figure 2).

. How gender mediates psychosocial factors predict-
ing implementation intention.

The findings of this study will shed light on the
adoption of other low-input innovations by small-
holders elsewhere, especially women.

2. The context

2.1. Evolution of Triple S technology in SSA

Triple S was first trialed by farmers in northern and
eastern Uganda, and was later validated in Meatu,
an arid district in Tanzania, in 2010. In Tanzania,
farmers who had previously had to source seed
from over 100 km away could now produce vines at
their homestead (Namanda et al., 2013). In Uganda,
farmers made handsome profits by using Triple S to
produce seed to sell to South Sudan (Namanda
et al., 2011). These positive results later spurred the
introduction of the technology to other African
countries.

The sweet potato seed system in Uganda is largely
informal. Over 90% of farmers depend on local net-
works for seed (Gibson et al., 2008). Given the long
dry seasons (December to April), farmers find it hard
to save seed. They depend on local multipliers,
mostly women, who grow local sweet potato varieties
during the dry season in small wetlands and sell vines
to traders and smallholders at the start of the rainy
season (Gibson, 2013).

However, rising temperatures and greater rainfall
variability have played havoc with sweet potato pro-
ductivity (Lunyolo et al., 2021). Smallholder farmers

Figure 1. The Triple S: storage in sand, sprouting and planting out. Explanatory drawing from extension literature for farmers. Source: Stathers
et al., 2017.
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can only afford to buy a few vines (Gibson, 2013). So,
they often depend on vines from volunteer crops
which are not available until two months after the
rains start. These vines often have a heavy load of
viruses and insect pests, lowering the quantity and
the quality of harvests. The late harvest also stretches
out the hungry season, when granaries are empty
(Namanda et al., 2011).

2.2. Agricultural technology adoption
behavior

Previous assessments of sweet potato technology
adoption focused on socio-economic determinants
(Mwiti et al., 2020). Yet, psychosocial factors such as
knowledge, perceptions and attitudes (KAPs) play a
crucial role in technology adoption (Kamrath et al.,
2018). KAPs are the first key steps to the adoption of
new technologies by farmers (Ongachi et al., 2018).
Inadequate knowledge, negative attitude and poor
perception of technologies lead to low uptake (Muse-
makweri, 2007).

Ndwandwe (2018) found that integrating scientific
and local knowledge transformed perceptions and will-
ingness to adopt pro-vitamin A fortified maize. Mare-
chera and Ndigwa (2014) highlight the importance of
understanding farmers’ knowledge and perceptions in
designing local solutions to agricultural challenges.
This followed farmers dis-adoption of modern
aflatoxin control technologies citing limited access to
modern technologies, cost and safety concerns.

Attitudes are powerful predictors of behavior. A
strong attitude is manifested by resistance to
change, persistence and strong impact on thought
and behavior (Levitan & Visser, 2008). Attitudes sup-
porting adoption can be reinforced by good com-
munication strategies tailored to the technology and
farmer audience (Garforth et al., 2004). Cavane
(2016) found that extension agents can strengthen
farmers’ attitudes towards new seed technologies
through education campaigns and farm trials.

Farmer’s perceptions towards innovations and
technologies are heterogenous, driven mostly by
anticipated utility and benefits (Meijer et al., 2015).

Figure 2. Theory of planned behavior and technology acceptance model (TPB-TAM) framework extended with knowledge, gender norms,
agency and implementation intention (II).

INTERNATIONAL JOURNAL OF AGRICULTURAL SUSTAINABILITY 3



Perceptions are moderated by social capital, norms
and gender (Ali & Yousuf, 2019). Mangheni et al.
(2019) posit that perceptions and the latent ability
of smallholder farmers to mitigate climate-related
effects in seed systems will be influenced by gender
norms. Mudege et al. (2017) found that gender and
cultural norms mediate access to information, inad-
vertently impacting women’s ability to access training
on innovations.

2.3. Theoretical framework

This study adapts and extends the combined theory
of planned behavior and the technology acceptance
model (TPB-TAM). According to the theory of
planned behavior (TPB) attitude, subjective norms
(SN) and perceived behavioral control (PBC)
influence a person’s behavioral intentions (BI). In
other words, if you have a positive attitude towards
a behavior valued by your social group, coupled
with access to the required resources, you may form
an intention to adopt the behavior, e.g. to stop
smoking, recycle more, or adopt Triple S (Figure 2).

