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Abstract

Behaviour and nutrition are inextricably linked. The behaviour of eating is the agency
through which nutrients enter the body and exert their effects on physiology, metabolism
and health. It is therefore inevitable that the study of eating behaviour (or appetite in
general) is essential to an understanding of the discipline of nutrition, and therefore to
describing the ways in which nutrients can begin to exert their effects.

The fact that humans are omnivores, with the potential to eat a huge diversity of foods,
clearly denotes the importance of behaviour for nutrition. The roles of culture and biology in
determining what foods people put into their mouths highlights the centrality of food choice
for nutrition. In turn, behavioural science has made a huge contribution to defining the
mechanisms responsible for food choice. This scientific approach has also specified the roles
of homeostatic and hedonic principles (and their interactions) in controlling the amount and
type of food (nutrition) ingested. A substantial focus has been the investigation of the
processes of satiation and satiety, with implications for understanding routes to
overconsumption and obesity. All of these investigations have been incorporated within a
generally accepted and well described behavioural science methodology that involves the
application of objective scientific principles to the study of eating behaviour. This
methodology has been heavily implicated in the search for commercially viable functional
foods for satiety. In recent years, behavioural science has engaged with the fields of energy
balance and physical activity; recognising that nutrient intake is not independent of nutrient
utilisation. This approach has been fostered by the pervasive problem of obesity and by its
dependence on the interaction between over nutrition and under activity.

The diversity of foods in the omnivore’s repertoire is matched only by the diversity of
humans themselves. This diversity is reality, and a future track for behavioural science
seems destined to lead to understanding and managing individual differences.
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Behaviour and nutrition are inextricably linked

It is important to recognise that behaviour and nutrition occupy separate domains in the
psychobiology of human functioning, but they are inextricably linked. The behaviour of
eating is the agency through which nutrients enter the body and exert their effects on
physiology and metabolism. This means that any factors that influence the behaviour of
eating have the potential to influence the impact of nutrition on health.

As Rozin (1998) has pointed out ‘Because behaviour is so central to nutrition, the
behavioural sciences play an especially important role in the understanding of what we eat
and why we eat it. The study of what is in food is extremely important, but all of this
knowledge amounts to little if we cannot persuade people to eat what is good for them and
to avoid what will do them harm’. However our knowledge of what is in food and how it
affects the body is far more advanced than our understanding of what makes people eat
some foods and not others, and what makes us start and stop eating at particular moments.
The behaviours related to nutrition are extremely complicated; whilst we should not be
daunted by this complexity in seeking understanding, we should be aware of what we are
up against.

Humans are omnivores

The fact that humans are omnivores is of huge significance for both behaviour and nutrition.
Humans are not restricted in their food habits to the same extent as herbivores or
carnivores and, consequently, they are capable of consuming a huge range of nutritional
materials. Humans are generalists rather than specialists. Of course this ability has been of
enormous evolutionary significance and has enabled humans to colonise a wide variety of
environments and habitats. Just as different groups of humans can exist on widely divergent
types of foods (profiles of nutrition) in different parts of the world, so the patterns of
behaviour that bring these nutrients into the mouth can differ widely. It can be appreciated
that developing a science that encompasses such complexity is a daunting proposition. A
science has therefore developed around a more restricted range of environments and
behavioural types. Not surprisingly this science has focussed on the nutrition and
behavioural types relevant to technologically industrialised societies in which we live and to
the preoccupations of people living in these societies. Over the last 50 years, the issue of
obesity has provided a dominant framework for understanding the intimate link between
behaviour (appetite control) and nutrition. This is relevant when considering that behaviour
can be seen as the agency that mediates in meeting two nutritional demands; namely, what
to eat and how much to eat. Both are important for obesity. The problem of what to eat
arises because of a combination of our omnivorous nature and the abundance of foods in
the environment. This is the issue of food choice and involves the conscious or automatic
selection among potential edible materials. Interestingly, this food choice is not strongly
programmed biologically but is dependent upon factors such as geography, climate, religion,
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ethnicity, economics (price, affordability), social class and culture. The issue of how much to
eat has always been conceptualised in regards to homeostatic principles of energy
requirements of the body, with a stronger link to biology. This snapshot of behavioural
science will concentrate on the most prominent ways in which these strands of appetite
control have influenced nutrition over the last 50 years. This means that appetite control is
a central feature of the behavioural science of nutrition. For theoretical and methodological
reasons, appetite control can be divided into issues of food choice and satiety.

