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Abstract

Purpose – Improving the competitiveness of East Africa’s rice industries necessitates increased and viable
production of rice of the quality desired by consumers. This paper aims to understand consumer preferences
for rice quality attributes inUganda andKenya to inform the countries’ rice breeding programs and value chain
development interventions.
Design/methodology/approach – Rice samples are obtained from retail markets in various districts/
counties across the two countries. The samples are analyzed in a grain quality laboratory for the rice’s
physicochemical characteristics and the resulting data are used to non-parametrically estimate hedonic price
functions. District/county dummies are included to account for potential heterogeneity in consumer
preferences.
Findings –Ugandan consumers arewilling to pay a price premium for rice with a relatively high proportion of
intact grains, but the consumers discount chalkiness. Kenyan consumers discount high amylose content and
impurities. There is evidence of heterogeneity in consumer preferences for rice in Mbale, Butaleja and Arua
districts of Uganda and in Kericho and Busia counties of Kenya.
Originality/value –The studymakes a novel contribution to the literature on consumer preferences for rice in
East Africa by applying a hedonic pricing model to the data generated from a laboratory analysis of the
physicochemical characteristics of rice samples obtained from the market. Rather than base our analysis on
consumers’ subjective sensory assessment of the quality characteristics of rice, standard laboratory methods
are used to generate the data, which enables a more objective assessment of the relationship between market
prices and the quantities of attributes present in the rice samples.

Keywords Rice quality attributes, Shadow prices, Non-parametric estimation, East Africa

Paper type Research paper

1. Introduction
As consumption of rice in East Africa grows – making it the second most important crop in
the region after maize (Kilimo Trust, 2018) –Kenya and Uganda, through the second phase of
their national rice development strategies, intend to increase the competitiveness of their rice
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industries. By doing so, they hope to reduce their rice import bills and safeguard household
and national food security against global shocks to international food trade. The rice self-
sufficiency ratio, defined as the ratio of domestic production to total consumption, stands at
67% for Uganda and at a meager 10% [1] for Kenya, and Kenya’s imports are worth 26bn
Kenya Shillings annually, equivalent to about US$ 712,329 daily (Ministry of Agriculture,
Livestock, Fisheries and Cooperatives, 2020).

Strengthening the competitiveness of locally produced rice requires that national rice
varietal improvement programs, seed systems, farmers and localmarketers includingmillers,
wholesalers and retailers produce and supply rice of the desired quantity and quality. To
supply rice of the desired quality, information on consumer preferences for the different rice
quality attributes is crucial. However, robust evidence on consumer preferences for rice in
East Africa is hardly available (European Cooperative for Rural Development, 2012; Mgendi,
2014). This is an important gap in the published literature that we attempt to address in this
paper, at least for the case of Uganda and Kenya.

The study seeks to address two essential questions. First, what rice quality attributes are
important to consumers in Uganda and Kenya? Based mostly on expert views of breeders,
agronomists and other biological scientists, the consultative group on international agricultural
research (CGIAR) Excellence in Breeding (EiB) Platform has identified four seed product
market segments for rice in Uganda and Kenya, namely, DELS-U, TMeLS-R and TMeLF-R in
Uganda and DEMS-R in Kenya [2]. In these segments, the traits considered to be relevant to
Ugandan consumers are grain shape (for which the preference is for slender grains), texture
(preference for a soft texture when cooked), and firmness (preference for rice that is firm when
cooked), while Kenyan consumers have similar preferences in terms of grain shape and texture.
Could there be other attributes that are important to consumers? Second, how much are
consumers willing to pay for the attributes they like? Answering these pertinent questions is
especially important considering that the breeding pipelines that have been aligned with the
identified seed product market segments may not necessarily address all the needs of
heterogeneous consumers in those segments. In fact, some of the pipelines are to simply serve as
a base for more targeted breeding in individual countries.

The study contributes to the literature by estimating the shadow prices associated with
important rice quality attributes in the Ugandan and Kenyan markets. Consequently, it has
practical implications for rice varietal improvement, post-harvest handling and processing.
The EiB Platform and partners are currently engaged in efforts to align breeding pipelines
with product profiles so that investments in breeding can have a stronger impact on food
security and livelihoods (Excellence in Breeding Platform, 2021). However, the recently
launched Market Intelligence Initiative of One CGIAR and partners, which aims to provide
strategic information on market segments and preferences of farmers, consumers and other
value chain agents, observes that the design of current product profiles has been strongly
biased toward agronomic and stress tolerance traits and less on consumer traits and those
that would have wider impact on gender equity, social inclusion, nutrition and opportunities
for the youth (CGIAR, 2021). The evidence generated by this study is expected to inform the
identification of market segments, the design of product profiles and consequently the
development of appropriate rice breeding pipelines for the two countries. Also to the extent
that certain quality attributes are partly influenced by practices at the post-harvest handling,
milling, wholesale and retail nodes of the value chain, the study offers recommendations for
quality improvement relevant to these nodes.