Key elements of the TPB/TAM model:
Attitude: farmer’s attitudes towards Triple S were

related to their beliefs and behaviors about sweet
potato vine conservation. Farmers valuing timely
access to seed should have a positive attitude
towards Triple S.

Subjective norms: if local peers and opinion leaders
encourage the adoption of Triple S, farmers will be
more likely to use it.

Perceived behavioral control (PBC): farmers think
they can use Triple S and have the resources to do
so. Farmers’ can enhance their confidence in adopting
Triple S (their PBC), through technical training, by
acquiring the required inputs, and by belonging to a
cohesive group.

Behavioral Intention: The readiness to promptly
perform a behavior (Ajzen & Fishbein, 1975). BI
stems from PBC (Ajzen, 2011). The stronger the inten-
tion, the higher the likelihood that farmers will adopt
Triple S.

The technology acceptance model (TAM) was
incorporated into the TPB to strengthen the predic-
tion of attitude. In the TAM, attitude is explained by
(i) perceived ease of use (PEOU), i.e. the potential
users’ perception that a technology is easy to use
and (ii) perceived usefulness (PU), i.e. potential users’
notion that the technology will improve their

enterprise (Davis et al., 1989). PU has a direct and posi-
tive effect on BI. Based on the TPB-TAM, we derived
the following hypothesis:

Hypothesis 1: Attitude, perceived usefulness (PU),
subjective norms (SN) and perceived behavior control
(PBC) influence the behavioral intention (BI) to use
Triple S.

Tama et al. (2021) added knowledge to the TPB.
They found that knowledge had the highest total
impact on farmers’ intention to keep using conserva-
tion agriculture. Ha et al. (2023) also integrated knowl-
edge into the TPB and found that the variable had a
strong influence on adoption of intercropping tech-
nologies. Knowledge of Triple S includes (i) how to
keep the roots healthy during storage and (ii) the
value-added benefits of the technology. Our second
hypothesis incorporates the notion of knowledge:

Hypothesis 2: Knowledge is positively related to behav-
ioral intention (BI)

Gender norms and agency: gender norms are social
rules defining appropriate actions for women and
men in society. Gender norms need not harm
women, e.g. where a community supports both
boys and girls to obtain an education. However,
gender norms are often restrictive, and they do
inhibit women. Gender norms influence an individ-
ual’s ability to adopt agricultural innovations (Diaz
et al., 2017), limiting female farmers’ access to
resources and affecting their voice, power and sense
of self (Cislaghi & Heise, 2020). Gender norms also
influence farmers’ agency to adopt Triple S.

Agency is an individual’s capability to seize oppor-
tunities and take action to achieve their goals (Kabeer,
1999). Agency can be enabled or constrained by
norms and social institutions (Hobson, 2011).
Agency is gendered, with inequalities reinforced by
norms governing the roles, responsibilities and expec-
tations ascribed to women and men (Lawless et al.,
2019). Our third hypothesis includes gender norms
and agency:

Hypothesis 3: Agency influences behavioral intention
(BI) positively, but is negatively mediated by gender
norms.

Our fourth extension to the TPB-TAM framework
introduces implementation intention (II) – the
specific plans on when, where and how individuals
move from behavioral intention (BI) to actual behavior
(DeBiasse et al., 2017). In contrast to BI, II is a person’s
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precise strategy, an actual path to the new behavior
(Ajzen et al., 2009). Implementing Triple S requires
new habits, and farmers may experience conflict
between abandoning their conventional vine conser-
vation methods or using both techniques. Our fourth
hypothesis includes II:

Hypothesis 4: Behavioral intention (BI) is positively
related to implementation intention (II)

Men have stronger trust in technology, are less risk
averse and are more competitive than women (Villa-
mor et al., 2014). Men’s decisions are strongly
influenced by attitude, while subjective norms (SN)
and perceived behavioral control (PBC) have more
influence on women’s decisions. For women, the
opinion of peers, self-confidence, and the facilitation
of resources and technology are drivers of adoption
(Venkatesh et al., 2000). New technologies may lead
to unintended gendered consequences like increased
workloads for women, and therefore lower adoption
(Diaz et al., 2017). This gendered difference in adop-
tion behavior leads to the fifth hypothesis:

Hypothesis 5: The gender of the farmer mediates the
determinants predicting II.

