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Abstract
This paper investigates the effects of household size on food consumption spend-
ing in Cameroon. This paper extracts secondary data from the Cameroon household 
consumption survey conducted in 2014 by the government’s statistics office. The 
residual inclusion version of the two-stage least squares method is used to investi-
gate the effect of household size on household consumption spending. We find that 
non-self-cluster fertility, non-self-cluster mortality and cluster-level household size 
are relevant instrumental variables for household size. We also find evidence of a 
U-shaped relationship between household size and food expenditure. Specifically, 
with household size below 7 members, any additional member decreases consump-
tion spending, but above this threshold, any additional member increases consump-
tion spending per adult equivalent. These findings present evidence of economies of 
scale in food consumption spending. Other variables that correlate positively with 
consumption spending include access to credit, urban residency, primary education, 
secondary education and tertiary education. Meanwhile, general price level corre-
lates negatively with household food spending. These results have policy implica-
tions for the optimal household size in predominantly agricultural/rural settings.
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Introduction

Household spending plays a significant role as far as aggregate demand is con-
cerned and by extension, also plays an important role in the economic growth of a 
nation. According to Jainxu et al. (2018), household spending contributes towards 
dampening private consumption and thus aggregates demand and economic 
growth. OECD (2013) has indicated that household final consumption spending is 
typically the greatest component of the final uses of GDP, representing about 60% 
of GDP. Household spending is therefore an important component for the  eco-
nomic analysis of demand, as it allocates individual consumption expenditures of 
general governments and those that directly benefit households; thus providing an 
important measure for cross-country comparisons and comparisons of wellbeing 
in particular (OECD 2013).

Food stands tall as a vital component in many important dimensions of welfare 
such as food security, nutrition and health. In this way, food makes up the greatest 
share of total household expenditure in low-income countries to the tune of about 
50% of the average household budget, making it a pivot for consumption and 
poverty analysis (The Inter-Agency and Expert Group on Food Security 2018). 
For Ebru and Melek (2012), food expenditure is a mandatory element of house-
hold total expenditure, hence can be used to determine the level of household 
economic welfare. Wirba et  al. (2013) posited that food consumption expendi-
ture in total household expenditure can be regarded as an important criterion for 
assessing welfare levels. According to Deaton (1997) food consumption has a 
fundamental role to play in determining the welfare of households since it often 
represents the largest portion of the household total expenditure in developing 
countries especially among low-income countries of which Cameroon is one. In a 
like manner, Haq et al. (2008) underlined that the low-income households spend 
practically three-quarters or more of their total budget on food.

The consumer demand theory holds that household food consumption is key ele-
ment of social behaviour which is perceived to be affected by household income, 
price level of goods and household preferences which vary across households. In 
tandem with this consumer demand theory, the household rationally picks an opti-
mal food consumption basket to optimise the household utility function subject to 
her budget constraint (Wirba et  al. 2016). Empirically, the Engel Law lends sup-
port to the consumer demand theory as it posits that low-income households usu-
ally have higher income coefficients, whereas high-income households have lower 
income coefficients showing their relative level of income and economic wellbeing. 
Leaning on Engel (1857), for a necessary good like food, the expenditure of an aver-
age household is expected to increase less than proportionately as its money income 
increases; thus, the Engel curve for food is upward sloping. Based on this law, food 
share is inversely related to the logarithm of income or total expenditure of a house-
hold. According to Deaton and Paxson (1998), if per capita resources are held con-
stant, food consumption per head in the household should increase with household 
size. This implies that the larger the household size, the greater the proportion of its 
total expenditure that must be devoted to the provision of food.
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The average household size is not same for developed and developing countries 
and also varies by residence and educational level of household head. For instance, 
in the United State of America, the average household size is 2.6 persons com-
pared to 3.7 in the 1960s (Duffin 2019). In Germany the average household size is 
about 2.0 people per household (Bauer 2019). Leaning on the summary estimates of 
household sizes and composition of the newly compiled United Nations Database 
on Household Size and Composition (2017), small average household sizes of fewer 
than 3.0 persons per household were found in most countries of Europe and North-
ern America (United Nations 2017). Larger average household sizes of more than 
5.0 persons per household were found in most countries of Africa and Middle East. 
Worthy of note, the largest household sizes were observed in Senegal and Oman, 
averaging 9.0 and 8.0 persons per household, respectively (United Nations 2017).

In 2001, the average household size for Cameroon stood at 5.1 with 4.8 for urban 
areas and 5.5 for rural areas. The Far North region had the largest average household 
size of 6.2 and the South region registered the lowest with 4.1. The national average 
household size of 5.1 has only changed slightly from 1987 value of 5.2. While the 
average household size witnessed an increase from 5.3 to 5.5 in rural areas within 
the period, the urban areas instead recorded a decrease from 5.0 to 4.8. The average 
size for households headed by males (6.2) is significantly higher than that of house-
holds headed by females (4.1). Unlike with level of education, the average house-
hold size increase with the age of the household head before reducing after 59 years 
(Mbarga 2005). Leaning on the 2014 recent Cameroon household consumption sur-
vey, we observed that the average household size for Cameroon stands at 4.5 (com-
pared to 5.1 in 2001), with the rural areas having a slightly higher average household 
size (4.8) than the urban areas (4.2). The households headed by males registered a 
higher average household size (3.2) compared to those headed by females (2.7). It is 
observable that the average household size for Cameroon has been declining steadily 
since 2001.

Cameroon has the problem of low food consumption, standard of living and wel-
fare which is evident in the fact that she fights to reduce hunger and food insecurity 
in line with the Sustainable Development Goals. A decline has been observed on 
the aggregate food supply which has led to a reduction in the quantity and quality of 
food among households (Ninno and Tamiru 2012). Overall, more than 1 in 5 house-
holds (22%) in Cameroon are estimated to suffer the problem of inadequate food 
consumption, with 17.7% of them consuming borderline diet and 4.3% of them con-
suming poor diet (WFP 2017). Compared to 2011 WFP report on Comprehensive 
Food Security and Vulnerability Analysis (CFSVA), the situation has worsened with 
a 35% increase between 2011 (20%) and 2017 (27%) of rural households consuming 
inadequate diets. Based on the 2017 food consumption score of the WFP, a higher 
percentage of households in rural areas (27%) suffer poor food consumption (that 
is, inadequate diets) compared to those in major cities like Yaoundé and Douala 
(19.3%) and in other urban areas (17.2%).

