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iv

Editorial

Editor’s thanks and farewell
~ labor ipse voluptas ~
This issue of Canadian Studies in Population marks the end of my tenure as its
Editor-in-Chief. During the past eleven years I have built on the important work of
my predecessors, Professors Wayne McVey, Jr., Herbert Northcott, George Jarvis, and
Parameswara Krishnan. I am honoured to be part of this group of esteemed scholars
and to have had the opportunity to serve the community of population scientists in my
capacity as Editor.
Over the course of my editorship I have guided Studies through a number of important developments. Early after stepping into the editorial office in 2008, I secured
entry of the journal into the Directory of Open Access Journals (DOAJ), which made it
possible for anyone in the world with an internet connection to access it for free. Shortly
after, we ceased issuing printed copies. From this change, we lost a subscription base;
however, we were successful in gaining funding from the Social Sciences and Humanities Research Council of Canada (SSHRC) over successive Aid for Scholarly Journals
competitions. The SSHRC funding greatly facilitated our ability to produce and publish
Studies on a biannual basis. In 2012, following a rigorous evaluation process, Canadian
Studies in Population was accepted into the Web of Science citation indexing service,
and also indexed in Current Contents/Social and Behavioral Sciences, the Social Sciences Citation Index, and Sociological Abstracts. More recently, in co-operation with
the University of Alberta Libraries’ Digital Initiatives team, DOI registration was added
to all current and archived contents of the CSP website on the Open Journal System
(OJS) platform. These developments, among others, have helped to enhance the journal’s international visibility and reputation. According to the Scopus Scimago Journal
& Country Rank index, since 2012 Canadian Studies in Population has been ranked in the
top ten open-access demography journals worldwide, with a high mark of fourth place
in 2016.
Many individuals have contributed to make Canadian Studies in Population an important scholarly outlet. With their help and cooperation I have had the privilege of spearheading the production and publication of 21 issues of Studies, encompassing over 170
articles or special essays/reviews and involving the participation of more than 350 Canadian and international authors.* The intellectual legacy of the journal lives on through
the important contributions of these scholars.
I am especially grateful to all those who gave their expertise to review manuscripts
and books received for publication. I also thank the members of the Editorial Board
for their service and wise counsel, SSHRC Canada for its support, and the Department
* These numbers do not include nine scholarly articles that were submitted to CSP and
accepted for publication after successfully passing the peer review process.
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of Sociology at the University of Alberta for having hosted the journal since its inception in 1974. The OJS team at University of Alberta Libraries has been instrumental
in providing expert technical facilitation of the CSP website and open access archive;
I have been assured that this will continue for all back issues of Studies, including the
present one. The Canadian Population Society is thanked for its collegial support. I am
indebted to Ksenia Maryniak for her professionalism and dedicated assistance with the
organization, production, and publication of Canadian Studies in Population. Last but not
least, I extend my heartfelt appreciation to all the readers of Studies for their interest and
sustained encouragement.
Frank Trovato
Editor-in-Chief
23 August 2018
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What rates of productivity growth would be
required to offset the effects of population aging?
A study of twenty industrialized countries
Frank T. Denton
Byron G. Spencer1
Abstract
A shift in population distribution toward older ages is underway in industrialized countries throughout
the world, and will continue well into the future. We provide a framework for isolating the pure effects of population aging on per-capita GDP, employ the framework in calculations for twenty OECD
countries, and derive the rates of productivity growth required to offset those effects. Taking the twenty
countries as a whole, the average productivity growth rate (a simple unweighted arithmetic average)
required just to offset aging effects over the full thirty years from 2015 to 2045 would be 4.2 per cent
per decade, or approximately 0.4 per cent per year; to achieve an overall increase of 1 per cent in GDP
per capita would require an average rate of 15.1 per cent per decade, or 1.4 per cent per year. We also
consider some labour-related changes that might provide offsets, for comparison with productivity.
Keywords: population aging; productivity; industrialized countries; projections.

Résumé
Les pays industrialisés du monde entier vivent actuellement une modification de la distribution de leur
population vers le vieillissement, et cette tendance se maintiendra à l’avenir. Nous donnons un cadre
permettant d’en isoler les effets purement liés au vieillissement de la population par tête du PIB; nous
utilisons ce cadre pour calculer les effets dans vingt pays de l’OCDE et en tirons les taux de croissance
de productivité nécessaires pour compenser les effets de ce vieillissement. Si on considère les vingt pays
comme un ensemble, le taux moyen de croissance de la productivité (simple moyenne mathématique
non pondérée) nécessaire pour compenser l’effet du vieillissement de la population sur trente années
complètes de 2015 à 2045 serait de 4,2 pour cent sur 10 ans, ou environ 0,4 pour cent par année. Pour
arriver à une augmentation générale de 1 pour cent du PIB par tête il faudrait un taux moyen de 15,1
pour cent sur dix ans, ou 1,4 pour cent par année. Nous tenons aussi compte de quelques changements
relatifs au travail pour comparer la productivité.
Mots-clés : vieillissement de la population; productivité; pays industrialisés; projections.

Introduction
The demographic shift toward older ages is underway in industrialized countries throughout
the world and will continue well into the future. If unmitigated, the economic effects will be widespread and diverse. At a basic level they will be principally the result of a decline in the availability
of labour supply in relation to an aging and increasingly dependent population, with a consequent
reduction of real gross domestic product per capita. However, there is the possibility that growth
1. Byron G. Spencer, corresponding author: Professor Emeritus of Economics, McMaster University,
Hamilton, ON L8S 4M4, email: spencer@mcmaster.ca; and Frank T. Denton, Department of Economics,
McMaster University.
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in aggregate productivity could provide an offset, and we consider what rates of growth would
be required to avoid declines in incomes and, more ambitiously, to have them grow. Given a set
of forecasts of the population, we develop a framework for isolating pure demographic effects
on per capita gross domestic product (GDP) and calculating the required offsetting productivity
growth rates. We show also how other possible offsets can be calculated within the same framework, and compare them with the productivity offset. Calculations within that framework are carried out for the top twenty OECD countries ranked in 2015 by GDP per capita (OECD 2017c;
two small countries, Luxembourg and Iceland, are omitted from the ranking).
Concern about the slowing rate of population growth and its consequences is not new; it dates
back more than eight decades. John Maynard Keynes, for one, confidently stated that population
decline was in prospect:
We know much more securely than we know almost any other social or economic factor relating to the future that, in the place of the steady and indeed steeply rising level of population
which we have experienced for a great number of decades, we shall be faced in a very short
time with a stationary or a declining level (1937: 13).

He expressed grave concern about its economic consequences: “The […] result to prosperity
of a change-over from an increasing to a declining population may be very disastrous” (Keynes
1937: 14).
Such concern was echoed by Alvin Hansen, who stated in his presidential address to the
American Economic Association that since “we are in the midst of a drastic decline in the rate of
population growth […] it behooves us as economists to take cognizance of the significance of this
revolutionary change in our economic life” (1939: 2) and then proceeded to introduce the concept
of secular stagnation (1939: 4).
Concerns with the declining rate of population growth and its economic implications dissipated abruptly with the rapid rise in fertility that started only a few years later. However, they began
to reappear in the 1970s and 1980s, as the longer-run relationships between population change
and economic performance began to receive more careful attention (see, for example, Denton
and Spencer 1973; IUSSP 1979; Lee et al. 1988; and Steinmann 1984). It was becoming clear that
the transition from the high fertility rates that followed World War II to persistently much lower
rates in the 1960s and thereafter implied a fundamental and probably long-lasting shift in population age distribution in many industrialized countries. Demographers and others realized that the
temporary postwar fertility “boom” would give rise first to an echo effect, as the postwar children
reached adulthood and had their own children (with much lower fertility), but then a pronounced
aging effect as they moved on and into retirement and dependency in large numbers in the early
decades of the 21st century, an effect strengthened by concurrent increases in life expectancy.
Evidence of economic problems to come became more apparent as time passed, and there was
increasing concern about how to deal with rising health care, pension, and other costs associated
with an older population in the face of a reduction in the labour force/dependency ratio, and
hence in the level of output per capita that an economy could sustain.2
Concern about the economic effects of population continues today, although without consensus about severity. Bloom and colleagues argue that “OECD countries are likely to see modest […]
declines in the rate of economic growth,” but go on to suggest that “behavioral responses […] and
policy reforms […] can mitigate the economic consequences of an older population” (2011: 2). A
report of the National Research Council, co-chaired by Ronald Lee, agrees: “the impact of an ag2. Dependency ratios are time-honoured (if crude) measures of the ability of a population to support itself;
Denton and Spencer (2000) provide a review and critique of the concept.
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ing population on overall living standards is likely to be modest” in the United States (2012: 3–4).
Maestas and colleagues are less optimistic; they conclude, using US state-level data, that a “10%
growth in the fraction of the population ages 60 and older decreases growth in GDP per capita
by 5.5%” and that “two-thirds of the reduction is driven by a reduction in the rate of growth of
[…] labor productivity” (2016: 4).
There is also a renewed concern about secular stagnation. The papers in Teulings and Baldwin
(2014) summarize much of the debate; Summers (2014) focuses on the demand side and on the
limitation of monetary policy in attaining full employment, while Gordon (2014) anticipates that the
growth of productive potential itself will be reduced by four “headwind” barriers, one of which is
demographic (the other three are education, inequality, and government debt; see also Gordon 2016;
Summers 2016). On the other hand, based on cross-country comparisons Acemoglu and Restrepo
find “no negative relationship between population aging and slower growth of GDP per capita” and
conclude that “one possible explanation […] is the endogenous response of technology” (2017: 10).
The present paper is intended as a contribution to this somewhat diverse literature by providing and employing a well-defined framework for quantifying the prospective supply-side effects of
population aging on future GDP per capita over the period 2015–45 in twenty industrialized countries, and particularly the potential for offsetting those effects through productivity growth, were
such growth to take place. Population aging may affect patterns of consumption as well—namely,
the ways in which GDP is used as the age distribution changes—but that is not our concern here.
Our focus is the supply side of the economy in relation to the size of the population.

Background: The current outlook for population change
We consider first the demographic outlook for our twenty selected countries, in particular the
prospective changes in age structure of their populations over the thirty-year period 2015–45.
Table 1. Projected percentages of population in dependent age groups.
65 and over
Under 20
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Ireland
Italy
Japan
Korea
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States
Average

2015

15.0
18.8
18.2
16.1
19.0
20.5
19.1
21.2
13.1
22.4
26.3
13.1
18.2
14.9
16.3
18.8
19.9
18.0
17.8
14.8
18.1

2025

17.8
21.8
21.0
20.9
21.3
24.1
22.4
25.0
16.6
25.9
29.4
19.7
22.5
18.8
18.7
22.7
21.5
21.0
19.6
18.9
21.5

2035

20.3
27.5
24.7
24.6
24.1
26.2
25.1
30.8
20.3
31.4
31.9
27.4
27.0
22.6
21.6
28.8
23.5
25.8
23.1
21.4
25.4

2045

21.6
29.7
26.3
25.7
24.8
26.1
26.1
31.6
24.4
34.9
35.5
33.3
27.7
23.9
23.2
34.8
23.7
27.6
24.1
21.8
27.3

2015

24.9
19.6
22.4
21.9
23.2
21.9
24.4
17.9
27.5
18.4
17.6
20.5
22.4
27.0
24.2
19.4
22.5
20.0
23.6
25.4
22.2
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2025

25.3
19.0
22.8
21.5
21.8
21.8
23.5
17.4
26.3
17.5
16.8
17.7
20.9
25.4
23.9
18.3
24.0
20.1
23.9
24.6
21.6

2035

24.3
19.0
21.8
20.7
22.1
21.1
22.6
17.5
22.9
16.9
16.5
17.4
20.8
23.7
23.4
16.3
23.4
20.1
22.8
24.1
20.9

2045

23.1
18.3
21.3
20.1
22.1
20.8
22.5
16.9
22.8
17.2
16.6
16.4
20.6
22.8
22.7
16.4
22.9
19.5
22.0
23.6
20.4

Under 20 plus 65 and older
2015

39.9
38.4
40.7
38.0
42.2
42.3
43.5
39.1
40.7
40.8
43.9
33.6
40.6
41.9
40.6
38.2
42.4
38.1
41.4
40.2
40.3

2025

43.2
40.8
43.8
42.5
43.2
45.9
45.8
42.4
42.9
43.4
46.2
37.4
43.4
44.2
42.7
41.0
45.4
41.1
43.5
43.5
43.1

2035

44.6
46.5
46.5
45.4
46.2
47.3
47.7
48.3
43.1
48.3
48.4
44.9
47.8
46.3
45.0
45.0
46.9
45.9
45.9
45.5
46.3

2045

44.7
48.0
47.6
45.8
46.9
46.9
48.6
48.5
47.2
52.2
52.1
49.7
48.3
46.7
45.8
51.2
46.7
47.1
46.1
45.4
47.8
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The term population aging usually brings to mind only the increase in the share of older population. But aging, in the sense of rising average age, could as well come from a decline in the proportion of the younger population. From the point of view of effects on GDP per capita, the more
fundamental demographic issue is the change in the proportion of dependents in the population,
whether young or old, and the associated change in the working-age and labour force proportions.
Population aging means an increase in the share of older people, but it is of interest to consider
initially both ends of the age spectrum. To that end, in Table 1 we show projected percentage
shares of the population aged 65 and over, projected shares of the population under 20, and the
two combined. We refer to these age groups as the dependent population; although some under 20 or
over 65 years old are in fact in the labour force, while some in the 20–65 age range are not, these
boundaries are used to approximate the changes in age structure of relevance here.3 The shares in
Table 1 are calculated from population projections provided by the United Nations (2017). The
UN offers a number of alternative projections based on different assumptions; we have chosen
the ones labelled “medium.”4
Table 1 makes clear just how widespread the prospective shift in age structure is. Starting at
the old end, the proportion 65 years of age and over increases in every one of the twenty countries between 2015 and 2025, and again between 2025 and 2035; nineteen of the countries show a
further increase between 2035 and 2045. Taking the thirty-year period as a whole, the (unweighted)
average proportion increases by 9.2 percentage points (18.1 to 27.3); the largest increase is 20.2
percentage points (Korea), the smallest is 3.8 (Sweden). There are some offsets at the other end
of the age spectrum, with a few countries showing increases in the proportion aged under 20.
However, most show declines and the average under-20 proportion falls by 1.8 percentage points.
Overall, the changes at the young end of the spectrum are dominated by changes at the old end.
The dependent population share, as we call it—i.e., the two groups combined—increases generally in
the same manner as the 65-and-over share: every country shows an increase in the first two decades and all but three in the third; over the whole of the 30-year span, every country shows an increase. The average dependent share increases from 40.3 per cent in 2015 to 47.8 per cent in 2045.

A framework for analysis
The initial variables of interest are symbolized as follows: Y for (real) GDP, N for population,
L for labour force, E for employed labour force, U for unemployed labour force, H for total hours
worked, and H for total efficient hours worked (definition to follow). Subscripts t for time period
and x for age-sex group (hereafter ASG) are attached as needed; variables with no x subscript are
aggregates over the entire population or derived aggregate ratios. Productivity is symbolized as p
and defined as GDP/ H.
The productivity variable merits special comment. Although conventionally labeled “labour
productivity,” it has of course a more general interpretation. Namely, it can be viewed as determined by several broadly defined influences: the quality of labour (education, training, experience);
the capital/labour ratio (capital itself consisting of many types); the ratio of other inputs to labour
input (land, raw or processed materials); the state of technology, in its many aspects; the rate of
dissemination of new technology among firms and industries; possible returns to the scale of
3. In one of our experiments below, we consider the effects of possible increases in the labour force
participation rates of the 65-and-over population.
4. The main alternative projections assume that by 2030, country-specific fertility rates either become higher
or lower by 0.5 or remain constant; each is combined with the assumptions about future mortality and
migration. A different choice would likely have little effect on the overall conclusions of the analysis to follow.
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production; and the industrial distribution of aggregate labour (overall productivity can increase
by a reallocation from lower to higher productivity industries). All of these possible determinants
should be kept in mind when we talk about increases in p below as a possible offset to the effects
of population aging. One usually thinks of advances in technology as responsible for productivity
growth but any or all of the other influences noted could be in play, alone or in conjunction with
changing technology.5
Now consider the following identity:

y = p Σx  rx  ex  hx  qx  nx ,								

(1)

where y = Y / N; rx = Lx / Nx ; ex = Ex / Lx ; hx = Hx / Ex ; qx = Hx / Hx ; and nx = Nx / N. In words, per capita
GDP is equal to the product of the labour force participation rate, the fraction of the labour force
employed, average hours worked, the work efficiency ratio (as we shall call it), and the population
share, summed over all ASGs and multiplied by the productivity ratio. (Note for later use that
ex = 1 − ux , where ux = Ux / Lx is the unemployment rate for ASG x.)
Our concern is the disadvantageous effect of prospective demographic change on GDP per
capita. As discussed above, the most important and widely recognized effect is the increase in
the proportion of older dependents as a population ages and the consequent reduction of the
proportion in the labour force. But there is another possible effect of interest—the shift in age
distribution within the labour force itself. A question that one could ask is whether an hour worked
by a new young labour force member should be treated as the equivalent of an hour worked by
someone more experienced, or whether an hour worked by an older worker near retirement age
should be considered as productive as one contributed by a middle-aged worker. Younger workers
may lack experience, but their more recent education and training may give them an advantage
in the application of newer knowledge and techniques. Older workers, more experienced as they
are, may nevertheless lack that advantage. (Some of the relevant literature is discussed below.) We
know of no data that would allow us to do definitive calculations to answer questions of this kind,
but we can ask whether differences, if they do exist to any substantial degree, could matter. Could
the effects of population aging on GDP per capita differ significantly if we were able to take differences in the age distribution of the labour force into account? We have allowed for the possibility that such differences might in fact matter by distinguishing between H and H and incorporating
ASG-specific work efficiency ratios in equation (1): an hour of H is of the same productive quality,
whatever the age or sex of the worker, but that need not be true of H. Aggregate productivity
can be written as p = Y / H = Y / Σ Hx= Y / Σ qx Hx . In the initial calculations below, we simply accept
the absence of data and set qx = 1 for all x. In some subsequent ones, though, we experiment with
alternative assumptions about the qx values to see whether different assumptions might mitigate
or augment the calculated effects of population aging.