3. Methods

3.1. Data and sampling procedure

Most of Uganda’s 10 agroecological regions experi-
ence bimodal rainfall and moderate temperatures,
enabling consistent conservation of sweet potato
vines. Triple S was first introduced in the Northern
and Eastern regions, in the Northwestern and North-
eastern Savannah grassland agroecological zones,
where the long dry seasons inhibit vine conservation.

In the Northern region, the study was conducted in
Gulu, Omoro and Kole districts. In the Eastern region,
the study was conducted in Serere and Kumi districts
(Figure 3). Within each district, one parish was
selected based on the number of active Triple S
groups, i.e. Bungatira parish in Gulu, Bobi in Omoro,
Aboke in Kole, Kyere in Serere and Kanyum in Kumi.

The study involved a questionnaire survey of
farmers’ knowledge, attitudes and behaviors related
to Triple S. The survey stratified 255 farmers into
users of the technology (n = 132) and non-users (n =
123). Technology users were defined as farmers who
had been trained and used the Triple S for at least
two seasons. Non-users were farmers who had never
used the technology and received little or no training

on the Triple S. The study districts and parishes were
purposively selected. Probability proportionate to
size sampling was used to select households within
a parish, i.e. larger samples were drawn from parishes
with more Triple S users. After determining the
sample size, respondents were sampled using the
research randomizer, a web-based resource for gener-
ating random numbers. For the non-users, an equal
number of respondents were also randomly
sampled from the parishes. A structured question-
naire was developed, tested and used to collect data
on household and farm assets, sweet potato pro-
duction, knowledge and use of Triple S, yields of
roots and of vines, and income. We also collected
data on attitudes, perceptions, and gender dynamics
relating to the use of sweet potato technologies.

To complement the survey, four sex-disaggregated
focus group discussions (FGDs) targeting 20 users and
20 non-users were held. FGD respondents were pur-
posively selected at the parish level with the
support of local and farmer group leaders. Discussions
were guided with a protocol to capture knowledge,
attitudes and perceptions towards Triple S. The
study was conducted from December 2018 through
January 2019.

3.2. Empirical methods

3.2.1. Measurement of psychosocial constructs
We used a five-point Likert scale (strongly agree = 5;
strongly disagree = 1) for most statements, except
for ‘I will make an effort to use the Triple S.’ Here we
used: (5) This coming season, (4) The second coming
season, (3) A year from now, (2) Not soon and (1)
Never.

3.2.2. Data analysis
We tested hypotheses H1 – H4 using structural
equation modelling (SEM) in SPSS_AMOS Graphics
24 because of its suitability to assess causal relation-
ships between multiple explanatory and response
variables. Assessment of goodness of fit included
comparative fit index (CFI), Tucker-Lewis index (TLI),
root mean squared error of approximation (RMSEA),
and standardized root mean squared residual
(SRMSR). These indices are superior in detecting
model misspecification and have independence
from sample size. Measures of CFI > .90, TLI > .90,
RMSEA < 0.08, and SRMSR < .08 indicate a good fit
(Hu & Bentler, 1999). The content validity and internal
consistency aligned with the recommended cut-off

INTERNATIONAL JOURNAL OF AGRICULTURAL SUSTAINABILITY 5



representing acceptable reliability (Table 1). Compo-
site reliability, a measure of internal consistency,
values were above the acceptable threshold for
exploratory research (0.70), except for attitude;
however, its Cronbach’s alpha was above 0.70.

The average variance extracted (AVE) was above
0.5 for all constructs, indicating that convergent val-
idity was established. The standardized loadings for
most constructs were above 0.5, and confirmatory
factor analysis of the measurement model was

Figure 3. Map of Uganda showing study districts.

6 S. MAYANJA ET AL.



satisfactory with CFI of 0.908, SRMR = 0.072, RMSEA =
0.047, TLI = 0.90 and p = 0.795 implying strong con-
struct validity.