The remainder of this article is organized as follows. In section two, we review the
literature, and in section three, we present the analytical approach including the economic
model, empirical estimation strategy and data. Section four discusses the results and
limitations of the study, and section five summarizes and concludes the paper with
recommendations for improving the competitiveness of East Africa’s domestic rice.
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2. Literature review
Some studies inAfrica have elicited consumers’willingness to pay price premiums for different
types of rice using stated and revealed preference methods. They have examined the socio-
demographic and quality variables influencing both the decision to purchase and howmuch to
pay (see, for instance, Rutsaert et al., 2009; Demont et al., 2013a, b; Demont and Ndour, 2015;
Fiamohe et al., 2015; Akoa Etoa et al., 2016; Diagne et al., 2017; Britwum et al., 2020).

Stated preference methods (also known as conversational, direct or expressed preference
methods) such as contingent valuation and choice experiments reveal preferences through
non-market behavior, usually because of the absence of markets to rely on to determine
preferences (Grafton et al., 2004). They examine preferences by getting respondents to answer
hypothetical questions about their choices in hypothetical markets. When markets actually
exist, revealed preference methods such as attribute based models – including hedonic price
models and random utility models – are often used. However, it is not always the case that the
existence of a market precludes the use of stated preference methods. In fact, stated
preference methods may be used in place of revealed preference methods to capture
preferences more precisely [see Grafton et al. (2004) for some examples]. Moreover, in
comparison to revealed preferencemethods, they tend to be cheaper and less time consuming,
and if well executed, the data they yield can be reliable and suitable for in-depth analysis of
preferences (Aubeeluck, 2010). Theirmajor drawback, however, is hypothetical bias – the gap
between non-hypothetical preference estimates and hypothetical estimates – for which ex
post and ex ante methods for mitigating it have had limited success. Therefore, we turn to
revealed preference methods to conduct this study.

Non-hypothetical experimental auctions is a revealed preferencemethod that has increasingly
become popular in examining consumer preferences. It is characterized by real transactions and
economic costs, involvesmechanisms that are strategy-free, and it is incentive compatible, at least
in theory (Doyon and Bergeron, 2017). Britwum et al. (2020) applied this method and found
Ugandan rice consumers to prefer aromatic to non-aromatic rice, an important attribute,whichwe,
however, do not examine in this study because of the nature of our data.

Results of experimental methods, however, tend to vary with experimental procedures
such as the size of consumer taste panels, the initial endowment and the choice of auction
mechanism (Lusk et al., 2004; Umberger and Feuz, 2004). Lusk et al. (2004) determined that a
second price auction yields greater valuations than nth price, Becker-DeGroot-Marschak
(BDM) and English auctions and that a random nth price auction generates lower valuations
than BDM and English auctions. Only a handful of studies such asMorawetz et al. (2011) and
more recently Hamukwala et al. (2019) have attempted to assess the applicability of
experimental methods to the African context, which may be characterized by, among other
things, non-familiarity of participants with different types of auctions, low levels of income
and food security and little experience with computers. These factors have the potential to
introduce bias in experimental results. Morawetz et al. (2011) found that experimenters,
amount of cash-in-hand held by participants and the time of day an auction is held have
significant influence on BDM bids, while Hamukwala et al. (2019) found BDM willingness to
pay estimates for an improved maize variety to be significantly higher than those obtained
from a non-hypothetical choice experiment. It is for these reasons that the current study
applies the hedonic pricing method.

Several studies on hedonic pricing of rice quality attributes have been undertaken so far
for Sub-Saharan Africa (SSA). Naseem et al. (2013) applied a hedonic price model to data
obtained from Beninese consumers’ subjective perceptions of rice quality. They found that
consumers pay price premiums for broken grains, short grains, parboiled rice and imported
rice. Ndindeng et al. (2021) too examined the Beninese market but used data from laboratory
analysis of the physical and chemical attributes of grain samples collected from several
markets countrywide. Applying latent class analysis to their hedonic price model, they found
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three classes of consumers in proportions of 56, 39 and 5%. The largest class discounts
parboiled rice but does not place significant value on the origin of rice. The second largest
class values neither the origin nor the type of rice (parboiled or non-parboiled), while the
smallest class pays the highest price, discounts parboiled rice and prefers imported to local
rice. Preferences for physicochemical attributes vary from one class to another, and there
would be modest gains in consumer surplus from greater head rice and a reduction in
chalkiness.