An index of pure demographic effects on GDP per capita
We define pure demographic effects as the changes that occur to GDP per capita when only the
age-sex distribution of the population is allowed to vary. With that in mind, we now attach time
subscripts to the variables, choose t = 0 as a base year (we will be working with annual data), adapt
equation (1), and write
5. The determinants of labour productivity are most often implicit in production theory, but reformulation
of a production equation can place output per unit of labour on the left side and make the relationships
explicit.
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yt = pt Σx  axt  nxt ,								

(2)

where axt = rxt  ext  hxt  nxt . Then, setting t = 0 and hence axt = ax0 , we write

yt = pt (Σx  ax0  nxt ) / (Σx  ax0  nx0 ) = pt  dt ,						

(3)

where pt = pt / p0 is an index of overall productivity; dt is an index of pure demographic effects, and
yt = yt / y0 is an index of per capita GDP, conditional on pt and dt . Now, replace pt with p0 = 1 so
that yt = dt . The value of dt then answers the question, what would the index of per capita GDP be
in year t if the productivity level and all of the components of a were to remain constant at their
year 0 levels and only the values of n were to change?
In the world of price indexing, dt would be called a Laspeyres or base-weighted index : x could
stand for type of commodity, n could be replaced by price, and a could be replaced by quantity
purchased. Holding quantities purchased constant for indexing purposes does not imply that there
would be no behavioural response of quantities to price changes; it is simply for the purpose of isolating one type of change from the other. Similarly, holding the ax values constant while allowing
the nx values to change does not imply that there would be no behavioural responses of participation rates, employment rates, or average hours to changes in population structure. The aim is
simply to identify the pure or direct effects of population changes on GDP per capita.

Productivity growth as a possible offset
In practice, dt calculated from predicted population numbers will generally be less than 1 for
t > 0, as we will show below, and may be regarded as representing future downward effects of
population aging on GDP per capita. We can then ask, what level of productivity would be needed
to offset the effects of aging? To put it more concretely, what value of pt would be required to yield
yt = kt , where kt is the target level of GDP per capita for year t ? Let us call the required level of the
productivity index ṕt , which is calculated as ṕt = kt / dt . If the goal is to maintain the level of GDP
per capita that prevailed in the base year, then kt = 1; if some annual rate of increase π in GDP per
capita is the goal, then kt = (1 + π)t.

Other possible offsets
Our principal focus is productivity growth as an offset to future population aging, but equation
(3) suggests the possibility of alternatives: r, e, or h could vary. To explore the effects of increased
labour force participation rates, for example, we can redefine a as a' and rewrite equation (2) as

yt = p0 Σx  a'xt  rxt  nxt ,								

(4)

where a'xt = ext  hxt  qxt . We can then make corresponding changes to equation (3) and write

yt = p0 (Σx  a'x0  rxt  nxt ) / (Σx  a'x0  rx0  nx0 ) = p0 gt = gt .				

(5)

Note that gt is a combined index of demographic and participation rate effects and p0 is set to
1, since participation rate changes now replace productivity change in the exploratory calculation.
Changes in the employment ratio and hours worked can be handled in a similar fashion, redefining
gt accordingly. We investigate below how effective changes in all three of these variables might be
as an alternative to productivity growth in offsetting the future effects of population aging.
The work efficiency ratios are not observable in any year, including the base year t = 0, and
they are thus just a matter of assumption from the beginning. However the effects of alternative
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assumptions about them can be investigated by resetting the qx0 components of ax0 in equation
(3) and recalculating dt . Were we to make alternative assumptions about the qx0 values, would that
increase or decrease the effects of prospective population aging and require a significantly different rate of productivity growth to provide an offset?

Data and derived variables
The set of population projections that we use for our twenty countries is the medium variant
of the several sets published by the United Nations (2017), as noted above. (The methodology is
described in United Nations 2015.) With one necessary and limited exception, observations for
all other variables (required for the base year 2015) are calculated using OECD data (2017a, b, d),
based on labour force survey information reported by member countries. The calculations of r, e,
and h are thus based on OECD data.6
Survey coverage and definitions do vary to some extent among member countries; the OECD
compiles and publishes the data for individual countries in as consistent a form as it can, but complete uniformity is not possible. That implies some distortion in the inter-country comparisons in
our calculations. The degree of distortion is expected to be small, though, in comparison with the
demographic changes that drive the results reported below. Aside from survey and coverage differences, there are detailed reporting differences among countries that had to be dealt with, especially
with regard to grouping at the older end of the age scale, but of other kinds as well. We have made
adjustments where necessary to allow for these differences. (See Appendix for further discussion
and details of the data and associated calculations.)
Table 2. Projected indexes of GDP per capita when only the population changes.
Index
Percentage change
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Ireland
Italy
Japan
Korea
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States
Average

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

95.8
92.7
93.9
94.2
98.0
94.9
95.2
93.8
95.4
93.6
96.4
99.3
94.3
97.6
96.5
92.6
95.9
93.6
96.1
96.6
95.3

2035

93.9
85.6
89.2
90.2
93.7
93.4
92.6
86.4
94.5
85.6
92.7
92.0
88.9
95.2
92.5
85.1
92.9
87.6
93.1
93.9
91.0

2045

93.3
82.7
87.6
88.9
92.6
93.0
92.3
84.7
90.6
80.8
88.5
86.3
88.2
95.1
90.7
77.9
92.8
85.1
92.1
93.3
88.8

2015–25 2025–35 2035–45 2015–45

−4.2
−7.3
−6.1
−5.8
−2.0
−5.1
−4.8
−6.2
−4.6
−6.4
−3.6
−0.7
−5.7
−2.4
−3.5
−7.4
−4.1
−6.4
−3.9
−3.4
−4.7

−2.0
−7.7
−5.0
−4.2
−4.4
−1.6
−2.7
−8.0
−1.0
−8.5
−3.8
−7.3
−5.8
−2.5
−4.1
−8.0
−3.1
−6.4
−3.1
−2.8
−4.6

−0.7
−3.4
−1.9
−1.5
−1.2
−0.3
−0.3
−1.9
−4.2
−5.6
−4.6
−6.2
−0.8
−0.1
−2.0
−8.6
−0.1
−2.9
−1.1
−0.7
−2.4

−6.7
−17.3
−12.4
−11.1
−7.4
−7.0
−7.7
−15.3
−9.4
−19.2
−11.5
−13.7
−11.8
−4.9
−9.3
−22.1
−7.2
−14.9
−7.9
−6.7
−11.2

6. Note that participation rates (r) are calculated by us using UN total population numbers by age/sex group
as denominators rather than survey population numbers, which may differ among countries because of
differences in survey coverage.
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Future GDP per capita when there is no offset to population aging
We apply equation (3) now, with pt = p0 = 1, to calculate the dt indexes, representing the pure
effects of population aging on GDP per capita over three decades starting from 2015. The results
are provided in Table 2. The first and most conspicuous result to be observed in Table 2 is the
commonality of declines. All twenty countries show a drop in the GDP per capita index in each
of the three decades. The average decline between 2015 and 2045 for all countries combined is
11.2 per cent. There is considerable diversity in the extent of the declines, but no doubt about their
prevalence. The effect of population aging on GDP per capita among industrialized countries is
clearly widespread, as is population aging itself.
Looking further at the table, we note that nine countries show a decline in GDP per capita of
as much as 5 per cent or more in the first decade, and ten show a decline of 10 per cent or more
over the thirty-year period as a whole, while one country, Spain, shows a decline of 22.1 per cent.

Productivity growth rates that would be required to offset population aging
As noted earlier, if we assume a target annual GDP per capita growth rate π, the level of productivity required by year t consistent with that rate is ṕt = (1 + π)t / dt . We consider two possibilities
in application: π = 0 (the base year level of GDP per capita is maintained) and π = .01 (GDP per
capita increases by one per cent per year). Table 3 shows results for ṕt when π = 0, in each of the
three decades from 2015 to 2045, in terms of both index levels and rates of growth. Table 4 shows
results when π = .01. The levels of ṕt when π = 0 and the corresponding levels of dt are plotted in
Figure 1 for the ten countries with the largest populations in 2015.
To maintain the 2015 level of GDP per capita would require positive increases in productivity
in every one of the twenty countries over the whole of the period 2015–45, and in every component decade. (The decade rates shown in Table 3 are all positive; a few of the corresponding annual
Table 3. Percentage rates of growth of productivity required in each period to prevent GDP
per capita from declining.
Growth rate per decade
Growth rate per year
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Ireland
Italy
Japan
Korea
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States
Average

2015–25 2025–35 2035–45 2015–45

4.4
7.9
6.5
6.2
2.0
5.4
5.1
6.6
4.8
6.8
3.7
0.8
6.0
2.5
3.6
8.0
4.3
6.8
4.1
3.5
5.0

2.0
8.3
5.2
4.4
4.6
1.7
2.8
8.7
1.0
9.3
4.0
7.9
6.1
2.5
4.3
8.8
3.2
6.8
3.2
2.8
5.0

0.7
3.5
1.9
1.5
1.2
0.3
0.3
2.0
4.4
6.0
4.8
6.6
0.8
0.1
2.0
9.4
0.1
3.0
1.1
0.7
2.6

2.4
6.6
4.5
4.0
2.6
2.4
2.7
5.7
3.4
7.4
4.2
5.0
4.3
1.7
3.3
8.7
2.5
5.5
2.8
2.4
4.2
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2015–25 2025–35 2035–45 2015–45

0.4
0.8
0.6
0.6
0.2
0.5
0.5
0.6
0.5
0.7
0.4
0.1
0.6
0.2
0.4
0.8
0.4
0.7
0.4
0.3
0.5

0.2
0.8
0.5
0.4
0.5
0.2
0.3
0.8
0.1
0.9
0.4
0.8
0.6
0.3
0.4
0.8
0.3
0.7
0.3
0.3
0.5

0.1
0.3
0.2
0.1
0.1
0.0
0.0
0.2
0.4
0.6
0.5
0.6
0.1
0.0
0.2
0.9
0.0
0.3
0.1
0.1
0.3

0.2
0.6
0.4
0.4
0.3
0.2
0.3
0.6
0.3
0.7
0.4
0.5
0.4
0.2
0.3
0.8
0.2
0.5
0.3
0.2
0.4
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Table 4. Percentage rates of growth of productivity required in each period to keep GDP per
capita growing at 1% per year.
Growth rate per decade
Growth rate per year
2015–25

Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Ireland
Italy
Japan
Korea
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States
Average

130.0

15.3
19.2
17.7
17.3
12.7
16.4
16.0
17.7
15.8
18.0
14.6
11.3
17.1
13.2
14.4
19.3
15.2
18.0
15.0
14.3
16.0

2025–35

12.7
19.6
16.2
15.3
15.6
12.3
13.5
20.0
11.5
20.8
14.8
19.2
17.2
13.3
15.2
20.1
14.1
18.0
14.0
13.6
16.0

2035–45

11.2
14.4
12.6
12.1
11.8
10.8
10.8
12.6
15.3
17.1
15.8
17.8
11.3
10.6
12.7
20.8
10.5
13.8
11.7
11.3
13.4

2015–45

13.1
17.7
15.5
14.9
13.3
13.1
13.4
16.8
14.2
18.6
15.1
16.0
15.2
12.3
14.1
20.1
13.2
16.6
13.5
13.1
15.1

2015–25 2025–35 2035–45 2015–45

1.4
1.8
1.6
1.6
1.2
1.5
1.5
1.6
1.5
1.7
1.4
1.1
1.6
1.2
1.4
1.8
1.4
1.7
1.4
1.3
1.5

1.2
1.8
1.5
1.4
1.5
1.2
1.3
1.8
1.1
1.9
1.4
1.8
1.6
1.3
1.4
1.9
1.3
1.7
1.3
1.3
1.5

1.1
1.4
1.2
1.2
1.1
1.0
1.0
1.2
1.4
1.6
1.5
1.6
1.1
1.0
1.2
1.9
1.0
1.3
1.1
1.1
1.3

1.2
1.6
1.4
1.4
1.3
1.2
1.3
1.6
1.3
1.7
1.4
1.5
1.4
1.2
1.3
1.8
1.3
1.5
1.3
1.2
1.4

rates display as zero because of rounding.) The average decade percentage rates of productivity
growth for all countries combined are 5.0, 5.0, and 2.6, consecutively, in the three decades, and
Figure 1. Indexes of GDP per Capita When Only the Population Changes (Lower Half); Corresponding Indexes
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Figure 1. Indexes of GDP per capita when only the population changes (lower half); corresponding
indexes of productivity required to prevent GDP per capita from declining (upper half).
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Table 5. Comparison of recent historical percentage rates of productivity growth with projected rates
required to keep GDP per capita growing at 1% per year.
Growth rate per decade
Growth rate per year
Historical
Projected
Historical
Projected
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Ireland
Italy
Japan
Korea
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States
Average

2005–15

13.3
11.3
5.1
8.3
8.2
3.9
7.3
8.4
49.5
0.4
7.9
38.7
5.7
10.6
−2.4
13.2
7.9
6.7
4.6
10.2
10.9

1985–2015

16.1
–
15.7
11.3
16.4
23.7
17.0
17.9
48.3
9.5
21.8
65.3
11.8
13.7
16.7
10.4
18.4
9.2
17.1
16.9
19.9

2015–25

15.3
19.2
17.7
17.3
12.7
16.4
16.0
17.7
15.8
18.0
14.6
11.3
17.1
13.2
14.4
19.3
15.2
18.0
15.0
14.3
16.0

2015–45

13.1
17.7
15.5
14.9
13.3
13.1
13.4
16.8
14.2
18.6
15.1
16.0
15.2
12.3
14.1
20.1
13.2
16.6
13.5
13.1
15.1

2005–15 1985–2015 2015–25

1.3
1.1
0.5
0.8
0.8
0.4
0.7
0.8
4.1
0.0
0.8
3.3
0.6
1.0
−0.2
1.2
0.8
0.7
0.5
1.0
1.0

1.5
–
1.5
1.1
1.5
2.1
1.6
1.7
4.0
0.9
2.0
5.2
1.1
1.3
1.6
1.0
1.7
0.9
1.6
1.6
1.8

1.4
1.8
1.6
1.6
1.2
1.5
1.5
1.6
1.5
1.7
1.4
1.1
1.6
1.2
1.4
1.8
1.4
1.7
1.4
1.3
1.5

2015–45

1.2
1.6
1.4
1.4
1.3
1.2
1.3
1.6
1.3
1.7
1.4
1.5
1.4
1.2
1.3
1.8
1.3
1.5
1.3
1.2
1.4

Note: The historical series are based on GDP per hour worked (OECD 2017d); Austria 1985 values are not available.

the decades: the highest decade rate of productivity increase required to stop GDP per capita
from declining is 9.3 per cent in Italy in 2025–35; the lowest rate is 0.1 per cent, in New Zealand
and Sweden in 2035–45. For the period 2015–45 as a whole, the rates range from 1.7 per cent per
decade (New Zealand) to 8.7 per cent (Spain).
If sights are set higher and the target rate of growth of GDP per capita is pegged at 1 per cent
per year, or 10.5 per cent per decade, the required productivity growth rates are of course much
greater. The 2015–45 growth rate is 15.1 per cent per decade on average across the twenty countries; the lowest is 12.3 per cent per decade (New Zealand), and the highest is 20.1 per cent (Spain).
An obvious question is how the projected requirements for productivity growth rates compare
with actual historical rates. We provide in Table 5 a comparison of the rates required to achieve
1 per cent growth in GDP per capita over the full thirty-year projection period and over the first
ten years of that period, 2015–45 and 2015–25, with rates in the most recent historical periods of
corresponding length, 1985–2015 and 2005–15.
Historically, productivity growth rates in the decade 2005–15 were below the actual thirty-year
averages in most countries, well below in many; only two countries had rates that were higher—
Ireland and Spain. The all-countries average for 2005–15 was just a little over half the thirty-year
average, indicating that productivity growth had slowed conspicuously by the early years of this
century. The required growth rates projected for 2015–25 are higher than the 2005–15 actual rates,
and generally much higher: the all-countries average of required rates for 2015–25 is 16.0 per cent
per decade, while the 2005–15 average of actual rates is 10.9. In only Ireland and Korea is the
reverse true; for those two, the projected rates are very much lower than the 2005–15 actual rates.
Overall, achieving 1 per cent growth in GDP per capita would require a reversal of the historical
decline in productivity growth in most industrialised countries.
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Table 6. Effects on projected indexes of GDP per capita of an increase in older-worker labour
force participation rates (Δr).
With population change only
With population change plus Δr
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Ireland
Italy
Japan
Korea
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States
Average

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

95.8
92.7
93.9
94.2
98.0
94.9
95.2
93.8
95.4
93.6
96.4
99.3
94.3
97.6
96.5
92.6
95.9
93.6
96.1
96.6
95.3

2035

93.9
85.6
89.2
90.2
93.7
93.4
92.6
86.4
94.5
85.6
92.7
92.0
88.9
95.2
92.5
85.1
92.9
87.6
93.1
93.9
91.0

2045

93.3
82.7
87.6
88.9
92.6
93.0
92.3
84.7
90.6
80.8
88.5
86.3
88.2
95.1
90.7
77.9
92.8
85.1
92.1
93.3
88.8

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

97.6
93.3
94.4
96.3
99.2
95.9
95.7
95.3
97.2
94.8
100.8
103.9
95.1
100.4
98.2
93.1
97.2
95.0
97.4
99.6
97.0

2035

95.7
86.4
89.8
92.4
95.0
94.3
93.2
88.1
96.6
87.0
97.3
98.1
89.8
98.2
94.4
85.8
94.2
89.3
94.6
96.9
92.8

2045

95.1
83.4
88.1
90.9
93.8
94.0
92.8
86.1
93.0
82.2
93.7
92.7
89.0
97.8
92.5
78.5
94.1
86.6
93.5
96.1
90.7

Note: Δr stands for an increase by half of all labour force participation rates for the population aged 65 and
over between 2015 and 2025; the new rates are held constant thereafter.