The rural–urban dichotomy in poor food consumption is also reflected across the 
sources of livelihood. Specifically, poor diets are more widespread among house-
holds depending on small trade (9.9% in rural areas and 4.5% in the urban areas). For 
the households depending on farming, we have 6.1% of rural households consuming 
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poor diets against 4.4% in urban areas, and for those depending on small businesses, 
we have 6.4% of rural households consuming poor diets compared to 3.3% in urban 
areas. For households in the livestock sector (5.5% for rural against 2.7% for urban), 
and those depending on aid/credit (5.5% for rural against 4.1% for urban), we have 
the least consumption of poor diets among households who are employed in the 
public and private sectors (2.3% for rural and about 1% for urban). It is undeniably 
that poor food consumption is a signal of food insecurity.

According to the WFP (2017), about 16% of households are considered to be 
food insecure (corresponding to 3.9 million people), with 1% that are considered 
severely food insecure (about 211,000 people). Like with poor food consumption, 
the rural households suffer relatively more food insecurity (22%) compared to the 
urban households (10.5%). The northern regions that have traditionally been expe-
riencing problems related to food availability, access and utilisation are ranked the 
most food insecure, with the Far North toping the rank with 33.7%, followed by 
Adamawa with 15.4% and North with 15.3%. The North West and West regions also 
registered high rates of food insecurity, 18.1% and 18% of households, respectively, 
which might be as a result of the Anglophone crisis that is plaguing the North West 
region since 2016 and has also affected the neighbouring regions, particularly the 
West region (WFP 2017).

Evidently, poverty and large household sizes partly accounts for food insecu-
rity in Cameroonian households. Poverty incidence is normally noted to be higher 
among households with larger sizes (Epo and Baye 2012). In the same line, Jenkins 
and Rigg (2001) posited that household size and composition can have an impor-
tant impact on the incidence of income poverty. Again, poverty literature holds 
that “people living in larger and generally younger households are usually poorer” 
(Lanjouw and Ravallion 1995 in Fusco and Islam, 2017). These evidences suggest 
a negative association between household food poverty/consumption and household 
size. Worthy of note, additional children in the household naturally increase the risk 
of being poor, which is explained by a lower amount of resources per capita and 
a higher dependency ratio, while additional adults typically reduce the risk (Kue-
pie and Saidou 2013 in Fusco and Islam, 2017). In a nutshell, the presence of chil-
dren may also bring about poverty through reduced labour supply or human capital 
investment of the mother who now dedicates more time to bring up the child than in 
income-generating activities (Datta and Dubey 2006 in Fusco and Islam, 2017).

In general, although overall income rises slightly with household size, a rise in 
household size appears to have a negative bearing on the household’s standard of liv-
ing. Larger households dedicate a majority of their income to necessities and less to 
luxuries (Espenshade et al.1983). This indicates that household size has an inverted 
relationship with accumulated wealth which is measured by consumer goods 
acquired, savings and housing quality. Due to the challenges resulting from larger 
household sizes and their pressure on natural resources, many nations have taking 
major steps to reduce household sizes. Bradbury (2014) pointed out that household 
sizes declined in 28 countries and territories, some of which include Australia, Bah-
rain, Belgium, Brazil, Canada, China, Denmark, Mexico and United States. Cam-
eroon too in promoting birth control measures has witnessed a steady decrease in 
household size since 2001. It is true that household size has a relationship with food 
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expenditure and consumption, income and exerts pressure on natural resources, but 
evidence on whether or not there is evidence of economies of scale/size in the rela-
tionship between household size and food consumption spending is still absent in 
Cameroon. Such evidence is vital in shaping policy efforts aimed at promoting birth 
control measures and fighting food poverty in the country.

An overview of the Cameroon economy and food expenditure

Cameroon until the second half of the 1980s had enjoyed a steady growth for more 
than two decades. This steady growth was strongly associated to the growth of agri-
cultural output, agricultural exports (oil, coffee, cocoa and cotton being the princi-
pal exports) and the exploitation of the country’s petroleum reserves from the latter 
half of the 1970s. High economic growth rate enjoyed by the country in the period 
1978—1985 was sustained by oil, with agriculture’s share in GDP decreasing to less 
than 28% in the late 1970s and oil skipping to 17% of GDP. For the period 1980—
1985, the economy of Cameroon witnessed a growth rate of 8% propelled by the 
oil sector, with oil export reaching about two-thirds of the total exports by 1984. 
The investment growth rate stood at 7%, export at 16% and consumption grew by 
3.3%, and Cameroon had a high per capita income (Cameroon 1989, 1991 and Amin 
1998). The export boom of the late 1970s and the 1980s provided Cameroon with 
considerable foreign earnings.

This enviable period of positive economic performance collapsed with the com-
ing of the economic crisis from the second half of the 1980s. This collapse involved 
both oil and other exports. Retreat in economic activity accelerated in 1986/87 with 
a negative growth rate of 4.5% (MINPLAT-DSCN 1993). Between 1985 and 1988, 
the terms of trade deteriorated by 60%, resulting in a loss of 15.7% of real output in 
1987, and this went up to about 18% in 1994 (IFS 1998). As explained by Baye and 
Fambon (2001), this collapse is because of the rapid decrease in world prices and 
the inability of oil revenue to finance the long-term development planning system 
pursued since independence.