Twine et al. (2022) use parametric and non-parametric methods to estimate a hedonic price
model using laboratory data on physicochemical characteristics of rice samples from five
countries, namely Nigeria, Ghana, Cote d’Ivoire, Cameroon and Madagascar. They find the
non-parametric specification to fit the data better than the parametric one. Consumers in
these countries are willing to pay price premiums for head rice, slender grains, peak viscosity,
parboiled rice and rice sold in urban markets, but they discount high amylose content, rice
with impurities and imported rice. The current study draws upon Twine et al. (2022) by non-
parametrically estimating a hedonic price model fitted to data obtained from the laboratory
analysis of rice samples. More recently, Peterson-Wilhelm et al. (2022) have applied a hedonic
price model to data from rice samples obtained fromAbuja, Kano and Lagos in Nigeria. They
find that Nigerian consumers prefer ricewith long slender grains but discount ricewith a high
proportion of broken grains.

Other studies on hedonic pricing of rice but outside Africa include Unnevehr (1986), who
applied the consumer goods characteristics model of Ladd and Suvannunt (1976) to estimate
hedonic prices for Thailand, Indonesia and the Philippines, and Cuevas et al. (2016), who
essentially applied Rosen’s (1974) model to data from the Philippines. Data for both studies
were obtained from the laboratory analyses of the rice samples.

3. Analytical approach
3.1 Economic model and empirical estimation
Following Twine et al. (2022), we apply Rosen’s (1974) hedonic pricing model to the rice
markets in Uganda and Kenya. The model, which is itself based on Lancaster’s (1966) theory
that consumers obtain utility from a good’s attributes and not just the good by itself, places a
perfectly competitive market of differentiated products between heterogeneous sellers and
consumers. In a given market, consumers maximize utilityUðx; z1; z2; . . . . . . ; znÞ subject to a
nonlinear budget constraint y ¼ xþ pðzÞwhere y is income, zi is the quantity of attribute i in a
given type (variety) or brand of rice, x is all other goods consumed and the function pðzÞ
relates observed market prices of rice (obtained from market clearing conditions) with the
vector of attributes. In this budget constraint, the price of x is set to unity. The utility function
is assumed to be continuous, strictly concave and strictly increasing. The consumer has a bid
or value function, which is the maximum amount they are willing to pay given their income
and the rice attributes and at a certain level of utility. Theymaximize utility at the point where
the bid function equates to the minimum price they must pay in the market.

In the case of sellers, a seller’s objective is to maximize profit subject to their production
function. Again, sellers are competitors who treat prices as being parametric to their
decisions. They have an offer function, which defines the minimum amount they are willing
to accept as a function of the costs they face and the good’s attributes, at a certain level of
profit. Profit is maximized at the point where their offer function equates to the maximum
price they can get in the market. Market equilibrium is attained when the consumer’s bid
function touches the seller’s offer function, implying a common slope of the two functions at
that point. Since themarket is characterized by heterogeneous sellers and consumers, a plot of
observed market price against quantity of a given attribute has unique bid and offer
functions of the different buyers and sellers. The curve that connects the common slopes of
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the different pairs of value and offer functions is essentially the equilibrium hedonic (implicit)
price function.

Therefore, the markets for the different rice types can be represented by the following
basic hedonic price function:

pðzÞ ¼ pðz1; . . . . . . . . . . . . ; znÞ (1)

Upon estimation, vpðzÞ=vzi is the hedonic price, also known as the shadow price or implicit
marginal price of attribute i. If positive, then consumers are willing to pay a price premium for
the attribute, but if negative, it means that consumers discount the attribute. Equation (1) can
be augmented with demand and supply shifters such as income and factor prices,
respectively, and taste variables such as age, education and gender.

In this study, the market price of a given type or variety of rice is a function of both
extrinsic (physical) and chemical (cooking) quality attributes. Extrinsic attributes include
head rice, length-width ratio, chalkiness, grain lightness (whiteness), moisture content,
impurities and whether the rice is parboiled or not. Cooking attributes include amylose
content and peak viscosity. Chalkiness is an undesirable quality attribute because it reduces
milling quality and the attractiveness of rice. Amylose content determines the stickiness of
rice when cooked; a low amylose content makes rice sticky and vice-versa. Peak viscosity
determines the extent of swelling upon cooking and firmness upon cooling. The greater the
peak viscosity, the higher the extent of swelling and the lower the firmness upon cooling. We
posit that East African consumers are willing to pay price premiums for greater head rice,
greater length-width ratio, greater whiteness and high peak viscosity. However, they
discount high amylose content, chalkiness, impurities and high-moisture content. We do not
have a priori expectations regarding parboiled rice, which is much less common in East
Africa compared to West Africa despite its nutritional benefits.

