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PERSPECTIVE

Changing Human Behavior to
Prevent Disease: The Importance of
Targeting Automatic Processes
Theresa M. Marteau,1* Gareth J. Hollands,1 Paul C. Fletcher2

Much of the global burden of disease is associated with behaviors—overeating, smoking, excessive
alcohol consumption, and physical inactivity—that people recognize as health-harming and yet
continue to engage in, even when undesired consequences emerge. To date, interventions aimed at
changing such behaviors have largely encouraged people to reflect on their behaviors. These
approaches are often ineffectual, which is in keeping with the observation that much human behavior is
automatic, cued by environmental stimuli, resulting in actions that are largely unaccompanied by
conscious reflection. We propose that interventions targeting these automatic bases of behaviors may
be more effective. We discuss specific interventions and suggest ways to determine whether and
how interventions that target automatic processes can enhance global efforts to prevent disease.

A
t the 65th World Health Assembly held

in Geneva in May 2012, health ministers
pledged a 25% cut in premature deaths

from the four most prevalent noncommunicable
diseases—diabetes, cardiovascular disease, lung

disease, and cancer—by 2025. Achieving this
will require sizeable shifts in the population dis-

tribution of consumption of calories, tobacco, and

alcohol, as well as increased levels of physical ac-
tivity and fruit and vegetable consumption. But

howmight such changes in behavior be achieved?
Hitherto, nonregulatory approaches to changing

behaviors across individuals and populations have
focused largely on using information to persuade

people of the risks they face and the potential
benefits of change, through clinics or public health

campaigns, such as those aimed at increasing the
consumption of fruit and vegetables or at reducing

the consumption of alcohol. More recent variants
of this approach include personalizing risk mes-

sages using the results of a wide array of biomarker
tests, including blood glucose levels indicating an

increased risk of diabetes and gene variants indi-
cating an increased risk of heart disease. These ap-

proaches have had either modest or no effects on
health-harming behaviors (1, 2).

We propose that the potential for information-
based interventions is fundamentally limited,

given that it is based on a view of human be-

havior that is at odds with psychological and
neuroscientific evidence that much human behav-

ior is not actually driven by deliberation upon the
consequences of actions, but is automatic, cued

by stimuli in the environment, resulting in actions
unaccompanied by conscious reflection (3).

Flexibility Versus Efficiency: Understanding the
Balance in Human Behavior

Throughout our day, we shift between two broad
categories of behavior (4, 5). On the one hand,

we may act in a reflective manner, directing our-
selves toward particular goals, aware of our mo-

tivations and actions and able to halt or modify
them should the need arise. In other instances, we

act without reflection, responding to our sur-
roundings in complex ways while our thoughts

may be far removed. Each of these types of be-
havior has its advantages and disadvantages. The

former is goal-directed, flexible, and rational in-
sofar as it is motivated by explicit beliefs and

desires. But it is also slow, cumbersome, andmeta-
bolically costly, absorbing our attention and pre-

venting other processing. It is especially inefficient
when it comes to routine situations: Why would

one wish to deliberate over each stage of a fa-
miliar route home? The latter behaviors, in their

automaticity, have the advantage of capitalizing
on the routine and the predictable, freeing us to

devote our cognitive capacity to other matters
while nevertheless engaging in complex and fruit-

ful actions. However, in becoming divorced from
awareness and reflection, these automatic behav-

iors lose flexibility and may become out of touch
with conscious desires, proceeding evenwhen the

consequences are unwanted. Thus, we may find
ourselves taking thewell-travelled route homewhen

the original intention had been to call elsewhere.

Although it is usual to draw a complete distinc-
tion between these two broad categories of behav-

ior, in fact they overlap and interact, with any given
behavior consisting of a complex mixture of the

two. Ideally, theywould, and often do, complement
each other, but they may also come into conflict.