Table 7. Effects on projected indexes of GDP per capita of a decrease in unemployment rates (Δu).
With population change only
With population change plus Δu
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Ireland
Italy
Japan
Korea
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States
Average

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

95.8
92.7
93.9
94.2
98.0
94.9
95.2
93.8
95.4
93.6
96.4
99.3
94.3
97.6
96.5
92.6
95.9
93.6
96.1
96.6
95.3

2035

93.9
85.6
89.2
90.2
93.7
93.4
92.6
86.4
94.5
85.6
92.7
92.0
88.9
95.2
92.5
85.1
92.9
87.6
93.1
93.9
91.0

2045

93.3
82.7
87.6
88.9
92.6
93.0
92.3
84.7
90.6
80.8
88.5
86.3
88.2
95.1
90.7
77.9
92.8
85.1
92.1
93.3
88.8

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

97.7
94.5
96.8
96.4
100.0
98.0
98.9
95.4
98.9
97.7
97.5
100.4
96.5
98.4
97.1
96.5
97.0
94.3
96.8
97.4
97.3

2035

95.8
87.3
92.0
92.4
95.6
96.4
96.3
87.7
98.0
89.5
93.8
93.0
90.9
96.0
93.1
88.7
93.9
88.3
93.8
94.7
92.9

2045

95.1
84.3
90.3
91.0
94.5
96.1
95.9
86.1
93.8
84.5
89.5
87.3
90.2
95.9
91.2
81.1
93.9
85.7
92.8
94.0
90.7

Note: Δu stands for a reduction of all unemployment rates by one-third between 2015 and 2025; the new
rates are held constant thereafter.
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Table 8. Effects on projected indexes of GDP per capita of an increase in average hours worked
per year (Δh).
With population change only
With population change plus Δh
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Ireland
Italy
Japan
Korea
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States
Average

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

95.8
92.7
93.9
94.2
98.0
94.9
95.2
93.8
95.4
93.6
96.4
99.3
94.3
97.6
96.5
92.6
95.9
93.6
96.1
96.6
95.3

2035

93.9
85.6
89.2
90.2
93.7
93.4
92.6
86.4
94.5
85.6
92.7
92.0
88.9
95.2
92.5
85.1
92.9
87.6
93.1
93.9
91.0

2045

93.3
82.7
87.6
88.9
92.6
93.0
92.3
84.7
90.6
80.8
88.5
86.3
88.2
95.1
90.7
77.9
92.8
85.1
92.1
93.3
88.8

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

100.6
97.3
98.6
98.9
102.9
99.6
100.0
98.5
100.2
98.3
101.2
104.2
99.1
102.5
101.3
97.2
100.7
98.3
100.9
101.5
100.1

2035

98.6
89.8
93.7
94.7
98.4
98.0
97.3
90.7
99.2
89.9
97.4
96.6
93.3
99.9
97.2
89.4
97.5
92.0
97.7
98.6
95.5

2045

97.9
86.8
91.9
93.3
97.2
97.7
96.9
88.9
95.1
84.8
92.9
90.6
92.6
99.8
95.2
81.8
97.5
89.3
96.7
97.9
93.3

Note: Δh stands for a general increase of 5 per cent in average hours worked between 2015 and 2025; the
new levels are held constant thereafter.

A slightly more optimistic view is, perhaps, supported by comparing the projected required
rates with historical thirty-year rates rather than with those for only the most recent decade. The
all-countries average rate of productivity growth per decade in 1985–2015 was 19.9 per cent; the
all-countries average projected rates are lower than that—16.0 for 2015−25 and 15.1 for 2015−45.
Among individual countries, thirteen have projected rates for 2015−25 that are lower than the
historical thirty-year rates, and fourteen have projected rates for 2015−45 that are lower than
those rates. (All of these calculations exclude Austria, for which a 1985–2015 productivity growth
rate was not available.) How one views the possibilities for annual rates of 1 per cent productivity
growth in the future may thus depend to some extent on one’s choice of historical benchmarks,
and on what one thinks is the likelihood of a reversal of the observed general downward trend.

Could other changes provide significant offsets to population aging?
Now let us consider alternatives to productivity growth as offset possibilities—in particular,
changes in labour force participation rates (r), unemployment rates (u = 1 − e), and average hours
worked (h). Taking r as an example, as in equation (5), gt now represents the combined effect of
altered participation rates and population change. To get some idea of how higher participation
rates, representing deferred retirement, might offset population aging, we increase r by half for all
age groups over 65 by the year 2025, leaving the rates constant thereafter. The results are shown
in Table 6. Alternatively, we replace r with e in equation (5); we lower all unemployment rates by
one-third by 2025 (again, constant thereafter), and then reset e = 1 − u accordingly; the results of
this are shown in Table 7. Next, we replace r with h and reset the latter for all age groups at 5 per
cent above the initial levels by 2025; the results are in Table 8. Finally, we make a combined sub124
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Table 9. Combined effects on projected indexes of GDP per capita of increased labour force
participation rates (Δr), decreased unemployment rates (Δu), and increased average hours
worked per year (Δh).
With population change only
With population change plus Δr, Δu, Δh
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Ireland
Italy
Japan
Korea
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States
Average

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

95.8
92.7
93.9
94.2
98.0
94.9
95.2
93.8
95.4
93.6
96.4
99.3
94.3
97.6
96.5
92.6
95.9
93.6
96.1
96.6
95.3

2035

93.9
85.6
89.2
90.2
93.7
93.4
92.6
86.4
94.5
85.6
92.7
92.0
88.9
95.2
92.5
85.1
92.9
87.6
93.1
93.9
91.0

2045

93.3
82.7
87.6
88.9
92.6
93.0
92.3
84.7
90.6
80.8
88.5
86.3
88.2
95.1
90.7
77.9
92.8
85.1
92.1
93.3
88.8

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

104.5
99.9
102.1
103.5
106.3
104.0
104.4
101.6
105.8
103.8
107.0
110.3
102.2
106.3
103.7
101.8
103.1
100.4
103.0
105.4
104.0

2035

102.5
92.5
97.2
99.3
101.8
102.3
101.6
93.9
105.1
95.4
103.4
104.1
96.4
103.9
99.6
93.8
100.1
94.4
100.1
102.6
99.5

2045

101.8
89.3
95.4
97.7
100.5
101.9
101.2
91.8
101.1
90.1
99.5
98.4
95.6
103.5
97.6
85.9
99.9
91.6
98.9
101.6
97.2

Note: See Tables 6, 7, and 8 for definitions of Δr, Δu, and Δh, respectively.

stitution to incorporate all three changes simultaneously in equation (5); the results are in Table 9.
The changes we have chosen to make are arbitrary but substantial, and might be thought of as approximating realistic upper bounds. We could have introduced further changes in the second and
third decades of the projection period, but a feature of these kinds of change is that they are effectively bounded, realistically if not absolutely. There are practical limits to how much one could
expect hours of work or participation rates of older people to increase, or rates of unemployment
to decrease. They are unlike productivity in that regard, which as far as we can tell at the moment
can increase indefinitely, whether slowly or rapidly. (Longer-term effects on productivity of environmental degradation or natural resource depletion are another matter.)
Increasing participation rates by half for older age groups has some effects, mostly in the first
decade, that are generally modest. With only population change, the average index of GDP per
capita is 95.3 in 2025 and 88.8 by 2045; incorporating the participation changes as well raises the
average index level to 97.0 in 2025 and to 90.7 in 2045. Decreasing all unemployment rates by a
third has similarly rather small effects: average index levels are 97.3 in 2025, 90.7 in 2045. Increasing
hours of work by 5 per cent has notably greater effects, yielding average index levels of 100.1 and
93.3; the decline in GDP per capita is completely offset in eleven of the twenty countries in 2025 by
increasing average hours. There are no cases of complete offset in 2035 or 2045; GDP per capita is
still below its initial level in all countries in those years. Nevertheless, the effects are substantial. To
put the magnitude of the change in average hours in perspective, 40 hours per week would become
42 with a 5 per cent increase; an 8-hour day would be increased by 24 minutes. (That is not a comment on the feasibility or desirability of such an increase, just a matter of arithmetic perspective.)
The final experiment with these changes involves hypothetically implementing them all at
once, as in Table 9. The results of doing that is to virtually eliminate the effects of population
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Table 10. Effects on projected indexes of GDP per capita of alternative assumptions about agerelated productivity (Δq).
Without Δq
With Δq
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Ireland
Italy
Japan
Korea
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States
Average

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

95.8
92.7
93.9
94.2
98.0
94.9
95.2
93.8
95.4
93.6
96.4
99.3
94.3
97.6
96.5
92.6
95.9
93.6
96.1
96.6
95.3

2035

93.9
85.6
89.2
90.2
93.7
93.4
92.6
86.4
94.5
85.6
92.7
92.0
88.9
95.2
92.5
85.1
92.9
87.6
93.1
93.9
91.0

2045

93.3
82.7
87.6
88.9
92.6
93.0
92.3
84.7
90.6
80.8
88.5
86.3
88.2
95.1
90.7
77.9
92.8
85.1
92.1
93.3
88.8

2015

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

2025

96.1
93.2
93.9
94.2
98.0
95.1
94.8
93.8
94.7
93.2
96.5
98.8
94.0
97.3
96.8
92.2
96.5
93.7
96.3
96.5
95.3

2035

93.7
85.7
88.8
90.0
93.9
93.4
92.1
86.1
93.0
84.8
92.3
90.8
88.7
94.9
92.4
84.1
92.8
87.2
92.8
93.9
90.6

2045

93.2
82.4
87.2
88.7
92.7
93.1
92.0
84.2
89.5
80.1
87.6
84.5
88.0
95.3
90.5
77.1
92.8
84.3
91.9
93.2
88.4

Note: Δq stands for replacement of flat age/productivity profile with profile that has lower productivity at
young ages and old ages. See text for details.

aging in 2025 and, if not eliminate them in 2035 and 2045, at least reduce them drastically. The
increase in average hours of work is the dominant contributor to these collective effects.
There is an important consideration to keep mind in judging the foregoing results. The calculations underlying tables 6–9 are based on equation (5), which assumes that the index of productivity remains at its base period level; other variables change but the productivity index remains
at p0 = 1. The implication is that all of the determinants of productivity are unaffected when
participation rates, unemployment rates, or average hours of work are changed. That is to say, the
amount of capital per unit of labour remains the same, as do the scale of production, the distribution of industrial output between high and low productivity industries, and so on (see above). That
is a strong assumption. It would have to be accepted especially in order to view the average-hours
effects as potentially realistic.

How much does the age composition of the labour force matter?
We noted earlier that differences in productivity among age groups are not directly observable
at the aggregate level. However there is a substantial literature on inferential estimation of age/
productivity profiles based on age/wage profiles. An inverse “u-shape” seems well established;
Mincer (1974) expressed the natural logarithm of earnings as a linear function of years of education and a quadratic function of potential work experience; and, as Murphy and Welch observed,
“the quadratic in experience…has been universally accepted” (1990: 203). However, whether
wages are a good indicator of productivity remains a question. There is a common perception that
older workers are overpaid and younger ones underpaid. That idea has been tested using data at
the workplace level to estimate production functions, from which measures of worker productiv126
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ity are derived and compared with observed wages to determine whether workers are paid their
marginal products. Hellerstein and Neumark (2004) estimate that in the United States workers over
55 are roughly 20 per cent overpaid and younger workers about 10 per cent underpaid. Crépon
et al. (2003) find much the same differences in France. However, using similar procedures, many
authors find no evidence that the wage profile differs from the productivity profile; among them
are Dostie (2011) for Canada, van Ours and Stoeldraijer (2011) for the Netherlands, and Mahlberg
et al. (2013) for Austria.
What we have done here is arbitrarily chosen a profile that is roughly consistent with suggestions in the literature, implement it for all countries by resetting the q values (previously set to 1) in
equation (3), and then recalculate the d values shown previously in Table 2. We can thus get some
idea as to how much the projections of population aging on GDP per capita might be affected if
we were able to incorporate actual profiles in the calculations. The q values are fixed over time in
equation (3); changing them thus amounts only to changing the ax0 weights in the equation; the
weights remain the same for both the base and projection years.
The new age/productivity profile reflects the assumption of lower productivity at younger
ages and again at older ages. Specifically, the q values are as follows: q = 1.0 for age groups 30–34
to 55–59; q = 0.5 for the age group 15–19, with linear interpolation for the groups between 15–19
and 30–34; and q = 0.7 for age groups 70–74 and older, with linear interpolation between 55–59
and 70–74.
Table 10 compares the d indexes calculated using the new age/productivity profile with those
from Table 2, which assumed a flat profile. The differences are generally very small. The average
difference to one decimal place is 0.0 in 2025 and −0.4 in each of 2035 and 2045; allowing for
lower productivity at younger and older ages changes the impact of population aging on GDP
per capita only slightly. Another age/productivity profile would produce different effects, but our
calculations suggest that whatever (plausible) profile one might choose, the effects would be very
small. That seems consistent with the observation by Disney that “the case for ‘productivity pessimism’ with an older workforce is unfounded” (1996: 188), but not with the tentative conclusion
of Laitner and Stolyarov that the “aging of the US work force seems more likely to increase aggregate productivity” (2005: 17). The biggest effects by far come from the increased proportion
of dependents in the population, most particularly older dependents. 		

In summary
Population aging and a rising dependency ratio are widespread demographic characteristics
among industrialized nations, now and prospectively for decades to come. We have used a particular set of population projections provided by the United Nations to document this phenomenon
for twenty member countries of the OECD. Population projections for an individual country can
differ depending on the assumptions about future fertility, mortality, and immigration rates, and
they can be revised as the passage of time provides new information. But collectively the outlook
across twenty countries seems well established: population aging will be with us for a long time,
and so too its economic implications. Prominent among those implications is continuing downward pressure on the ability of an economy to generate output per capita.
We have provided an index-based framework for calculating the prospective effects of population aging on per capita GDP and used it to show what can happen over three decades, starting
from 2015. According to our calculations, GDP per capita declines in each country, in each decade.
The rates of decline vary across countries, but there is no exception to the declining trend: the
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future is one in which smaller proportions of the population in their productive years and larger
proportions in their dependent years will put downward pressure on income per capita.
A natural question to ask is whether there could be some other type of change on the supply
side of an economy to counter the effects of population aging—most especially, could an increase
in productivity do the job? To that end, we calculated the productivity growth rate that would be
required for each country in each decade to exactly offset those effects, thus keeping GDP per
capita at its 2015 level. We then did the calculation again but assuming GDP per capita to increase
by 1 per cent per annum rather than zero—a sufficient growth in productivity, that is, to eliminate
the effects of aging plus whatever additional increase would be required to have GDP per capita
rise by 1 per cent per year. Taking the twenty countries as a whole, the average productivity growth
rate (a simple unweighted arithmetic average) required to just offset the aging effects over the full
30 years from 2015 to 2045 would be 4.2 per cent per decade, or approximately 0.4 per cent per
year. On the other hand, to achieve an overall increase of 1 per cent in GDP per capita would require an average productivity growth of 15.1 per cent per decade, or 1.4 per cent per year. Could
we expect enough growth in productivity to have incomes growing at 1 per cent per year? The
rates that would be required for the current decade are generally higher than those observed for
the one past. However, if the comparison is with the next three decades, the projected required
rates for many countries are lower, or at least close to the thirty-year historical rates. One’s view of
the attainability of the projected rates may thus depend on whether one compares them with more
recent or longer-term historical rates.
The next question that we addressed was whether there could be offsets to population aging
other than productivity growth. We considered, within our framework, possible increases in labour
participation rates (representing deferred retirement), reduced unemployment rates, and increases
in average hours worked. An increase of 5 per cent in average hours did in fact provide substantial
offsets to the aging-induced declines in GDP per capita, in many cases actually eliminating the declines in the first decade of the 30-year projection period; other offsets considered had only minor
effects. As we noted, an increase of 5 per cent in average hours would increase a 40-hour work
week to 42 and add 24 minutes to an 8-hour day. The apparent effects of increasing average hours
worked on GDP per capita are certainly substantial, although whether or not they would be societally acceptable is open to question. Also, as we pointed out, the assumption in the calculations is
that productivity remains the same when the change in hours is introduced—that is, amount of
capital per unit of labour and other determinants of productivity are unaltered. The assumption is
thus an important one in judging the apparent effectiveness of increasing average hours.
The final experimental calculation that we did assumed a change in the age/productivity profile of the employed labour force. In the previous calculations, age differences were ignored; the
profile was assumed to be flat (in the absence of data based on actual measurement). The modified
profile assumed lower productivity per worker at the young end of the working-age spectrum and
again at the old end, based on suggestions in the relevant literature. Changing the profile this way
altered only slightly our earlier calculations. Thus, the age distribution of employees seems to matter relatively little in the overall framework of population aging and GDP per capita.
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APPENDIX: Data and associated calculations
The United Nations population projections are mid-year projections (interpreted for our
purposes as close approximations to annual averages). They are provided at five-year intervals,
starting in 2015 and extending to 2100, separately for males and females, for five-year age groups
from 0–4 to 95–99, and with an open-ended 100-and-over group at the end. The UN source also
provides population numbers for the base year 2015. The base year values for r, e, and h that we
require for our calculations were carried out using OECD annual average series for L, E, and H,
which in turn were derived from survey data provided by the individual countries (the q values
are set by us by assumption). The L and E series were available for all countries for five-year age
groups, by sex, from 15–19 to 65–69; they were available for most countries up to 70–74, and for
some E (but not L) was available up to 80–84. (Unemployment is assumed by us to be zero for
older age groups when only E is available; thus, L = E in those cases.) Where the data did not allow
the calculation of participation rates beyond 70–74 (or 65–69 in some cases, 80–84 in others) we
assumed that the rate declined by half for each subsequent age group. Hours series in the form
of usual hours worked on main job were available for the same age-sex groups as E from OECD
(2017b). Also available for each country from OECD (2017a) were average hours actually worked,
but only in the aggregate, not for age-sex groups. What we did then was apply an adjustment
factor to the usual hours series by multiplying average usual hours in each age-sex group by the
overall ratio of actual to usual hours.7
Special treatment was required for three countries: Japan, Switzerland, and Canada. For Japan,
the usual hours series was available only for specified bands: 1–19 hours, 20–29, 30–34, 35–39,
and 40+ (OECD 2017d). We took the mid-point in each band up to 35–39 hours, and assumed 43
hours for the 40+ category. For Switzerland, usual hours of work were not reported for the age
group 65 and over; here, we assumed that the ratio of usual hours for ages 65 and over to usual
hours for ages 60–64 was the same as the average ratio for the other countries for which it could
be calculated. For Canada, no usual hours series was available from the OECD source. We therefore made an exception to our “use only OECD labour data” rule, and used “actual average hours
worked” from Statistics Canada (2017).
As noted in the main body of the text, survey coverage and definitions can vary to some extent
from country to country within the OECD reporting framework. Where there are exclusions from
the labour force, one would assume the armed forces would be one of the larger groups in most if
not all countries. (Some countries explicitly report only the civilian labour force to the OECD.) To
see how much difference this exclusion might make, we checked the proportions of armed forces
in the total labour force in 2014, as reported by the World Bank (2017). The average proportion
over all twenty countries was 0.7 per cent; the lowest proportion was 0.3 per cent (New Zealand),
and the highest was 2.4 per cent (Korea). All but three countries had proportions below 1.0 per
cent, and ten had proportions of 0.5 per cent or less. We judge that the exclusion of armed forces
from the labour force in some countries but not others would have had only small effects on our
calculations. Whatever the details of the labour force definition in a particular country, the base
period values and the projections for that country are mutually consistent.
7. The main-job usual hours series do not allow for absences from work because of illness, holidays, or
vacation time, according to the OECD definitions, and thus generally overstate hours actually worked; they
also do not allow for hours worked at secondary jobs. We suspect that the interpretation of usual hours may
vary from country to country, but since the adjustment factors are country-specific, that should be caught
up in the adjustment process, at least roughly. The adjustment factor ranges from 0.74 for Germany to
0.98 for Ireland.
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census, based on the case of the GCC countries:
A research note
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Abstract
This paper discusses the experience of the Scandinavian countries with respect to registerbased census (RBC), outlining important enabling features that facilitated this type of accounting system in Scandinavia. The central question examined is whether RBC is possible
in the Gulf Cooperation Countries (GCC) as they proceed toward the 2020 round of census.
The secondary question is whether, for the GCC countries, the e-governance approach offers
a viable alternative to the classical Scandinavian approach to RBC.
Keywords: register-based census; National Statistics Office; Scandinavia; Gulf Cooperation
Countries; census.