In estimating shadow prices of rice quality attributes, we also include location dummies in
Equation (1) – district and county dummies for Uganda and Kenya, respectively, to account
for potential within-country heterogeneity in consumer preferences for rice quality attributes.
In Uganda, a district is the highest administrative unit of the local governments and is
comprised of several counties. It has several departments such as trade and industry,
education, health, production and natural resources and can formulate ordinances to restrict
or promote certain activities and to enable the implementation of central government
programs. Currently, Uganda has a total of 136 districts (25 in the Central region, 37 in the
Eastern region, 38 in the Northern region and 36 in theWestern region). In Kenya, a county is
the highest administrative unit of the local governments. The country’s new constitution,
adopted in 2010, abolished the districts by turning them into counties. At present, there are 47
counties, which provide public services and undertake several functions such as agricultural
development, trade development and regulation of markets.

The finding of heterogeneity in consumer preferences would be important to rice breeders
and marketers as it would enable them to better allocate their scarce resources. For instance,
the recent ban by the Ugandan Government on rice cultivation in the rainfed lowland
ecologies (Makula, 2021) means that it might not be prudent for the national breeding
program to continue developing improved varieties with agronomic and stress tolerance
traits suitable for the TMeLS-R and TMeLF-R market segments, yet the needs of consumers
that depend on these segments still ought to be met. Therefore, knowledge of preferences of
consumers that depend on rice from the rainfed lowland ecologies would enable breeders to
adjust their breeding programs accordingly in breeding for varieties suitable for the
country’s other two ecologies – upland and irrigated lowland.

Amajor issue in the empirical estimation of Equation (1) is specification of the appropriate
functional form for the first stage regression. Rosen (1974) does not recommend a specific
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functional form but observes that the model is unlikely to be linear, especially if sellers face
increasing marginal cost of attributes. Twine et al. (2022) compared parametric and non-
parametric specifications of the model and found the latter to perform better than the former.
Thus, we estimate the model non-parametrically, and like Twine et al. (2022), we use the
additive non-parametric specification owing to the relative ease with which it parses out the
effects of individual attributes and the fact that it does not greatly suffer from the curse of
dimensionality (Bontemps et al., 2008). In the additive non-parametric model,

pðzÞ ¼ pðz1; . . . . . . . . . ; znÞ ¼ cþ
XN

n¼1

gnðznÞ (2)

where c is a constant and gnð∙Þ; n ¼ 1; . . . ::N is a set of N unknown smooth functions
satisfying the identifiability condition that E½gnðznÞ� ¼ 0 for every n. From Equation (2), our
empirical model becomes:

p ¼ cþ
XN

n¼1

gnðznÞ þ e (3)

where e is theerror term.ToestimateEquation (3),weneed tochooseanappropriate estimator.The
two most common ones are kernel and series estimators. Because we do not have information on
the precise bandwidth to use for the kernel estimator, we opt for the series estimator. Series
estimation regressespricesona functionof the explanatoryvariables, also called thebasis function
(StataCorp, 2019). The estimates obtained are averagemarginal effects – the effect of a very small
change in the covariate on the market price of rice. Since our variables are untransformed, the
average marginal effects of quality attributes are essentially hedonic prices of the attributes.

3.2 Data
Data for the study were obtained from a laboratory analysis of the rice samples bought from
rural and urban food markets in Kenya and Uganda from August to September 2020. For
Kenya, a two-stage cluster sampling design was used to collect rice samples. A total of 241
rice samples were bought from 15markets randomly selected from a list of 33 markets across
9 counties spanning 3 geographical regions: West, Central and Southeast. The counties
include Busia, Kisumu, Kericho (West), Nakuru, Nairobi, Kirinyaga, Embu (Central),
Mombasa and Taita Taveta (Southeast). For Uganda, 45 markets in 12 districts across the
country’s four administrative (geographical) regions, namely Northern, Central, Western and
Eastern, were purposively sampled. The districts include Gulu, Amuru, Lira, Arua
(Northern), Hoima, Kasese, Rubirizi (Western), Kampala (Central), Soroti, Mbale, Butaleja
and Iganga (Eastern). A total of 345 rice samples were collected. In both countries, the
rice samples were bought from randomly selected retailers at the asking price in quantities
of 0.25 kg per sample. For the rice that was already packaged, the smallest package was
bought.