In an attempt to reverse this ill economic situation, Cameroon, from 1988, 
adopted the Structural Adjustment Program (SAP) of the Bretton Woods institutions 
(the World Bank and IMF). The putting in place of the SAP involved the following: 
liquidating non-profit making and privatising some marginal profit making public 
enterprises; reducing public expenditure; freezing salary increment of the public 
sector workers; decreasing public and semi-public sector workers from early 1990 
and implementing salary cuts in January and November 1993 (Baye, 2005). The 
effect of SAP on the economy of Cameroon was not enough to root out the severe 
economic malaise. Economic indicators deteriorated continuously and incomes fell 
steadily, leading to a 40% decrease in per capita consumption between 1992 and 
1993. The echo of this rather insufficient respond pushed Cameroon in 1994 to join 
members of the Franc Zone to devalue the FCFA by 50% against the French Franc. 
This devaluation registered significant improvements in exports and in fiscal rev-
enue. Devaluation equally led to the reallocation of resources from non-tradable sec-
tors to tradable sectors. Since the devaluation, the economy of Cameroon witnessed 
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a renewed growth of between 4 and 5 per cent a year, with GDP per capita growth 
rate of between 1.5 and 2.7 per cent. Since the mid-1990s, food crop production 
enjoyed good weather, resulting in good harvests and a steady annual growth in food 
production of between 3 and 8 per cent since 1995.

Food production and food access are the key goals enshrined in one of the coun-
try’s current policy document, the 2009 Growth and Employment Strategic (GESP) 
document. This policy document has as main goal to enhance agricultural produc-
tion in the country and increase access to food. Food consumption still occupies a 
large share of total budget of households. The second and third Cameroon house-
hold consumption surveys (CHCS III-2007 and CHCS IV-2014) underline that food 
consumption expenditure takes a higher share of the total budget of households, over 
time in both urban and rural areas. However, according to these surveys, there is a 
rural–urban dichotomy in the share of food consumption expenditure, with the food 
consumption share in rural areas higher than that in urban areas. The share of food 
consumption expenditure stood at 42.7% in 2014 (with 38.7% in urban versus 47.1% 
in rural), compared to 40.5% in 2007 (with 33.7% in urban versus 51.1% in rural). 
The observation is that the share of food consumption in the total budget of house-
holds has grown by 5.4% between 2007 and 2014. Food consumption expenditure 
taking a larger share of household budgets has implications on the ability of house-
holds to provide for other pressing household needs. Besides the increasing share of 
food consumption in the household budget, the average household size in Cameroon 
has been declining steadily since 2001 as intimated above, suggesting a relationship 
which is yet to be established empirically.

This paper makes three (3) major contributions to knowledge: (1) The above fig-
ures on the share of food consumption spending and average household size point to 
a possible relationship between food consumption spending and household size in 
Cameroon. Unfortunately, robust empirical evidence to illuminate this relationship 
using Cameroon data is yet to emerge. This paper fills this empirical gap. (2) Many 
studies have underlined the presence of economies of scale by indicating that there 
exists a positive relationship between the number of members in a household and 
the level of its expenditures on food (Nelson 1988, Garcia and Grandle, 2010; Heien 
et  al 1989; Jacobson et  al 2010; Jae et  al 2000; Manrique and Jensen 1998; Mih-
alopoulos and Demoussis 2000; Nayga 1995; Neulinger and Simon, 2011; Ricciuto 
et al., 2006; Sabates et al 2001; Teklou, 1996; Thiele and Weiss 2003, Vernon 2004, 
Goungetas and Johnson 1992, Jacobson et al. 2010, Munirwan et al. 2019, and Omo-
toso et al. 2022). Some others have established a negative relationship between the 
number of members in a household and the level of its expenditures on food (Kuepie 
and Saidou 2013; Datta and Dubey 2006 in Fusco and Islam, 2017). These stud-
ies undeniably have their place in the growth of knowledge, but these studies have 
ignored the potential endogeneity of household size in the food expenditure func-
tion, given that household size is affected by other variables and correlated with the 
error term. This paper fills this gap, by internalising the endogeneity of household 
size in the food expenditure function before investigating the evidence of economies 
of size. Again, robust evidence that controls for the potential endogeneity of house-
hold size and test the presence of economies of size in household food consumption 
is completely absent in Cameroon and Africa. This paper will employ Cameroon 
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data to advance literature on this aspect and fill this literature gap in Africa. (3) This 
paper employs knowledge of differential calculus to obtain the turning point-critical 
household size at which households start enjoying economies of scale in Cameroon.

In this way, this paper aims at answering the main research question: To what 
extend does household size affect food consumption spending in Cameroon? Spe-
cifically, (1) what are the determinants of household size in Cameroon? (2) To what 
extend does household size influence food consumption spending? (3) Do economies 
of scale exist on food spending as household size increases? Our main objective is 
therefore to investigate the extent to which household size affects food consump-
tion spending in Cameroon. The specific objectives are (1) to examine the deter-
minants of household size in Cameroon, (2) to assess the extent to which house-
hold size influences food consumption spending in Cameroon and (3) to find out 
whether economies of scale exist on food consumption spending as household size 
increases. The rest of this paper is organised in five sections. “Literature Review” 
gives a review of the literature, “Methodology” dwells on the methods and proce-
dures, data and the variables of interest, “Empirical results”  presents the empirical 
results and “Conclusion and policy implications”  concludes this paper and offers 
policy direction.

Literature review

Theoretical literature

Engel law

Ernest Engel in 1857 conducted an empirical study based on family budget data 
which constituted the first empirical family budget study. Engel (1857) highlighted 
that “The poorer a family, the greater the proportion of its total expenditure that 
must be devoted to the provision of food”. The law was then lengthened to whole 
countries by arguing that the richer a country, the smaller the food share (Stingler, 
1954). This later came to be referred to as the “Engel’s Law” which enjoys increas-
ing status due to the empirical support that it attracted. The growing application of 
Engel’s Law gives it an almost unique position in Economics.

The Engel’s Law has numerous implications for the structure of all consumption 
expenditure. The first being that, food takes a larger portion of the poor’s budget, 
this tendency to specialise implies that their budgets are less diversified than those 
of more affluent consumers. According to Engel, the very poor are likely to spend as 
much as one-half of their income on food; hence, their budgets can be deemed to be 
food intensive or specialised. In a like manner, within the food budget, less expen-
sive and more-starchy foods such as rice, potatoes and bread are expected to be pre-
dominant for the poor bringing about less nutritious, less diversified diets (Clements 
et al. 2017).