The enigma of food choice

The complexity of the issue of human food choice has been elegantly described by the many
years of work of Paul Rozin, whose research has made a monumental contribution to this
field and whose studies stand as a landmark. Rozin’s behavioural science approach has first
of all defined the problems by exposing human food selection as the interaction of biology,
culture and individual experience (Rozin 1982). Later, the approach was extended to the
analysis of contextual influences on food choice and acceptability (Rozin & Tuorila 1993).
These studies described that choice depended on the context of food itself (whether it was
a snack, a course or a full meal), as well as the non-food contextual features such as the
label, package, colour of utensils and aspects of the surroundings. This type of work
resonates with the recent approach of Spence (Spence & Youssef 2016) in relation to the
chemistry of food. Other contextual effects include the role of expectancies and
remembrances of food, which can be seen as antecedents of the work of Brunstrom
(Brunstrom et al. 2008) and Higgs (Higgs 2005; Birch et al. 2003) on expectation and
memory respectively. A further innovative contribution of Rozin’s behavioural science are
the studies on food avoidance and the development of feelings of disgust (Rozin et al.
1999). This analysis elucidates how an apparently irrational rejection of certain foods arises
from the integration of learning and cognitions, and how such habits become embedded in
the culture. The role of learning (conditioning, tolerance) remains a central pillar of Rozin’s
work and illustrates how psychological processes are instrumental in determining food
preferences — including the fascinating issue of liking for apparently aversive flavours such
as the burn of chilli peppers. A similar behavioural science approach to children’s food
preferences used by Leanne Birch has been fundamental in demonstrating how particular
likes and dislikes develop according to learning principles (Birch et al. 2003).

Hedonic appetite control

As an addition to the complexity of human food preferences provided by the work of Rozin,
a common perception about food choice is that it is dominated by the attribute of
palatability. In simple terms this means that people eat for pleasure. Indeed there are
strong logical and biological reasons why the pleasurable taste of food should influence



113 preference and consumption, and it is clearly a major issue in the manufacture and appeal
114  of food products in the commercial market. This introduces the field of food hedonics.

115  Some extreme ideas in this area have been disseminated recently through books such as
116  Kessler’s ‘The end of overeating’ (Kessler 2010). Although the title is a complete misnomer,
117  this book raised the idea that foods could be blessed with the quality of ‘hyperpalatability’,
118  designed with a combination of manufactured tastes, textures and mouthfeel, and exert

119  effects on brain neurotransmitters similar to (but much weaker than) the effects generated
120 by drugs. These ideas gave public support to claims for the existence of food addiction.

121 However, the application of critical reviews and analyses are now showing that this concept
122 of food addiction lacks strong evidential support and is much different from drug addiction
123 (e.g. Rogers 2011; Long et al. 2015; Rogers 2017). However, an important contribution of
124  behaviour science in this area has been to demonstrate that, under controlled scientific

125  conditions, specific tastes and flavours can exert matching effects on liking and consumption
126  of foods (e.g. Yeomans 1998) and that these effects can be mediated by certain brain

127  peptides (Yeomans & Gray 2002). This sensory science approach explains how the positive
128  (hedonic) sensations generated by tastes can inexorably exert an influence over food choice.
129 Indeed it is valuable to point out the many papers in recent years that highlight the significant
130 role of sensory properties, such odour and taste quality, and food texture in moderating energy

131 intake within meals (McCrickerd and Forde 2016; Chambers et al. 2015b)

132

133  Asignificant advance in the area of hedonics came about with the objective demonstration
134  thatin animals the notion of pleasure was not a unitary process (Berridge & Kringelbach
135  2008). Of course, in this area, the terms pleasure, reward and reinforcement have particular
136  meanings and it is important to be semantically clear. However, a key distinction made

137  concerns separate identities for ‘liking’ and ‘wanting’. Liking is defined as a source of

138  pleasure or reinforcement, whilst wanting is regarded as having a motivational component
139  (technically referred to as incentive salience). It follows that a food that generates a

