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Abstract

This papermakes the case for systematically adding education to age and sex as a third
standard demographic dimension. It directly addresses the question whether t
pervasive association of education with demographic outcomes reflects a causal
relationship. Based on the notion of functional causality paq@erreviews theoretical

and empirical approaches for assessing this question according to ttewa. dt also
explores possible alternative explanations such as reverse causalityifeselestion,
concludirg that a functional causal relationship between education and -haatih
fertility-related outcomes is supported by the evidence.pHperthen describes the
book’'s expert argumetitased approach for defining assumptions for population
projections and compares this approach with how European national statistica office
now make and use their assumptions for population projections. Against this
background the approach chosen for this study combines a structured substantive
inquiry among hundreds of intextional experts with formal statistical models.
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How Education Drives Demography and Knowledge Informs
Projections

Wolfgang Lutz
Vegard Skirbekk*

1 Introduction

This paper provides the background necessary for understanding our approach to
projecting population and human capital. First, we investigate the proper place of
education in demographic analysis and the evidence for an underlying causal
relationship between educati@and demographic outcomes. Second, we emphasize the
importance of explicit assumptions undergirding population projections and detail our
procedures for incorporating the views of hundreds of experts into sets of assumptions
that drive the projections.

2 Adding Education as a Demographic Dimension in Global
Population Projections

A major innovative feature of this volume is the systematidtion of educational
attainment as a standard demographic dimension in addition to age and sex for
demographic angses particularly for projections. The underlying assumption is that
educational attainment is not just one of many secmnomic factors that matter for
population, ast is often viewed in conventional demographic analysis, but is the single
most impotant source of empirically observable population heterogeneity next to age
and sex.

The suggestion of routinely adding educational attainment as a dimension of
demographic analysis is not new. It was first proposedPopailation and Development
Review aticle by Lutz, Goujon and DoblhammBeiter (1998), entitled “Adding
education to age and sex”. More recently, the idea of adding the education factor to
demographic analysis was discussed by L(2810) in a commentary entitled,
“Education will be at the heart of 2tentury demography”. It has also been the focus
of two recent articles by Lutz and KC iRhilosophical Transactionsentitled,
“Dimensions of Global Population Projection2010) and a review article i&cience
entitled, “Global Human Capital: Integrating Educatand Population{2011) In this
last paper they argue that an additional demographic dimension should be added
routinely to age and sek population analyses and projections according to three
criteria: (1) Its explicit consideration should be feasible in terms of availatéeahd

! Sections 2.0, and 3 have been written by Wolfgang Lutz, Section 2.tnaial/ written by Wolfgang
Lutz with inputs fom Vegard Skirbekk, Sections 2.2 and 2.3 have been mainly written bydvegar
Skirbekk with inputs from Wolfgang Lutz



methodology; (2) it should matter substantially in terms of altering population
dynamics; and (3) it shadilbe of interest in its own right in terms of its social and
economic implications. Lutz and KQ011; 2010rddress these criteria systematically,
reaching the conclusion that educational attainment is the only additional rdgmog
dimension that meets all three of these ddateand should hence be routinely and
systematically included as a standard demographic dimension. On a more substant
level, this systematic addition of educational attainment can be viewed as adding a
“quality” dimension to the consideration of the quantity of people.

Before a detailed discussion of the effects emfucational attainmenbn
demographic and other outcomes, it is useful to examine the more conventional
standard demographic dimensions of age and sex. One caugenent to giving
educationh attainment such prominent standing is that age asd ae natural
determinarg, while educations a purely social construction. But let us look critically at
the “naturahess of these two characteristic®ur thinking about age is dominated by
what istraditionally called “fixed chronological age,tefined as the time measured in
years that haslapsed since birtiHoweverthere are many different ways of looking at
age and ageing as referringt just to chronological age, biat biological, mentaland
social maturity. These different conceptions are not only constructs loyistsdut are
deeply embedded in traditional cultures. For example, demographers in Ausdlia
problems constructing life tables for the aboriginal population becaughat culture
individuals often dichot know their chronoldgal age. Age and ageing weseen as a
succession through different life cycle phases thatedan length depending on
different dimensions of maturity as assessed by the elders. Another exantipde is
frequent occurrence of “age heaping” in the censuses of developing countries in which
people are not able to state their precise age. The “heaping” often approximatea age to
round number such as 40 or 50.

Evenin modern Western seeties it has become fashionable to pdmtthe
many shortcomings of the deeply engrained concept of chronological age as a bas
determinant of behavior and social organization. Thiseflected in recent antige
discrimination legislatiorthat makest illegal to use chronological age as a decisive
criterion for many relevant decisions. Evdahe universities areturning from
chronological age as a criterion for support of “young” scientists to durd¢iined
criteria such astime since doctorate The European courts recently decided that as a
matter of principle“seniority based earnings systena'e illegitimate because they
represent a form of age discrimination. As to public perception of the igsaEgbly
the most relevant change has b#erethinking of the meaning of age with respect to
health status and remaining lifep@ctancy. It has become a frequsafing that‘60 is
the new 507or “70 is the new 60,” implying that people aged 70 today are in many
important dimesions equivalent to those aged 60 some time &gereis scientific
evidencesupporting this popular perception.

Demographers are slowly picking up these new ideas about redefining age and
ageing. But the idea of adjustment is not new; Ryd6ir5) andShryock and Siegel
(1993) had made suggestions in this direction and FitB84)even made thenore
general point that ages should be adjusted for changing life expectancy yoiutitie
same way that financial variables are adjusted for inflation. Lutz, Samdensd
Scherbov (2008pave applied these ideas to recalculatingstdd ageing indicators on



a global level. Sanderson and Scher(2®10)hhavepublished such adjustments based
on trends in agspecific disability rates rathénan just mortality. They write:

"Disability-free life expectancies, which describe how many years of life are
spent in good health, have also been increasing, often as fast as unconditional
life expectancies, because of decreases inspgeific disabilly rates. For
example, in the United States, the proportion disabled in the age group 65 to74
declined from 14.2% in 1982 to 8.9% in 2084Thus, fixed chronological ages

do not work well in evaluating the effect of age structure changes on health car
costs, because most of those costs occur in the last few years of life, which
happen at ever later ages as life expectancies increase.” (p. 1287).