The second application of the Engel’s Law is its relationship with quality. The 
Engel’s Law underlined a distinction between the luxury and necessary goods 
leaning on elasticity. For elasticity greater than one the goods are luxuries and 
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for elasticity less than one the goods are necessities. As the budget share of lux-
uries increases significantly, relatively more is spent on these goods and they can 
be deemed to be preferred, or of higher quality, in the eyes of the consumer. The 
reverse is true for necessities which are deemed to be of lower quality (Clements 
et al. 2017). According to Theil (1975, 1976) and extended by Clements and Gao 
(2012), high-quality goods are intensively consumed by the rich. The fact that the 
budgets of the poor are intensive in low-quality goods, especially food, offers a link 
between Engel’s Law and the measurement of quality.

The second engel law

The Second Engel Law is relevant to our topic. This Second Law states that the 
Engel curve for food moves out as household size increases, thus implying a 
decrease in welfare. This Law repudiates the presence of economies of scale which 
is our concern in this paper using Cameroon data. What is still unsettled is that this 
regularity does not hold for equivalent income functions expressed in per capita 
terms. Deaton and Paxson (1998) underlined that holding total household expendi-
ture per capita constant, expenditure per head on food decreases with the number of 
heads. According to them, larger households are expected to have higher per capita 
consumption of private goods such as food, provided that they do not substitute too 
much towards the effectively cheaper public goods. Deaton and Paxson’s empiri-
cal evidence from developed and developing countries seems to refute the claim 
of the Second Engel’s Law. The most conceivable source of economies of scale is 
the presence of household public goods that can be shared and serve their function 
without needing to be replicated in relation to the number of household members. 
If we assume bringing together two previously separate adults while retaining their 
original incomes, so that per capita income in the partnership is the same as it was 
for the average of the two separate units; when public goods are present, the couple 
is now better off. This is because they can do everything as before, but new options 
are available. Particularly, the resources released by the partnership allow more to 
be spent on everything, public and private goods all together. There will probably be 
substitution effect towards the shared goods, which now will be less expensive for 
members of the larger household. For private goods that are not shared, income and 
substitution effects will take place but in different directions.

Empirical literature

The determinants of household size

Burch (1970) assessed the effect of demographic variables such as, mortality, fertil-
ity, age of marriage and life expectancy on average household size under different 
family systems. His study revealed that under all family systems, average household 
size is positively correlated with fertility, life expectancy and average age of mar-
riage. Importantly, he indicated that households under nuclear and stem family sys-
tems do not exceed 10 persons on average. On the contrary, with households under 
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extended family systems, when mortality is low and fertility is high, the average 
household size goes up to 25 persons per household.

Libois and Somville (2014) focused their work on the relationship between the 
number of children and household size. They found that households with more chil-
dren hold less non-nuclear relatives and do not hold more relatives in the long run. 
They underlined that births push the household size to increase and only to decrease 
it after some time. Like Libois and Somville (2014), Moore (1997) indicated that the 
declining birth rate has resulted in smaller families in Britain. Blaney (1980) in his 
study highlighted that high fertility rates have historically been strongly related with 
poverty, high childhood mortality rates, low status and educational level of women, 
defects in reproductive health services and deficient availability and acceptance of 
contraceptives. Moore (1997) on his part identified a linkage between household 
size and ethnic groups and posited that there is a difference between household size 
of the Asians and the Blacks in Britain. He identified the culture of the country from 
which they come from, the age and sex distribution as factors that explain the vary-
ing household size.

The effect of household size on food consumption spending

Studies on food demand have underlined that household size has a significant and 
positive impact on total food expenditure (Davis et  al. 1982; Neenan and Davis 
1979; and Smallwood and Blaylock, 1979). Household size and composition have 
also been found to have a significant and positive impact on total household expen-
ditures in Indonesia (Rikhana 1991; and Sundrum 1973). In his study of Indone-
sian households using 1964–65 and 1967 SUSENAS, Sundrum (1973) revealed that 
household size is positively related to total household expenditures in both rural and 
urban areas. Similarly, Rikhana (1991) in her study of the 1991 SUSENAS in the 
province of East Java indicated that the coefficient of household size is positive and 
significant on total household expenditures in urban and rural areas. Their findings 
are in line with Majunder (1988), Smallwood and Blaylock (1986), and Volker et al. 
(1983). Most of these studies have ignored the potential endogeneity of household 
size in the food expenditure function, given that household size is affected by other 
variables and correlated with the error term. This paper fills this gap, by internalis-
ing the endogeneity of household size in the food expenditure function before inves-
tigating the evidence of economies of size.

In a study on the impact of household size and age–sex composition on food 
consumption in the United States employing the 1977–78 Nation Food Consump-
tion Survey, Goungetas and Johnson (1992) underlined that all individual age–sex 
categories had a positive and significant impact on household food consumption. 
Their work indicated adult males had the largest impact, while children (age 10 and 
under) had the smallest impact. Many other studies have indicated that there exists 
a positive relationship between the number of members in a household and the level 
of its expenditures on food (Garcia and Grandle 2010; Heien et al 1989; Jacobson 
et al 2010; Jae et al 2000; Manrique and Jensen 1998; Mihalopoulos and Demoussis 
2000; Nayga 1995; Neulinger and Simon, 2011; Ricciuto et al., 2006; Sabates et al 
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2001; Teklou, 1996; Thiele and Weiss 2003, Vernon 2004, Jacobson  et al. 2010, 
Munirwan et al. (2019), Omotoso et al. 2022).

Economies of scale on food spending and household size

The work of Davis et  al. (1982) revealed evidence of economies of size for food 
expenditure. Like Davis et al. (1982), Deaton and Paxson (1988) found that at any 
given household expenditure per capita, expenditure per head on food decreases 
as the household size increases in seven countries including USA, Great Britain, 
France, Thailand, Pakistan and South Africa. Lanjouw and Ravallion (1995) inves-
tigated whether the presence of economies of scale can invalidate the contention 
that larger households tend to be poorer, and recognised that demographic com-
positional effects can be more reasonably attributed to economies of scale. Their 
model estimated the parameter associated with size effect of the household size 
while detaching the compositional effect in the demographic variables, such as the 
number of proportion of members in the various age groups, outside the equiva-
lent income function. Although their model was not coherent with an integral speci-
fication model, it apprehended economies of scale as measured by the horizontal 
distance between adjacent Engel curves specific to the household types of interest 
corresponding to an increasing or decreasing cost of a child. Nelson (1988) posited 
that larger households may benefit from economies of scale in consumption when 
the cost per person of maintaining a given material standard of living decreases as 
household size increases.