140 combination of liking plus wanting would exert a strong influence over food choice. It is
141  immediately apparent that a person can have a liking for a food but not want (to eat) that
142  food at that particular time or place. Therefore, the distinction between liking and wanting
143 is meaningful. Importantly, a procedure has been developed to simultaneously measure
144  both liking and wanting for foods in humans (Finlayson et al. 2007). The procedure avoids
145  semantic confusion by using a non-verbal technique to measure wanting and also

146  incorporates a covert (non-conscious) element known as implicit wanting (Finlayson et al.
147  2008). With this procedure, food choice can be tracked to changes in liking or wanting

148  independently or to combinations of both. As Mela (2006) has pointed out, this type of

149  procedure allows a behavioural discrimination for foods that may underlay obesity and is a
150 powerful device for investigating the level of risk associated with the consumption, and

151 overconsumption, of certain foods and nutrients.
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A further issue in this area concerns the ecology of food choice. The global diversity of diets
across our planet should tell us that it is unlikely that any universal laws of food choice can
ever be established. Within our current societies the vast range of food products available -
reflected in the terms ‘Cocacola-isation’ or ‘Tescopoly’ (e.g. Simms 2012) — clearly remind us
that behavioural science contributes not only to the choice of eating foods but also to the
purchasing of foods in response to marketing and advertising. Before people can eat food it
normally has to be purchased — and this indicates the contribution made by social scientists in
understanding choice and eating behaviours.

The foods actually chosen are promoted to meet the requirements of the market as much
as for the well-being of the consumer. In this area, the behavioural science of food choice
has been derived from social scientists working in the field of behavioural economics, giving
rise to the idea of the ‘nudge’ (Sunstein & Thaler 2008). The central concept of ‘choice
architecture’ (Thaler et al. 2014) is primarily effective in determining what people buy
(which they will later eat) and reminds us that the word consumer has a dual meaning. The
power of the brand plus promotional sales strategies clearly demonstrates an impact of this
other aspect of behavioural science on nutrition; and its importance should not be
underestimated. Social scientists make various contributions to the diet that is selected and
eaten, but it is a sobering thought that these selections are not always of positive benefit to
individuals. In certain cases the procedures of social scientists have been exploited for the
promotion of foods in the market place.

Homeostatic appetite control: the challenge of satiety

It is possible that the issue of satiety is the most heavily researched phenomenon in
appetite control relevant to nutrition. It is conceived as being fundamental to the control
over how much people eat and is therefore crucial in the attempt to understand food
consumption (and over-consumption) underlying obesity and the gain of adipose tissue. In
its simplest form, the issue of satiety is about the feeling of fullness and the suppression of
hunger and eating. A formulation devised 30 years ago (Blundell et al. 1987) — called the
‘Satiety Cascade’ — created a framework for thinking about the problem. In fact this
formulation identifies two distinct elements namely satiation and satiety. Satiation refers to
the operation of those processes ongoing during an episode of eating (such as a meal) and
which bring that episode to an end. Satiety refers to the inhibition of eating (and the
suppression of hunger and augmentation of fullness) when an episode of consumption has
ended. This is what people normally have in mind when they speak of satiety. In principle,
the sequential operation of satiation and satiety influence the size and frequency of eating
episodes —including the susceptibility to snacking between meals. Both of these processes
are crucial for the control over the amount of food energy ingested. However, the two
processes are not influenced equally by the same factors (De Graaf et al. 1999). The original



190
191

192
193
194
195
196
197
198
199
200
201
202
203
204
205

206
207
208
209
210
211
212

213

214

215
216
217
218
219
220
221
222
223
224
225
226
227
228

model of the Satiety Cascade has been adapted and amended (Kringelbach 2004; Halford &
Harrold 2012; Van Kleef et al. 2012).

A significant feature of the Satiety Cascade is the identification of different — but
overlapping — psychological and physiological processes in the control of eating. These
include physiological sensory factors arising from the smell and taste of food, psychological
factors such as cognitions beliefs and expectations, and physiological factors in the stomach
and other parts of the gastrointestinal tract. Much attention is focussed on the release of
the gastrointestinal (Gl) peptides such as ghrelin, CCK, PYY, GLP1 and others. Although these
agents are often referred to as appetite peptides, it should be remembered that they all
have other physiological functions concerning growth, metabolism or the management of
nutrients through the Gl tract. The Satiety Cascade has provided a rationale for thinking
about the profiles of these peptides in relation to changes in amplitude of hunger and
fullness and the amount of food eventually consumed (Gibbons et al. 2013). A recent
development has been the use of behavioural science methods to measure the action of
nutrients influencing small chain fatty acid (SCFA) receptors in the colon (Chambers et al.
2015a).