Since we conducted a multi-group analysis
between the technology users and non-users, we
also tested for model invariance (Reise et al., 1993).
First, an unconstrained model was tested simul-
taneously on both groups. Then, the fit of a con-
strained model was tested, with all parameters set
equal across the groups. The model was considered
invariant: the difference in the χ2 (966.1, p = 1.000)
of the unconstrained and constrained models was
statistically insignificant. Constraining the model’s
parameters to be equal across the two groups did
not significantly worsen the model’s fit. Finally, we
ran standardized residuals and modification indices
diagnostics to check for potential improvements to
the model or specific problems not detected by pre-
vious steps (Hair et al., 2009).

Estimating an extended TPB-TAM framework
while controlling for the influence of gender norms
on BI through agency and knowledge on BI
yielded an acceptable fit of the SEM model. For
the full sample model, CFI was = 0.942, SRMR =

0.095, RMSEA = 0.039, TLI = 0.933 and p = 1.000; all
indicative of a good fit. Further, the multi-group
model testing difference between users and non-
users fell in line with a CFI of .914; TLI = .93, SRMR
= 0.089, RMSEA 0.045 p = 0.949.

To assess how the gender of farmers mediates
determinants influencing II, we applied the probabil-
istic conditional binary recursive inference algorithm.
The probabilistic inference relates to conditional
probability distributions between the dependent
variable and the set of explanatory variables. The
algorithm performs successive binary splits of the
data set, leading to the segmentation of participants
into groups (nodes) characterized by the gender-
specific relevant explanatory variables. A 10% signifi-
cance level was chosen with Bonferroni correction
and a minimum sub-sample size set to 50 partici-
pants. The estimation was done using the
R-package ‘Party’ (Zeileis et al., 2008) in R software
version 4.2.1.

4. Results

4.1. Demographics of participants

The average age of the survey respondents was 40.9
(Table 2). Most respondents were in monogamous
relationships (67.5%) and defined themselves as
household heads (52.5%). Women had received an
average of six years of education, while men had
nine years. Low education, especially for women,
could limit their ability to learn new technologies.
The sampled farmers knew the sweet potato crop
well. They had grown sweet potatoes for an average
of 17 years: 18.1 years for users and 16.1 for non-
users. At least 74% of the respondents were
members of farmers’ groups.

The adoption of Triple S is linked closely to
income. Total household income was nearly twice
as high for Triple S users than for non-users, while

Table 1. Content validity and internal consistency of the model
constructs.

Composite
reliability

Cronbach’s
alpha AVE

Perceived usefulness
(PU)

0.77 0.80 0.54

Perceived ease of use
(PEOU)

0.84 0.85 0.63

Subjective norms (SN) 0.83 0.86 0.62
Behavioral intentions
(BI)

0.76 0.80 0.61

Gender norms 0.89 0.90 0.60
Attitude 0.72 0.78 0.50
Perceived behavioral
control (PBC)

0.72 0.78 0.50

Agency 0.70 0.64 0.51
Knowledge 0.70 0.66 0.50

Table 2. Socio-economic characteristics of survey respondents.

Variable Full Sample (n = 255) Users (n = 132) Non-Users (n = 123) P-values

Age 40.93 (14.29) 40.98 (13.48) 40.89 (15.16) 0.960
Education (years) 6.39 (3.67) 6.54 (3.63) 6.24 (3.71) 0.508
Household size 7.13 (2.71) 7.30 (2.48) 6.96 (2.94) 0.323
Experience in sweetpotato production (years) 17.19 (15.41) 18.07 (17.72) 16.25 (12.46) 0.342
Distance to all weather road (minutes) 18.91 (29.42) 18.92 (27.59) 18.90 (31.44) 0.996
Distance to market center (minutes) 60.03 (58.10) 65.34 (60.48) 54.34 (55.11) 0.132
Distance to agricultural extension (minutes) 126.15 (91.01) 114.68 (58.82) 138. 63 (115.46) 0.068
Total household income **1,102,366 (1,262,510) 1,372,874 (1,350,294) 812,066 (1,093,880) 0.000
Income from sale of vines and roots 22,780.39 (38,812.17) 36,265.15 (44,261.18) 8,308.94 (24,803.86) 0.000

* SD in parentheses, **1USD = 3,748 UGX as at January 2019 (OANDA).
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income from the sale of roots and vines was over
four times higher for the users of Triple S. This is
probably because new agricultural technologies
like Triple S are introduced to farmers in organized
groups. Organized farmers tend to be early adopters,
apply good agriculture practices, and are usually
better off. Triple S users had significantly shorter
travel distances to extension services than non-
users, which could favor access to agricultural knowl-
edge and technologies. Respondents in the northern
region had better access to vine multipliers (p = 0.12)
and group meeting places (p = 0.013) than those in
the eastern region. This could be attributed to the
entry of agricultural projects aiming to rehabilitate
northern Uganda following the 20-year long civil
strife with the Lord’s Resistance Army, ending in
2006.