Nguyen and Duong (2018) researched whether there were economies of scale for 
Vietnam household electricity consumption between 2010 and 2014. Their study 
employed the OLS model and indicated that, in general, economies of scale do 
exist for household electricity consumption in Vietnam. Like Nguyen and Duong 
(2018), Nelson (1988) found substantial and statistically significant economies 
of scale for five classes of goods and services including food, shelter, household 
furnishing/operation, clothing and transportation in US data during 1960/61 and 
1972/73. Daley, Garner Phipps & Sierminska (2020) looked at differences across 
countries and time in household expenditure patterns with implications for the esti-
mation of equivalent scales. They questioned whether it is appropriate to use a com-
mon equivalent scale when comparing economic wellbeing across countries and/or 
time if consumption patterns differ? Using the Engel methodology, they estimated 
equivalent scales for a set of countries in different time periods. They found consid-
erable differences in economies of scale across countries as well as increases over 
time. They also underlined that economies of scale are larger than those implied 
by the widely accepted square root of household size equivalent scale. Their results 
reveal that using a common equivalent scale to compare economic wellbeing across 
countries and/or time may be misleading. To add value to these studies, this paper 
first accounts for the endogeneity of household size before assessing the presence of 
economies of size and leans on the knowledge of differential calculus to obtain the 
turning point-critical household size at which households start enjoying economies 
of scale in Cameroon.
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Methodology

In brief, we specified the food expenditure model which is the outcome model and the 
reduced-form models for household size and household size squared to enable us inter-
nalise the potential endogeneity problem posed by household size.

Model specification

Following Goungetas and Johnson (1992) and Garcia and Grandle (2010), the food 
expenditure production function is specified as follows:

where LnFS denotes log of household food spending; we took the log transfor-
mation of FS because the model without the log yielded highly skewed predicted 
residuals, defying the normality assumption (see Histogram at Online Appendix). 
HSi is household size for the ith household, HS2i is the square of the household 
size and X represents the vector of the other household characteristics that correlate 
with household food spending. εi is the error term and �

k
 represent the parameters 

to be estimated. Since household size is likely to exhibit economies of scale, we 
expect 𝛼1 < 0 and  𝛼2 > 0, indicating that food spending is likely to first decrease 
with increase in household size before it starts increasing.

Household size and household size squared that enter the food expenditure function 
are potentially endogenous since they are possibly correlated with the error term. This 
is mainly from the idea that some unobservable factors (such as commitment to family 
planning) may influence the household size. Another reason for the possible correlation 
between household size and the error term is the presence of measurement errors. In 
this way, ignoring the potential endogeneity of household size in the estimation tech-
nique may lead to biased and inconsistent parameter estimates. The present study uses 
the non-self-cluster mean of fertility (Burch, 1970) and its squared as instruments, and 
the cluster-level household size. Leaning on Burch (1970), the reduced forms of house-
hold size and household size squared can take the following forms:

where HS is the household size, X is a vector of exogenous variables of the food 
expenditure function (outcome equation) and Z is the set of instrumental variables 
which are assumed to affect the endogenous inputs HS and HS

i

2 but have no direct 
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i
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influence on the food expenditure-generating function unless through these endog-
enous inputs.

Following the two steps approach, the residuals are predicted from the reduced-
form equations (Eqs. 2 and 3) and included as additional exogenous variables in the 
food expenditure-generating function. The augmented version of Eq. (1) is given as

where �̂2 and �̂3 are the predicted residuals of the endogenous inputs derived from 
the reduced-form models (Equations 2 and 3). The residuals serve as the control for 
unobservable variables that correlate with endogenous inputs (household size and 
household size squared).

The critical household size, where households are expected to start enjoying 
economies of scale, is computed as follows:

Equation  (5) marks the first order condition (FOC) to obtain extreme values or 
turning points which states that the first derivative with respect to the input under 
consideration (which is HS is our case) should equal zero.

The turning point is obtained by making HS the subject from the FOC:

where HS∗ is the turning point-critical household size at which households start 
enjoying economies of scale in terms of food spending.

Data and variables of interest

This paper made use of data from the fourth national household surveys conducted 
in 2014 (ECAM 4) by the National Institute of Statistics. The Fourth Cameroon 
Household Survey (ECAM 4) is the current household consumption survey after 
those of 1996, 2001 and 2007. It is part of the process to update the poverty profile, 
the monitoring and evaluation of the national strategy for growth and employment 
and the progress towards achieving the Millennium Development Goals (MDG). 
Given the great time gap between the end of the data collection and the dissemina-
tion of the results, and the opportunity deadline reduction in data collection that new 
technologies offer, the National Institute of Statistics (NIS) chose to collect ECAM 
4 data through the Computer-Assisted Personal Interviewing (CAPI) method. The 
main objective of the Fourth Cameroon Household Survey (ECAM 4) was to pro-
vide indicators on living conditions of populations and to update the poverty profile. 
The survey targeted a sample of 12,897 households which was broken down into 
10,303 clusters. The questions were addressed to household heads referring here to 

(4)LnFS
i
= �0+�1HSi + �2HSi

2 +

m
∑
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�
k
X
ik
+ �1�̂2 + �2�̂3 + �

i
,

(5)
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i

�HS
i

= �1 + 2�2HSi = 0.

(6)HS
∗ = −

�1
2�2

,
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the primary provider of income and food in the household which could be either the 
father or mother of the household or a senior male or female (> = 18 years) in the 
household.

Based on data collected from ECAM 4, the following variables were selected. 
Food expenditure was the dependent variable which depended on household size, 
household size squared and other control variables, such as credits, cost price index, 
level of education of the household heads (primary, secondary and tertiary), house-
hold residence and the gender of the household heads.

Consumer price index (CPI), fertility (total births per woman) and mortality rates 
(infant dead per 1000 live births) were captured per region for all the ten regions 
of Cameroon. The general CPI data for 2014 were sourced from the National Insti-
tute of Statistics. The fertility and mortality data per region were sourced from the 
Demographic Health Survey (DHS) 2014. The description/meaning of the variables 
used is presented at Online Appendix.