A major influence on thinking has been the effort to distinguish the relative strength of the
influence on satiety of the macronutrients (Stubbs et al. 1995). These studies have
suggested a hierarchy in the order of decreasing strength of protein, carbohydrate and fat
(Stubbs 1995). This type of work has been influential in identifying the strong satiating
properties of protein (Johnstone et al. 2008). The roles of the macronutrients together with
effects of dietary fibre have formed the basis for the development of functional foods for
satiety (Chambers et al. 2015b).

Measurement and methodology

One noticeable contribution of behavioural science to the study of nutrition has been the
development of a widely used methodology and set of experimental procedures. At the
centre of this methodology is a system called the ‘preload - test meal paradigm’. This is a
parsimonious experimental device in which a fixed amount of food (of known composition
and structure) is obligatorily consumed, normally under strictly controlled conditions. The
effect of this consumption (on the strength of satiety) is assessed by the amount of food
freely consumed at an eating test following a fixed period of time. This rudimentary
strategy has been used a countless number of times and has given rise to a substantial
inventory of factors that influence the amount of food eaten. A strong addition to these
studies has been the use of the visual analogue scale (VAS). Initially used for hunger
(Silverstone 1976), the procedure was expanded to include four scales (Rogers & Blundell
1979) — hunger, fullness, desire to eat and prospective consumption - which have endured
for almost 40 years. Sometimes the scales are summed to give an overall appetite score
(e.g. Bellissimo et al. 2008). The applicability of these scales is based on their demonstrated
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validity (Flint et al. 2000; Stubbs et al. 2000b). Surprisingly, at least for some people, these
scales are highly informative and they form part of a satiety tool box that is a central part of
the methodology of appetite control (for review see Blundell et al. 2010). This summary
statement by experts working in the field remains valid despite the conclusion reached by a
recent poorly conducted review (Holt et al. 2017).

For obvious reasons, this type of methodology has been deployed within controlled
environments such as a laboratory, research unit or clinic. The procedures are highly
stylised and both the presentation and consumption of foods are carried out under carefully
controlled conditions. Such scientific conditions constitute one of the requirements for the
evaluation of the claims of satiety power for functional foods imposed by the European
Food Safety Authority (EFSA). It should be pointed out that the structure of these
procedures constitutes one of the advantages but also one of the limitations of this form of
appetite methodology. The need for scientific precision in measurement means that the
food tests are carried out in an unnatural eating environment, such as a laboratory, rather
than in the home, restaurant or school. The question arises whether or not the recorded
behaviour represents eating that would occur in more normal surroundings. This has been
conceived as the laboratory vs. free-living dilemma. In the laboratory, measurement of
eating is precise but not natural, whereas a home setting (with food intake measured by
some form of self-report or recall) would be natural but much less precise. In the
behavioural science of nutrition it is recognised — though not always admitted — that the
outcomes of studies represent a compromise between precision and naturalness.

Energy density and portion size - dietary variables that influence behaviour

All features of foods (taste, texture, smell, palatability, amount, colour, variety) have the
potential to influence food choice, the perception of hunger and eating itself. It appears
obvious that the properties of foods exert a major influence over how much food energy
will be consumed. In recent years the dietary variables of portion size and energy density
have received attention because of their potential to lead people to overconsume more
(food) energy than is either wished for or required, and therefore to cause weight gain or
obesity. Because of the nature of these dietary variables, their actions will be exerted during
the actual process of eating (rather than after consumption) and the effects are therefore
on satiation rather than satiety. Portion size can be represented in a number of forms such
as the size of an entire meal, the amount of an element within the meal, or the size of an
individual unit of food that could be eaten either within or separate from a meal (such as a
snack item). Although it is logical that portion size should be one factor contributing to
overeating, the evidence from controlled laboratory studies (e.g. Rolls et al. 2002) is
stronger than evidence from long-term field trials (e.g. French et al. 2014). However, the
belief generated by behavioural science studies has been sufficiently convincing for health
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agencies and the food industry to take measures to reduce portion size as part of the UK
government’s Responsibility Deal (Knai et al. 2015).