Although measures of agpecific functioning based on disability may be
biased by for instance social and cultural influenceshich could potentially bias
comparisons across cohorts and nations, also research based on objective measures of
performance, including assessments of cognitive functioning based on dizedar
tests, show that thewre in fact improgments across subsequent cohorts among those
aged 50 and above (Skirbekk et al. 2013; Gerstorf et al. 28aith gains are likely to
have taken place earlier in some countries than in others, partly as educational
expansions have taken place at different periods which thereby could contribute to
differences in in agspecific cognitive functioning across countries. This could be a
reason why many countries that are chronologically young, such as adi@ been
found to be cognitively “older” than demographically older regions such as tlacNor
countries (Skirbekk et al. 2012).

Scherbov et al(2013) present the results of our new projections in terms of
indicators based on different definitions of “age”. Here it suffices to say hleat t
measurement anishterpretation of age is neither natural nor uncontested and clearly
contains important elements of social constructisdiscussed in the Epilogue of the
volume, this also has far reaching consequences for future social policies,nigcludi
pension systas.

As to the second standard differentiation in demographic analysis and
forecastinggender or sex, the ubiquitous distinction between men and women has also
been losing some of its sadident nature and is increasingly understood tatdeast
in pat a social construction. Even the purely biological distinction between the two
sexes is not as clear as it was assumed to be. An increagioglytransgender lobby
is complaining about being forced to make choices dhaperceivel as violations of
the group’shuman rights. In Australia the courts recently ruled that in all official
documents persons must not be forced to state their sex as either male qrifetoaie
also choose “indeterminate, intersex, or unspecifigdahilarly, Nepal's Suprem€ourt
has ordered the government to alter passports so that transgendered persons no longer
have to describe themselves as male or female (Channel News Asia, 14 June 2013).
With respect to the more socially determined gender roles and ntirens is litte
doubt that the traditional male/female distinction is increasingly bluwade female
behavioral patterns and life stylémve become less distinguishable from those of
males. This is also reflected in the changing siékerentials in mortality and rgration.

In many countries female smoking behavior now mirrors that of men (anthm cases
increases while malesmoking declines) Indeed,the malefemale difference in life
expectancyis in some cases less pronounced than the educational differéhceis



discussed in detail iffuchs and Goujoii2013) A similar changean traditional sex
differentials can also be observed for migration, where increasing femaleféab®
paticipation isleading to more female labor migration.

In sum, in 2% century demography traditional age and gender distinctions are
losing their previously unquestioned “natural” and absolute deterministic poivise
at the same time educational attainment is increasingly recognized as aekayiradett
of people’sbehavior andife course outcomes, with significant educationaledléntials
from cradle to gree (Lutz 2010). Hence, we no longer face a situation in which there
are presumably natural factors (age and sex) that are on an ontologicalntliiésel
from other factors Hat are assumed to be merely sdgiatonstruced (such as
educational attainment)e now understand that all three factors have elements of
social constructionas well as real physiological differenc&ébe fact that there also is a
physiological impact of education on the synaptic structure of our brains with
consequences for our perception, memory, personality, and behavaini®lFknown
among social scientists and will be discussed in the following section.

2.1 Functional Causality in the Context of Intervention Sciences

An important prerequisite for suggesting the addition of educational attainment a
third demographic dimension is the assumption that the effects of education on
demographic behavior and outcomes are not spurious associations, but real and causal
in nature. A comprehensive review of the ongoing and controversial social science
debate about what constitutes causality and under which conditions it can be assumed or
rejected is beyond our scope. Instead, we present our working definition of gausalit
that is employed in this book. This definition includes a brief discussion of the new
epistemological concept of “Intervention Sciences” and the associated coricept o
“Functional Causality”. In presenting these concepts, we specify thregacthat need

to be met in order to consider the effect of educational attainment on demographic
outcomes as causal, anddiss the extent to which we see these criteria as being met.

An important stating point is the view that the assessment of causality in the
social sciences is context specific. In this book the context is the field of dgvhagr
analysis and, more specilly, the field of population forecasting. As discussed above,
it is conventionally taken for granted in this field that a person’s age arithse direct
and stable causal relationships to many different demographic outcomies, (@&dths,
migrations etc.) and therefore changing age and sex structures of populations can
meaningfully be used to forecast future trends in demographic outcomes. This is the
basic paradigm that underlies the coklmmtmponent projection model of population
projections whichas discussed in Lutz and By2013) is the virtually unchallenged
and universally used approach to population forecasting. In this specific context we
propose that educational attainment should hencdbertioutinely added to age and sex
using the well-established methods of multi-dimensional cohort-component projection.

Another relevant epistemological consideration in this context is a distinction
between “identity sciences” and “intervention sciencas,tecently suggested by Lutz
(2012) Under this view of the social sciences and hities there is a basic disttion
that depends on the goal of the analysis: Identity sciences address the questdis of “
are we” and “where are we coming from,” both at the mievel of individuals and at
the macrelevel of societies. These questsprwhich can include both qualitative and



quantitative components, relate to a more general view of how the world functions and
do not refer to any specific goal of forecasting or directly influencingcthese of
events. Intervention sciences, on the other hand, try to understand how the most
important forces of change function in order to predict the future evolution of the
system. The predictions can be based on no intervention, or on alternative interventions
and their likely consequences. Since humegstems are not strictly deterministic, all
such assessments need to consider uncertainty, either probabilisticallherform of
alternative scenarios as is done in this volume. In the research effort pidsenetewe
clearly take an intervention isnces approach. This implies an understanding of
causality. We are satisfied with functional causality, which is based onlp&asd not
contradicted functional relationships between forces that can be assumed to Hodd for t
societies and for the peds to which they are applied. This is distinguished from strong
causality, which is harder to assess in the social sciences and typically cdpeonly
tested through planned randomized or natural experiments. This approach has been
inspired by the work on interventions and functional causal models of Pearl (2000).

The specific distinction between functional and strong causality in the tafitex
intervention sciences is first introduced here and will be elaborated elsewih the
first author of thigpaper We note only that strong causality as it is often assumed in the
natural sciences is almost impossible to establish in the social sciences. Thilyis pa
due to the difficulty of conducting planned experiments with human subjects and
societies without violating human rights, and also to the fact that unlike in thelnatura
sciences, it cannot be assumed that all individuals and all societies around the worl
behave and react in the same ways even if tierread conditions are the same. In a
comprehensive review on causation in demograghghrolchainand Dyson(2007)
specify ten criteria that are supportive of causal inference regad#ngpgraphic
change. The three criteria discussed below have been inspired by their work.