This is particularly so in the case of health-related
behaviors, for which people often have competing

goals (such as a pleasure goal of enjoying a cake
versus a health goal of reducing weight). It is per-

haps most useful to think of them in terms of a
balance, with certain factors promoting the more

reflective and others the more automatic behaviors.
Thus, for example, engaging in a task that absorbs

attention may shift us toward more automatic be-
havior. This is illustrated in an experiment showing

that having to remember a long string of numbers
made people more likely to select chocolate cake

than fruit saladwhen presentedwith a forced choice
in the middle of the experiment (6). Stress too can

shift us from being rational and goal-directed to
more automatic, responding to external stimuli and

persisting in actions that are not ultimately helpful.
The above distinction is very relevant to es-

tablished experimental work on habits, which are
actions that occur in response to stimuli without

necessarily bringing tomind the goal of that action.
Habits are contrasted with goal-directed behavior

and form one class of automatic behavior. They
become established by repetition and routine, their

emergence being marked by measurable changes
in brain circuits (7). Although habits constitute an

important class of automatic behavior, it is impor-

tant to note that not all automatic behavior is
habitual. For example, viewing a beer advertise-

ment on television may result in the viewer going
to the fridge for a beer without awareness of the

1Behaviour and Health Research Unit, Institute of Public Health,
University of Cambridge, Cambridge CB2 0SR, UK. 2Department
of Psychiatry, University of Cambridge, Cambridge CB2 0SR, UK.

*To whom correspondence should be addressed. E-mail:
theresa.marteau@medschl.cam.ac.uk

“Ninety-nine hundredths or, 

possibly, nine hundred and ninety-

nine thousandths of our activity is 

purely automatic and habitual, 

from our rising in the morning to 

our lying down each night.”

William James (1899)

21 SEPTEMBER 2012 VOL 337 SCIENCE www.sciencemag.org1492

DISEASE PREVENTION
 www.sciencemag.org/special/prevention

 o
n
 S

e
p
te

m
b
e
r 

2
7
, 

2
0
1
2

w
w

w
.s

c
ie

n
c
e
m

a
g
.o

rg
D

o
w

n
lo

a
d
e
d
 f
ro

m
 

http://www.sciencemag.org/


link between the ad and her behavior (i.e., it is a
behavior cuedwhen the environmental cue elicits

the goal or desire), but this need not be a habitual
response to watching television. Additionally,

automatic behavior can be goal-directed (8–10).
Finally, although automatic behaviors are gener-

ally considered to occur without awareness, auto-

maticity is best considered as a continuum, with
some automatic behaviors cued and enacted en-

tirely outside of awareness
(such as the mimicry of non-

verbal behavior in social in-
teractions), whereas for others,

the cue and the ensuing be-
havior may be noticed while

the causal link between the
twooccursoutside awareness

[such as occurs in the prim-
ing effects on consumption

of the advertising of food and
alcohol (11, 12)].

The key point here is that
environmental cues can elicit

both habitual actions in the
absence of a conscious desire

(the hand that dips into the
open biscuit tin), or they can

automatically, perhaps un-
consciously, bring to mind a

desire. In both cases, the be-
havior that emerges can be

considered automatic andun-
likely to be susceptible to

modifications aimed at ra-
tional, reflective thought. This

account of human behavior
helps explain why health-harming behaviors per-

sist in the population and are so resistant to change.
We argue that the time is right to examine whether

interventions that target these automatic, unre-

flective processes can change behavior on a scale
that will contribute to realizing the World Health

Assembly’s ambition.

Changing Human Behavior

Despite the work in brain and behavioral sciences

demonstrating the dominance of automatic pro-
cesses in guiding action, most interventions aimed

at changing health-related behavior target reflective
processes. At their simplest, these interventions

entail providing information in an attempt to per-
suade people to change their behavior in, for ex-

ample, mass media campaigns designed to increase
the consumption of fruit and vegetables. At their

more complex, they aim to impart skills to increase
individuals’ self-regulatory capacity to engage

in healthier behavior, as found in stop smoking
services and weight loss programs. Although the

latter type of intervention can achieve sustained
change in, for example, diet, physical activity, and

smoking (13), their potential to change behavior
on the scale needed to halt and reverse the rise in

noncommunicable diseases is limited, because

only a minority of those with the unhealthy behav-
ior engage in such programs and, for those that do

engage, the effect sizes achieved are modest (2).
Such effect sizes are smallest for routine learned

behaviors. This accordswith observations that high
levels of training and repetition in experimental

animals produce behaviors that are persistent and

insensitive to changed or devalued outcomes (14).
The very highly trained rat will continue to press a

lever for a drink even when that drink has been

made bitter. It accords too with our everyday
experience that highly routine behaviors, includ-

ing what and whenwe eat, are difficult to change.
There are many such interventions that prob-

ably require little, if any, conscious engagement

or target automatic processes to change health-
related behaviors, and that could be implemented

at the population level. We outline below some
examples from laboratory and field experiments.