Since portion size may be said to be a visible extrinsic property of foods, its effect on
satiation is likely to be mediated through psychological processes which interfere with the
cognitive judgement of what is an appropriate amount of an item or meal. However,
whereas portion size is an overt cue, energy density is usually covert. It is assumed that any
effect of portion size is exerted at a subconscious level. Portion size forms part of the
‘choice architecture’ and its effect can be regarded as a type of sub-conscious ‘nudge’,
which could decrease, but more often increase, the amount eaten. Studies on portion size
by social scientists have led to some counterintuitive, but also celebrated, experimental
outcomes (e.g. Wansink & Kim 2005) — such as the demonstration that some US moviegoers
consumed a large amount of stale popcorn when it was offered in large buckets. It is not
clear that these research results have enhanced confidence in the role of portion size, or in
the types of investigations carried out by certain experts in marketing and applied
economics.

In contrast there is much broader agreement on the effects of energy density on appetite
control, although its action is also mediated at the sub-conscious level. This is because
energy density is heavily dependent on the macronutrient composition of foods, and most
people are unaware of the nutritional composition of much of what is eaten and have a
tendency to consume food based on weight or volume rather than on the nutrient
composition (which is not easily perceived). Energy density, expressed as energy per unit of
weight, is a property of every single food. It has been demonstrated by Stubbs et al. (2000a)
that fat has the strongest positive relationship with energy density and the water content of
foods has the strongest inverse association. The contribution of fat to the overconsumption
of energy was experimentally demonstrated by Stubbs and others (Stubbs et al. 1995). This
phenomenon was termed high-fat hyperphagia (Stubbs & Whybrow 2004) or passive
overconsumption (Blundell & MacDiarmid 1997). In a long series of studies, the landmark
work of Rolls (see Rolls 2017 in this issue) investigated energy density usually by
manipulating diets by 25-30 g of fat per day (Ello-Martin et al. 2007). In a field trial, this
mandatory reduction of the fat content of foods had the effect of reducing dietary fat of the
diet by 37% and energy density by 19%, thereby achieving an obligatory 29% reduction of
energy intake. Just as reducing the fat content of diets can reduce energy intake, so
increasing the fat content raises energy density and increases energy intake. This is true in
free-living studies when individuals are free to choose their own foods (see Fig. 2 in Hopkins
et al. 2015). Since people do not exhibit any active drive to overconsume energy when
exposed to (or when they sub-consciously choose) high energy dense foods, the process
must be passive. Normally, people are not actively endeavouring to consume more energy;
this is unwanted energy intake that happens as a consequence of the property of the foods
chosen. ‘This passive overconsumption of energy leading to obesity is a predictable
outcome of market economies predicated on consumption-based growth’ and has been
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identified as a major contributor of the obesogenic environment on weight gain (Swinburn
et al. 2011). Therefore, although much of the work on energy density has been carried out
under laboratory conditions, the effect is potent under free-living conditions where, it has
been argued, it can plausibly account for the different effects of fast-food diets compared

with traditional African diets (Prentice & Jebb 2003).

It is noteworthy that the effects of fat and energy density are also observed in children.
When energy density was raised by doubling the amount of fat in meals (but keeping
protein and carbohydrate constant) a highly significant effect on energy intake was
observed (Fisher et al. 2007). When the fat content was increased by approximately 100%,
the energy density was raised by 40% and the children increased the energy consumed in a
meal by one third. For the high energy dense meal, the fat intake was increased by 15 g and
30 g respectively for the standard and large portions. Interestingly, this effect of increased
fat density on energy intake interacted additively with portion size to promote meal energy
intake. This study indicated that for children a particularly damaging scenario would be to
be served a large portion of a meal in which the energy density has been raised by a large
increase in fat. This could easily be achieved in some fast food outlets (see above) or in
some ready-to-eat take home meals.