The following review of the literature about the effects of education on
health/mortality and fertility cites many findings from-called natural experiments.
When such experiments support causality for one specific population group in one
country at one time, it is far from clear that this demonstrated relationship &soirno
very different cultures at different stages of social and economic develop8wech
observations can strengthen the case for assuming more generally valid gausalit
they cannot prove it for all societies and all times. Hence, in order to uke suc
relationships as a basis for projections for all countries in the world wetdtitempt to
demonstrate strong causality, but focus on establishing functional causalitghthrou
assessing the following three criteria:

(a) There must betrong empirically observed associations between the two factors
studied and those associations should hold acrd$sretit societies and for
different subgroups of the population, and for different points in time (considering
the appropriate lag structures). The case for a causal relationship fecanglyi
strengthened if this association is observed both at the individual level (across
people and households) and the aggregate level (across societies), in particular
when it can be found in longitudinal cohort studies. As stated above, the presence of
the effect in (natural) experiments further strengthens the case for genetairfal
causality, although this does not automatically imply validity across all sacigtie
this paper and the forthcoming book (Lutz et al. 2048 present empirical
evidence regarding such empirical associations.



(b) There must be plausible narrative about the mechanisms through which one
force influences the other. This explanation must tend to the sequence and timing of
events according to the general principle that the cause must always lie before th
consequence. In the social sciences it is important to considénehatpectation of
a coming event, not just the event itself, qualifies as a cause of behaviosaiesdi
below what is known about how education influences the brain and behavior. The
more specific mechanisms through which changes in level of educatiect
fertility and health/mortality will be the topic of the following sections.

(c) Other obvious competing explanations of the observed associations should be
explicitly and systematically studied and ruled out as playing major dominant roles
Below we eamine the two principabklternative explanations of the observed
associations between educational attainment and various outcomes, whidh-are se
selection and reverse causality.

Selftselection would implyn the case of the educatibeath/mortality link, for
examplethat theobservedstrong association is explained by the genetic endowment of
some individuals with botbetter health and higher intelligencesultingin both better
educational attainment and greater longevity. We review below sevatalah
experiments that test this hypothesis at the individual level. First, thereaggeggate
level argument that provides strong evidence againstss@dftion as the cause of the
strong association between education and health. Assdaritige purpose of argument
a time-invariant distribution of genetic predispositions in any population, than an
expansion of educational attainméatbroader segments of the population should lead
to a reduction in th@ealthmortality advantageif self-section were a dominant factor
Moving from an elitist educational structunewhich only a very select group of people
could get educated to a more inclusive ,opeople from the bottom part of the
distribution would move tothe educated categgryhus reducing the degree of
selectivity. However, empirical evidence from around the world clearly shows that in
virtually all populations an expansion of education (in some cases even a very rapid
expansion such as in South Korea) has resulted in signifincreases in overall health
and a continuation of the relative health advantage of the better educated people.

In a comprehensive global assessment of the relationship between eduaation an
adult mortality KC and Lentzn€R010)also show that at a given time (thus implying a
similar global frontier knowledge in medical technology) on all continents (i.e. fyr ve
different levels of soci@conomic development) for all adult ages and for men and
women alike, the less educated segments of the population have significantly higher
mortality and morbidity (measured in terms of ADLs) than those who are better
educated. This evidence is inconsistent with the proposition thetedetition explains
the general patterns of association between educational attainment and related
outcomesThe other alternative explanatiaeyerse causalitys largely irrelevant with
respect to mortality because most adult deaths happen after completion of educhtion a
by definition mortality removes people from the study population. If health is
consideed instead of mortality the pattern gets more complex because children w
health problems may be less likely to attend school and more likely to experience
premature death. While this may be the case in some developing countriesi¢nee
from highly developed countries where even children with serious health problems
receive the best possible education also shows strong education gradientalitymort



The reverse causality argument could be more relevant for fertilityexample,
girls dropping out of school because of pregyac being discouraged from further
education because of the presence of young children, might well have lower educational
attainment. While this undoubtedly happens, riilative importance of this factaran
be tested empcally. In developing countries, for example, the causality can only go
from basic education to fertility becausasic education of girls is generally completed
beforereproductive ag. Accordingly, the empirical evidence presented in this volume
and other major surveys (e.g. Bongaarts 2&H®ws significant and robusiegative
associations between educationeiged before reproductive age and subsequent levels
of fertility. Hence, reverse causation is unlikely to play a dominant role plaieing
the strong empirical associations between education, on the oneamanfrtility and
mortality, on the other.

Before discussingnore deeply the empirical evidence concerning daesal
effects of education on health/moityland fertility-related behavior, we address the
beginning of the causal chain, the basic biological mechanisms through wdricimde
and in particular systematic learning through formal education changes thelqinysi
of the brain. Modern brain research leaves no doubt that every learning experience and
especially repeated experiences change our brains physiologically by dpunleimn
synapseshiat store the information about our experiences, and thus produce learning.
Eric Kandel, who received the 200bel Prize in Medicine and Physiology for his
pathbreaking work on memory, remarked: “Let us repeat this point once more and now
it is stored m your brains, and when you walk out through this door you are
physiologically a different person from when you walked into the room” t(/ums
Science Day, New York, Sept. 10, 2011). In his btolSearch of Memoryg2007),
Kandel provides a systematic account of what is known about the storage of imdormat
in the brain and how learning experiences change brain structures for the rest of a
person’s life He notes that even twins with identical genes have different brains
because of different life experiences (p. 2H)cause such physiological changes are
difficult to show anatomicallyn humans, Kandel studied them primarily in Aplysia (a
sea slug withparticulaty large neurons), for which he could demonstrate that learning
experiences (such as repeated stimuli of the tail) led to the gafwtlew synaptic
connections, anatomical change that involves the synthesis of new protein (p. 256). In
humans spcialized learning and repeated activity changes the size of certain parts of
the brains and reduces the energy used for certain activities once routine has been
gained(Elbert et al. 1995; Jenkins et al. 1990}hile neuroscience is still far froefull
understanding of the process of learning, neurological studies have confirmed that
neurological structures, brain volumes, and cortical thickness can be affected by
additional education (Martensson et al. 2012; Richards & Hatch 2011).