Résumé
L’article traite de l’expérience de pays scandinaves en matière de recensement à registre (RR);
il donne les importantes caractéristiques qui permettent de faciliter ce genre de système de
comptabilité en Scandinavie. La question centrale qui y est examinée consiste à déterminer si
le RR est possible dans les pays du Conseil de coopération du Golfe (CCG) en vue du prochain recensement de 2020. L’autre question consiste notamment à savoir si, pour les pays du
CCG, l’approche d’une gouvernance électronique fournit une solution de rechange viable à
l’approche scandinave classique au RR.
Mots-clés : recensement à registre, Bureau national de statistique, Scandinavie, Conseil de
coopération du Golfe, recensement.

Introduction
Register-based census emerged naturally in the Scandinavian countries where there is a long
history of keeping registers of different types. Typically, they would start with the population
register, and would then initiate one register at a time until all the registers required for conducting
a register-based census were put in place. When that stage was reached, the register-based census
(RBC) would then be conducted, given that the other necessary conditions were in place. For example, over a period of 11 years, from 1968 to 1979, Denmark initiated nine registers. The first
three of these were the population register, family register, and household register. They were initiated in 1968, followed by the income register in 1970, the education register in 1971, the business
register in 1975, the register of dwellings in 1997, and the register of housing conditions in 1997,
1. Sulaiman Bah, College of Public Health, Imam Abdulrahman Bin Faisal University, P.O. Box 2435,
Dammam 31441, Saudi Arabia, email: sbah@iau.edu.sa; and Jaffar Mansour, Realsoft, Amman, Jordan.
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and lastly by the employment register in 1979. With these registers in place, Denmark succeeded
in conducting a register-based census in 1981 (UNECE 2007). Similarly, Finland established its
central population register and income register in 1969, followed by the household register and the
education register in 1970. Then, over the period from 1970 to 1987 seven other registers were
established, and a register-based census was conducted in 1990 (UNECE 2007).
The development of an RBC requires some enabling factors. Some of these enabling factors,
as found in the Scandinavian countries, are as follows:
1. A culture of establishing the population register and, subsequently, other registers in a
gradual manner
2. Complete Civil Registration/Vital Statistics (CR/VS) systems, which, by implication, contribute to the completeness of population registers
3. Universal acceptance of personal identification numbers (PIN) for administrative and
statistical uses
4. The established practice of publishing statistics from the registers
5. The pre-eminent position of the national statistics office
6. Collaboration between the national statistics office and the owners of the data
7. Enactment of an empowering Statistics Act and/or Register-Based Census Act
8. A mandate (pressure) from the top to reduce census costs and move on to RBC
These enabling factors cannot be taken for granted, as they cannot be easily found in other
developed countries. Of these factors, the most important one is the population register and its
related sub-factors (for example, relevant supporting legislation and inclusion in it of the personal
identification number). In Austria, for example, the legislation does not allow the national statistics office to use the personal identity number to link registers; this can only be done via another
number called the “branch-specific personal identification number for official statistics” (bPIN
OS; Lenk 2008). As population registers are absent in anglophone countries, such countries are far
behind in terms of moving over to RBC. For example, in the UK they will only be able to consider
moving to RBC after 2021 (Office of National Statistics 2017). In the case of New Zealand, Statistics New Zealand (SNZ) started working on a census transformation strategy in 2012. As part
of the strategy, SNZ investigated the possibility of moving in the direction of RBC, noting the
following in this regard:
However, New Zealand does not currently have a population register, and privacy, legal, and
cost concerns mean that the creation of a register in the near future is unlikely. Therefore we
assume there will be no New Zealand national population register in the next 10 to 20 years
(Savage and Bycroft 2014).

In summary, the unique enabling factors found in the Scandinavian countries cannot be easily
found elsewhere, even in some developed countries. The question is whether all these enabling
factors have to be present before a RBC can be carried out. In other words, can other countries
arrive at RBC by working on only some, but not all, of these enabling factors? This is the subject
of this paper, which discusses this issue in light of the ongoing efforts of the Gulf Cooperation
Council (GCC) countries to use RBC in the 2020 round of census.
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E-governance and RBC
The term e-governance (electronic governance) has many definitions. The core purpose of egovernance has been described as follows:
Electronic Governance is the application of Information and Communication Technologies
(ICTs) for delivering government services through integration of various stand-alone systems
between Government-to-Citizens (G2C), Government-to-Business (G2B), and Governmentto-Government (G2G) services. It is often linked with back office processes and interactions
within the entire government framework. Through e-governance, the government services are
made available to the citizens in a convenient, efficient, and transparent manner (IGI Global
n.d.).

In the e-governance approach, the government’s primary aim is to harness ICT for simplifying
the provision of government-related services to citizens, residents, and businesses and for security. For this to happen, the personal identity number is mandatory, as it forms the primary search
field for the population identity number database. This database would then be accessed by different
government departments (e.g., vehicle registration, traffic, and utilities as G2G) and private businesses (e.g., banks as G2B) when they need to. Since the different departments collect additional
information on their clients in their databases, in total these databases contain large amounts of
information on individuals. With data linkage and a logical strategy, it is possible to harness this
information to conduct RBC.
Unlike the Nordic approach to RBC, the e-governance approach does not follow the route
of developing one register after another. It starts off with the population identity number database and links it with the different governmental departments and non-governmental entities in
furtherance of its e-governance strategy. It then harnesses this to conduct an RBC. One problem
with this approach is that, with a few exceptions, the statistical agency may not be the driver of the
e-governance strategy, and in some cases could even be marginalized in the process of the evolution of e-governance.

RBC enabling and disenabling factors in the GCC countries
The Gulf Cooperation Council (GCC) was set up in 1981 and comprises the six Arabian Gulf
countries of Saudi Arabia, Kuwait, Bahrain, Oman, Qatar, and the United Arab Emirates (UAE).
It was set up to achieve institutional coordination in the production of oil and energy, as well as
other fields related to socio-economic development, security, and political stability. In furtherance
of its mandate, the GCC established the Statistical Centre for the GCC (GCC-Stat) in June 2011.
The GCC countries are well known for their high level of income, rapid rate of development, high
levels of migrant labour, and diverse international work force.
In the GCC there are several RBC disenabling factors in place, and they are related to each
other. In the Scandinavian countries, the CR/VS system feeds directly into the population registers, to which the national statistics offices have direct access. In the GCC countries, on the other
hand, the CR/VS system is structured differently. For the majority—Bahrain, Qatar, Kuwait, and
the UAE—the Ministry of Health is responsible for the registration of births and deaths. In those
countries, the ministry forwards their information to the national statistics office for publication
of vital statistics. In Oman, the Ministry of Justice is responsible for registering vital events, while
in Saudi Arabia it is the Ministry of Interior. For both Oman and Saudi Arabia, the flow of data
to the national statistics office is not direct (UNSD 2009). For Kuwait, the registered vital events
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are used to update the population register, maintained by the PACI (Public Authority for Civil
Registration), which publishes reports on vital statistics.
Table 1 shows that of all the GCC countries, civil registration is considered complete for Bahrain, Kuwait, and Qatar; it is incomplete in Oman, and for Saudi Arabia and UAE, the estimate
of completeness of registration is unknown. The country with the most up-to-date demographic
statistics and the one with most complete civil registration is Bahrain, followed by Kuwait. It is
therefore not surprising that Bahrain was the first Arabian Gulf country to conduct RBC, and that
Kuwait conducted a pilot RBC.
Table 1. Demographic statistics in the Arabian Gulf countries.
Live births by
Deaths
Live births
Deaths
mother’s age
by age
Latest
Latest
Latest
Latest
Country
year Source year Source year Source year Source
Bahrain
2014
C
2014
C
2014
C
2014
C
Kuwait
2014
C
…
…
2014
C
2014
C
Oman
2014
U
2014
U
2014
U
2014
U
Qatar
2014
C
2010
C
2014
C
2013
C
Saudi Arabia 2013
…
2013
…
2013
…
…
…
United Arab 2012
…
2012
…
2012
…
…
…
Emirates

Infant
deaths
Latest
year Source
2014
C
2014
C
2014
U
2013
C
2013
…
2012
…

Source: Extracted from United Nations (2016).
Note:…C = civil registration, estimated over 90% complete;
………U = civil registration, estimated less than 90% complete;
………… = information not available.

In several of these GCC countries, the national statistics offices are in direct competition with
other governmental agencies whose mandates overlap with theirs. This sometimes puts national
statistics offices in a weaker position. In Kuwait for example, the PACI operates in parallel to the
national statistics office. Thus, the PACI is effectively the keeper of registers (the population register, the housing register, the employment register, etc.) and a key driver of country’s e-governance
strategy. In one study in Kuwait, it was found that there was discrepancy between the census figures
and those of the PACI. In this regard, the author made the following comments: “The collection
and production of data by two different departments on essentially the same pieces of information
comprises a massive duplication of effort and resources”; and further, “The lack of institutional
coherence between the two main bodies responsible for collecting population information results
in a defensive rather than collaborative posture of the two institutions” (Shah 2014). As the PACI
also has its own legislation and is performing well, it is difficult to foresee that it would give up its
registers to the national statistics office. If there is any plan for carrying out RBC in Kuwait, this
could only be feasible as a joint program of both the PACI and the national statistics office.
In summary, for most of the GCC countries, the national statistics offices are not in a preeminent position, nor are they supported by strong empowering Acts. Another point is that, apart
from Kuwait, there is no established practice of publishing statistics from the registers.
The two strong RBC-enabling factors in the GCC countries are universal acceptance of the
personal ID number and the high level of e-governance. The United Nations routinely conducts
e-government surveys among its member states to assess their progress in e-governance. From
Table 2 it can be seen that the indices are all higher than the world average. The table shows that
Bahrain leads in terms of the E-Government Development Index (EGDI) and the E-Participa135
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tion Development Index (EPDI), followed by the UAE. Kuwait comes third in the EGDI, while
Oman comes last.
Table 2. Indices of e-government in Arab countries and their ranking
among countries in 2016.
E-Government
E-Participation
Development
Index
Development
Index
GCC
GCC
rank country
Index
Rank
Index
Rank
1 Bahrain
0.7734
24
0.7458
32
2 Kuwait
0.7080
40
0.6441
55
3 Oman
0.5962
66
0.5593
76
4 Qatar
0.6699
48
0.6441
55
5 Saudi Arabia
0.6822
44
0.7119
39
6 United Arab Emirates
0.7515
29
0.7458
32
0.4922
—
0.4625
World average
—
Source: United Nations (2016).

The e-governance approach to RBC in the GCC countries
The GCC countries are planning to carry out RBC in the 2020 round of censuses, with GCCStat spearheading this drive. In this regard, GCC-Stat is partnering with national statistical organizations to organize workshops aimed at improving understanding and acceptance of RBC. Such
workshops usually include presentations given by RBC experts from Nordic countries. One such
workshop was held in Muscat (Oman) in May 2015 (GCC-Stat 2015). A similar workshop was held
in Abu Dhabi (UAE) in April 2016 (GCC-Stat 2016) and another in Riyadh (Saudi Arabia) in October 2016 (General Authority for Statistics 2016). It is clear from these workshops that GCC-Stat is
not trying to reinvent RBC but to learn from best practices, especially from the Nordic countries. It
is also clear that the GCC countries are not aiming to develop one register at a time, as was done by
the Scandinavian countries. They are not even targeting the completion of a civil registration/vital
statistics system. Instead, the GCC countries are moving in the direction of harnessing the benefits
of e-governance in conducting the RBC. As an example, in the UAE the population register and the
ID system are part of one system that forms the core of e-governance (see Figure 1).

Figure 1. The centrality of the population register and ID card system to e-governance in UAE.
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The summary of the approach being used is as follows: There are a minimum number of recommended variables to be included in the 2020 round of censuses for the GCC countries (GCC
basket). Each country should start with those variables and try to map them on the existing databases used in e-governance. Once this has been done, the data should then be extracted and put
in a census database for further analysis. The primary move in this approach is from the registers
to the administrative databases used in e-governance. In principle, this idea could work. The main
reason for this is that the registers and the administrative databases are all built on same principles.
Typically, the database is a set of data tables that are connected to each other through referential
integrity (parent–child style). This technology and modeling style is how the administrative systems
are structured and managed, so the applications can access these tables to add/modify/delete/
read this data. The administrative registers are mostly stored in such formats. For example, the
population registers in UAE and Bahrain comprise of a set of tables in Oracle and IBM database
management systems. There is a master table which contains the person data (typically found in
population registers). Some databases, like the utilities company database, have some information
about subscribers who are either citizens or residents, so it could be considered as a subscribers’
register. It would need inspection, manipulation, and augmentation to partially replace the population register, and it may fail to be leveraged to that level. In this case, one would need to develop
interlinked registers in order to produce a workable statistical register.