These fall into two broad but overlapping cat-
egories: (i) those that alter a person’s environ-

ment and (ii) those that aim to target automatic
processes (and thereby how an individual re-

sponds to environmental cues).
(i) Altering environments to constrain behav-

ior. Reflecting Tolman’s law of least effort, which
was based on observing rats taking the shortest

path in a maze, altering the properties of objects
or their space within physical environments can

constrain or shape responses to make the least ef-
fortful course the most likely, without a need to

prompt conscious deliberation (15).
Ease of effort. Taking the elevator rather than

the stairs typically requires less effort on the part
of the individual. To encourage the more phys-

ically active behavior of using the stairs, we can

consider making the elevator a less appealing op-
tion by increasing the effort required to use it. For

example, slowing down the speed atwhich elevator
doors close, thus increasing the journey time,

increases stair use (16). Similarly, altering the effort
required to reach foods in a cafeteria salad bar (Fig.

1) by manipulating their proximity by only around

10 inches, can increase the selection of easier-to-
reach food options (17). Reducing the proximity

and density of retail outlets
for alcohol, tobacco, and

junk food can also reduce
purchasing and consump-

tion (18).
Availability of options

within environments. The
availability of an option

within a given environment
increases the ease with

which it can be used and
thereby the likelihood of

this. For example, commut-
ers used the stairs nearly

twice as much when there
was only one ascending es-

calator available as an alter-
native to taking the stairs,

as when there were two
escalators (19). Increasing

the number of healthier
food and drink options

in vending machines has
also been shown to in-

crease the likelihood that
healthier choices will be

selected (20).
Product design.The design of a product shapes

our behavior in relation to it. Over time, many
products central to health-related behavior have al-

tered in ways that result in less energy expenditure

and greater consumption. For example, 150 years
ago, clerks worked at standing desks. The pro-

vision of modern equivalents in schools can re-
sult in pupils expending more calories (21). The

size and shape of tableware, such as plates and
drinking glasses, have also changed over the cen-

turies, with both properties influencing eating
and drinking behavior. For example, taller glasses

resulted in less being poured and drunk than
shorter, wider-bottomed glasses, although study

participants perceived the opposite to be true (22).
(ii) Targeting automatic associative pro-

cesses. We describe examples of interventions
that deliberately target automatic processes to ac-

tivate, inhibit, or alter existing associations or
create new ones, so that individuals behave dif-

ferently in reaction to environmental cues.
Activating or inhibiting existing associations.

Priming is one mechanism to influence behavior
outside awareness. It involves presenting a stim-

ulus that activates or inhibits an associatedmental
representation (a concept, action, or goal). This

alters the threshold for action and the likelihood

Fig. 1. Altering the effort required to reach foods by manipulating their proximity can increase
the selection of easier-to-reach food options.
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of its expression given subsequent exposure to a
relevant stimulus. For example, priming the con-

cept of old age (by exposing participants to words
such as “wrinkles” and “gray”) led to participants

walking more slowly when leaving the experi-
ment (23). Priming effects have been demonstrated

across a range of responses and stimuli, including

the presentation of alcohol and snack food in ad-
vertisements. For example, children watching car-

toons interspersed with food advertisements ate
45% more of the snacks made available to them

(which did not appear in the advertisements) than
children watching cartoons interspersed with ad-

vertisements for nonfood items. Adult consump-
tion of snacks was also affected (11). Similarly,

adults watching film clips that included scenes in
which alcohol featured prominently, interspersed

with advertisements for alcoholic beverages, se-
lected more alcoholic beverages to drink afterward

than did those exposed to either of these alone.
Those exposed to film clips and advertisements that

did not feature alcohol selected the fewest alcoholic
beverages (12). In accordance with such findings,

restricting marketing is considered one of the more
potent interventions in reducing tobacco use, al-

cohol consumption, overweight, and obesity, par-
ticularly in children (24). The potential of using

priming interventions to reduce consumption is
promising (25) but little studied thus far.