A further extension of this diet-induced effect on behaviour can be seen in combinations of
nutrients and tastes. Here, a potent combination is the sub-category of high energy dense
foods comprising high fat and high sugar products. This category of food items exerts a
particularly strong effect on consumption through actions on both explicit liking and implicit
wanting. In this particular case, there is an active drive to eat these foods (induced by the
potent combination of taste and texture) which is strongly apparent in binge eaters (Dalton
& Finlayson 2014). The examples of energy density and portion size illustrate well how
behavioural scientists have contributed to an understanding of the effect of dietary-based
variables on eating behaviour.

Emerging issue: behavioural science of energy balance

Owing to the attention devoted to obesity in the field of nutrition for the last 20 years, a
considerable discussion has been taking place regarding the relative contribution of the
behaviour that delivers energy intake (food consumption) and the behaviour that produces
energy expenditure (physical activity). It is widely accepted that obesity is a function of
energy balance; however, the function is complex (Hall et al. 2011) and not simply an
algebraic sum of the energy consumed in relation to the energy expended (e.g. Hamid
2012). The concept of energy balance as a set of kitchen scales is both incorrect and
misleading. There is, of course, considerable evidence regarding an excess of consumed
energy — by way of the processes documented in earlier parts of this review: injudicious
food choices, weak satiety, hedonic attraction, high energy density and a combination of
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sensory factors and nutrient composition. Behavioural science has contributed to an
understanding of how foods lead to a high intake of energy with little or no effort on the
part of the consumer. The process of overconsumption is neither intended nor wanted, but
is allowed because of the biological system of appetite control that readily permits a surfeit
of energy consumed but defends strongly against an under supply of energy. It has been
argued that a year-on-year excess of energy consumed (at least in the US) can account for
the secular increase in average bodyweight (and BMI) of the US population (Swinburn et al.
2009). In contrast, it has also been argued that the decline in daily energy expended due to
the impact of technology on changing patterns of work, can easily account for the increase
in adult BMI over the course of 30 years (Church et al. 2011). Consequently, there are
plausible arguments — and experimental evidence —in favour of both increased energy
intake and decreased energy expenditure in the aetiology and maintenance of obesity.
During the last decade the British Nutrition Foundation (Watson & Benelam 2012) has
emphasised that health is not only a matter of good nutrition (although this is vital) but also
requires an optimal level of physical activity (Stensel 2010).

The key to understanding the ‘balance’ of energy consumed and expended is the
recognition that physical activity does not only contribute to the energy expenditure side of
the equation, but also influences energy intake. In other words, energy expenditure and
energy intake are not independent of each other, they interact. This concept can be traced
back to the work of pioneers of nutritional physiology in the UK who postulated that ‘the
differences between the intakes of food (of individuals) must originate in the differences in
the expenditure of energy’ (Edholm et al. 1955). The landmark study of Jean Mayer with the
jute mill workers in Bengal (Mayer et al. 1956) demonstrated that dietary intake was related
to the energy expended in the physicality of work —though with a U-shaped rather than a
linear function. Recent large scale investigations (Shook et al. 2015) together with
systematic reviews (Beaulieu et al. 2016) have supported this. The strong message from this
body of work is that people who are habitually physically active have a sensitive control of
homeostatic appetite whereas in sedentary people the control is weaker (poor match of
energy intake with expenditure). If this is true then one would expect to find positive
associations between sedentariness and the amount of surplus stored energy (adipose
tissue) and inverse relationships with the amount of moderate and vigorous activity. There
is abundant evidence for this (e.g. Ekelund et al. 2016; Myers et al. 2016).

The implication of this picture is that the behavioural science of nutrition should not be
conducted in isolation, but should instead be integrated with the behavioural science of
energy expenditure. The foods that people put into their mouths (what Rozin referred to as
‘what we eat and why we eat it’) is not just a matter of the choice architecture of the food-
related external environment, but is also influenced by the (reduced) demands for energy
expended imposed by the environment. The introduction of energy expenditure into the
framework for understanding appetite control also directs attention to the role of
metabolism and especially the impact of body composition. Although there will continue to
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be an interest in the pure psychological approach to food intake in which eating is reported
as a function of psychological variables, there is an undisputed role for biological variables.
For a quarter of a century — since the discovery of leptin (Zhang et al. 1994) - this has been
dominated by the belief in a role for body fat (the adipocentric hypothesis). However, there
is growing evidence that an underlying metabolic drive to eat is strongly associated with the
fat-free mass in the body (lean tissue) and with the body’s requirement for energy (resting
metabolic rate — RMR) in order to maintain vital biological organ functioning (e.g. Blundell et
al. 2012; Weise et al. 2014; Dulloo et al. 2016). In addition, recently some anthropologists
have introduced evolutionary theory and field data on primitive tribes into the arguments
about the overall balance of energy (in and out) (e.g. Pontzer et al. 2012). Although hunting
(for the right product) and gathering (the groceries) in supermarkets is definitely not the
same process as the hunting and gathering still carried out by the Hadza people of Tanzania
(Marlowe 2010); the question is can we learn anything about the former from studying the
latter? Can anthropology throw any light on the behavioural science of nutrition? It is
probably better to widen the scientific horizons rather than to make them narrower.