Conclusion
In the Scandinavian countries, administrative registers are routinely used for producing social,
demographic, and economic statistics. Success in this field, and other factors, led these countries
to explore the use of registers for conducting censuses, termed register-based census. Some of these
countries have already achieved the goal of conducting fully register-based census (RBC). The
availability of many high-quality registers, along with the enabling factors for utilizing these registers, are not easily found in other countries. Some of the GCC countries, for example, still have
problems with their vital registration systems. In addition, some of their statistics offices are at
relatively weak positions. For some of these countries, any attempt to copy the Scandinavian route
would be a formidable task, with a high risk of failure. These countries can shorten the time it
takes to reach the stage of conducting RBC by going via the route of e-governance. In such cases,
countries do not have to develop ten or more registers for them to consider conducting RBC. The
ideal situation is when the national statistics agency is responsible for the informatics system and is
the one driving the e-governance program. In the GCC, it is only Bahrain that is in that fortunate
position. Other GCC countries can conduct RBC by going the route of tapping directly into the
databases that are driving e-governance. Once they are successful, they will have established a new
e-governance route to RBC.
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REVIEW • FORUM
Thomas K. Burch’s Model-Based Demography 1
by Samuel H. Preston, University of Pennsylvania
Tom Burch has a lover’s quarrel with demography. In his eyes, the field has a useful body of
techniques designed to characterize a particular set of empirical observations. But it is deficient in
theory and models, without which its status as a science suffers.
How to produce better theory and models? Burch suggests that one approach is to recognize
that several classical demographic techniques can be used in broader and more imaginative ways,
as effectively illustrated in one chapter on life tables and two chapters on cohort component projection. These should not be presented merely as techniques or measurement devices but should
be repurposed as theoretical models that can be used to address a wide variety of issues.
Other models of demographic processes, he argues, should play a more prominent role in the
field, including the exponential and logistic curves, the Lotka/Volterra predator/prey relationship,
and the macro-level model underlying the “Limits to Growth” project. Model-building software
should be more heavily exploited and simulation used more frequently. Hernes’ model of the
age-pattern of entry into first marriage receives the most ringing endorsement in the volume. One
chapter is primarily devoted to it, and it makes prominent appearances in five other chapters. It is
an ideal model for Burch’s purposes, because it has clear-cut behavioural assumptions that can be
expressed mathematically, while the resulting formula can be applied to data in order to estimate
underlying parameters. An additional virtue is that it fits data well—although no better than the
Coale-McNeil model, to which it is considered superior because of its somewhat stronger behavioural underpinnings.
The stable population model receives the acclaim it deserves, and the virtues of the Goodman/Keyfitz/Pullum model of kinship ties and of the Hammel/Wachter family simulation model
are appropriately underscored. But in a volume entitled “Model-Based Demography,” I would
have expected a somewhat more complete accounting of the major models being used in demography. Any personal list of important models is necessarily arbitrary, but I would have expected
discussion of the Sheps/Menken model of the interbirth interval and its powerful simplification
by Bongaarts. Other valuable models that might have been cited include Schoen’s increment/
decrement models of marriage and divorce, Rogers’ multiregional models, Vaupel’s models of the
age-pattern of mortality, Bayesian hierarchical models of population projection, and Lee’s models
of the age-pattern of consumption and production.
Burch’s principal justification for making models and theory more prominent in demography
is not so much to enhance its analytic capabilities as to make the field more attractive to students,
while raising its scientific credentials. The principal goal is a better “presentation of self.” The
pedagogic goal is explicit in a three-chapter section entitled “Teaching Demography.” Burch has
thought a great deal about how best to present demography to undergraduates, and has many
1. Model-Based Demography: Essays on Integrating Data, Technique, and Theory. Demographic Research
Monographs. Dordrecht: Springer, 2018. ISBN 978-3-319-65432-4. Hardcover C$59.99, 200 pp.;
e-book DOI 10.1007/978-3-319-65433-1.
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attractive suggestions. One that I found particularly appealing was a formal elucidation of the
Easterlin/Crimmins framework for the adoption of contraception, from which many conceptual
and analytic spin-offs can be developed.
In support of its assessments, the volume makes many references to epistemology and the
philosophy of science. It is rare that demography is exposed to evaluative criteria emerging from
those fields, and I found the encounter to be bracing and fruitful. The key distinction between
logical empiricism (“empirical generalizations providing the foundation for theoretical propositions arrived at by a process of induction”) and abstract theory is stressed, with the arc of history
pointing in the latter directions while demography remains unduly tied to the former.
The emphasis on the philosophy of science at times leads to an evaluation of demographers in
terms of whether they themselves are good philosophers of demography. Although his enormous
disciplinary contributions are recognized, Ansley Coale is chided for not being self-conscious and
explicit about the methodology of demography. So Burch spends a fascinating five pages rooting
out Coale’s methodological asides and characterizing the logic of his many inquiries. (In one passage that students of Coale’s may find amusing, Burch expresses frustration that Coale uses the
term “idea” instead of “theory.”) Nathan Keyfitz, on the other hand, assumes an elevated status
because he wrote a 1975 paper entitled “How Do We Know the Facts of Demography?” that convincingly illustrates the value of theory relative to empirical evidence. Burch notes that much of
the writing about demography as a discipline has been done by Europeans and Canadians rather
than the perhaps-too-practical Americans.
The reason why demography is not advancing faster as a science, in Burch’s view, is that it is
not attracting people who are strong in mathematics. This diagnosis seems accurate if somewhat
tautological. Better mathematical preparation among demographers would certainly increase the
likelihood that formal models would develop faster and deeper. A more general statement is that
a field advances most rapidly when it attracts outstanding scholars. Non-mathematical behavioural
models have also been of critical importance to the field—I think especially of John Caldwell’s
enormous contributions to the understanding of health transitions through close observation and
creative reflection. Or consider the group of economists like Mark Rosenzweig and Jere Behrman,
who have brought a more rigorous approach to identifying causal processes in demography by
insisting on proper research designs for analyzing observational data.
Despite many major advances in the corpus of demography, I share Burch’s view that demography is not advancing as rapidly as it should be, or as it was two or three decades ago. External pressures probably play a role. Socially conscious scholars may be less likely to be drawn to
the field because rapid population growth is no longer considered a major social threat. Fertility
analyses, in particular, seem somewhat moribund, at least when China is not the setting. On the
other hand, studies of population health have become more sophisticated and more prominent, as
illustrated by the growing frequency of their appearance on the annual meeting programs of the
Population Association of America. Firm support for such studies by the US National Institutes
of Health probably contributes to this trend.
A thorough assessment of the past, present, and future of demography would be a worthwhile undertaking. Tom Burch’s lively and provocative Model-Based Demography provides one of the
foundational documents for such an assessment.
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REVIEW • FORUM
Thomas K. Burch’s Model-Based Demography 1
by Daniel Courgeau, National Institute for Demographic Studies
The central concern of this book is with the role and status of theory in demography. It gives
a very deep overview of the importance of model-based demography, compared with the usual
logical empiricism followed in this discipline. While these papers were written during a long period
of time (the past three decades), they develop a new, original, and coherent view of demographic
research. Professor Burch constructs theoretical models here that consist of clear concepts, with
well-specified relations among them. He rejects the heavy reliance on statistical models in mainstream demography, which have no place for unmeasured variables. For him, computer modelling
is an essential tool for theoretical work in the twenty-first century.
This book appeared in the same year as the paper I published with Bijak, Franck, and Silverman (Courgeau et al. 2017), and their main titles are the same. This was not at all a casual coincidence, as during the preceding year we had conducted a thorough discussion with Burch on such
a model-based demography. I will first give here the flavour of this exchange before proceeding
further.
The first point is related to the use of agent-based models in demography. Burch’s chapter 2
was written for the Billari and Prskawetz book on this topic (2003) . In their introduction to this
book, they said that “agent-based computational models pre-suppose rules of behavior and verify
whether theses micro-based rules can explain macroscopic regularities” (p. 2). Burch agrees with
this definition, as he writes in this chapter: “A particularly promising genre of simulation is agentbased modelling, which promises to link individual demographic behaviors to aggregate patterns,
and to explicate the social—as distinct from stochastic—mechanisms underlying demographics
dynamics” (p. 40). Even in his chapter 14, Burch considers agent-based modelling as the final step
among the methodological paradigms in demography: from period analysis to multi-level analysis to
agent-based models.
We agree that agent-based modelling constitutes an improvement in demography, but feel
that it may not necessarily constitute a new paradigm for this discipline. First, it does not give a
new combination of concepts, like the cross-sectional, the longitudinal, the event-history, or the
multi-level paradigms, but only a new way to treat them by computer simulation, even with some
arbitrariness. We also agree with Holland’s criticism when he writes that agent-based computational models offer “little provision for agent conglomerates that provide building blocks and
behavior at a higher order of organization” (2012). Indeed, micro-level rules find hardly a link
with aggregate-level rules, and it seems difficult to think that aggregate-level rules may be entirely
modelled with a micro-approach, since they transcend the behaviours of the component agents.
An emergent entity such as a social network has properties which its component parts—here, the
individuals in this network—do not have. For instance, a multi-level analysis on the effects of an
1. Model-Based Demography: Essays on Integrating Data, Technique, and Theory. Demographic Research
Monographs. Dordrecht: Springer, 2018. ISBN 978-3-319-65432-4. Hardcover C$59.99, 200 pp.;
e-book DOI 10.1007/978-3-319-65433-1.
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individual characteristic (e.g., being a farmer) and the corresponding aggregate characteristic (the
proportion of farmers living in an area) on the probability of internal migration in Norway shows
that the effects are contradictory (Courgeau 2003): it seems hard to explain a macro-characteristic
acting positively by a micro-characteristic acting negatively.
The second point is related to the difference between a semantic and a mechanistic view of science. Burch tells us: “My understanding is that your basic approach to science would be similar to
that of the ‘semantic’ school. Yet there is little if any reference to their work” (pers. comm.). So,
let us see if the model-based view of demography developed in this book, and in our paper, covers
the same philosophic content.
In his first chapter, the author clearly defines his view of model-based science: “This view of
theory is known in philosophy of science circles as the ‘semantic’ view, or more recently and descriptively, the ‘model-based’ view of science” (p. 3). This semantic theory of models attacked the
empirical explanatory models that had dominated the philosophy of science before the 1960s, and
promoted formal explanatory models during the following decades. Even if various versions of
this approach differ (among, for example, Frederick Suppe, Bas van Fraassen, Ronald Giere, etc.), it
continues to be developed nowadays. In this approach, models, as abstract representations of some
portion of the world, are the central element of scientific knowledge, which reject empirical laws.
For the 21st-century researcher, computer modelling will permit the statement, manipulation, and
evaluation of more and more complex theoretical models, which can be used to make claims about
specific aspects of the world. But how in this case would one identify the relationship between the
theoretical model and the empirical observations, and test the fit of a simulation model? There is a
real danger in constructing a theoretical model without any relationship with observed data and no
way to verify this relationship. As Burch says in chapter 3, “ ‘Correct’ predictions can result from a
model with incorrect assumptions and inputs” (p. 59).
In order to go further and to enrich this approach, we rely on model-based science, which is known
in the philosophy of science as a mechanistic view, mainly developed for the biological sciences
during the 1990s. Again, various versions of this approach exist (William Bechtel, Carl Carver,
Stuart Glennan, etc.), but its development nowadays is increasingly not only for the biological
sciences but also for the social sciences. In our case, we are working with the version given by Robert Franck (2002), the functional-mechanistic approach; and its application to demography we term
model-based demography. As with the semantic view, the mechanistic theory of models rejects the
empirical explanatory approach. This may be the main reason of Burch’s confusion of the two approaches, which are in many aspects similar in their rejection of logical empiricism. But while for
the semantic approach a theory is a formal system, empty of any empirical content, the mechanistic
one infers, from the sustained observation of some property of nature, the functional structure—in
classical terms, the axiom, form, principle, or law—which rules the process generating this property,
and without which this property could not come about as it does. By focusing on the mechanism
generating a social property, the functional structure is treated independently of the causal structure and may therefore be generalized. Although this approach has been successfully applied to
some social sciences, like archaeology or communications (Pratt 2011), it has not yet been entirely
applied to demography, even if the functions of fertility, mortality, and migration clearly delimit its
parameter space—in other words, the principle of all demographic growth or decline.
We may conclude that our two model-based demographies cover the same philosophical content, permitting the dismissal of the “covering law” approach and the creation of a formal system
from which the facts to be explained can be deduced. However, while the semantic view leaves
unanswered the question of realism in science, the functional-mechanistic view permits us to introduce simultaneously a formal and an empirical explanation. As Franck said, “The formal (conceptual)
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model is the form of the social mechanism, and the social mechanism is the matter of the formal
model” (2002: 296).
Even if I did not tackle all the questions raised in our discussion with Professor Burch, I hope
that this short review will permit readers to see its fruitfulness. Our views are quite similar in abandoning the “covering law” approach based on empirical regularities, and in discovering a system’s
principle from the study of its properties. I hope that these model-based approaches will bring
about further opportunities for constructing and verifying their validity.
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REVIEW • FORUM
Thomas K. Burch’s Model-Based Demography 1
by David A. Swanson, University of California Riverside
This open-access monograph by Tom Burch is a recent—and valuable—addition to a
long-standing series of research monographs under the general editorship of James Vaupel that
is produced by Springer in conjunction with the Max Planck Institute for Demographic Research
(Rostock, Germany). It can accessed and downloaded in whole or part at:
https://www.demogr.mpg.de/en/projects_publications/publications_1904/monographs/
model_based_demography_5983.htm
The monograph consists of 200 pages organized into four major parts, with chapters 1
through 5 in the first part (I. A Model-Based View of Demography), chapters 6 through 10 in the
second (II. Some Demographic Models Re-visited), and chapters 11 through 13 in the third part
(III. Teaching Demography). The Final Part (IV. Conclusion) consists of chapter 14, “Concluding
Thoughts.”
The first chapter, “Demography in a New Key: A Theory of Population Theory,” opens Part I
(A Model-Based View of Demography) by providing an overview of and introduction to Burch’s
primary argument, which is that a model-based view of science is the perspective that should be used
in conceptualizing, researching, and teaching demography. In the second chapter, “Data, Models,
Theory and Reality: The Structure of Demographic Knowledge,” the author lays the groundwork
for his argument, which is illustrated and supported in the three remaining chapters in Part I of
the monograph, covering topics regarding the use of simulation and differential equations in
demography.
In Part II (Some Demographic Models Re-visited), Burch looks at several important frameworks extant in demography, including the cohort-component population projection model. In regard to the
latter, he observes that it embodies a sound theory of population dynamics and is a good theoretical model, noting that its drawbacks relate to the way it was perceived and used, as an exclusively
valid approach to population forecasting, often applied and interpreted in a mechanical manner.
In chapter 11, Burch kicks off Part III of the monograph, Teaching Demography, with ten
principles, which stem from his critique that contemporary social science labours under the burden of logical positivism, which provides a faulty view of the nature of science. It is worthwhile
to list all ten principles here because they provide an insight into the monograph as a whole.
1. Put more emphasis on theory, that is, abstract models of population dynamics and
demographic behaviour. Teach demography as a body of theoretical knowledge, as well as a
body of data, techniques, and descriptive findings.
2. Hold on to older and simpler—even ‘oversimplified’—models insofar as they contain
valuable insights and can help students begin to understand.
1. Model-Based Demography: Essays on Integrating Data, Technique, and Theory. Demographic Research
Monographs. Dordrecht: Springer, 2018. ISBN 978-3-319-65432-4. Hardcover C$59.99, 200 pp.;
e-book DOI 10.1007/978-3-319-65433-1.
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3. Put more emphasis on student activity in which they use theoretical models to analyze
real-world—or at least realistic—problems and exercises.
4. Set problems and exercises that will lead students to face the limitations of the analytic
tools they have learned and encourage them to try to think of improvements.
5. Teach or require the tools students need to work rigorously with the theoretical models.
6. Integrate formal demography (“techniques”) and population studies (“substance”) rather
than teaching so-called “technical demography” in completely separate courses or relegating
it to an appendix, as is typical in many English language demographic texts.
7. Teach the basic principles of formal demography in every demography course, unless it
can be assumed that students already know them.
8. Emphasize the general principles underlying many apparently disparate measures and
models to make the teaching of formal demography more efficient.
9. For beginning students of demography especially, put less emphasis on data collection,
errors in data, and precision in techniques.
10. Rely more heavily on visual representation of theoretical ideas and processes.

“Concluding Thoughts” is the tile of the single chapter 14 in Part IV (Conclusion) of the
monograph. Here, Burch argues that a model-based view will provide a liberating and more fruitful approach to theory, modelling, and demographic explanation.
Tom Burch’s monograph can be viewed as a summary of the thoughts that he has assembled
on population theory after many years of careful consideration, and he ties them not only to
theory but to modelling and explanation, as well as to teaching. This monograph is an important,
seminal contribution to the field of demography that is extremely well-written and organized.
You should read this liberating monograph, but beware that in so doing, your level of comfort
with how the field is currently conceptualized, studied, and taught will be disturbed and, possibly,
forever altered.
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REVIEW • FORUM
Reflections on reviews by Courgeau,
Preston, and Swanson1
by Thomas K. Burch, University of Victoria
It is a privilege and a pleasure to have Model-Based Demography reviewed by three eminent demographers, all the more so because they represent different academic backgrounds and different
intellectual traditions within demography. I value their expressions of appreciation for the book,
but also their questions and criticisms, which will help others and me better understand the issues
at hand.
Samuel Preston says that I have “a lover’s quarrel with demography.” I would emphasize the
lover part. My quarrel is with those who would identify demography with “human bookkeeping,”
or view it simply as a branch of statistics. I prefer to think of demography as a complete and autonomous science, and a much better discipline than we sometimes recognize. But we must drop
our logical positivist blinders and view our discipline from a different perspective. In my opinion,
the semantic or model-based school of philosophy of science provides a fruitful perspective. I
would say of demography what Ronald Giere has said of science in general: “The problem is not
with current scientific theories of the world, but with current theories…of what it is to acquire
good scientific theories of the world” (1999: 3). Demographers know much more about human
population than we give ourselves credit for. Again, quoting Giere, “our collective self-knowledge
lags behind our collective knowledge of the world” (1999: 3). But the totality of demographic
knowledge has not been adequately codified and unified. This is less true of the technical/formal
side of demography, and truer of the behavioural and theoretical side.
David Swanson quotes my ten principles for teaching demography “because they provide an
insight into the monograph as a whole.” In this context, I would take the opportunity to add two
more:
11. In judging the worth of a model or theory, a central consideration is the purpose for which
it is being used. A good model for one purpose may be a bad model for another. The life table
stationary population model is good for many purposes. But many years ago, the use of a
series of stationary populations to study population aging led to a partially wrong conclusion:
declining mortality invariably was associated with population aging—that is, a larger proportion of the population over age 65 in the stationary population. Overlooked was the fact that
stationarity in the face of declining mortality implies declining fertility. A good model was used
for the wrong job.
12. It follows that there may be many useful models of the same phenomenon, and that there
is no perfect model that excludes all others (Teller 2001).

1. Burch, T.K. Model-Based Demography: Essays on Integrating Data, Technique, and Theory. Demographic Research
Monographs. Dordrecht: Springer, 2018. ISBN 978-3-319-65432-4. Hardcover C$59.99, 200 pp.;
e-book DOI 10.1007/978-3-319-65433-1.
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And so, I agree with Preston when he notes that I have discussed only a few of the many excellent models in demography. But the models included are simply examples, chosen to illustrate
a specific methodological or pedagogical argument. An inventory and synthesis of all or the most
worthwhile demographic models would be a different and much larger task, perhaps a task beyond
the ability of a single researcher. Such a compendium would include micro-behavioural models,
such as Lee’s model of migration decision making, but also microeconomic models of fertility,
marriage, divorce, and migration. It would include macro-models, such as various demographic
transition theories, or gravity models of migration or Stouffer’s model of intervening opportunities, as well as mathematical models of age schedules of fertility, mortality, migration, etc. It would
include models of the consequences of demographic change, such as Coale-Hoover on fertility
decline and economic growth and other models of the “demographic dividends” of lowered fertility, and models of the labour force impact of population aging. It would include qualitative as
well as quantitative models, and visual and conceptual models. Preston rightly cites the influential
work of John Caldwell, much of which was non-quantitative. The possibilities seem almost endless and a bit overwhelming.
Nevertheless, it is to be hoped that someday there will be a volume—more likely, volumes—
that codify all demographic models, formal and behavioural, as well as Preston and his colleagues
have done for formal demographic models (Preston et al. 2001).
Daniel Courgeau disagrees with my view on the role of statistics in demography: “He rejects
the heavy reliance on statistical models in usual demography.” Presumably, something I wrote
has given him this impression, but that is not quite my view. What I object to is overreliance on
statistical models—especially multivariate models of census or survey data—to the neglect of
other kinds of modelling, notably mathematical and computer simulation models of theory and
systems. Demography will always rely heavily on statistics to describe demographic dynamics, to
discover relationships that require further explanation, for putting error bounds on population
forecasts, and for entirely new uses that are now coming into play—for example, statistical metamodels for understanding the inner workings of complex agent-based computer models (Grow
and Van Bavel 2017: passim and esp. ch. 4). But ABM and other computer modelling approaches
will focus more on modelling real-world systems rather than incomplete datasets relating to the
real world. These will be more theoretical than empirical models, but often they will incorporate
empirical data and relationships. Michael Wolfson has recently used the apt term quasi-theoretical to
describe computer models of theory that are firmly anchored in empirical data (see Grow and Van
Bavel 2017: 489–90).
In Courgeau’s view, the semantic or model-based approach to science does not encompass
mechanistic models. This is not my understanding. Giere, for example, explicitly lists a wide variety
of models—physical, visual, large, small, mathematical, conceptual, and so forth (1999). The model-based approach takes an extremely broad view of what constitutes a model. That view certainly
can include causal or mechanistic or functional models. Another member of the semantic school,
Nancy Cartwright, attributes the behaviour of some part of reality to its “nature” (1999). To me,
this comes close to Robert Francke’s notion of a functional structure inferred from the behaviour
of some system, although I may miss some of the subtleties in the formulations of Francke and
Courgeau. And while it may be true, as Courgeau asserts, that “for the semantic approach a theory
is a formal system empty of any content,” this is true only of a model or theory as such. As soon
as it is used for some specific scientific or practical purpose, it must be linked to empirical observations, to verify that it fits some portion of the real world closely enough for the purpose at hand,
to paraphrase Giere. I would never argue that in demography as an empirical science there is a role
for theoretical models that are totally untethered from observation.
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Courgeau also objects to my reference to agent-based modelling as a new paradigm in demography. It may well be that I have use the word paradigm too loosely. All I wish to say is that ABM
is a major new tool to relate behaviour at the micro level to macro-level demographic trends. And
it does so in a way that subjects hypothetical individual actors to social norms and rules, and to
pressures resulting from their positions in social networks, rather than only to random draws from
probability distributions, as has been the case in earlier micro-simulations. This strikes me as a major advance in demographic analysis, even if it does not constitute a new paradigm in Courgeau’s
preferred meaning of the word.
Swanson ends his review with the suggestion that demographers reading the book may find
that their “level of comfort with how the field is currently conceptualized, studied, and taught will
be disturbed and, possibly, forever altered.” That, of course, has been my aim all along. It is a modest aim and not original with me. Looking to the future, I’m only saying that demography, like any
other empirical science, must make greater use of mathematical modelling and of the many kinds
of modelling made possible by computers if it is to realize its full potential as a science. Looking
to the past and present, I suggest—paradoxically, perhaps—that demography already has a wealth
of good scientific models, including theoretical models, many of which we tend to devalue and
ignore. We know more than we know.
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“People count in counting people”:
A proposed alternative narrative on
the origins and history of modern censuses
Antecedents of Censuses from Medieval to Nation States:
How Societies and States Count
by Rebecca Jean Emigh, Dylan Riley, and Patricia Ahmed
New York: Palgrave Macmillan, 2016
ISBN 978-1-137-48502-1
Hardcover US$110, 266 pp.