If it is accepted tht edwation changes our brains and how we process and store
information, which according to Kand€R007) is also the basis for our sense of
personality, then it follows that educati@so changes other cognitive dimensions,
including our perception of the environment, our view of the futote degree of
rationality, and ultimately our behavior resulting from these mental processes. Indeed,
empirical studies show that better educated individuals tend to have a longer investment
horizon, be more risk averse and have fewer mental health problems (Meijer et al. 2009;
van der Pol 2011; Murphy & O’Leary 201(sychosocial factors, such as a sense of



control, anxiety, depression, social isolation, and stressalae Ihked to school
attainment leve{Matthews et al. 2010).

Regardinggeneral cognitive functioning, several studies that assess the effects
of exogenous changes in compulsory education show that cognitive functioning is
related to the length of schoolirepd give strong evidence that this effect is causal.
Brinch and Galloway2011) investigated the lengthening of Norwegian compulsory
schooling and found that it caused a growth in general intelligence by more iftAn a f
of a standard deviation for male conscripts. Glym(#008) examined extensions to
compulsory schooling laws in the US and found that these reforms improved cognitive
function among seniorsSchneeweis et aForthcoming)investigated the longerm
effects of extensions to education on mental ability among seniors in Europeg findin
that these education reforms significantly improved functioning at alegegnitive
ability levels, including immediate recall.

2.2 Effects of Education on Health and Mortality

Moving from the effect of education on general cognitive functioninthéoeffectson
healthrelated behavior and mortality, we first note’o recent comprehensive
assessments and then a larger number of specific studies. BakdR@t Bloffers a
metaanalysis of the education effect on adult mortality wliéita from 29 studies with a

total of 69 reported effects covering a sample of more than 20 million adults. Aédsstudi
consistently showed that less education was associated with highewolikebh death.

The pooled education effect showed that people with low education (lower secondary or
less) had a 46 percent higher probability of dying than people with high school or higher
education. This studstressed that these effects are likely causal, poiimtipgrticular

to the neurological and cognitive ract of schooling as a mechanism. The above
mentioned survey by KC and Lentzn@010) illustrates the effect of education on
health and disability, using data primarily from the World Health Survey (\WH®yY

show that consistently and across all ages and continents, for both men and women
separatelyhigher education is associated with lower rates of disability. The associati
across four education categories is in all cases monotonic, with the changaofrom
education to primary usually showing the strongest impact on health. They alsaprovid
an extensive review of the possible mechanisms by which education influencés healt
and mortality (including behavioral risk factors, psychosocial factors, auiiil-fiactor
models), which strongly suggests that these are indeed causal meshanwork.

In terms of more specific studies, between 1949 and 1962, Sweden implemented
a oneyear increase in compulsory schooling where each year children in a number of
municipalities were exposed to the reform and others were kept as controls (N=
1,247,867, of whom 92,351 died). A study based on the resulting data found that this
oneyear exension reduced botkex mortality risk from overall cancer, lung cancer,
and accidents. In addition, women reduced their risk of cardiovascular diseazktynort
and men reduced their death risk from external ca(lseger & Torssander 2012)
Overall, there was significély lower mortality in the group that took the compulsory
schooling, and this group had lower mortality from causes known to be related to
education, such as smoking. SimilarlyerasMuney (2005)found that variation in
compulsory schooling in the US is causally associated with adult mortalitytlsaican


http://www.sciencedirect.com/science/article/pii/S0272775711000525#bib0310

additional year of education lowers the probability of dying in the next 18 pgéhree
to six percentage points.

However, effects are not uniform across all studies. In Frafibmuy and
Lequien (2009%tudied the effects of the increase in minimum school leaving age from
13 to 14 for cohorts born after 1923, and later for an additional two years for cohorts
born after 1953. Based on Regression Discontinuity (RD) anestage estimation
approaches, the authors found that these reforms did not result in significant declines
mortality. Changes in compulsory schoolimg England were identified as reducing
morbidity levels in one study (Silles 2009); howev@lark and Roye(2010)failed to
find effects of the English compulsory schooling extensions of-534@n mortality. In
Sweden, an extension of schooling from 7 or 8 years, depending on municipality, to 9
years nationally, affecting cohorts born between 1946 and 1957, reduced male mortality
up to age 50for those assigned to the reform, but the gains were erased bydncrease
mortality later on(Meghir et al. 2012). An analysis of several European school reforms
found that the beneficial educational effects tended to beetdrated among men, with
few effects for womer{Gathmann et al. 2012).While these studies of changes in the
length of compulsory education provide good examplesatural experiments that
avoid some of the concerns about sellection and generally support (and never
contradict) the case for assuming a causal relationshiprgihgastrength from length
of schoolingto health they only refer tosmall changes inlength of schooling in
industrialized countries with high levels of public health services.

A recent study on differential trends in life expectancy in the United States find
actually widening differences by level of education (Olshansky et al. 20ta)ving
from a range of data sources they find that in 2008 US adult men and women with fewer
than twelve years of education had life expectancies not much better thamh éfat o
adults in thel950s and 1960s. They find that since then the education differtials have
widened and their analysis suggests that in addition to its indirect effemtghhgiving
access to better jobs and higher incomes education also has a direct effebthwaliot
and duration of life. As a consequence they suggest policies of educational
enhancements for all segments of the population.

Now we turn tathe broader global pattern.

There is am@ empirical evidence of a pervasive eah in which mortality
levelstend to decreaswith the level of education over time, both at the individual and
aggregate leve| and in both poorer settings with high income inequality and richer,
more egalitarian nationgGovingdasamy & Ramesh 1997; KC & Lentzner 2010;
Murphy et al. 2006). Education has been found in many countries to correlate with
longer lives, better healtnd improved physical and mental function{Bakshit et al.

2012; Mackenbach et al. 1999; Shkolnikov et al. 2012; Sachan et al. 20tt@ugh

most of the research into education effects on morbidity or mortality hasetbcuns
western countries, negative relationships of education with morbidity have also bee
identified in South Korea, Japan, and other countries (Khang et al. 2004; Kondo 2012)
Educational differences in health are often larggrdarer nations; e.gchild mortality
differentials by maternal education are relatively high inSabaran Africa and Asia
(Monden & Smits 2012). An extensive mtligvel study covering all recent
Demographic and Health Surveys (DHS) showed that maternal educatiensmgle

most important determinant of child survival at all levels and that its effects on child
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http://www.sciencedirect.com/science/article/pii/S0272775711000525#bib0155

survival are clearly stronger than those of household wealth or in(enohs et al.
2010) There are also large differences in health by human capital for seniors in
developing countries, as evidenced in India, whererawfl healthis significantly
positively related to education (Alam & Karan 2011).