Summary statistics for the psychosocial constructs
and the Chi-square test were done to assess differ-
ences in rating amongst the groups. Most farmers
reported that they intended to use Triple S. They
had high scores for implementation intention (II),
the final outcome of all the other variables. II was
the highest-rated variable for non-users (3.97),
while average scores of II were higher users (4.84)
and the full sample (4.42) (p = 0.000). Triple S users
had significantly higher scores for the TPB-TAM
framework variables than the non-users (p = 0.000)
(Table 3).

The FGDs revealed that users generally had more
positive attitudes about Triple S. In Kumi (a district in
the Eastern region), women and men users per-
ceived the technology as being useful and simple
to apply. However, men non-users in Serere noted
that the technology would be difficult to implement
without training, while women non-users mentioned
that traditional vine conservation methods were
sufficient. The male users in Kumi were commercial
seed producers. They criticized Triple S’s low vine

output, observing that it would not create value
for commercial root producers.

Knowledge and gender norms were not signifi-
cantly different among the two groups. Triple S
knowledge was initially obtained from research and
development (R&D) personnel and cascaded down
by extension agents and trained farmers, but R&D
sources were most valued. In FGDs, users elaborated
the knowledge needed to apply the Triple S. This
included selecting healthy roots, good soil texture,
lining storage containers, positioning roots in adja-
cent layers, sprouting and planting. Women in
Omoro, however, noted that setting up a Triple S
storage required time to master. Thus, the need for
refresher training targeting newly recruited group
members.

We observed a subtle change in gendered
roles in production. Following training, men users
began to conserve vines, previously a women’s
responsibility. However, while women sold Triple S
vines, men controlled the proceeds, as emphasized
below:

We are ‘the marketing managers’ and decision makers.
This is ingrained from childhood – boys are told by
their mothers that they own everything. The man must
be in charge. Only the kitchen is for women. Even your
wife’s degree belongs to you.

Men Triple S users,-FGD respondents, Kyere, Serere.

Men mentioned that women had limited capacity to
determine agricultural produce weights and were
easily cheated by unscrupulous traders. The men
may have said this because sales by weight earn
more money, and so they attract men. Women were
relegated to selling produce by volume (such as
vines and roots), which fetches a lower price than
selling by weight.

There was a significant difference in agency
between users and non-users. Women users were

Table 3. Summary statistics of model constructs.

Construct Full Sample (n = 255) Users (n = 132) Non-Users (n = 123) P-values

Perceived usefulness (PU) 4.13 (0.60) 4.42 (0.44) 3.82 (0.60) 0.000
Perceived ease of use (PEOU) 4.02 (0.81) 4.40 (0.59) 3.62 (0.83) 0.000
Attitude 3.95 (0.65) 4.29 (0.50) 3.59 (0.60) 0.000
Subjective norms (SN) 3.81 (0.66) 4.08 (0.60) 3.52 (0.61) 0.000
Perceived Behaviour Control ()PBC 3.70 (0.84) 4.16 (0.62) 3.21 (0.78) 0.000
Behavioral intensions (BI) 4.06 (0.75) 4.42 (0.60) 3.68 (0.70) 0.000
Gender norms 3.84 (0.63) 3.93 (0.62) 3.71 (0.63) 0.171
Agency 3.85 (0.70) 4.08 (0.64) 3.59 (0.68) 0.000
Knowledge 3.48 (0.70) 3.42 (1.10) 3.54 (1.25) 0.420
Implementation Intention (II) 4.42 (1.02) 4.84 (0.55) 3.97 (1.20) 0.000

* SD in parentheses.
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able to experiment and compare the performance of
Triple S vines with locally conserved vines. In Kole dis-
trict, in the Northern region, women users collabo-
rated to obtain Triple S inputs (e.g. basins and roots
for storage) as a group. This enabled them to obtain
vines for timely planting, early harvests and income
from vine sales. Consequently, some members were
able to apply Triple S individually.