Changes in Censuses from Imperialist to Welfare States:
How Societies and States Count
by Rebecca Jean Emigh, Dylan Riley, and Patricia Ahmed
New York: Palgrave Macmillan, 2016
ISBN 978-1-137-48505-2
Hardcover US$110, 267 pp.

Review essay by Anthony C. Masi1
In the sociology of statistics, there are a few central themes. Desrosières asserts that 18thcentury statistics provided descriptions “of the state, by and for itself,” that these descriptions
were “suited to their modes of reciprocal interactions” of state and society, and that one “cannot
logically separate the state from society” (1998: 147). Further, he comments that official statistics
enjoyed the legitimacy of a state institution and represented a “common reference supported by
science and technology” (1998: 148). Alonso and Starr note that official statistics “reflect presuppositions about the nature of society” and are “products of social, political, and economic
interests that are often in conflict” (1987: 1). Kertzer and Arel argue that while “the state periodically required some assessment of its population for purposes of taxation and conscription”, the
notion that the “cultural identities of populations mattered in public life was utterly alien to the
premodern state” (2002: 2). On a personal note, in teaching a course on “population and society,”
I like to point out that the concerns of democratic governments are mirrored in the questions
(content, modifications, deletions, additions) contained in successive censuses.
1. Professor of Industrial Relations and Organizational Behaviour, Desautels Faculty of Management
and Centre on Population Dynamics, McGill University, 1001 Sherbrooke Street West, Montreal, QC,
H3A 1G5; email: anthony.masi@mcgill.ca.
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The two reviewed volumes by Emigh, Riley, and Ahmed (abbreviated, respectively, as Antecedents and Changes) address the above issues. They present their work as a direct challenge to a
“state-centric” view of official statistics. From their perspective, efficient and effective information gathering requires not only the consent of, but also consultation with, and the willing participation in the process by, the governed. The authors illustrate these points by showing (a) the
variety of influences on the content, if not conduct, of censuses and other official statistics, (b) the
short-comings of thinking that the state can create useful data without meaningful consultation
with other societal actors, (c) the limits of scientific and technical expertise alone in adapting lay
categories for incorporation into censuses, and (d) the transformations of statistical systems from
“extraction” instruments for taxation to “description” of population composition to “intervention” in the design public policies to accommodate temporally and historically contingent (identity) variables.
Faithful to the titles of the volumes, the authors use medieval and early modern antecedents to
and changes in modern censuses to challenge state-centric approaches, to analyse social factors, to
document the role that social actors play in determining what, how, and why censuses and official
records report results about populations using socially-constructed categories, and to demonstrate
the ways in which societal interest-groups influence the development of public policies. Emigh,
Riley, and Ahmed formulate a social-constructionist perspective on census-taking. In order to
make this counterpoint, however, they set up the point (the state-centric argument) in a stylized
fashion, often as a straw dog. Nonetheless, careful reading of these volumes generates new questions and hypotheses about historical and comparative census taking and official statistics for these
cases and may be profitably applied in other countries, at different times.
Antecedents starts with a critique of the extant literature and develops the theoretical model.
After this exegesis, the empirical focus is on tax collection: Domesday Book in Britain and the
Florentine Catasto; the first national censuses: United States, Britain; and regional counting on the
yet-to-be-unified Italian peninsula (Lombard Censimento). Changes uses the analytical tools from
Antecedents to trace the evolution and development in the censuses of the three areas. Here the narratives emphasize each nation’s key issue: class in Britain, race and occupation in the United States,
and regionalism (nationalism) in Italy. It also explores how race/ethnicity has been introduced
in UK statistics, the use of US counts for civil rights purposes, and the recent concern over immigrant communities in Italy. Each volume has an extensive reference section that across the two
books sums to over 75 pages, with remarkably little, and totally justified, overlap.
This is the interactive theoretical model proposed by Emigh, Riley, and Ahmed:
State and social actors, both elite and non-elite, work cooperatively, or in conflict, to gather data
about socially constructed categories spanning micro-, meso-, and macro-levels of society, so
that the resulting information can be used for extraction from, description of, or intervention
on the populations in question.

Diagrams outlining the model are presented early in Antecedents. Table 2.1 (“State-Centered, Society-Centered, and Interactive models of Information Gathering”; p. 42), Figure 2.2 (“Possible
Types of Actors, Organizations, and Subdomains”; p. 33) and Figure 2.6 (“Interactive Model of
Information Gathering”; p. 39) provide the essence of the state-centric and society-centric models
to be tested and the preferred interactive alternative.
To test their theory, the authors develop analytical narratives that trace the path dependent
historical patterns from land registration data to census implementation in the three geographical
areas: England/Great Britain/United Kingdom, the Italian peninsula/Italy, and colonial America/
United States. This historical sweep is vast: from the Doomsday Book (1086 CE) to the latest full
population enumerations (around 2010–11). The theoretical exposition leads to detailed histories
150

Masi: Review essay on a proposed alternative narrative for the origins and history of modern censuses

based on secondary source materials of the evolution of early official statistics into modern censuses in three country case studies, but each of the latter is informed by the theoretical model and
by the other cases.
For the authors, the primary conclusion of their work is a refutation of the “state-centric”
approach: “vibrant censuses” do not depend on the existence of a strong state, as conventional
wisdom from the sociology of statistics would have it. Rather, they are generated and used only
when and where there is significant interaction between state and society, with ordinary citizens
influencing official statistics and having the latter incorporate meaningful “lay categories” into data
collection, analysis, and presentation. In short, (some) people count BEFORE they are (appropriately) counted, categorized, and classified.
Emigh, Ripley, and Ahmed illustrate these points by showing why social class in the UK, race
and ethnicity in the USA, and region in Italy play such significant roles in each country’s official
statistics. The authors are practitioners of the “hit them early, hit them often, and hit them hard”
school of academic writing. They elaborate, illustrate, argue forcefully, and then return to the claim
that their theory and analyses overcome five major shortcomings of state-centric approaches:
(1) exaggeration of the correlation between state power and information gathering: strong states do
not always produce more information than weak ones; (2) misunderstanding of the state’s inability
to impose categories and extract new information: the importance of lay categories and “common
sense”; (3) overstatement of the role of state bureaucrats in designing and implementing census:
census intellectuals often fail when they ignore the lay categories; (4) forgetting the power of social
actors to influence information gathering: struggles over what to collect are not always won by
the state; and (5) miscalculation of the extent to which the state’s goals and intentions can drive
data collection: historical trajectories can constrain as well as enable (Antecedents, p. 11–12, 15–16).
At the end of Changes (p. 218–22), the conclusions are re-proposed: (1) the form and intensity
of state-society interactions regarding censuses (and other official statistics) change in non-linear
ways over time; (2) the state bureaucracy responsible for collecting, analyzing, and disseminating
official statistics needs to interact with its publics to maintain its legitimacy; (3) methodological
techniques and practices generate little interest unless they also animate social conflicts and the
political participation that stimulate the evolution of census taking; (4) in the interaction between
state and society in generating official statistics, far too little attention has been paid to social factors; (5) the purpose and timing of data gathering efforts influence state-society interactions; and
(6) in the bottom-up approach, ordinary people play a significant role in census efforts, along with
bureaucrats and elites. Stated differently, information gathering depends on state-society interactions; social actors including non-elites, with varying levels of influence, can lead information
gathering; and their influence is strongest when states have developed and routinized information
gathering efforts.
The authors offer “empirical implications” for future research: employ an appropriate tool
in the evaluation of state strength; make sure you understand the “lay categories,” i.e., commonsense classifications used by members of that society; assess the value added by “information
intellectuals” in that society; explore the power dynamics among the social actors, elites, census
intellectuals, and non-elites; and trace out the “historical trajectory” of processes in the case at
hand, in order to appreciate its path dependency.
Consider these illustrations, which, in the assessment of the authors, falsify the state-centric
hypothesis of a positive correlation between state strength and data quality/quantity. In the 15th
century, facing a centralized and strong state, English lords were nonetheless able to resist providing tax-relevant information and/or having it recorded, while landlords on the fragmented Italian
peninsula complied with requests to provide sufficient information for their city-states to generate
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appropriate revenues. Indeed, the weak states on the Italian peninsula collected and used nominative information and had much more detailed data on land holdings that strong-state England,
which was barely able to get an accurate head count. By the end of the 18th century, the newly established American federal republic, a weak state, used its constitution to link taxation and political
representation by requiring what is considered the first truly modern census—based on individual
enumeration, universal coverage within its territory, simultaneity of information gathering, and
with a defined periodicity of ten years.
However, in the UK, given that the landlords could block desired state action and because
of the pre-existing and emerging class divisions that pitched peasants, labourers, capitalists, and
landowners against each other, might that not indicate that it was a “weak state”? In other words,
has state strength been appropriately operationalized in this case?
On the importance of participatory inclusion in the development of categories and classifications, the contrast between Italy and the USA is emphasized. Record-keeping systems in
both countries were, and remain, somewhat fragmented. However, the professional isolation of
Italy’s National Institute of Statistics (ISTAT) as compared to the publicly visible and engaged US
Bureau of the Census (Department of Commerce) means that the latter is better positioned to
produce meaningful statistics and a “vibrant” census. In the United States, the intense interactions
surrounding the census, from its role in apportioning seats in the House of Representatives to its
role in helping people identify with their particular group of choice, the institution is indeed “vibrant” because of the input it gets from the public—but also because it is very accountable to that
public, as well. In Italy, social interaction between census takers and the public is virtually absent,
so that country’s census has become “an annoyance” (Changes, p. 199).
A distinction should be made between deciding what will be included and determining how to
actually conduct the census. The authors do not question that a state apparatus is necessary to conduct a technically accurate census. Italy was first in collecting and reporting nominative data in its
cadastral systems. England had its once-off Doomsday Book, which only indicated “usage rights,”
while the Italian city-states ongoing cadastral records were integrated into a highly “marketized”
environment. Looking at history from this perspective does call into question the roles of lord
and peasant in the great transformation. Only later did states and citizens figure out the benefits
of combining attributes into statistical tables. Here, the authors are on track in concluding that
data collection infrastructure does not determine the content of census, nor even drive the process
that makes such a determination. However, these arguments of a “push from below” in terms of
categories and classifications clearly require participatory (democratic) structures.
Antecedents and Changes use censuses to illustrate processes of social change; they do not address the technical aspects of information gathering, diffusion through international associations
and accords, nor how such things can have an impact on the conduct of modern censuses. That
story probably contains more convergence than path dependence. It would be interesting to apply
the interactive framework proposed by the authors, in terms of “instrument of social scientific
public policy” (Changes, p. 21), to assess the very different trajectories of two transitions from interventionist long-form censuses to survey instruments: the relatively successful 2010 US “American
Community Survey” and the dramatic Canadian flip-flop between 2011 and 2016 of its “National
Household Survey.”
In Antecedents (p. 11), the authors argue that the validity of the state-centric approach necessitates a strong positive correlation between state power and information gathering, i.e., powerful
states gather the most information and are best at census taking. In addition, these states must also
develop new categories and classifications, and not just incorporate those from society. Finally,
census bureaucrats rather than information intellectuals play the principal role in developing cen152
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sus design, questions, and dissemination of results. But do strong states even need censuses to
take certain actions or govern in a given way? Should the state–society dichotomy be expanded to a
state–science–society trichotomy?
An important function of a census is to provide the size of the population in a given area at
a given time. If an earlier enumeration is also available, we can estimate growth. In looking at the
three cases chosen for inclusion in Antecedents and Changes, it is clear that the starting points are
far from equal, and that the changes characterizing them over time are dramatically different. Do
these starting points and trajectories carry significant implications for the validity of the model or
the empirical analyses presented by the authors?
The two volumes need to be read together; indeed, the logical structure is that of a single
book. The split does lead to some repetition. I found that reading each country case across the two
volumes provided more coherence to the arguments than the strictly period-based division used to
separate them. The qualitative comparisons between the three country case studies are informative
and entertaining reading. On theory, however, there is some heavy going. At one point I wished for
an “old-style” format, with a tightly-knit main body for the points and pages of detailed footnotes
with the counterpoints, instead of having to read the argument and its counter sequentially.
Returning to the quotations in the first paragraph of this review essay, the social constructivist
perspective on antecedent to and changes in modern censuses rests on a stylized characterization
of state-centric perspectives and may not be as dramatically different from the mainstream interpretation as Emigh, Ripley, and Ahmed claim it to be. The historical details and the comparisons
produce ample thought-provoking insights. These carefully detailed historical reconstructions of
the three case studies are first-rate and are worthy of attention by sociologists, demographers, and
others interested in official statistics, especially censuses.
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Review essay on Rex B. Kline’s
Principles and Practice of Structural Equation Modeling:1
Encouraging a fifth edition
Leslie Hayduk2
Introduction
Kline’s fourth edition is reasonably strong but improvable. The text aims to introduce newcomers to fundamental structural equation modeling (SEM) principles, but tends to confuse
“Principles” with “Rules.” Rules having insufficient grounding in principles leave readers ill-prepared for understanding and responding to changes in previously traditional “rules”—such as
those concerning model testing, and latents having single indicators. SEM’s foundations would be
clearer if Kline began by presenting structural equation models as striving to represent causal effects—a commitment that differentiates structural equation models from regression and encourages model testing. I begin this review by summarizing the covariance/correlation implications
of three simple causal structures, which pinpoints multiple text improvements and underpins the
discussions of measurement and model testing that follow. Causal structuring also grounds my
later comments regarding modelling means/intercepts and interactions. A file of Supplement
Sections expands on several points and lists multiple editorial corrections you might pencil into
your copy of Kline’s text.
Kline’s fourth edition is more than one hundred pages longer than his third edition, and is
effectively and compactly written. The material has been substantially reorganized, with the most
substantive extension being a new chapter on “Graph theory and the structural causal model.” The
publisher’s website contains syntax and output produced by an impressive variety of programs.
Kline’s detailed discussion of several examples is noteworthy, and I count it as a strong positive
that Kline’s examples include problems: “not all applications of SEM described in this book are
picture perfect, but neither are actual research problems” (p. 1). We will encounter additional
“problems” but if Kline prepares a fifth edition, I would recommend retaining the extra-problematic examples, along with supplemental discussions of what led to these slips, and instruction on
ways to avoid similar slips. Overall, Kline’s text is solid enough to be worth improving. Regrettably,
the tone of this review is more negative than I would prefer, but I could not find a way to detail
the book’s positive features without also indicating some serious concerns. I asked Frank Trovato,
editor of Canadian Studies in Population, to offer Rex Kline an opportunity to respond to my comments in hope that we might hear of Kline’s intentions regarding a fifth edition. I expect other
readers of Kline’s fourth edition would appreciate your placing a reference to this review (and
Kline’s response) in whatever copies you encounter. Indeed, my comments presume that you have
access to the fourth edition for reference/comparison.
1. Rex B. Kline. Principles and Practice of Structural Equation Modeling. New York: The Guilford Press, 2016.
ISBN 978-1-4625-2334-4. Softcover US$65, 534 pp.
2. Department of Sociology, 5-25 HM Tory Bldg., University of Alberta, Edmonton, AB T6G 2H4;
email: lhayduk@ualberta.ca.
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The unavoidable implications of three simple causal models
If just variable X linearly causes Y with effect b, as in Figure 1A, this corresponds to the equation

Y = a + b X									(1)
and demands

Y̅ = a + b X̅									(2)
Var (Y ) = b2 Var (X )								(3)
Cov (X Y ) = b Var (X ).								(4)
The causal world makes variance in the causal variable X (namely, Var (X )) produce, and thereby explain, variance in the effect (Var (Y )). And the causal world makes variations in one variable
(X ) produce coordination, correlation, or covariance (Cov (XY )) between the causal variable and
the effect. Variables’ variances and covariances are consequences of causal actions, and we aspire
to understand observed variances and covariances by locating the underlying causal structures.
Observed covariances or correlations do not come from the math or statistics of equations; they
come from the causal world that underwrites the equations. The causal world also coordinates the
means of the variables (Equation 2). If the causal variable takes on a value corresponding to its
mean (X̅ ), the resultant effect takes on a mean value (Y̅ ).
If Y has two correlated causes, as in Figure 1B, the relevant equation is

Y = a + b1 X1 + b2 X2								(5)
and the causal world demands

Y̅ = a + b1 X1̅ + b2 X2̅  								(6)
Var (Y ) = b12 Var (X1) + b22 Var (X2) + 2 b1b2Cov (X1 X2)				(7)
The partitioning of the causal world partitions the variance in the effect (Y ) but with the
wrinkle that a portion of Y’s variance comes from coordination/covariance between the values
of the causes, not merely from variations in the values of those causes. This variance equation
is fundamental to: understanding why some explained variance cannot be uniquely attached to a
𝑏𝑏𝑏𝑏
specific cause, understanding how biased estimates
result𝑌𝑌𝑌𝑌from omitting correlated causes, and
𝑋𝑋𝑋𝑋
understanding what goes awry if an error 𝑋𝑋𝑋𝑋
variable 𝑏𝑏𝑏𝑏covaries𝑌𝑌𝑌𝑌 with a cause (for example, if X2 was
called a disturbance or error variable because it was not observed).
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Figure 1C introduces X1 as a common cause of X2 and X3 , where the causal equations are

X2 = a2 + b2 X1 + e2								(8)
X3 = a3 + b3 X1 + e3								(9)
With independent errors/disturbances, this causal structure has the unavoidable consequence that

Cov (X2 X3) = b2b3 Var (X1)							(10)
The X2 and X3 covariance is called spurious because no direct effect links X2 and X3 , but it is incorrect to describe the spurious correlation/covariance as “spurious (noncausal) associations” (p.
141). The association/covariance/correlation between X2 and X3 is the unavoidable consequence
of the causal actions of the common cause, even if the relevant causal foundation is neither X2 nor
X3 directly causing the other. The covariance in Equation 10 introduces the possibility of testing
model implications, because estimates of the three right-hand terms can be obtained from the two
model equations, and from data, without using Cov (X2 X3). Comparing the model-implied covariance (from estimates of the two effects and the common cause’s variance) with the corresponding observed covariance between X2 and X3 might (or might not) challenge the depicted causal
structure. The failure of specific model-demanded causal consequences to match with observed
covariances underpins model testing and diagnostics striving to improve models’ causal structures.
The consequences of causal equations as presented above function the same way, whether the
variables are observed or latent. And the consequences remain, even if some of the causally connected variables are observed while others are latent—which provides the principles grounding
observed variables as measures of latent variables. Kline first introduces measurement of latents
in Chapter 13 and in the context of factor analysis, where his emphasis on factors and outdated
factor “rules” obscures the causal foundations of measurement, though measurement could have
been helpfully introduced much earlier.
Equations 2 and 6 report that a case having a mean value on the applicable cause(s) is bestowed a mean value for the effect variable. Kline loses this easy and intuitive causal understanding
when he turns to modeling means in Chapter 15, because he begins his discussion with non-causal
regression. And he extends the confusion by referring to the a coefficients in these equations
as “effects” of variables that are not variables “in the usual sense” (p. 371). That is, Kline omits
cause from where it would be helpfully obvious, and adds cause where it really does not belong.
Kline’s new Chapter 8 demonstrates an emerging acknowledgment of the relevance, utility, and
unavoidability of causal understanding of structural equation models, but he has not yet incorporated that understanding consistently throughout his text. Beginning with a clear causal emphasis
would strengthen the text’s foundational logic and encourage a focus on principles rather than rules.
It would also reorient Kline’s discussion of model testing and diagnostics toward checking and
improving the model’s postulated causal structures.
Readers seeking further instruction on the fundamental causal implications above, and unwilling to wait for Kline’s fifth edition, might see Hayduk (1987) Chapters 1 and 2, and Hayduk (1996)
Chapters 1 and 2. All the variance and covariance equations for models structured as in Figure 1
can also be derived as special cases covered by the matrix Equation 4.30 in Hayduk (1987).