Larger datasets that dg@yond the analysis of specific surveys that have limited
sample size can improve the knowledge base and increase the ability tg iceunsl
effects. Administrative registration data with high or full national coveragenspa
longer time periods allow larggcale populatiofibased research to be carried out with a
decreased risk of sample bias. Such datasets are increasingly availabledochres
purposes in a number of nations, including the Nordic countries. Such datesdtavee
been used to investigate the effect of education on lifetime outcomes, including
analyzing the effects of schooling on morbidity and lifespans. Some of the largest
available studies, including those with full population coverage and a relativelgl bro
set of control variables, suggest a strong positive association of education with
longevity (Strand et al. 2010; Remes et al. 2010; Brannum-Hansen et al. 2004).

Another important source of informam is panel surveys based on repeated
interviews of a sample of individuals and containingdepth questions and tests. These
data sets facilitate a significantly better understanding of causal mechabysms
allowing for control of additional individual characteristics beyond what is usually
found in register data. However, such surveys often lack the size of admirestrat
national registers and their coverage can be potentially biased. For énssageing
surveys such as SHARE exclude the institutionalized population in the base sample
(BérschSupan et al. 2008), which couldeate a sample bias atichit the general
validity and reliability of estimates of the effects of education on healthh®wther
hand, such surveys can follow changes in heaitth function over time in more detail
than administrative data registersv&al analyses of these surveys find that education
has a positive effect on health and cognitive functioning, even after controlling for
ability levels early in lifgWhalley & Deary 2001; Richards et al. 2004).

Finally, analyses of pairs of monozygotic twins to identify the effects of
education represent an important approach as they can control for inherited isfluence
When comparing twins with the same genetic maxeand shared pneatal influences,
one can isolate and measure the environmental effects of education while the role of
nature (and the preatal environment) is held constant. There are, however, limitations
to twin studies such as relatively small sample size and the possibility that twids co
be a selected group, so that the effects may be less representative of the whole
population. Still, studies ofmonozygotic twins represent an important way of
identifying the effects of education after controlling for genetiluerfces. Several twin
studies have found a strong positive effect of education on, for instance, mental health
(Haworth et al. 2008; Rodgers et al. 2008).

The evidencaliscussed heref strong positive associations between education
and health in different countriggifferent points in timecombined with theervasive
evidence fron several natural experimentsakes it very plausible to assume that there
areclear functional causal mechamis connecting education to better health and lower
mortality. These mechanisms can be assumed to remain valid in the future in ¢&xé cont
of population projections by level of education. And, as discussed in the previous
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section, there is strong evidence to dothat this consistent and strong empirical
association is dominated by a se#lection effect.

2.3 Effects of Education on Fertility

Turning to the effects of education on fertility, the pattern is more complexauBec
survival is a universally shared valysgople prefer to survive and see their family
members survive. Hence, higher empowerment through education can be expected to
translate into better survival with a clear unidirectional effect. It is not the same w
fertility, where ideal/desired family size is to a large degree culturalrméted and
where higher empowerment of women through education may lead either to lowe
fertility (under conditions in which actual fertility is higher thanides) or to higher
fertility (where desired exceeds actual fertility). The case is furtheploceted by the

fact that couples have children, and disagreements can arise betwemanthand
woman, whose outcomes are influenced by female education. Female educatios change
the power relationship tends to be associated with postponement of childbearigg durin
thefinite fertile segment of the female life cycle. Finally, for higher lexa# education

there is the possibility of reverse causation, i.e. young women dropping out of education
because of a pregnancy. In spite of this complexity, the negative assodgteruasive

for almost all societies, except premodern ones and theadeanced egalitarian ones.

Because theffect of educatio on fertility is expected to vary over the long term
course of demographic transition is instructive to start with the lortgrm historic
trends in fertility differentials. Skirbek{008)provides a comprehensiveetaanalysis
of available data sets on histi differentials by level of education and/or social status
from 1300 to the present. His analysis illustrates that relative wealth (typodaihe
man) or position in a social hierarchy was positively aased with the level of fertility
in the predemographic transition erA. plausible explanation for this is that under the
prevalence of very high fertility normsas can be found in virtually all traditional pre
transition societies higher social status facilitates a better achievement of these ideals.
Furthermorehigher social status women tended to have better health status and receive
more support from nannies so that they could physically have more children.

Over time, however, this positive efteof social status on fertility became less
pronounced, particularly in the latter half of the 20th century. Indeetalé education
has been negatively associated with fertility for as longdasatiorhas been measured.
Particularly in developing cotmes that are still in the midst of the fertility transitipn
the negative association very strong. InEthiopia,for examplethe DHS data show
that women without formal education have more than six children on average svherea
women with secondary ordher educatiorhave only two children.

Increasing education levels are widely considered key cause of ffedtlitine
during the demographic transition (Basu 2002; Martin & Juarez 1995; Cleland 2002)
Education tends to be associated with a delay in the onset of childbearing and lower
fertility outcomes. A close examination of the mechanisms at wwgkests that these
effects are causal and not solely driven by selection into schooling (e.g., those who
would have fewer lildren in any case attain a higher education). Education has been
found to depress fertility preferences, raise female autonomy, incceas@aceptive
practice, raise the opportunity costs of having children, and postpone the timing of
childbearing(Jejeebhoy 1995; Kravdal 2002; Gustafsson 2001).
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In a comprehensive revieof the evidence for suSaharan Africa, Bongaarts
(2010) examines the factors that contribute to this pervasive negative association.
Looking at data from DHS surveys in 30 countries, he demonstrates that education
levels are positively associated with demand for and use of contraception andehegati
associated with fertility and desired family size. &lso finds that as educationass
fertility is lower at a given level of contraceptive use, contraceptieeisifigher at a
given level of demand, and demand is higher at a given level of desired family size. He
concludes that the most plausible explanations for these shifting relationghiphatar
better educated women marry later and less often, use contraception ractigeyt
have more knowledge about and access to contraception, have greater autonomy in
reproductive decision-making, and are marotivated to implement demaneldause of
the higher opportunity costs of unintended childbearing. Given this convincing narrative
it is indicative that Bongaarts chose to give this paper the title “The causes of
educational differences in fertility ...".