The rice samples were analyzed in a grain quality laboratory for extrinsic (physical) and
intrinsic (chemical or cooking) quality attributes and summary statistics are reported in
Table 1 for each country. Extrinsic quality attributes examined include head rice ratio
(measured as the proportion of intact grains), grain shape (measured in terms of length-width
ratio), impurities (percentage of organic and inorganic foreign matter), moisture content,
chalkiness (the opaque part of a grain, which makes rice unpleasant), lightness (the degree of
whiteness of grains), color intensity (the red/green and yellow/blue aspects of grain color) and
whether the rice is parboiled or not. Intrinsic attributes include amylose content and peak
viscosity.
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Purchasing power parity conversion factors for 2020 (World Bank, 2022) are used to convert
market prices to constant international dollars to enable comparison between the two
countries. The average price of rice in Kenya is 55% greater than the price in Uganda. This is
not surprising considering that 90% of rice consumed in Kenya is imported – mostly from
Pakistan and other Asian countries – compared to 33% for Uganda. Rice imports from
outside the East African Customs Union attract a common external tariff of US$ 345 per
metric ton. Also, we compare the distribution of prices using kernel density estimates. These
are shown in Figures 1 and 2 for Uganda andKenya, respectively. In both countries, the prices
are right-skewed, and therefore, themean values are greater than themedians. Because of this
skewness, we report the median prices of US$ 2.37/kg and US$ 4.07/kg for Uganda and
Kenya, respectively, as better indicators of central tendency. The difference in median prices
is about 42%. We can also clearly see that Kenyan prices have a bimodal distribution.

Kenyan rice has a relatively high proportion of intact grains or conversely low proportion
of broken grains and a relatively low proportion of total impurities. This is probably because
most of it is imported and imported rice generally has better extrinsic quality attributes than
domestic rice. Also not surprising is that Kenya’s rice has a larger length-width ratio. In fact,
from our data, 87% of Kenya’s rice samples are classified as having slender grains compared
to only 19% of Ugandan samples.

Although Uganda’s rice on average has greater amylose content than Kenya’s rice
(Table 1), almost all samples in the two countries (99 and 98%, respectively) fall in the range of

Variable Country Mean Std. dev Min Max

Price (US$/kg) Uganda 0.95 0.48 0.18 3.24
Kenya 1.64 0.76 0.64 10.24

Price (constant international dollars, US$/kg) Uganda 2.64 1.33 0.50 9.02
Kenya 4.10 1.90 1.60 25.57

Head rice (%) Uganda 74.74 14.65 5.24 99.99
Kenya 94.48 7.38 60.17 99.99

Broken grain (%) Uganda 25.26 14.65 0.01 94.76
Kenya 5.52 7.38 0.01 39.83

Length-width ratio Uganda 2.87 0.39 2.32 4.32
Kenya 3.45 0.44 1.96 5.49

Chalkiness (%) Uganda 14.28 9.76 0.03 54.17
Kenya 23.87 15.32 0.01 62.85

Lightness (%) Uganda 64.05 3.35 52.57 71.84
Kenya 64.45 3.73 52.60 74.48

Amylose content (%) Uganda 18.23 1.78 10.50 20.20
Kenya 16.13 1.67 12.65 20.30

Color intensity Uganda 8.48 3.30 5.99 67.38
Kenya 9.40 2.04 6.23 15.60

Peak viscosity (centipoise) Uganda 2656.64 682.00 285.00 4142.00
Kenya 1594.82 642.65 86.00 3121.00

Moisture content (%) Uganda 13.08 0.42 12.15 14.10
Kenya 12.68 0.25 11.80 13.50

Impurities (total, %) Uganda 0.14 0.21 0.00 1.65
Kenya 0.12 0.32 0.00 3.85

Impurities (inorganic, %) Uganda 0.02 0.06 0.00 0.55
Kenya 0.10 0.31 0.00 3.80

Impurities (organic, %) Uganda 0.12 0.20 0.00 1.65
Kenya 0.10 0.31 0.00 3.80

Type (non-parboiled 5 1, parboiled 5 0) Uganda 0.94 0.24 0.00 1.00
Kenya 0.81 0.39 0.00 1.00

Source(s): Authors’ work

Table 1.
Summary statistics of
rice attributes for
Uganda and Kenya
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low amylose content (10–19%). However, chalkiness is relatively low in Uganda’s rice
(14.28%) compared to Kenya’s (23.87%) and only 26% of Uganda’s samples are classified as
chalky compared to Kenya’s 54%.