Connecting the above to Kline’s text
Kline’s discussion of regression (Chapter 2) could have, and should have, differentiated between equations attempting to correctly represent a causal world and regression equations formed
without requiring causal correspondence. SEM’s concern for proper causal specification is fun156
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damental, and hence the associated pedagogical issues dig deep. Kline’s Equation 1.2 (p. 13), for
example, makes it seem like covariances are just statistical rearrangements of correlations, rather
than being the consequences of causal forces as in Equation 10 above. Covariance does not come
from correlation, as this equation seems to imply. Both the covariance and correlation are consequences of some underlying causal world, and the SEM researcher’s task is to ferret out the nature
of that underlying world. Understanding how underlying causal structures produce patterns in
covariances is what makes it possible to “understand patterns of covariances” (p. 14). Similarly,
Kline’s Equation 2.2 (p. 26) seems to say that the structural coefficient on the left of the equation
somehow comes from the correlation and other terms on the right, when the structural effect
would in fact produce, and be the source of, the correlation. Kline’s Equation 2.2 is not wrong, in
the sense that the entities on the two sides of the equation really are equal, but the arrangement of
the equation and its surrounding discussion obfuscate how causal action produces the correlation.
Kline’s Equation 2.3 is a rearrangement of Equation 2 for means above, but Kline’s explanation—
which is essentially an assertion that the equation holds, and his calling this a “mean structure” (p.
27)—provides no hint of how causal action links the variables’ means, and similarly fails to ground
the reader’s understanding in the easy-intuition that a case having an average value on the cause
should have an average value on the effect.
And consider whether a goal of structural equation modeling is to “explain as much…variance
as possible” (p. 14), or whether the goal is to accurately determine how underlying worldly causal
forces produce and hence explain variances, covariances, and means. Regression can be sold as
attempting to explain as much variance as possible, but it would be preferable to present structural
equations as focusing on how variance and covariance are explained. Focusing on how variance is
explained would clarify that there are wrong ways and right ways of explaining variance. This, in
turn, focuses attention on the correctness of the model’s specification, and clearly differentiates
SEM from regression by revealing how regression equations can be wrong as causal equations.
This would make it possible to avoid multiple awkward transitions between what are supposedly “regression” equations and associated wordings that are expressly causal. Readers wishing to
understand and monitor the multiple diverse consequences of Kline’s failure to ground his text in
a search for worldly causal structures should consider Supplement Section 1. It is nice that readers
report learning “something new” (p. 25) about regression from Kline’s early material, but I would
view it as more complimentary if readers had reported learning to differentiate between regression
equations and structural equations pursuing causal understandings.

Time sequence and causal action
In Chapters 6 and 7, Kline is inconsistent in his consideration of time and causal action. He
claims “presumed causes must occur before presumed effects” (p. 123; emphasis added, and see
p. 296, 432, 465). He also says, “the absence of temporal precedence may not always be a liability
when estimating reciprocal causation” (p. 137) and includes examples of reciprocal effects (p. 135,
136, 143, 151, 152, 154, 156, 186). Causal actions are more easily recognized and estimated when
the cause occurs first, but it remains possible to estimate reciprocal and looped causal effects
(Rigdon 1995).
Kline’s time ambivalence can also be seen in the awkwardness of his attempt to differentiate
between mediation and indirect effects (p. 134), but it approximates contradiction when he claims
that non-experimental designs “cannot establish which of two variables, a presumed cause and
a presumed effect, occurred first” (p. 124–25). Valid reciprocal-effect estimates can be obtained
without determining which occurred first (Rigdon 1995), and this undercuts Kline’s idea that reciprocal effect estimates in non-experimental designs are “in some sense” “always wrong” (p. 137).
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Indeed, SEM developed in the social sciences because SEM made it possible to investigate causal
actions in non-experimental designs without confronting the ethical difficulties accompanying social experiments. Rather than claiming that effects operating at congruent times are inappropriate
or impossible, Kline should have instructed his readers on model features that make it possible
to estimate, and check, reciprocal or looped effects (Hayduk 1987, 1996; Rigdon 1995); he might
even have discussed how causal loops provide reinterpretations of models previously estimated
without loops (Hayduk 1996). Estimated models in which a variable directly causes itself (e.g.,
Hayduk 1985, 1996) demolish the supposed requirement of temporal precedence, because a variable can’t precede itself! Count me out of the supposedly “emerging consensus that mediation
analysis requires data from designs with time precedence” (p. 141; and see p. 465).
A related concern arises in when Kline argues that reciprocal causal connections between variables makes it “plausible that they may share unmeasured causes” (p. 138), and hence that the
reciprocally connected variables should be assigned covarying disturbances. If Y1 causes Y2 with no
disturbance covariance, there seems to be no general reason that adding a reciprocal effect from
Y2 to Y1 should automatically manufacture the existence of a “new” common cause producing covariance between the variables’ disturbances. New causal actions from a common cause (namely,
a kind of causal structuring requiring a disturbance covariance) do not pop into existence merely
because of the existence of some other causal action (even if that other causal action forms a loop
or reciprocal effect). Similarly the “bows” in Figures 7.1a, 7.2, and 10.7, and on page 143, are not
necessitated by the reciprocal or loop causes in the figures, and the disturbance covariance reported
in the last line of Table 14.6 (p. 351) lacks justification.

Observed variable and latent variable models
Chapters 6 and 7 consider the specification and identification of observed variable models,
while Chapters 9 and 10 consider models containing latent variables. (The intervening Chapter 8
is addressed below.) These chapters are structured differently than in Kline’s prior edition, and are
afflicted by problems originating in: (a) the attempt to separate measurement from latent-to-latent
effects (which obscures the advantages provided by modeling latent and observed variables simultaneously); and (b) the outdated presumption that latent variables require multiple indicators (p. 93). The
chapter separation reflects the historical divide between path models and factor models, and seems to
divide the rules for model identification into manageable chunks, applicable to first one part and then
the other part of a model (p. 217). Unfortunately for Kline, the key advance provided by structural
equation modelling was that it overcame the historical separation of measurement (via factor modelling) from structure (via path modelling) by combining and integrating measurement and structure.
Some “strange” consequences of Kline’s backsliding are presented in Supplement Section 3.
Kline’s rules for separately identifying path-like and factor-like model segments are insufficient
for full structural equation models, and new “rules” will be required for overall model identification.
Model identification rules have lagged behind the melding of factor and path model components,
and lagged even further behind for models containing: fixed coefficients (e.g., fixed measurement
error variances), constraints between coefficients, causal loops (whether longer loops or self-loops),
means, intercepts, moderators, multi-level components, and latent variables having no direct indicators. It is reasonable to attempt to ensure coefficient identification, but Kline seems to employ his
rules as instructions limiting how to build models (p. 119), rather than granting researchers’ theory
and hunches primary control.
Kline displays considerable inconsistency in how he specifies and applies his rules. Sometimes
“a single indicator is preferred” (p. 217); meanwhile, his identification Rule 9.1 (p. 201) requires
three indicators for a single latent factor, or two or more indicators for each of two or more correl158
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ated factors. Thus, three indicators are identified, two indicators can be identified, and a single indicator may be preferred, yet we also read: “A better practical minimum is three to five indicators for
each anticipated factor” (p. 195); “multiple-indicator measurement…is a cardinal characteristic of
latent-variable models” (p. 127); and “each factor should have at least three indicators” (p. 454). If
three indicators were really required, many of the models in Kline’s Chapter 10 would be underidentified, because they contain latents having only two indicators—but they actually are identified,
even though this is not evident because none of these two-indicator models were estimated.
Kline slants his advice to favour multiple indicators, but let’s consider the second part of Kline’s
Rule 9.1 (p. 201)—namely, that a model would be identified with two or more correlated factors
having two (or possibly more) indicators each. This identification “rule” really is not a general SEM
rule, because SEM latent variables need not be “factors.” Kline connects his Rule 9.1 to CFA (confirmatory factor analysis), but how is a reader new to SEM supposed to understand that latents
need not be factors, and that factor models lack the latent level effects and constraints that potentially make measurement errors on even single-indicated latent variables identified? Figure 2 illustrates how latent causal connections can assist measurement identification in much the same way
as do additional indicators. The measurement error variance for a single indicator (like X1 in Figure
2) is often underidentified (unless provided a fixed value), but may be identified if the measured
latent variable causes two or more latent variables, like η1 and η2 . If the two causally downstream
latents in Figure 2 are well identified and do not influence one another, this causal structure mirrors
the three-indicator identification condition reported in the first part of Kline’s Rule 9.1. Focusing
on the consequences of causal actions makes it easier to appreciate the parallel between downstream-latents and downstream-indicators, while avoiding causal action and emphasizing the difference between latent and observed variables obscures the parallel. Identification of SEM measurements is not just a matter of a latent and its direct indicators. Measurement identification relates to
how the latent fits into a causal network composed of both its indicator(s) and other latents.

ξ1
𝑋𝑋𝑋𝑋1

𝑋𝑋𝑋𝑋3 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 η2
𝑋𝑋𝑋𝑋2 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 η1

Figure 2. Latent effects potentially identify a
single indicator’s measurement error variance.

Failure to appreciate how latent level structure can assist in estimating and validating measurement persists into Chapter
16 effects
on measurement
and multiple-samples, and robs Kline
Figure 2: Latent
potentially identifyinvariance
a single indicator’s
measurement
error
variance.
of an opportunity to free SEM from some of its historical factor analytic entanglements. Kline
understands that structural equation modelling is moving away from traditional EFA and CFA (see
his identification “Rules for Nonstandard CFA Models,” p. 202–06), but he seems not to recognize
how the many other kinds of identification complexities render oblique rotations (p. 193), and
rotational indeterminacy (p. 192) trivial tangents.
Concern for identification is relevant throughout the modelling process, not as in Kline’s
Figure 6.1 where identification is supposedly determinable before the selection of measures and
remains unaltered by subsequent model revisions. Future texts would do better to present: the
features that assist identification, the features that complicate identification, program output likely to appear for underidentified models, and ways of improving model identification (primarily
introducing additional model or data constraints). I encourage readers to seek the structural model
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features underlying Kline’s “rules” rather than memorizing the rules. Indeed, even models satisfying all the available identification rules can end up empirically underidentified due to random
data variations or extreme values (p. 157, 206, 463), so even avid rule-followers should learn to
recognize and respond to model underidentification.
A useful additional discussion of identification would address instances where the worldly
model is underidentified given the researcher’s limited data. Important disciplinary issues arise if
the researcher’s model is identified but the underlying worldly model is not identified given the
available indicators. The more complex the causal world, the more likely it is that even nearly properly causally specified models will be underidentified, unless the researcher proactively addresses
identification by employing causal variables entering the model at clear/precise locations, and
constraining coefficients based on methodology or established “facts.”
Chapters 9 and 10 introduce latent variables—first as factor-based measurements and later as
effects between latents. Kline would have served his readers better had he begun by considering
measurement of latents without factors. This would have forced a consideration of the difference between a factor and a latent variable. A latent variable is a variable or characteristic whose
true values are presumed to exist and hopefully impact some indicator, though other “error”
variables’ causal actions prevent the latent’s values from fully determining the indicator’s values.
Kline presents latent variables (Chapter 9, and p. 12–13) as if they are characteristics requiring
multiple indicators—namely, as if they correspond to factors. Multiple indicators for a latent variable may be possible but are not required. Beginning with a latent variable like “age”—where true
age differs from reported age (due to year-end jumps in reported age, memory, and avoidance of
the next decade) would clarify that latent variables can have single indicators, and that researchers
should address measurement error even with single indicators. Kline is simply wrong when he
claims “multiple-indicator measurement…is a cardinal characteristic of latent-variable models” (p.
127; see also p. 213 last line, p. 220 second-last paragraph, and p. 223 third-last line). It is not the
multiplicity of indicators that provides for latent variables. Latents are grounded in the acknowledgment of, and adjustment for, measurement error—where acknowledgment of, and adjustment
for, measurement error can and should be done even with single indicators (Hayduk 1987, 1996;
Hayduk and Littvay 2012). Latent variables are not necessarily factors, though factors with multiple
indicators remain one style of latent variable. Second-order factors are latents having no direct indicators at all, and models may contain non-factor latents having no direct indicators (Hayduk 1990,
1996: Chapter 3).
Kline further confuses measurement when he equates latents with constructs and then says that
constructs have different facets, as if latent variables also have facets (p. 127). A latent variable is a
single, skinny dimension or number-line, and pretending that a single dimension has facets is nonsense. Speaking of facets and constructs demands causal connections between different latents,
not reference to a single unidimensional latent.
Kline raises a different style of concern when he says, “Exogenous variable X1 is assumed to
be measured without error, an assumption usually violated in practice” (p. 213; and see similar
statements p. 132, 352). This statement acknowledges measurement error but sounds as if the
common failure to appropriately adjust for measurement error can be excused merely because
many people have done this! By the next page we read, “Because is specified as exogenous, it is
assumed to have no measurement error” (p. 214). Unfortunately, being exogenous does not alter
the existence of measurement error, and hence Kline has turned the common violation from the
previous page into an “assumption,” as if this does not become a “usually violated” and deficient
assumption. There simply is no justification for failure to compensate for a reasonable amount of
measurement error in exogenous variables.
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Measurement error in endogenous latent variables is equally important, though also miscommunicated by Kline. In reference to Figure 10.1a, Kline makes a statement that is appropriate for
some endogenous variables (namely, those having no further downstream latent-level effects) as
though it applies to all endogenous variables. “This assumption {namely of no measurement error}
is not required for the endogenous variables in this model, but random error in Y1 or Y3 is manifested in their disturbances” (p. 213; { } material inserted). This statement is arguably true for Y3 in
the relevant model, but it is definitely false for Y1. For endogenous latents having no further latent
effects (like Y3 ) the only consequence of measurement error variance is to increase the variance
of the “disturbance” variable attached to the modelled endogenous variable (which makes the disturbance a mixture of measurement error and other omitted causes of the latent). The statement is
false for Y1 in the Figure 10.1a model, because this variable’s measurement error functions causally
differently (has different implications) than real omitted causes of the latent variable. Measurement
error for a latent in the diagrammed Y1 position would causally impact only latent-Y1’s indicator,
while disturbance-style omitted causes of latent-Y1 would impact both latent-Y1’s indicator and
the causally downstream variable Y3. The differing implications introduce model misspecification,
unless the model differentiates between measurement error and latent-level structural disturbance.
(Kline makes the same mistake regarding X1 in Figure 10.2a, and Y1 in Figure 10.2b.) Rather than
attempting to specify a new rule indicating when a researcher must adjust for measurement error in
endogenous latent variables, it is simply safest to routinely acknowledge and adjust for measurement
error in all latent variables all the time (Hayduk and Littvay 2012). And the adjustments should strive
to attain validity, not merely “control for score reliability” (p. 127).
Contrary to Kline’s claim that “there is no point in retaining a model with just as many explanatory entities (factors) as there are entities to be explained (indicators)” (p. 190), there may be a very
important point to be made. Differentiating causal actions dead-ending in each indicator (namely,
measurement errors) from causal actions impacting the latent’s true values, which subsequently cascade to downstream latent variables, might require a model containing as many latents as indicators.
The latents having single indicators would not be “factors” but SE models need not contain “factors.”
The diagrammatic partitioning of variance in Figures 6.3 and 9.2 (p. 131 and 190) differentiates
between measurement error and real variations having unknown causes, but Kline pays insufficient
attention to properly causally modelling the various variance components. For example, Kline recommends using scale reliabilities to determine fixed-measurement error variances (p. 223; and see p.
458). This adjusts for some measurement concerns, but is insufficient because proper modelling requires appropriate causal differentiation between all the indicators’ components (not just a reliability
adjustment), and requires attention to their covariances, not just their variances. In the context of
scales, the concern for validity recommends modelling all a scale’s items, not just scale scores.

Factors versus factor scores, latents versus latents’ values
A different but related issue is whether SEM or SEM-measurements require that we know the
values of latent variables. We sometimes would like to know the values of latents—for example,
if the latent is someone’s ability and a related decision is required—but are we required to know the
true values for latents in SE models? Think again of age. Are we required to determine the cases’
true ages in order to use latent age in a structural equation model? The answer is definitely no, we
do not require the latent variables’ values. The complement of this is that we equally definitely do
not need to know the values/magnitudes of error variables differentiating true latent variables’
values from observed indicators’ values. The statistical “magic” grounding the ability to estimate
latent-level coefficients without knowing latent variables’ values can be seen in moving from Equation 4.28 to 4.29 in Hayduk (1987), but is a bit too cumbersome to detail here. The relevance of
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this for Kline’s text comes from factor score attempts to estimate the values of factor-latent variables.
Factor score indeterminacy (p. 189, 193, 212) refers to the indeterminacy or imprecision in possible
sets of estimated latent-factor values derived from the observed indictors. Kline says that “because
theoretical variables and their proxies (indicators) are almost never identical, estimates of causal
relations between latent variables are approximate at best” (p. 212). Let us repeat Kline’s statement,
replacing “theoretical variables” with “latent variables” and “proxies (indicators)” with “factor
scores,” estimated from the indicators, as Kline’s context requires. “Because latent variables and
their factor scores are almost never identical, estimates of causal relations between latent variables
are approximate at best.” To be even clearer, because we can’t determine latent true scores precisely,
estimates of the effects between latent variables are supposedly approximate at best.
Unfortunately, Kline’s “because” is entirely unfounded. Obtaining proper effect estimates
does not involve, require, or depend on latent variables’ true scores. Contrast Kline’s claim that
latent-to-latent effects are “approximate at best” with the observation that latent effect estimates
can be more accurate and precise because they adjust or compensate for measurement error, while
the corresponding estimates from observed variables are prone to contamination with measurement error. (This was historically called correcting for attenuation.) Kline employs something that is
not required in SEM (factor/latent scores) to inappropriately reframe a strength of SEM (adjustment for measurement error) into a supposed weakness!
Factor-score indeterminacy also seems to underlie Kline’s warnings against “jingle-jangle fallacies” (p. 301, 458), where a single name is insufficient to force indicators to reflect a single latent
(jingle), or different names are insufficient to force indicators to reflect different latents (jangle).
More cogent warnings could have been made in the context of descriptions or interpretations of
latents as encapsulating verbal understandings/theories, but where those understandings/theories
may be inconsistent with the causal world controlling the indicators.
I end this section by noticing that factor-structured sets of indicators tend to fail because the
required common-cause structuring is often inconsistent with the causal forces actually producing
the indicator data. Kline’s only real example of factor analysis appears at the end of Chapter 9 (p.
206–08) and is highly significantly inconsistent with the data. The inconsistency is not reported in
the text, though it can be found in the publisher’s model archive. Some sleight-of-the-writing-hand
switched the strong dis-Confirmation of this factor model into a Confirmation, permitting the section to be titled a “CFA Research Example” (p. 206). Kline says that “relatively few applications of
CFA are strictly confirmatory” because post-hoc model modifications are introduced to make the
model fit, and/or because CFA is claimed after exploring with EFA, but it seems that even clear
and direct model failure also fails to tarnish the C in CFA.