Regarding the possibility of reverse causation in high fertility countriesnts
likely case is young women stopping their education because of an earlynmegna
resulting in a birth. While pattern has been found, particularly in someaAfdontexts,
it is only a minor factor and cannot explain the overall pattern. This can be
demonstrated by looking at educational differentials up to junior secondary education,
i.e. before reproductive age, where the differentials are most pervasigmatiltely,
one can restrict the sample to wemwho only started childbearing after age 18 or 22;
within this subsample the association appears to be equally strong. Some of this
empirical analysiss discussed iBasten et al2013).

In many developing countries age at marriage is another important intermediate
variable in the relationship. There is strong evidemitat early basic education is
associated with later age at marriage. In Vietnam, for instance, longeriedutas
been found to increase marital choice. Using household data, where war disruptions and
spatial indicators of schooling supply act as stiatl instruments, it is estimated that a
year of additional schooling reduces the probability of an arrangedagetbiy about 14
percentage points (Smith et al. 2009).

As mentioned above, in low fertility industiiised countries the differentials
tend to be smaller but the association with female education is still clearly eeigativ
most cases. This also seems related to the timing of the onset of childbedwicatidh
could also have setkinforcing effects o fertility timing, where increasing levels of
education create a race where one needs to have more and more schooling in order to be
"on par" or better than others of the sameaaxort group (Lutz et al. 2006; Skirbekk
& KC 2012) This can imply that education results in fertility being increasingly
postponed for each successive generasimte education levels gradually increase and
more years of schoolingre needed to reach a given percentile in the educational
distribution. Several natural experiments suggest causal effects from edakati
extensions to a delay in the age of fertiityearly adulthood. This phenomenon has
been identified in very different contextghere school reforms have taken place, for
instance in Norway and Turkey (Monstad et al. 2008; Kyrdar et al. 2011).

One study(Skirbekk et al. 2004)uses Swedish school age laweat cause
variation in the school leaving exit age based on birth month (those born in January exit
school at an age 11 months older than those born in December). As all children born in
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a calendar year emt and ®&it school at the same time, and their month of birth is
random, the resulting variation in the school leaving age is not likely to bdedeta
other individual characteristics. Skirbekk et al. found that this variation in school
leaving age hadtrong effects on parental age at the first childbirth. The difference of 11
months in the age at leaving school between women who were born in the two
consecutive months, December and January, implied a delay in the age at ffirst birt
4.9 months. Thismay be &plained by the fact that there exists a relatively rigid
sequencing of demographic events in early adulthood, and the age at graduation from
school emerges as an important factor in determining the timing of family formation.
These findings are sb relevant for studying the level of fertility because postponement
of childbearing not only depresses aggregate period fertility measures hthitoig
tempo effect, but tends to reduce cohort fertility through apparent tqogrgum
interactiongKohler et al. 2006).

The global empirical evidence concerning the association between female
educationand fertility is comprehensively reviewed and discussedasten et al.
(2013)and Fuchs and Goujd2013) Here it suffices to say that the assumptions used
in our projections assume a gradual narrowing of educational fertility diffaie with
the progress in demographic transitions. But the assumptions also consider-@ntry
culture-pecific differencestaking accountin particular of certain countries where
differentials are already very low.

In conclusion we emphasizeéhe convincing narrative of a causal effect of
female education on the advance of thelfgrtransition in terms of the famous three
preconditions of a lasting fertility decline as identified by Ansley C¢EI@3). First,
fertility must be regardeds beingwithin the realm of conscious choick.is evident
that the transition from a more fatalistic attitude to a mat®nal planning attitude is
closely associated with the transition from illiteracy to a more educated.Satond
there must be objective advantages to lower fertility. This is where therhighe
opportunity costs for more educated women camte play. Moreover, educated
women tend to have higher aspirations for the education of their children and
understand that they be better able to afford this if they have fewer children. T
corresponds to Gary Beckef®81) point of a quantityquality transition.Third, Coale
stresses that acceptable means of fertility regulation briseadily availableHere
again there is ample evidence from all societies that more educated women find better
and easier access to family planning services and contraceptianless educated
womenand are better empowered to overcome possible objections from their dmisban
and extended famiés Surveys show that in every societyom least developed Mali
and Niger to the socially most developed Nordic countléss educated women have a
higher rate of unwanted pregnancies than more highly educated women.

All of the literature and evidence presented in this section suggest that all three
of the specified criteria are being met to assume functional causality frginerhi
education to better health and thus lower mortality for both men and women and from
higher female ediation to lower fertility at least over the course of the demographic
transition. This causal presumption, in turn, underlies the assumptions and scenarios
that are the foundation for the population projections presented in this book. We now
turn to the knowledge base of these assumptions and to the way they can be derived
through expert argumentation.
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3 How are the Assumptions for Population Projections
Defined?

“Can knowledg improve forecasts?” was the title of a famous paper by Nathan Keyfitz
(1981),in which he expresses the view that demographic trends are easier to forecast
than manysocial and economic trends which are often seen as drivers of fertility and
mortality. But how should the demographic trends themselves be f&r&vast should

be the basis for assumptions about future fertility, mortality, and migratiods®e
Ahlburg and Lutz (1999),in the introduction to a special issue of PDR on the topic
“Frontiers of Population Forecasting” (Lutz et al. 1998)erpret this view of Keyfitz

(after discussions with Nathan Keyfitz at IIASA) by suggestiteg demographic trends
shouldnot be entirely derivedrém other forecastéas in the World 3 Model of the
“Limits to Growth” by Meadows et al. 1972pr based on blind extrapolation or
replication of past trends. Instead, they suggest summarizirsgihr@ific community’s
knowledge base concerning future demographic trends through a structured process of
expert solicitation. This view was also inspired by the influential work ofshmong

and colleagues on forecasting outside the realm of demography (CollopsnsirAng
1992),which demonstrated that structured judgment outperforms either judgment alone
or a statistical model alon@&hlburg & Lutz 1999) This insightguides the approach
chosen in this study.