4.2. Farmers behavioral intention towards
using Triple S

As predicted by the theory of planned behavior (TPB):
perceivedbehavioral change (PBC), attitude, and social
norms jointly and significantly predicted behavioral
intention (BI) to use Triple S, for users and non-users.
The Wald test of the joint hypothesis yielded signifi-
cant statistics (p < 0.001), 130.78 and 81.65 for users
and non-users, respectively. The squared multiple cor-
relations for intention for users and non-users models
were 0.61 and 0.86, respectively, implying all research
variables adequately accounted for the total variance.

The technology acceptance model (TAM) variables,
perceived usefulness (PU) and perceived ease of use
(PEOU), jointly and positively influenced attitude.
The Wald joint test generated significant statistics
(p < 0.001), 115.34 and 60.66 for users and non-
users, respectively. Further, PU and PEOU jointly
explained 60.8% and 72.4% of the variance in
farmers’ attitudes for users and non-users, respect-
ively. FGDs showed how a positive attitude towards
the Triple S was shaped:

We planted vines from Triple S and volunteer crops and
observed that the volunteer crop vines take longer to
mature. The roots from Triple S were larger.

Respondents, women’s FGD, Kumi

The significant positive relationship between PU and
attitude was only supported for users; farmers have
to use Triple S to truly appreciate how useful it is. A
unit increase in PU increases attitude by 42%. Also,
PEOU positively influenced attitude of both groups.
PEOU was a significant positive predictor of PU for
users and non-users, explaining 66.8% and 82.6% of
its variance, respectively. Men users appreciated the
quality of Triple S vines because they were less
prone to pests and diseases.

Testing revealed mixed results for H1 (attitude, PU,
social norms and PBC individually and positively are
related to BI) (Figure 4). Perceived behavioral control

(PBC) significantly and positively predicted BI only
for non-users, where a unit change in PBC increases
BI by 47%. To explain this, Triple S users elaborated
some of the difficulties experienced with the technol-
ogy. Men users in Omoro noted that limited training
and extension services curtailed diffusion of Triple
S. Roots stored in sand require frequent monitoring,
which farmers were not used to. In Kumi, women
users highlighted that inaccessibility to the required
resources was a barrier to applying Triple S.

Social norms and attitude significantly and posi-
tively predicted behavioral intentions (BI) only for
users, increasing BI by 22.1% and 34%, respectively.
Women who produced more sweet potato said that
they were held in high regard by community
leaders. This inspired others to try the Triple S:

People noticed our early crop and asked US howwe do it.
They also noticed we were the only ones offering vines
for sale. They got interested and are now using Triple S

Women FGD respondents, Kumi

A positive relationship between PU and BI was not
supported for users. However, for non-users, a unit
increase in PU increases BI by 51%. In other words,
farmers who have not tried Triple S yet, do see its
value, which may motivate them to use the technol-
ogy. Non-user FGDs had seen neighbors use the
Triple and so had gained appreciation of its attributes
such as timely access to quality vines, food and
income from selling roots and vines.

We accept H2 (knowledge is positively related to BI)
only for non-users, where knowledge increases BI by
29%. For users, knowledge actually influenced BI nega-
tively. Users mentioned that more men than women
attended Triple S training because they were held in
distant locations. Thus, men learned more about Triple
S, even though women would benefit more from the
technology given that they are responsible for sourcing
seed. Women highlighted Triple S related information
gaps. For example, the women wondered why mostly
newspapers were used to line the storage containers,
and whether locally sourced materials could be used
instead. Such information gaps could have contributed
to the negative influence of knowledge on BI.

H3 (agency influences BI positively but is negatively
mediated by gender norms) was partially supported.
Gender norms significantly and negatively affected
agency. A unit increase in restrictive gender norms, as
measured by a one-point increase on the Likert scale,
lowers agency by 47.8% for non-users and 22.5% for
users. Gender norms restrict farmers’ agency and their BI.
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Agency and BI were related, but only for users,
where a unit change in agency resulted in a 22%
increase in BI: partially supporting the first part of
H3. This is probably because only the users
attended trainings and participated in groups,
which strengthened their agency, as explained
below:

At first, I thought I couldn’t apply the Triple S. The
process seemed very difficult. My family was against it,
saying I would forget our traditional conservation prac-
tices. Despite this, I gave it a try. Surprisingly, I got a lot
of clean vines and sold the excess. When you are deter-
mined, you succeed.