Empirical results

Descriptive statistics

Table 1 shows the summary statistics describing the variables used in the empirical 
analysis.

From Table  1, on average, household size stands at about 7 persons with the 
smallest household size having 1 person and the largest household size having 
around 30 persons. The size squared of the household on average stands at about 
59 persons where the smallest household size squared has 1 person and the largest 

Table 1   Descriptive statistics

Source: Compiled by Authors from 2014 Cameroon Household Survey (ECAM 4), price and household 
components

Variable Observation Weight Mean Standard deviation Minimum Maximum

Log food expense 10,303 2,157,474.5 13.5134 0.7223 9.4698 16.2684
Size 10,303 2,157,474.5 6.6497 3.8270 1 30
Size2 10,303 2,157,474.5 58.8628 76.5710 1 900
CPI 10,303 2,157,474.5 29.6631 6.8517 17.6 40.1
Credit 10,303 2,157,474.5 0.0223 0.1475 0 1
Urban 10,303 2,157,474.5 0.4034 0.4906 0 1
Primary education 10,303 2,157,474.5 0.3253 0.4685 0 1
Secondary education 10,303 2,157,474.5 0.3274 0.4693 0 1
Tertiary education 10,303 2,157,474.5 0.0819 0.2743 0 1
Female 10,303 2,157,474.5 0.2356 0.4244 0 1
Fertility 10,303 2,157,474.5 5.0914 1.3169 3.2 6.8
Mortality 10,303 2,157,474.5 6.1305 2.1734 3.2 10
Size _residual 10,303 2,157,474.5 1.20e-09 3.3700 − 12.1572 23.1457
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household size squared has about 900 persons. Averagely, consumer price index 
stands at about 29.66 with the smallest price index being 17.6 and the largest price 
index about 40.1. Close to 2.23% of the household heads obtained credit as opposed 
to a huge majority of about 97.77% who never had access to credit. More than 40% 
of the households in our sample are urban dwellers as opposed to about 60% who 
are rural dwellers.

Averagely, only about 32.53% of household heads have primary education as 
opposed to 67.47% who do not have primary education. Close to 32.74% of house-
hold heads have reached secondary level of education, whereas 67.26% have not 
reached secondary level. On average, only about 8.2% of household heads have 
attended higher education as opposed to a huge majority of 91.8% who have not 
reached that level of education. The mean mortality (per 1,000 live births) and fertil-
ity (births per woman) rates in 2014 are 6.13 and 5.09, respectively. The minimum 
mortality and fertility rates are same (3.2) and the maximum fertility is 6.8 and the 
maximum mortality is 10 per 1000 live births.

Regression analysis

Reduced‑form estimates: pooled sample results

Table 2 submits the reduced-form estimates of the endogenous variable, household 
size. Non-self-fertility (fertility_nsmpsu) relates positively and significantly with 
household size, indicating that it is an important determinant of household size. 
The coefficient of non-self-mortality (mortality_nsmpsu) is negative and significant, 
depicting that non-self-mortality rate negatively affects the household size. It is also 
evident from the table that the cluster level of household size (size_nsmpsu) has 
a positive and significant effect on household size. The instruments (that is, fertil-
ity_nsmpsu, mortality_nsmpsu and size_nsmpsu) are all significant in explaining 
household size, indicating that they are reliable. The instrumental variables were 
all captured at the cluster level to dissociate them from the influence of individual 
households, making them more valid.

Table  3 presents the reduced-form estimates of the endogenous variable size 
squared. Non-self-fertility (fertility_nsmpsu) has a positive and significant relation-
ship with the endogenous variable size squared showing. Non-self-mortality (mor-
tality_nsmpsu) relates negatively and significantly with size squared. The results 
also reveal that the cluster level of size (size_nsmpsu) has a positive and significant 
effect on size squared. These instruments are all significant in the size squared func-
tion, making them reliable instruments.

Effect of household size on food expenditure: pooled sample results

Table 4 hosts the effects of household size on food consumption spending in Cam-
eroon, internalising for the potential endogeneity of household size and size squared.
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Table 2   Reduced-form equation of the determinants of household size

Source: Computed by Authors using ECAM 4
nsmpsu non-self-cluster mean; mpsu cluster-level mean

Size Coefficient Coefficient Standard error t value P > /T/

Fertility _nsmpsu 0.1178 0.0335 3.552 0.000
Mortality_nsmpsu − 0.1823 0.0510 − 3.58 0.000
Size_mpsu 1.2674 0.0308 41.13 0.000
Cpi − 0.0173 0.0080 − 2.17 0.030
Credit 1.1297 0.2362 4.99 0.000
Urban 0.1398 0.0876 1.60 0.110
Primary education − 0.4626 0.0920 − 5.03 0.000
Secondary education − 0.7124 0.0920 − 7.27 0.000
Tertiary education − 1.3946 0.1462 − 9.54 0.000
Female − 1.0729 0.8.6233 − 13.31 0.000
Constant 1.9460 0.2716 7.16 0.000
Number of observation 10,303
F(10,10,292) 298.02
Prob > F 0.0000
R-squared 0.2245
Adj R-squared 0.2238
Root MSE 3.3717

Table 3   Reduced-form equation 
of size squared (size2)

Source: Computed by Authors using ECAM 4

Size2 Coefficient Stand error t value P > /T/

Fertility_mpsu 4.9417 0.6844 7.22 0.000
Mortality_mpsu − 6.7694 1.0427 − 6.49 0.000
Size_mpsu 23.0886 0.6304 36.63 0.000
Cpi − 0.5276 0.1630 − 3.24 0.001
Credit 12.3965 4.6281 2.68 0.007
Urban 1.4902 1.7918 0.83 0.406
Primary education − 12.8181 1.8827 − 6.81 0.000
Secondary education − 15.9982 2.0042 − 7.98 0.000
Tertiary education − 22.7296 2.9910 − 7.60 0.000
Female − 14.9390 1.6494 − 9.06 0.000
Constant − 18.4006 5.5566 − 3.31 0.001
Number of observations 10,303
F (10, 10,292) 240.34
Prob > F 0.0000
R-squared 0.1893
Adj. R-squared 0.1885
Root MSE 68.977
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The F-statistics of 476.26 with the p-value of 0.0000 indicates that our model is 
globally significant at 1%, thus fit for policy implications. An R-squared of 0.3373 
indicates that the independent variables specified in the model explained 33.73% of 
the variability in the independent variable, food expenditure. The regression results 
reveal that size relates negatively with food expenditure, while size squared relates 
positively with food expenditure. This implies that an increase in size is expected 
to reduce food expenditure. Size squared is positive implying a U-shaped relation-
ship. These results are all statistically significant at 1%. Precisely, a unit increase in 
household size will lead to a 0.1937 log points reduction in food expenditure and 
beyond a certain point (that is, 7 members) will increase food expenditure by 0.0141 
log points. This is indication of economies of size beyond 7 members in the house-
hold; this turning point is further expressed below:

For the national sample, the turning point-critical household size ( HS∗ ) at which 
households start enjoying economies of scale in terms of food spending is

Results also indicate that the coefficient of consumer price index is negative and 
significant in explaining household food expenditure. This depicts that an increase 
in price will induce a negative effect on food expenditure. Precisely, a one-unit 
increase in price (CPI) is expected to reduce food consumption by 0.0052 log points, 

HS
∗
=

0.1937

2(0.0141)
= 6.87 ≅ 7members.

Table 4   Effects of household size on food expenditure: pooled sample

Source: computed by authors using ECAM 4

Log food expense Coefficient Standard error t value P > /T/ [95% CI: 
Lower]

[95% CI: 
Upper]

Size − 0.1937 0.0374 − 5.17 0.000 − 0.2671 − 0.1203
Size2 0.0141 0.0020 7.03 0.000 0.0102 0.0181
CPI − 0.0052 0.0001 − 4.94 0.000 − 0.0072 − 0.0031
Credit 0.2807 0.4344 6.46 0.000 0.1956 0.3659
Urban 0.4611 0.0141 32.67 0.000 0.4334 0.4888
Primary education 0.1955 0.0181 10.82 0.000 0.1601 0.2309
Secondary education 0.3163 0.0184 17.21 0.000 0.2802 0.3523
Tertiary education 0.4457 0.0274 16.27 0.000 0.3920 0.4994
Female − 0.1333 0.0175 − 7.62 0.000 − 0.1675 − 0.0991
Size_ residual 0.3238 0.0377 8.59 0.000 0.2499 0.3978
Size2_residual − 0.0167 0.0020 − 8.26 0.000 − 0.0207 − 0.0127
Constant 13.7588 0.1349 101.97 0.000 13.4943 14.0233
Number of observations 10,303
F(11,10,291) 476.26
Prob > F 0.0000
R-squared 0.3373
Adj R-squared 0.3366
Root MSE 0.5883
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all other variables held constant. The coefficient of microcredit (credit) is positive 
and significant in the household food expenditure production function. This shows 
that a household that has access to microcredit, as opposed to those who do not, is 
expected to enjoy an increase in food expenditure. Precisely, the result points that 
a household that has access to credit is expected to increase food expenditure by 
0.2807 log points.

The coefficient of urban households is positive and significant in explaining 
household food expenditure. This shows that living in the urban area, as opposed 
to the rural areas, increases food expenditure. Concerning level of education, we 
observe that a progression from primary to secondary and to tertiary education 
improves food expenditure in households. The results also depict that being in a 
household headed by a woman reduces food expenditure compared to households 
headed by men. The predicted and fitted residuals (Size_ residual and Size2_ resid-
ual) are all statistically significant (at 1%) in the food expenditure production func-
tion, indicating that the potentially endogeneity of household size and size squared 
have been handled.

Sensitivity analysis of economies of size by residence

It is noted that the reduced forms for the sub-sample results in Tables 5, 6 are in 
Online Appendix. In Table  5, the result reveals that the coefficient of size in the 
urban area is negative and size squared is also negative. This implies that there is a 
negative relationship between household size and food consumption spending. As 
household size increases, food consumption falls and continues to fall even when 
size doubles. This results point to the absence of economies of size in the urban 
areas in Cameroon.

Results in Table 5 indicate that the coefficient of size is negative and that of size 
squared is positive, showing a U-shaped relationship between size and food con-
sumption spending in the rural areas. This shows evidence of economies of size in 
food expenditure as household size increases to a certain household-size threshold 
(6.3 members), beyond which food expenditure starts increasing. The fall in food 
spending as household size increases is as a result of increase in returns from house-
hold-based farm production in rural areas. The discussion of results below provides 
more insights on this.

Discussion of key results

Our regression result reveals that an increase in household size is expected to reduce 
food expenditure only below the threshold of 7 members, and that an increase in 
household size beyond this threshold increases food expenditure which may lead to 
an increase in the quantity and quality of food, hence high standard of living and 
welfare of the household members due to economies of scale.

The indication is that an increase in household size by one person in a house-
hold with less than 7 persons reduces household spending by about 0.1937 log 
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Table 5   Effects of household size on food expenditure: urban sub-sample

***p < 0.01, **p < 0.05, *p < 0.1

Lnfoodexp Coefficient St. Error t value p value [95% CI: 
Lower]

[95%CI: 
Upper]

Sig

size − 4.528 0.403 − 11.24 0.000 − 5.318 − 3.738 ***
size2 − 0.005 0 − 15.24 0.000 − 0.006 − 0.004 ***
CPI − 0.055 0.004 − 12.88 0.000 − 0.063 − 0.047 ***
Obtained credit 1.407 0.117 12.07 0.000 1.178 1.635 ***
Primary educa-

tion
1.242 0.094 13.24 0.000 1.058 1.425 ***

Secondary edu-
cation

1.347 0.085 15.93 0.000 1.181 1.512 ***

Tertiary educa-
tion

0.891 0.036 24.63 0.000 0.82 0.962 ***

Female 0.075 0.017 4.30 0.000 0.041 0.109 ***
Residual_urban 4.703 0.403 11.66 0.000 3.912 5.493 ***
Residual_urban2 0.391 0.034 11.55 0.000 0.324 0.457 ***
Constant 22.801 0.857 26.61 0.000 21.122 24.481 ***
Mean-dependent 

var
13.393 SD-dependent var 0.727

R squared 0.283 Number of obs 10,303
F test 406.289 Prob > F 0.000
Akaike crit. 