Comparison between the two countries can also bemade in the context of the East African
Standard for milled rice. Considering moisture content, organic matter, inorganic matter and
percentage of broken grains, Kenya’s rice, on average, meets the requirements for Grade 1 rice
with respect to all attributes except percentage broken, for which it meets the Grade 2
requirement, having missed the Grade 1 cut-off point by a small margin. Uganda’s rice meets
Grade 1 requirements for moisture content and inorganic matter and Grade 2 requirement
with respect to organicmatter. The relatively large proportion of broken rice (25%) is because
majority of the country’s rice millers (69%) use the single-pass Engelberg type of mill (Twine
et al., 2021), which produces a lot of broken rice and impurities compared to the two-stage and
multi-stage mills. These findings corroborate the fact that unlike Uganda’s rice market,

Figure 1.
Kernel density

estimate of rice prices
in Uganda

Figure 2.
Kernel density

estimate of rice prices
in Kenya
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Kenya’s market is dominated by imported rice, which must meet the set quality standards to
be allowed into the country.

4. Results and discussion
In estimating the empirical model, we start with a parsimonious specification; one that
includes only rice quality variables and omits location dummies. Results of the models with
the best fit to the data are presented in Tables 2 and 3 for Uganda and Kenya, respectively [3].
For Uganda, three of the six coefficients are statistically significant: the coefficient on head
rice ratio is positive, while the coefficients on chalkiness and peak viscosity are negative. For
Kenya, two of the five coefficients are statistically significant and both are negative: the
coefficients on amylose content and impurities.

Accounting for parboiling does not yield the best fitting model for either country. This is
not surprising because parboiled rice is scarce on the East African market as shown by the
descriptive statistics. Results of the less parsimonious specification are summarized in
Table 4 for Uganda andTable 5 for Kenya. By including location dummies, we are accounting
for the possibility of unobserved within-country heterogeneity in consumer preferences, and
in doing so, we are also assessing the robustness of our results. Kampala district and Nairobi
county are the reference locations in the regressions for Uganda andKenya, respectively. The
signs on all the coefficients in the two countries’ regressions do not change and their
magnitudes do not change much or at all. This suggests that our results are already fairly
robust. Therefore, we discuss the regression results presented in Tables 4 and 5. To calculate
the coefficient of determination for each country’s regression, we regress the market price of
rice on the basis terms (of the regressors) that are generated upon running the non-parametric
series regression [4]. Both countries’ regression models are statistically significant at one
percent, with R-Squared values of 54.94% for Uganda and 39.71% for Kenya.

Variable Av. Marginal effect z-statistic p-value

Head rice ratio 0.02 (0.01) 4.08 0.000
Length-width ratio 0.26 (0.30) 0.89 0.372
Chalkiness �0.03 (0.02) �1.75 0.080
Amylose content 0.03 (0.12) 0.23 0.819
Peak viscosity �0.0004 (0.0001) �3.30 0.001
Impurities 0.24 (2.02) 0.12 0.905

Note(s): Dependent variable is price in constant international dollars. Figures in parentheses are robust
standard errors. N5 319. The estimated average marginal effects are averages of derivatives for continuous
variables and averages of contrasts (differences) in the case of dummy variables (StataCorp, 2019)
Source(s): Authors’ work

Variable Av. Marginal effect z-statistic p-value

Head rice ratio 0.01 (0.14) 0.04 0.966
Length-width ratio 0.54 (0.56) 0.97 0.331
Amylose content �0.34 (0.12) �2.75 0.006
Peak viscosity 0.0002 (0.0003) 0.63 0.530
Impurities �9.95 (5.75) �1.73 0.083

Note(s): Dependent variable is price in constant international dollars. Figures in parentheses are robust
standard errors. N5 227. The estimated average marginal effects are averages of derivatives for continuous
variables and averages of contrasts (differences) in the case of dummy variables (StataCorp, 2019)
Source(s): Authors’ work

Table 2.
Non-parametric
regression results for
Uganda without
district dummies

Table 3.
Non-parametric
regression results for
Kenya without county
dummies
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We hypothesized that consumers are willing to pay a price premium for greater head
rice. This is true only for Uganda; Ugandan consumers are willing to pay a price premium of
2 ¢/kg (or 0.8%) for a one percent increase in the head rice ratio, ceteris paribus. However, as
theorized, they discount chalkiness by 3 ¢/kg (1.3%). Coefficients on the dummy variables for
Butaleja and Mbale districts are negative and statistically significant at one and ten percent,
respectively, while the coefficient on Arua district is positive and significant at ten percent.