In parallel to thesciertific discussionthe practice in statistical afles has been
moving in this direction of using structured expert judgment for defining the
assumptionsVirtually all national statistical agencies in the worés well as inter
governmental agencies suahl the United Nation@until recently)and Eurostathave
been producing regular population projections by age and sex, followingpliost-
component projection methodith assumptions on future fertility, mortality and
migration based on expert judgement

It is worth noting here that the United Nations Population Division (UNPD)
recently (since the 2010 assessment) decided to go into a very different direction whic
bases assumptions largely on a statistical model using only past natiohdinieve
seres within the context of a particular structure and disregards whatevernsiviesta
knowledge there exists in the international scientific community about the coantry
regionspecific factors influencing future fertility, mortality and migration trends
detailed comparison of the approach chosen in this volume with the new UN approach
is currently in progress and will be published elsewhere. At this point is sutfficas/
that the two approaches follow quite different forecasting philosophies. Wikileew
UN approach essentially assumes that the best we can assume is that the [figeee wi
a replication of past trends interpreted within the framework of their moddiich
essentially makes the entire demographic research community redundant edmees
to producing projections- we chose to follow the alternative path of making the
substantive arguments upon which our forecasts rest explicit. We did this by ingprovi
the dructured procedures for soliciting counspecific expert knowledge and
significantly enlarging the number of experts involved in the process to over 500. And
as describe in defil in Lutz et al. (2013) the substantive expert assessment of
alternative arguments relevant for the future trends will be blended withalform
statistical models much in the spirit recommended byopgland Armstrong (1992).
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In this section we first review the current practice of statistical agencib in
European region and note a survey that indicated near consensus weethéor
improving the procedures by which expert knowledge is assessdtie basis for
making assumptions. The main results of the survey was that the officesdchatige
making population projections would welcome more structured interactions with the
demographic research community. We then discuss the proposal forematyst
argumemntbased approach to making demographic assumptions that was developed
under the European Commission’s “MicMac” project (“Bridging the miocro gap
in population forecasting”, www.nidi.nl/micmac) and has been operationalized for the
projectons presented in this volume.

In 2005, all national statistical offices (NSOs) of the European Union countries
were asked to provide information on their procedures for producing their most recent
population projections. Each office received from EurostatllIASA-designed
questionnaire, which 21 out of 25 national statistical offices returned. The @sthiis
survey were documented in Prommer and Wilg006) and Lutz (2009) The most
common procedure was to create scenarios that cover a “plausible” range of future
fertility, mortality, and migration. The involvement of external experts and meetings
was generally considered very important, but all national statisticaksfBuggested
that the methods used to make assumptions could use further improvements.

As the most desirable procedure, one NSO explicitly stated: “We base our
assumption on facts and reasoning. We try to present as many facts as posksibée
also tryto specify where we are uncertain and show how and why we have decided in a
certain way. We also try to describe the reasoning behind the assumptions thoiroughl
the publication about the population projection.”

The NSOs were also asked about the besttions for such improvements. The
following three improvement options were most frequently endorsed: (a) “haneea
systematic review of all the substantive arguments behind the assumptionsayb) “
some structured interactions with the European deapiic research community about
the state of the art in our knowledge about future demographic trends”, and (cyéinvol
more experts”.

In a nutshell, this extensive and informative enquiry among EU national
statistical offices shows that all national iofls consider the current practice for
defining the assumptions for population projections asogtimal and needing further
improvement. The results further indicate the direction in which to move: Have a more
systematic review of the substantive argutedrehind the assumptions in the form of a
structured interaction with the demographic research community, whicliaalstates
the involvement of more experts.

This important view from the practitioners of population projections, together
with the theoretical insights discussed above provided the basis for the new expert
argument based approach that was developed at IIASA and has now been broadly
applied to defining the assumptions for the set of global population projections
presented in this volume. This process involved more than 500 population experts from
around the world who answered the online questionnaire or participated in one of the
five Metaexpert meetings. Before describing the design and conduct of this exercise, it
useful to step back and discuss some of the general problems associated with any kind
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of expert solicitation regarding future trends, and with the generattaele of
academics to make statements about the future.

3.1 The Meta-Science of Expert Knowledge

Given the public prominence and substantive importance of likely future demographic
trends in virtually all countries of the worldie find it surprising how little systematic
attention the scientific community has given to the evaluation of argumentsyimgle

the asamptions of future fertility, mortality and migration trends. While the above
described survey shows that national statistical offices place hope in inputhfieom
demographic research community, this topic has largely been confined to idteatat
agerties. Since these offices cannot avoid making choices about assumptions in order to
fulfill their mandate of producing population projections, they cannot escape this
challenging task as easily as academics seem to be able to. Our approach atempts t
trarslate the vast body of relevant research in the demographic community and other
related research communities into specific sets of scieased assumptions for
projections. This follows earlier work by Lutz, Saariluoma, Sanderson and Scherbov
(2000),that explicitlydiscusses some of the shortcomings of expert based procedures.
Such procedures typically follow the tradition of Delphi methods that have been
developed and extensively documented elsewtienstone & Turoff 2002).

The main problem with expert opinions is that they tend to be opinionated; this
can result irundesirabléiases and distortions that do not necessarily reflect the state of
knowledge There is abundant evidence that eigptend to hold strong beliefs about the
future that are at the level of emotions and intuitighgtz 2009) Hence, the approach
proposed here goes beyond opirmased Delphi to embody nore objective scienee
basedprocedure. Of course, whenever one relies on the views of people, the result
cannot be fully objective, but one can move toward objectivity by making the process
inter-subjective and applying ¢hstandard scientific tools of pereview and critical
evaluation. In order to make progress therast be something on the table to be
evaluated and analytically reviewed. Henma, argumenbased approach muspecific
arguments on the table that are directly relevant for the futumeseoof the
demographic force under consideration and which can be critically assessed.

In designing this new argumebased approachwe collaboratedwith an
experimental psychologist working in the field of cognitive sciemt® is an expert on
experts.We learnedhat one important contribution that mat@ence can make to any
scientific approach is to investigate problems in the way arguments are built in
particularscientific fields. Such an investigatiaan help appliedcientists find a more
analytical way of thinking in their own fields. It is important to understarad &t
scientific argumentation ends somewhesad from that point on theperation of
intuitive assumptions begins. Infinite chains of argumentsrap@ssible Beingaware
of this, one shouldeflect on when to end the chain of argumentation. This paigit
be right next to the object of observation, in which case there is no argumentative
foundation at all. It can also be too far away from the dpbjacwhich case the
arguments considered and the objects are linked only tentatively. The choice of-this cut
off point needs to be based on expert judgment. But this is judgment at thkeveéta
rather than at the level of the object itself. Such juddgnmrarst be based on some sense
of plausibility or intuition as it is typically called in cognitive science and foundational
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analysis. Hence, intuitions in the foundations of scientific ways of thinking are
unavoidable. We cannot get around them; we haveatm to live with themandthe

best way to do so is to be cognizantteg known traps and fallacieand to be entirely
transparent about the choices made

3.2 The Systematic Inquiry of Expert Arguments Chosen for this Study

Based on theseonsiderations and principles team at IIASA andhe Vienna Institute

of Demography YID) designed a ondine questionnaire with separate segments for
fertility, mortality, and migration. The questionnairasdeveloped gradually, first only

with respecto mortality when it was tested with a group of 17 mortality experts in the
context of the above mentioned MicMac projécttz 2009). It was then further
operationalized and programed in Excelby the National Office ofStatistics in the
United Kingdom, which used it for systematically collecting expaded assessments

on fertility, mortality, and migration for t population projections. A team at IIASA
further developed the questionnaire for its broader use for all countries. For each of the
three segments the arguments were grouped according to selected major forces that
were defined to be as independent from each other as possible.