Woman farmer, Omoro district.

Figure 4. Theory of planned behavior and technology acceptance model (TPB-TAM) extended framework showing results of the multi-group
analysis.
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We fail to reject H4: behavioral intention (BI) is posi-
tively related to implementation intention (II). A unit
change in BI leads to a 66% for non-users and a
21% change in II for users. However, BI explains only
4% of II for users. This is similar to van Dijk, Lokhorst,
Berendse, and De Snoo (2016), where BI explained
only a 5% variation in agri-environment technology
use behavior.

4.3. Farmers’ gender is correlated with II

To test H5, we estimated a probabilistic recursive
regression model to assess which determinants of II
were significantly mediated by farmers’ gender. With
control for user groups, respondents’ gender split
the sample into four groups; therefore, H5 is accepted.
BI, PU and PBC were important in explaining gender
differences and defining the group partition (Figure 5).

Group one is Node 2 (n = 34): farmers with the
lowest II and BI scores. Men had slightly lower II
scores than women. None of the farmers in this
node are likely to try Triple S, saying they will use it
‘not soon.’

Group two is Node 4 (n = 49). These farmers had
above average BI scores of >3, but low PU scores
of≤ 3.77. Women’s average II scores were lower
than men’s. Women responded that they intended
to use Triple S ‘a year from now,’ while the men
intended to implement Triple S sooner, in ‘the
coming season (the next planting season).’ Recalling
the FGDs, these were the men who were starting to
develop an interest in vine conservation following
exposure to Triple S.

Farmers in group three – Node 6 (n = 32). This
group had higher PU scores >3.667, and a slightly
above average PBC score of≤ 3.33. Men and women
in this group were early adopters, and both had
high II scores. Women in this group had high
implementation intention (II) scores. These women
were organized in farmers’ groups, which gave them
access to the resources needed to implement Triple
S. Having the resources to adopt a behavior increases
one’s perceived behavioral control (PBC). These
women also perceived Triple S to be useful (high
PU). Women users in the FGD in Koro village in
Omoro district, Northern region, said that Triple S
was easier than traditional vine conservation, which

Figure 5. Determinants of implementation intention (II) mediated by farmers’ gender.
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required more labor, time and expense to protect
vines from foraging livestock.

Group four, i.e. Node 7 was the largest group of
farmers (n = 140), with the highest II, those who
intended to use Triple S in the ‘coming season.’
Women and men in this node all had high II scores,
influenced by the highest scores for BI, PU and PBC.
Farmers in this category had a high perception of
the usefulness of Triple S and thought that they
could easily obtain the resources needed to use it as
evidenced by high PBC scores.

5. Discussion

This study provided an understanding of farmers’
intention to adopt a climate-smart technology to
improve sweet potato seed access in arid and semi-
arid areas. By extending the TPB-TAM framework with
knowledge, gender norms, agency and II, we explained
the difference in psychosocial factors driving intention
to adopt the Triple S among users and non-users. The
extended TBP-TAM framework was parsimonious and
adequate in explaining farmers’ intention to use
Triple S, evidenced by the adequacy of RMSEA.

The TPB constructs jointly and positively
influenced farmers intention to use Triple
S. However, the individual effects of the constructs
showed mixed results. For non-users, PBC had a sig-
nificant positive effect on their BI. Their perception
that they had the capability to establish Triple S
storage strengthened their BI.

The relationship between PBC and BI was insignifi-
cant for users. This was surprising since men-users
indicated individual ability to obtain the inputs
needed for Triple S. Also, collective action enabled
women users to acquire these resources. However,
farmers may be wary of free riders (Di Falco & Bulte,
2013), neighbors and relations who would want to
be given Triple S vines for free, thus dampening
users’ PBC.

The effect of social norms on BI was only supported
for users, suggesting peers and opinion leaders
mediated the uptake of Triple S. Martínez-García
et al. (2013) note that farmers value their leaders’
and peer’s opinion before committing to new prac-
tices or values. Also, Buyinza et al. (2022) argued
that a lack of social pressure limited farmers’ intention
to adopt agroforestry.

Attitude was the strongest predictor of BI (34.6%)
for users, contrary to studies using TPB alone,
further supporting the extension with TAM (Ajzen,

2020). The TPB-TAM framework also resulted in PU
being the strongest predictor of BI (50.7%) for non-
users, a reflection of the Triple S advantages as seen
by the non-users.