Variable Av. Marginal effect z-statistic p-value

Head rice ratio 0.02 (0.01) 2.68 0.007
Length-width ratio 0.49 (0.30) 1.62 0.105
Chalkiness �0.03 (0.02) �2.10 0.036
Amylose content 0.04 (0.11) 0.33 0.743
Peak viscosity �0.0002 (0.0001) �1.27 0.203
Impurities 0.58 (1.96) 0.29 0.769
Soroti �0.0004 (0.28) 0.00 0.999
Hoima �0.19 (0.27) �0.69 0.492
Butaleja �0.85 (0.28) �3.00 0.003
Mbale �0.51 (0.29) �1.77 0.077
Lira 0.03 (0.29) 0.10 0.924
Gulu �0.10 (0.30) �0.32 0.748
Arua 0.66 (0.34) 1.94 0.052
Iganga �0.20 (0.32) �0.62 0.534
Amuru �0.15 (0.31) �0.47 0.639
Kasese �0.31 (0.28) �1.12 0.262
Rubirizi 0.45 (0.34) 1.30 0.193

Note(s): Dependent variable is price in constant international dollars. Figures in parentheses are robust
standard errors. N 5 319. The reference district is Kampala. The estimated average marginal effects are
averages of derivatives for continuous variables and averages of contrasts (differences) in the case of dummy
variables (StataCorp, 2019)
Source(s): Authors work

Variable Av. Marginal effect z-statistic p-value

Head rice ratio 0.06 (0.14) 0.44 0.659
Length-width ratio 0.55 (0.55) 0.99 0.322
Amylose content �0.32 (0.12) �2.80 0.005
Peak viscosity 0.0002 (0.0003) 0.68 0.499
Impurities �10.91 (5.61) �1.95 0.052
Kericho 1.47 (0.86) 1.71 0.087
Kisumu 1.30 (0.88) 1.47 0.141
Embu 0.87 (0.87) 1.00 0.318
Taita Taveta 1.00 (0.82) 1.22 0.224
Mombasa 1.94 (1.54) 1.26 0.207
Kirinyaga 0.82 (0.96) 0.85 0.393
Busia 1.67 (0.93) 1.80 0.072
Nakuru 1.14 (0.90) 1.27 0.204

Note(s): Dependent variable is price in constant international dollars. Figures in parentheses are robust
standard errors.N5 227. The reference county is Nairobi. The estimated averagemarginal effects are averages
of derivatives for continuous variables and averages of contrasts (differences) in the case of dummy variables
(StataCorp, 2019)
Source(s): Authors’ work

Table 4.
Non-parametric

regression results for
Uganda with district

dummies

Table 5.
Non-parametric

regression results for
Kenya with county

dummies
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This is indicative of heterogeneous preferences for rice in Uganda. That is, consumers in
these districts might have different hedonic price functions.

As expected a priori, consumers discount high amylose content and impurities, at least for
the case of Kenya. A one percent increase in amylose content would induce a price reduction
of 32 ¢/kg (7.9%), ceteris paribus. The discount of US$ 10.91/kg (or 270%)with respect to total
impurities seems unrealistically high. But of course, the actual discount in the population
could be lower as shown by the coefficient’s 95% confidence interval of [�21.90 0.10]. To
determine the type of impurities that could be the source of this large coefficient, we run
regressions in which we exclude total impurities and include organic and inorganic
impurities, one at a time. However, we obtain even larger statistically significant coefficients
for either type of impurities. Lastly, we also find evidence of heterogeneous preferences for
rice in Kenya; the coefficients on the dummy variables for Kericho and Busia counties are
positive and statistically significant at ten percent.

Our results are generally consistent with those in the literature. Using data from five
countries in SSA, Twine et al. (2022) find that consumers are willing to pay a price premium of
1 ¢/kg for a one percent increase in head rice ratio, but they discount high amylose content by
7 ¢/kg and impurities by 21 ¢/kg. In an earlier study, Ndindeng et al. (2021) find three different
classes of rice consumers in Benin and the two largest classes significantly discount chalkiness,
with one class discounting it by asmuch as 2¢/kg. Peterson-Wilhelm et al. (2022) have found that
Nigerian consumers generally discount rice with a relatively high proportion of broken grains.