Altering existing or creating new associations.

Humans are generally predisposed to approach

positive stimuli (those we anticipate as being re-
warding) and avoid negative stimuli (those we an-

ticipate as being unrewarding or even punishing).
Products are frequently packaged with a variety

of positive and negative associations, generating
competing behavioral impulses. Increasing ap-

proaches toward healthier behaviors and products
and the avoidance of less-healthy options involves

increasing positive associations with the former

and negative associations with the latter. So, for
example, using fun terms to describe healthier foods

increases the chances that children will eat them,
as does putting cartoon characters on vegetables

(26), whereas removing branded packaging of
junk food and tobacco reduces the attractiveness

of the products (27, 28).
The interventions described above may have

additional benefits: Their delivery (for example,
via a change in the physical environment) does not

usually require complex systems or direct contact
with people, thus allowing increased efficiency and

decreased costs as compared with individually de-
livered interventions. They also have the potential

to reduce health inequalities, because they do not
rely on the communication and comprehension of

complex information about health. The impact of
interventions that involve providing persuasive

information depends on recipients’ literacy, nu-
meracy, and cognitive control, which are generally

poorer in those who are more deprived (29–31).
In contrast, changes made to the physical envi-

ronment largely bypass these processes, having

the potential to shape behavior for all individuals
who are exposed to that environment.

Future Directions

The interventions we have described are, in prin-
ciple, scaleable to the population level, although

uncertainty remains about whether they will be

effective in changing behavior in populations
living in complex environments and at a level

needed to reduce the global burden of chronic
disease. Several steps are needed to test this. First,

we must identify which stimuli in which environ-
ments are most likely to achieve sustained healthy

behaviors. For example, although the quantity and
quality of space devoted to unhealthy and healthy

products in a grocery store, as well as their pack-
aging and marketing in and out of the store, will

influence the relative healthfulness of the food
bought, experiments are needed to determine the

grocery store design that maximizes healthful pur-
chasing (in contrast to current stores, which are

designed to optimize profits, regardless of the
healthfulness of the food purchased).

Second, it will be important to undertake a sys-
tematic synthesis of existing evidence to assess the

processes that explain the impact of interven-
tions targeting automatic processes. Automaticity

remains an elusive concept, difficult to understand
and identify (32). The formidable task of concep-

tually framing and synthesizing study findings
is just beginning (33). Such syntheses have the

potential to enrich understandings of basic brain
processes that activate behavior, as well as to in-

form the designs of future environments, built and
virtual, with a higher chance than existing ones of

activating healthier behavior and inhibiting less-
healthy behavior on the scale needed to make a

measurable impact on population health.
Third, there is scope for the development of

new interventions. Individual-level interventions

shown to be effective at changing behavior in lab-
oratory and community settings might be adapted

so that they can be delivered at the population
level. These include computer-based evaluative

conditioning procedures that weaken positive asso-
ciations with potentially health-damaging products

(34), training to inhibit behavioral impulses to
engage in unhealthy behaviors (35), and the for-

mation of intentions to implement a particular
behavioral response upon encountering a partic-

ular cue (36). This latter approach would actually
capitalize on our remarkable potential to develop

automatic responses, in this case putting a posi-
tive automatic response in place of a harmful one.

Implementing interventions that target the au-
tomatic bases of health-damaging behaviors will

require that certain philosophical, political, and
economic barriers be overcome. These include the

implied threat to our understanding of what it is to
be human, given that themost-parsimoniousmod-

els of behavior involve acknowledging that much
of our behavior takes place outside of aware-

ness. Furthermore, given the multitude of existing

cues driving us toward health-harming behavior, it
remains to be seen whether we can gain a toehold

in an environment that is already exerting strong
negative impacts on health. A further threat is

posed to economies that are built on excessive
consumption, because successful behavioral-based

efforts to prevent disease would reduce the con-

sumption of food, alcohol, and tobacco, as well as
their transport by fossil fuels. Political and public

wills need to be aligned for the successful enact-
ment of interventions that reduce such consump-

tion. Although the precise global strategies for
achieving the World Health Assembly’s laudable

ambition are evolving, it is clear that behavioral
and brain sciences have a role to play.
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PERSPECTIVE