(AIC)
19,269.765 Bayesian crit. (BIC) 19,349.407

Table 6   Effects of household size on food expenditure: rural sub-sample

***p < 0.01, **p < 0.05, *p < 0.1

Lnfoodexp Coef St. error t value P value [95% 
CI: Lower]

[95% CI: 
Upper]

Sig

size − 0.403 0.049 − 8.16 0.000 − 0.5 − 0.306 ***
size2 0.032 0.003 9.43 0.000 0.026 0.039 ***
CPI − 0.003 0.001 − 2.34 0.019 − 0.005 0 **
Obtained credit 0.302 0.047 6.41 0.000 0.209 0.394 ***
Primary education 0.332 0.022 14.93 0.000 0.289 0.376 ***
Secondary educa-

tion
0.471 0.019 24.76 0.000 0.434 0.508 ***

Tertiary education 0.457 0.029 15.82 0.000 0.401 0.514 ***
Female − 0.158 0.018 − 9.03 0.000 − 0.193 − 0.124 ***
Residual rural 0.577 0.05 11.66 0.000 0.48 0.674 ***
Residual_rural2 − 0.037 0.003 − 10.85 0.000 − 0.044 − 0.03 ***
Constant 14.007 0.111 125.92 0.000 13.789 14.225 ***
Mean-dependent 

var
13.393 SD-dependent var 0.727

R squared 0.282 Number of obs 10,303
F test 404.135 Prob > F 0.000
Akaike crit. (AIC) 19,285.236 Bayesian crit. (BIC) 19,364.879
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points, whereas, in a household with more than 7 members, any additional per-
son registers an increase in household spending in the order of about 0.0141 
log points, other things being equal. This is evidence of economies of size in 
food consumption. The threshold level of 7 members is, however, greater than 
the national average household size (4.5) in 2014. Nevertheless, policy makers 
determining the optimal household size in predominantly agricultural settings 
should note that there are benefits in terms of food spending when household size 
increases beyond 7 members. This is a critical input for policy discussions cen-
tred on the optimum household size in developing country settings.

Like with the national sample, economies of size lie beyond 6.3 members in 
rural areas, and no evidence of economies of size in food consumption was reg-
istered in the urban areas. The increase in food consumption as household size 
increases is as a result of increase in returns from agricultural production activi-
ties in the rural areas. The main activity in rural areas is agriculture and larger 
household implies much labour available, which leads to larger outputs and more 
food for consumption. Given the fact that much agriculture in the rural area is 
for consumption and only the excess is taken to the market, larger households 
will entail greater labour available to carry out agricultural activities, hence high 
agricultural productivity. The demand for labour in the agricultural sector is the 
reason most couples in the rural areas give birth to many children and end up 
with large family sizes. These results are in line with Uzeh et al (2008) and Bose-
rup (1965)’s hypothesis which holds that population growth leads to increase in 
agricultural intensification. The results are also in tandem with Mortimore (1993) 
and Eboh (1994) who found that population pressure in the family level is a sig-
nificant determinant of agricultural land use patterns in Nigeria.

However, we acknowledge that purchase-based, not size-based, economies of 
scale may also occur in urban settings. Many households in the urban areas are 
made up of workers who are able to put their resources together and purchase in 
large quantities. Larger family buys large quantities and may likely take advantage 
of bulk discount in purchasing. Such households may be able to buy “economy 
size” products or take advantage of promotional discounts like “two for one” sales. 
This is in line with Nelson (1988) and Robin (1985) who provided evidence that is 
consistent with the fact that larger households may benefit from buying in bulk and 
thus paying less per unit; hence, expenditure falls even when quantities are rising. 
This acknowledgment also gains support from Prais and Hauthakker (1971) who 
found out that economies of scale occur in the purchasing, storage and prepara-
tion of food and that there may be straight forward discounts for purchasing larger 
quantities.

The negative coefficient of household size and the positive coefficient of size 
squared in the pool and rural sub-samples are in conformity with the Second Engel 
Law from the point where food expenditure increases as household size increases, 
but differs with it at the initial stage when food consumption spending falls as 
household size increases. The Second Engel Law states that the Engel Curve for 
food moves out as household size increases, showing a decrease in welfare which 
disagrees with the initial part of our findings, and later confirms our result when 
food expenditure starts rising.
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Conclusions and policy recommendations

This paper set to find out the determinants of household size, the effects of household 
size on food expenditure and the household size beyond which economies of size occurs 
in Cameroon. From this study we found out that non-self-fertility, non-self-mortality 
and cluster level of household size are important determinants of household size. The 
results indicated that an increase in non-self-fertility will increase household size. Non-
self-mortality was found to be negatively related with household size, implying that an 
increase in non-self-mortality brings about a decrease in household size. The results 
showed that the cluster level of household size relates positively to household size. This 
study also investigated the effects of household size on food consumption in Cameroon 
and results revealed that there is a U-shaped relationship between household size and 
food consumption. The results revealed that an increase in household size will lead to a 
decrease in household food consumption, and indicated that size squared affects house-
hold food consumption positively, pointing to the presence of economies of scale. This 
paper uncovered evidence of economies of size in household food consumption beyond 
7 members in the household, for the national and rural samples and not in urban settings.

There is need for policy makers to reduce household size in urban settings in order 
to reduce the pressure on household budget and expenditure so as to increase stand-
ard of living and welfare. This can be realised through continuous provision and sen-
sitisation on the use of contraceptives, encouraging female education by giving schol-
arships to outstanding female students and placing more women in higher positions 
in the government which will serve as motivation for others. Agrarian or rural set-
tings while taking advantage of the observed economies of size in food consumption 
should bear in mind that though larger household sizes imply much labour available 
which leads to larger outputs and more food for consumption, the optimal household 
size should always be sought given the resources available for the household. In this 
way, our results have policy implications for the optimal household size in predomi-
nantly agricultural/rural settings. Policy makers should work on boosting food con-
sumption in order to increase standards of living and welfare in Cameroon by pro-
moting education, providing credit facilities to farmers, encouraging production and 
consumption of domestic products and by keeping prices of basic food items stable.
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