For fertility and mortality six such major forgewere identified, and for
international migration five. They are:

Major forces on which future fertility (F) will depend:
F1. Changing cultural and social forces in fertility ideals, norms and desires
F2. Changing patterns of partnerships and genfferetices
F3. Changing roles of government policies (child care facilities, housiay, et
F4. The changing environment in terms of employment and the economy
F5. Changing biemedical conditions (sperm quality and counts, female
fecundability, new methods for assisted conception, etc.)
F6. Changes in educational attainment

Major forces on which the future of life expectancy (L) will depend:
L1. Progressn biomedical technology
L2. Changes in theffectiveness of health care systems
L3. Changes in healttelated behavior
L4. Possible new infectious diseasexl resurgence of old diseases
L5. Environmental change, disasters and wars
L6. Changes in population composition and differential trends in population
subgroups

Major forcesinfluencing inernational migratiorfM):
M1. Trends in economic development as a driventefnational migration
M2. Climate change and conflict as possible drivers of international migration
M3. Demographic factors as a possible driver of international migration
M4. Changes in theosts of migratior{in the broader sense)
M5. Trends in migration regimes and policies

For eachof these 17 major forces up to 10 specific arguments were listed, with
responding experts invited to add additional -gelfined arguments. These specific
arguments are listed and discussedasten et al(2013) Fuchs and Goujo(R013),
Caselli et al(2013) Garbero and PamuyR013), andSander et al(2013)dealing with
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fertility, mortality, and migratiorf. For each of the arguments téeperts werasked to

judge the degree of correctndsssed on the scientific evidence. Tivegre given five
predefined choices about the validity of the argument (“very likely to bé rigghore

right than wrong”, “do not know/ambivalent”, “more wrong than right”, “very likely to

be wrong”). As can be seen from Figure 1, which provides a screen shot of one of the
argument assessment pages, these answers were translated into a numeri¢al factor
parentheses below) ranging from 0.0 for “very likely to be wrong to” to 1.0 fow “ver
likely to be right”.

Whether the argument is right is not #flat matters; the relevance of the
argument forinfluencing the future course of the force under considerattomlso
important. Someargumentsmay likely be true, but completely irrelevant for the
question under consitiion. Hence, experts weasked a s®nd question concerning
the likely impact of each argument on the demographic component (see Figure 1),
which says, “Regardless of your answer above, if the above argument were cgmpletel
true, what effect would this have on the future of ...”. Again the user could choose
among five answers ranging from “strongly decreasing” (assigned a fdctbiOp to
“strongly increasing” (assigned a factor of +1.0). If the respondent belibaéshe
factor has no effect on the demographic outcome considered, tlsemrtbiver is
assigned to zero.

In a final assessment, the two factors stated for any given argument are
multiplied, with the total argument impact score automatically shown, as in theascale
the bottom of Figure 1. This multiplicative assessment of duyges of the statement’s
correctness and of its impact if correct can thus range from strong negative, impac
given by-1.0 (when the statement is considered correct and to have a strong negative
impact), to a strong positive impact given by +1.0 (whenstagement is considered
incorrect and to have a strong positive impact). If the statement is either ceddine
be wrong or right but having no impact the total impact score (resulting from the
multiplication of the two scores) is zero. These scores kizan been further processed
as described in thieutz et al.(2013).

In mid-2011 all members of international population associations (IUSSP, PAA,
EAPS, APA and all other regional population associations) were invited to pateici
the online survey. More than 550 responsese submittedThe lead athors of this
volume, most of whom are affiliated with the Wittgenstein Cerggestematically
analysedhe responseandled a series of five Metkxpert workshops to review and
focus them. These specialized workshops consistgtbaps of 812 leading experts in
the respective fields. Between October 2011 and February 2012 the meetings were held
on five continents: Migration (Boulder, olbrada), Low Fertility (Vienna), High
Fertility (Kathmandu), Low Mortality (San Jose, Costa Rica) and High Miyr(@ape
Town). Based on these meetings, we defined alternative eduspgaiiic fertility,
mortality and migration assumptions for all countries, as is described in detailziet.
al. (2013).

% The full questionnaire can be found at
http://webarchive.iiasa.ac.at/Research/POP/ExpertSurveySandbox/
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E IIASA-Oxford Argument-based Demographic
-

115, Forecasting

This is an archived * + Changes in biomedical technology - - - - -

ersion of the survey for

purpose

"Increased understanding of bio-medical ageing processes will allow us

cannot be

to develop effective anti-ageing strategies"

The Project Based on your knowledge of the empirical evidence and the validity of the reasoning involved, and with reference to
About us the selected country and the period up to 2050, do you think the above argument is:
Contact
very likely to more wrong ambivalent more right than || very likely to
be wrong than right wrong be right
(0.0) (0.25) (0.5) (0.75) (1.0)
SDevows Nend > Regardless of your answer above, if the above argument were completely true, what effect would this have on
future levels of life expectancy at birth in Austria?
Your assessments are
with respect to: strongly moderately none moderately strongly
N decreasing decreasing increasing increasing
Austria = = = =
-1 (-0.5) (0) (0.5) (1

Based on your answers, we have calculated the overall net impact on future life expectancy at birth on a range from
-1 to +1 (resulting from a multiplication of the weights in parentheses, hence this is not in units of life expectancy at
birth, but a standardized weight of impact relative to other arguments). You may adjust this overall impact if you
wish.

-1 | +1
Figure 1: $reen shot from a sample page of the online questionnaire listing one
argument on future life expectancy under the force “Changes in biomedical
technology”.
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