Fetal and Early Childhood
Undernutrition, Mortality,
and Lifelong Health
Chessa K. Lutter1* and Randall Lutter2

Child undernutrition is a major public health challenge, estimated to be responsible for 2.2 million annual
deaths. Implementation of available interventions could prevent one-third of these deaths. Emerging
evidence suggests that breast-feeding can lead to improvements in intelligence quotient in children and
lower risks of noncommunicable diseases in mothers and children decades later. Nonetheless, breast-
feeding and complementary feeding practices differ greatly from global recommendations. Although the
World Health Organization recommends that infants receive solely breast milk for the first 6 months
of life, only about one-third of infants in low-income countries meet this goal, just one-third of children
6 to 24 months old in low-income countries meet the minimum criteria for dietary diversity, and only
one in five who are breast-fed receive a minimum acceptable diet. Although the potential effects of
improved breast-feeding and complementary feeding appear large, funding for research and greater use
of existing effective interventions seems low compared with other life-saving child health interventions.

C
hild undernutrition is amajor public health

challenge and is estimated to be respon-
sible for 2.2 million annual deaths world-

wide of children under the age of 5, although full
implementation of available nutrition interven-

tions could prevent more than one-third of these

deaths (1). Interventions to improve breast-feeding

and complementary feeding are estimated to be
the first and third most effective preventive in-

terventions against child mortality—the second
being the use of insecticide-treated bed nets to

protect against malaria (2). Improved breast-

feeding and other nutritional interventions aimed
at children under 5 and pregnant women have sub-

stantial benefits beyond affecting mortality, in-
cluding improvements in intelligence quotient

(IQ) and lower risks of some noncommunicable
diseases (NCDs) (3), which collectively cause

63% of deaths globally (4). Further, improved
breast-feeding also has benefits in high-income

countries: The social costs of low breast-feeding
rates in the United States alone were recently

estimated at $13 billion annually (5).
Child undernutrition is a broad and complex

phenomenon, encompassing fetal undernutrition;
insufficient breast-feeding; and complementary

feedingof diets low in energy-dense foods, essential
fatty acids, and micronutrients. The effects of un-

dernutrition include lowbirthweight and deficits in
height and weight, as well as physiological out-

comes later in life. The importance of these factors
prompted U.S. Secretary of State Hillary Clinton

to describe the benefits of improved nutrition in

utero and during the first 24 months of life as pro-
viding a valuable “1000 day window of opportu-

nity” for lifelong health and development (6).
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(PAHO/WHO), 525 23rd Street NW, Washington, DC 20037–
2895, USA. 2Resources for the Future, 1616 P Street NW,Washing-
ton, DC 20036–1400, USA.

*To whom correspondence should be addressed. E-mail:
lutterch@paho.org

Table 1. Breast-feeding and selected maternal health outcomes. CI, confidence interval. A person-year is the sum of the number of years that each
study participant’s health condition was observed.

Outcomes Measure of breast-feeding Effect size Notes

Ovarian cancer Length of breast-feeding Reduced risk of ovarian cancer by 28%

for each year of breast-feeding

(odds ratio: 0.72; 95% CI: 0.54 to 0.97)

Meta-analysis of nine studies with 4387 cancer

ovarian cancer cases and 10,574 controls (32)

Breast cancer Length of breast-feeding Reduced risk of breast cancer by 4.3%

for each year of breast-feeding in first

analysis; reduced risk of breast cancer by

28% for each year or more of breast-feeding

in second analysis

First meta-analysis included 45 studies conducted

through 2001; second meta-analysis

included 23 studied published between

1980 and 1998 (32)

Type 2 diabetes Length of breast-feeding Reduced diabetes risk by 4%; 95% CI: 1

to 9% per year of breast-feeding in first

cohort and 12%; CI: 6 to 18% in second cohort

Two cohorts from a high-quality

longitudinal study of 150,000 parous

women in the U.S. (32)

Hypertension Never breast-fed versus

exclusively breast-fed first

child for ≥6 months

Increased risk of hypertension by 29%

(hazard ratio: 1.29; 95% CI: 1.20 to 1.40)

55,636 parous women in the U.S.,

reported 8861 cases during 660,880

person-years of observations (30)
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