Contrary to our expectations, knowledge was
negatively related to BI for the users. Knowledge
was measured to capture training and extension
support for Triple S. The limited access to training
opportunities for women users and identified knowl-
edge gaps probably contributed to this negative
relationship. Elsewhere, Kansiime et al. (2022) have
recommended that gender responsive extension
approaches should be adopted to enhance learning
and participation of all gender categories.

Gender norms negatively influenced agency, as
anticipated. Negative stereotypes of ‘illiterate, ignor-
ant’ women can stymy their participation in training
and technology adoption (Mudege et al., 2017).
Women’s limited education, lower membership in
agricultural organizations and limited social capital
reduce their agency (Rola-Rubzen et al., 2020).
Sweet potato is seen as a woman’s crop in Uganda,
but new technologies and increased agricultural
extension may signal its impending commercializa-
tion. This would attract men who could displace
women from profitable nodes of the chain and may
call for re-negotiation of gender norms and relations
in a bid to promote individual agency (Lawless et al.,
2019).

Agency was a significant predictor of BI only for
users who were organized in farmer groups. As
women explained in the FGDs, they surmounted tech-
nology-input challenges that habitually affect women
(Badstue et al., 2020) to benefit from Triple S. Women
took up leadership positions which strengthened
their negotiation ability and augmented individual
agency (Mayanja et al., 2022). Local leaders applauded
women users because they had food in times of scar-
city, with surplus to sell. This social recognition helped
to elevate their status in the community. Thus, collec-
tive agency played a role in countering the negative
effects of gender norms.

BI was a stronger predictor of II for non-users, but
weak for users. This is similar to where conventional
farmers expressed higher intention than organic pro-
ducers to adopt organic farming practices (Cakirli
Akyüz & Theuvsen, 2020). Nonetheless, a weak BI-II
relationship does not diminish II’s utility in reducing
the intention-behavior gap. After all, people who
already practice a behavior have less need for embra-
cing it.
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BI, PU and PBC accounted for the observed gender
differences in II in descending order of importance.
Men dominated node 4 where BI and PU were
strong predictors of II. Even though sweet potato
was perceived as a woman’s crop, these men were
eager to adopt Triple S, as in Kenya, where men dis-
placed women following commercialization of the
banana value chain (Nyabaro et al., 2019). PBC, PU
and BI were stronger predictors of II for farmers in
Node 6, especially women who were able to catch
up with men. This increase in women’s II could be
aligned to PBC stemming from collective input
resources. This aligns with Venkatesh et al. (2000)
who argue that men and women have different
decision processes in adopting new technologies.
Women still need support to access resources
required to adopt new technologies, which should
be taken into account for equitable technology disse-
mination (Rola-Rubzen et al., 2020).

6. Conclusions

Farmers may accept a technology if they see it
as useful, and if they have the knowledge and
resources to implement it. Our study assessed the psy-
chosocial influences on sweet potato farmers’ inten-
tions to use Triple S. For non-users, uptake and
sustained use will be propelled by extension work to
give farmers positive attitudes and more knowledge
about Triple S. Farmers also need certain inputs to
use Triple S, besides perceiving the technology as
useful. Gender norms may be altered, e.g. empower-
ing women to attend trainings, manage their own
produce, and decide how to use money earned
from sales.

For Triple S users, belonging to a farmers’ group
and being recognized as high performers by commu-
nity leaders will encourage more women farmers to
consistently use the technology. Policy-makers and
technocrats could provide early adopters with social
incentives to attract other farmers. It is also important
to continuously improve Triple S to align it with
farmers’ local resource availability (e.g. substitute for
newspapers). The technology could be promoted
along with training on household seed enterprises,
with male and female family members attending
together. Transforming sweet potato into a priority
crop will improve farmers’ attitudes, although it may
also induce men to hijack sweet potato farming.

Since the Triple S requires some basic knowledge
to use, training will improve attitudes and knowledge.

The better off farmers, and the ones organized in
groups, are more likely to use Triple S; these farmers
are often targeted by extension agents. Larger-scale
farmers who are more committed to growing sweet
potatoes also have more resources, more access to
information, and are more open to new ideas to
boost their production.
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