The current study’s limitation lies in not being able to determine the quality attributes for
which there is preference heterogeneity. Several approaches can be applied to this end. One
approachwould be to interact the location dummies with the quality attributes. In the context
of non-parametric regression, we would need larger samples. But even then, we would be
confronted with the “curse of dimensionality” problem because of the interaction terms.
Hence, we opt to estimate regression models without interaction terms. Another approach
would be to estimate separate regressions for each district/county. But again, we would not
have enough degrees of freedom to guarantee credible results. A third approach would have
been to capture consumers’ socio-economic and demographic data to enable us split up the
sample into quintiles by some variable, say income, and run separate regressions for each
quintile. However, the rice samples were obtained (purchased) from retailers as obtaining
them from consumers would have required a bigger budget than we could afford.
Nonetheless, our results are useful to breeding programs and rice value chain agents.

5. Summary and conclusions
The aim of this study is to provide evidence on consumer preferences for rice in East Africa –
a critical gap in extant literature. The study applies a hedonic pricing model to data on
physicochemical characteristics of rice samples obtained from Ugandan and Kenyan
markets. The model is estimated non-parametrically, and the results suggest that Ugandan
consumers prefer rice with intact rather than broken grains and they discount chalkiness.
Their Kenyan counterparts discount rice with high amylose content andwith a high quantity
of impurities. In both countries, there are significant heterogeneities in consumer preferences
in at least two districts in Uganda and two counties in Kenya. Determining the nature of the
heterogeneous preferences, particularly for the case of Uganda, is an important area for
further research. The two districts of Mbale and Butelaja for which heterogeneity is observed
are also characterized by significant rice cultivation in the rainfed lowland ecology and are,
therefore, likely to experience a substantial reduction in rice production due to the
government’s ban on rice cultivation in wetlands. This implies that understanding consumer
preferences in the two districts will be critical to ensuring that farmers in the irrigated lowland
ecologies as well as rice traders supply rice of the desired quality to consumers in those
districts or to consumers in other locations but whose rice is procured from the two districts.
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Grain quality improvements in terms of increasing head rice ratio and reducing chalkiness
and amylose content can be achieved through breeding efforts. But increasing head rice ratio is
also dependent on post-harvest handling practices and the quality of milling technology. As
noted earlier, priority breeding pipelines for Uganda are aiming for long and slender grains, soft
texture upon cooking and greater firmness upon cooling. Our results suggest that increasing
the proportion of intact grains and reducing chalkiness should be added to this priority list.
Kenya’s only breeding pipeline is aimed at long and slender grains and soft texture. It would be
beneficial to also aim for a reduction in amylose content. Good post-harvest handling and
processing activities in Uganda should be undertaken to ensure that investments in breeding
for greater head rice ratio are not wasted, while in Kenya minimizing or eliminating impurities
should be a key focus of all post-harvest and off-farm value addition activities.

Our results also have societal and commercial implications. Improving grain quality leads
to product and possibly channel upgrading of rice value chains, which would in turn improve
nutrition, industry competitiveness and the welfare of value chain agents. Product upgrading
is improvement in product quality, hence value, while channel upgrading is entry into new
markets – domestic, regional or even global – in an effort to diversify revenue and manage
risk. Indeed, studies such as Ndindeng et al. (2021) and Twine et al. (2022) have found that
grain quality improvement in terms of increasing head rice, reducing chalkiness and reducing
amylose content leads to welfare gains to society.

Furthermore, because of imperfect information, the study reveals the importance of
analyzingwillingness to pay for experience attributes such as amylose content. Unlike search
attributes like head rice, chalkiness and level of impurities, experience attributes may present
a greater challenge for the efficient functioning of the market, especially where there is
symmetric imperfect information. That is, producers (or sellers) and consumers may not
know the quality of the product with respect to a certain attribute prior to its purchase and
consumption. Therefore, the finding that Kenyan consumers discount high amylose content
calls for quality control strategies such as product testing and marketing strategies such as
certification and labeling that support the product reputationmechanism. Ricewith relatively
low amylose content would be repeatedly purchased, and thus, producers or sellers that
supply low amylose content rice should be able to charge a higher price for it.

Notes

1. Authors’ own calculation using the United States Department of Agriculture (USDA) (2020)
Production, Supply and Distribution (PSD) dataset on grains and pulses.

2. D 5 direct seeded, E 5 early maturing, L 5 long slender, S 5 soft texture, U 5 upland rice,
T 5 transplanted, Me 5 medium maturing, R 5 rain-fed lowland rice, F 5 firm and dry and
M 5 medium in shape.

3. The difference in sampling designs between the two countries precludes pooling of the data to
estimate a pooled regression.

4. Unlike the non-parametric kernel regression, the Stata command for the non-parametric series
regression (non-progress series) does not calculate an R-Squared statistic, but the statistic can be
calculated manually.
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