Evaluation and challenges

More than 35 years ago in the UK, an entity now called the ‘British Feeding and Drinking
Group’ (BFDG) was established by Professor Trevor Silverstone and a group of colleagues
following the 1976 Dahlem Konferenzen on Appetite. The BFDG was dominated by
influential psychologists such as David Booth who inaugurated the journal ‘Appetite’. The
BFDG and Appetite did much to expand research into the effect of behavioural science
(especially psychology) on factors influencing eating behaviour and nutrition. What has been
the effect of this large body of work? There is no doubt that behavioural science has
contributed a litany, a methodology, an enthusiasm and a continuing vital enquiry to the
field of nutrition. The impact has influenced dietitians and nutritionists who have
themselves adopted the methodology of behavioural science and blended these with their
more natural survey procedures. There is now a huge catalogue of outcomes of
psychological and environmental manipulations on eating behaviour with implications for
the ingestion of nutrients. However, many of these studies are often acute, with single
manipulations on single occasions with a variety of contextual factors, but more often than
not in a laboratory setting and on many occasions with university students as subjects. One
noticeable consequence of this approach has been the demonstration that a momentary
inspection of eating behaviour is both labile and extremely volatile. AlImost every
manipulation can produce some measurable change. This is probably a fair reflection of
human eating behaviour which, at any particular moment, may be subject to irrational and
often unwanted shifts. These momentary changes can be contrasted with the unhelpful
stability of many (disadvantageous) eating habits, which are remarkably resistant to change.
Although there exists a wide range of planned behavioural methods that can be deployed to
change unhealthy food habits (e.g. Abraham & Michie 2008), these can be extremely time
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consuming and expensive on expertise. At the current time, behavioural science has
contributed to our understanding of the complexity of behavioural nutrition but has not
produced a behavioural solution for nutritional problems (including obesity).

However, the lack of a present day solution to nutritional problems that exist on a world
scale is not the fault of behavioural science. This science has been grappling with the great
diversity of global eating patterns and the extremely high degree of individual variability.
This is partly why human behaviour is so fascinating (but also frustrating). This individual
heterogeneity in behavioural outcomes, apparent in responses to manipulations of energy
intake and expenditure, is associated with allelic variation contributing to an underlying
biological heterogeneity. Behavioural science cannot be blamed for the complexity of
human behaviour. However, one feature that the science can be held responsible for is an
insistence on the use of the statistical mean (group averages) to define experimental
outcomes. The use of the mean, and the convenient statistical differences between means
(at the magical p <0.05 level), has tended to convey an orderliness and neatness to
behavioural data and has had the effect of eliminating from enquiry the more important,
but inconveniently untidy, issue of human variability. As certain statisticians have pointed
out ‘The mean is an abstraction. Reality is variation’ (Blastland & Dilnot 2008). Behavioural
science of nutrition is taking a long time to deal with this issue.

However, the complexity and the individual variability of human behaviour is being
addressed. The advent of technological devices for detecting and recording personal data
(behavioural and nutritional) together with algorithms in the field of big data analytics are
revolutionising the degree to which behavioural diversity can be monitored and utilised for
the benefit of individuals. Hence the solution is scalable not on the basis of ‘one size fits all’
but on the basis of individual solutions for everybody. There is already considerable
progress in this area (Martin et al. 2016).

The era of the behavioural science approach based on laboratory study has achieved plenty
and is coming to an end; the era of behavioural science of larger populations, under more
realistic living circumstances is taking over. This approach has the capacity to embrace both
energy intake and energy expenditure and to provide a more expansive outlook to issues in
nutrition.
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