Chapter 8, Structural causal models
It is a breath of fresh air to encounter Chapter 8’s focus on causal actions and the unavoidable
implications of causal actions. This chapter is new to Kline’s fourth edition, presenting jargon introduced by Judea Pearl and “rules” reporting the unavoidable implications of directed acyclic graphs
(DAGs). Kline makes a truly admirable attempt to present this material, but it is sufficiently complex that I offer some nit-picking suggestions (in Supplement Section 4), though I have two more
substantial concerns. The first is that Kline does not introduce Pearl’s do(x) operator (Pearl 2000:
70), which is fundamental to understanding the propagation of causal effects. The do(x) operator
permits following the unavoidable consequences of do ing or making specific, precisely expressed
hypothetical interventions within the modeled causal structures. By excluding this, Kline loses an
opportunity to assist his readers to see SEM’s fundamental causal precision in action. The second
concern is that Kline seems to have missed the consequences of Chapter 8 for his other chapters.
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This causally focused chapter contrasts with Kline’s repeated avoidance of cause, as discussed above.
The precise and unavoidable causal implications discussed in Chapter 8 should have fortified Kline’s
Chapters 11and 12 on model testing. Kline has argued against coefficient testing in other contexts
(Kline 2013), but Chapter 8 provided a missed opportunity to clarify the fundamental difference
between coefficient tests and model tests. DAG tests are tests of precisely demanded model/theory
implications—namely, they are tests that incorporate and investigate the combined consequences of
multiple theorized causal structures, and differ from direct tests of specific coefficients.

Chapter 11, Estimation and local fit testing
Chapter 11 reads smoothly but is sprinkled with multiple problematic statements. One easily
misconstrued claim is that single-equation estimation methods “can be less affected by specification error than simultaneous methods” (p. 231; and see p. 235). The misconstrual comes from
failing to consider the other, not-less-affected equations, and from the single equation methods
discussed being routinely misspecified because they fail to compensate for measurement error
(see p. 233, point 1). There are single-equation estimation methods that address measurement
(e.g., Bollen et al. 2014) but these are not discussed, and have their own limitations. Another
misconstrual is embedded in Kline’s description of maximum likelihood estimates as “the set of
parameters estimates that is most likely to have generated the observed data” (p. 236). The misconstrual should become clear if you hear this an an example of “the false belief that p measures
the likelihood that H0 is true, given the data” (Kline 2013: 98).
But a more fundamental concern is Kline’s inappropriate adoption of a specific correlation-discrepancy size of .10 as his implicit local fit test criteria. Smaller discrepancies between observed and model-implied correlations are presumably acceptable, while discrepancies “of .10
or more may signal appreciable model-data disagreement” (p. 240). Kline repeatedly appeals to
whether or not .10 is exceeded (p. 253–54, 278, 329, 380, 385, 408, 416, 481) and speaks as if this
constitutes reasonable local fit testing (p. 241, 283). Unfortunately, exceeding or not-exceeding a
correlation discrepancy of .10 does not constitute a statistical test, and the .10 value lacks statistical justification. The value merely demarcates the boundary between what Kline will attend to or
disregard. (Actually, Kline does not even stick consistently to his .10 value (p. 344).) Programs like
LISREL and EQS report standardized residuals (p. 252), which provide statistically appropriate local fit tests, but Kline displaces the available tests with a “criterion” more to his liking, even though
he knows important model misspecifications can produce only smaller amounts of model-data
discrepancy (he cites Hayduk 2014a), and even though he has heard that “Shame for disrespecting
evidence {will constitute one of} the personal consequences of insufficient respect for structural
equation model testing” (p. 496; {} material added).
Combining “Estimation and local fit testing” into a single chapter has the unfortunate consequence of placing local fit testing prior to overall model testing (namely, Kline’s next chapter).
Both model testing and local fit testing depend on estimation, but overall model testing should
precede investigation of local fit. For a bad example, notice that after dedicating more than a
dozen pages to a detailed example, Kline says “the fit of the example model is unacceptable” (p.
253) both locally and globally, but he fails to respond appropriately to the model-data inconsistency. Changing the model’s structure to conform to the world’s structure would: alter the control
variables, alter the estimates, alter the estimate’s significance, alter the basis sets, alter the residual
ill fit, and mess with just about every claim Kline made about his example. Kline’s comment regarding model-data inconsistency does not even hint at the numerous diagnostic investigations
that should be undertaken, or the substantial model reassessments that should accompany detection of model-data inconsistency. It is easy—deceptively easy—to think that if a model “poorly
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explains certain observed associations” (p. 253), the model problems are tightly linked to those
particular problematic covariances/correlations rather than being detectable symptoms of more
dispersed yet fundamental model misrepresentations. Localized ill fit does not confidently report
localized model specification problems. Patterns of local ill fit can sometimes contribute usefully
to diagnostic examinations, but even patterns of local ill fit do not irrefutably detect the relevant
model problems. I count it as a serious deficiency that the term “diagnostics” does not even appear
in Kline’s subject index. Diagnostics require assessing the many things potentially wrong with a
model, and/or the data, rather than routinely freeing the nearest error covariance—which often
amounts to blaming/convicting the nearest bystander.

Chapter 12, Global fit testing
Chapter 12 also reads smoothly, but it is perhaps Kline’s most problematic chapter. The
problems begin with the title. Kline knows “that there is actually no dependable or trustworthy
connection between the size of the residuals and the type or degree of model misspecification”
(p. 278)—where residuals refer to the difference between the model-implied covariances/correlations and the data covariances/correlations. Given the disconnect between the amount of ill
fit and the seriousness of model misspecification, researchers face a choice of being interested
primarily in model misspecification or model fit. Even a brief consideration determines the
primary concern is model misspecification, while fit plays only a supporting role. Researchers
want to test their model, not just their model’s fit, and examine fit to see whether or not this
provides evidence of model misspecification. Thus, a more appropriate chapter title would be
“Testing for model misspecification” or “Detecting model misspecification” rather than the
current “Global fit testing.”
If ill fit is detected, researchers should probe the program output for diagnostic clues to the
nature of the problem(s) and potential model or data improvements. A ringing ill-fit alarm bell
should prompt thorough and detailed investigation of possible data mistakes as well as the multiple kinds of possible model misspecifications—not mere pursuit of different fit-index ways of
reporting the ill fit (p. 266).
Kline grounds his fit-index-based disrespect for test evidence in an oft-cited claim by Box
(1976: 792) that “all models are wrong” (p. 263)—which implicitly and inappropriately suggests
that model misspecification cannot be avoided, so you shouldn’t worry if you encounter some.
God might know whether or not all models are wrong, but how could even a famous person like
Box know about all structural equation models—including models that have not yet been specified
or run? In fact, Box was not even referring to structural equation models—he was writing back in
1976, when structural equation modelling was relatively unknown, and SE model testing nearly nonexistent. Incompleteness can make many styles of statistical models wrong, but incompleteness
does not necessarily contribute to SEM ill fit, because measurement errors and unknown latent
disturbances are parts of structural equation models, not omitted features. And given that we can
construct structural equation models of experiments, applying Box’s statement to SEM implicitly
asserts that all experiments are wrong—because SE modeling of experiments would also only
result in wrong models! Claiming that all experiments are wrong is clearly nonsense.
None of these kinds of considerations have stopped Kline (and some others) from propagating this nonsense and its paraphrases. See: “When (not if)” the model does not fit (p. 120), models
“are imperfect approximations” (p. 262), and fit indices “allow for an ‘acceptable’ amount of departure from exact (perfect) fit” (p. 60; emphasis in the original). Correctly specified models may
be rare (p. 232), but rare does not mean impossible (for fitting models, see Entwisle et al. 1982;
Hayduk 1994; Hayduk et al. 1997, 2005).
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Kline ends his quote from Box (p. 263) a bit too soon. Box’s next sentence reads: “Since all
models are wrong, the scientist must be alert to what is importantly wrong” (Box 1976: 792; emphasis added). Kline stumbles regarding what is “importantly wrong” because he frequently conflates
importance with the amount of ill fit, rather than with the nature of underlying model misspecifications. For example, Kline provides a section on a “Recommended Approach to Fit Evaluation”
(p. 268; emphasis added) rather than to Model evaluation. By focusing on Approximate Fit Indexes (p.
266–68), RMSEA (p. 273–75), CFI (p. 276), and SRMR (p. 277), and continuing with these indices in
his examples, Kline distracts from a search for “what is importantly wrong.” Kline notes that there
are “discredited thresholds for such fit statistics” (p. 269, 268), without reporting which specific
thresholds have been discredited, and despite his continuing use of thresholds courting discreditation (p. 267, 274, 276–78).
Kline fails to appreciate the depth of the challenge to ALL model fit indices created by there being
“no dependable or trustworthy connection between the size of the residuals and the type or degree
of model misspecification” (p. 278). He proceeds as if small-sized residuals overrule or overturn the
significance of those residuals, whether in the context of global fit testing or in local fit not-real-testing, via his indefensible .10 correlation residual (p. 462, 265). This can be seen in Kline’s claim that a
large N devalues χ2 testing because a larger N enables χ2 to detect smaller covariance/correlation residuals—including residuals smaller than his .10. For many misspecified models, χ2 power does increase
with N and thereby demonstrates increasing power to detect misspecifications, but for properly specified models, χ2 does not increase with increasing N (Hayduk 2014b). Kline inappropriately reports χ2
as being “overly sensitive to sample size” (p. 271; see also p. 330, 462), when in fact χ2 increases with
N only when there is some detectable problem in the model or data. Kline’s Exercise 4 (p. 279, 298)
and its suggested answer (p. 480) are ill-founded, because with a proper model and larger N, the data
covariances would become more stable due to smaller sampling variations from the true covariances,
and consequently χ2 would not inflate. The idea that χ2 is “overly sensitive” implicitly appeals to there
being discrepancies that are too small to be worth detecting and investigating, when in fact covariance
discrepancies can be zero even in the presence of important model misspecifications (Hayduk 2014a).
Kline’s proclivity to think of large-N χ2 as detecting trivial fit differences parallels his tendency to
disregard local ill fit correlations less than .10, even though there is no justification for claiming that
smaller residuals in either context protect researchers from important model misspecifications.
A related imprecision is Kline’s failure to distinguish between the causal structure of a model
and the fit provided by that model. For example, Kline titles one section “Equivalent CFA models”
(p. 315) and another “Equivalent SR models” (meaning Structural Regression models; p. 348), when what
he is discussing are causally non-equivalent models providing equivalent fit. The models are not causally equivalent because they contain different causal specifications, though they have corresponding
covariance implications. Had Kline’s titles been something like “Different CFA or SR models producing equivalent fit,” the discussion would have turned to causal specification/misspecification, and
the models reported on pages 345 and 358 would have been described as not distinguishable on the basis
of their covariance fit, even though the worldly causal structures are empirically distinguishable.
Kline’s discussion of RMSEA (Root Mean Square Error of Approximation) contains multiple
technically correct statements but is unlikely to assist anyone not already familiar with the RMSEA
(p. 273), and actually encourages problematic SEM practice. Kline cites a 2008 work as indicating
there is “little support for a universal threshold of .05 (or any other value)” for the RMSEA (p. 274),
yet spends the next pages propagating obsolete threshold values suggested by Browne and Cudeck
back in 1993, only to follow this with additional relatively recent references that “question the generality of thresholds for the RMSEA” (p. 276). As if these were not enough, Kline disregards the
logical problem at the heart of the RMSEA.
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The problem is that non-zero RMSEA criteria attempt to excuse or overlook some amount of
real model-data inconsistency for each model degree of freedom. The RMSEA is calculated as ill
fit per degree of freedom, and hence claiming a non-zero RMSEA value as acceptable claims that some
non-zero amount of real ill fit is acceptable for each and every model degree of freedom. (The
Browne and Cudeck reference Kline cites as foundational for the RMSEA describes real (non-random) model-data inconsistency as “error of approximation” (1993: 141).) Overlooking, excusing,
or discounting real model-data inconsistency is clearly problematic. And a model rendered strongly
testable by having many degrees of freedom is supposedly excused (ahem) from that strong-testing because Browne and Cudeck said that the RMSEA permits (cough) overlooking some amount
of model-data inconsistency for each degree of freedom—an amount not based on statistics but
“based on subjective judgment” (1993: 144).
Kline (p. 274) cites work documenting a clear instance where the same Michael Browne (of
Browne and Cudeck), along with Robert MacCallum (another big name who championed disregard of real model-data inconsistency) and Kim, Andersen, and Glaser (2002), defended and
retained a model that was inconsistent with their data. Browne et al.’s “supposedly negligible ill
fit obscured important, systematic, and substantial causal misspecifications” that were located
and corrected by attending to relevant experimental conditions (Hayduk et al. 2005: 1). Somehow
Kline remains immune to the methodological unacceptability of overlooking real model-data
inconsistency, despite: the “critical” RMSEA value being subjective (not statistically based), challenged by multiple recent references, and having led strong people into making indefensible
modelling mistakes.
Unfortunately, Kline perpetuates this problem throughout the remainder of his book. It is
nice that Kline’s testing chapter summary reports there being a “consensus that some routine practices are inadequate” (p. 297), and nice that his best practices chapter says, “Do not rely on ‘golden
rules’ for approximate fit indexes to justify the retention of the model” (p. 461), but these come
across as disingenuous, given that he also says, “If possible, report…the RMSEA” (p. 464), given
that the logical problems with indices are not respected in Chapter 12, and given that the RMSEA
is repeatedly incorporated later (p. 279, 290, 305–07, 317, 328, 344, 347, 350, 357, 359, 380, 385,
406, 416). The same inconsistency appears when Kline complains that low power provides “little
chance of detecting a false model” (p. 265), while encouraging low power—by appealing to fit
indices rather than tests, by denigrating the power provided by larger N, and by switching from
a test of model fit to the hypotheses of “close fit” and “not-close fit” (p. 290–91). If he really
appreciated power, he would have considered power in the context of the most powerful available
test—namely, the χ2 model test—not merely any lower-power index. In fact, power is defined only
in the context of model testing, not indexing, so a statistical sleight-of-hand accompanies discussing the power to detect arbitrarily hypothesized index values (p. 292, Figure 12.2 and fourth line).
In short, Kline has not yet come around to consistently reporting the deficiencies of the RMSEA
and warning against its continued use.
Unfortunately, Kline’s text falters in several additional places due to deficient model testing,
as you can see by considering the technical-teasers in Supplement Section 5. I assisted the third
edition of Kline’s Principles and Practice of Structural Equation Modeling by providing some “backbone” (Kline 2011: xi ) to his testing chapter, only to find that his fourth edition reverted to the
deficient view that there should be “LESS EMPHASIS ON SIGNIFICANCE TESTING” and
that the “proper role for significance testing in SEM is much smaller” (p. 17; both emphases in the
original). I hope the above constitutes a sufficiently clear and strong prosthetic to propel Kline, or
his successors, into understanding the important difference between a model being significantly
inconsistent with the data versus “acceptably close” to the data (p. 11).
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Chapters 13 and 14
“Confirmatory factor” and “Structural regression” models are addressed in Chapters 13 and
14, respectively. Factor analytic measurement of latent variables developed quite independently of
regression/path-analytic linking of different variables, and this led to a common presumption that
structural equation modelling should proceed in two separate steps—initial measurement of latent
variables via factor analysis, followed by structural connections between different latents. Kline
cites Anderson and Gerbing (1988) on two-step modelling and aligns himself with the two-step approach by separating these chapters. This supposedly reduces the complexity of model assessment
by providing a “separation of measurement issues from structural issues” (p. 340).
Unfortunately for Kline, one of SEM’s greatest strengths is to combine, not separate measurement and structure. The reason is simple. Structural equation modeling strives for valid models and
valid measurement, not merely reliable models and reliable measurement. Measurement validity requires that a measured latent variable function appropriately in connection to other latent variables. The possibility of demonstrating appropriate connections to diverse theory-specified variables only arrives
with the latent level of the model, and hence measurement remains incomplete until the measures
are incorporated into full, well-functioning models. All of a latent’s indicators (not scales or parcels)
should be retained in the full SE model if a latent proposed by factor analysis seeks validation.
Kline’s emphasis on multiple factor-structured indicators results in insufficient attention to
measurement error variance in routinely used variables like age, sex, and education, which rarely have
more than a single indicator. Another consequence of requiring multiple indicators is that this tends
to displace latents which could function as control variables, instrumental variables, or variables clarifying the operative causal mechanisms. Kline cites Hayduk (1996) but somehow misses its Chapter
2, which explicitly challenges Anderson and Gerbing’s two-steps; he also cites Hayduk and Glaser
(2000a), but somehow also misses the corresponding challenges to four-steps. Kline is seriously offbase when he cites Hayduk and Glaser (2000a, b) as supporting either two- or four-step modelling (p.
339). In short, by recommending use of “two-step modeling, not one-step modeling” (p. 462), Kline
renders his book incapable of providing a thorough discussion of measurement validity, burdens his
reader with identification “rules” that really aren’t sufficient-rules, misses adjustment for measurement error in variables like age, and hinders pursuit of informative model specifications.
In Chapter 14 we re-encounter the problem of waffling between causal and non-causal connections between variables. A conscientious reader will cringe at the chapter title’s reference to Structural
Regression Models, because structural effects at the latent level are not mere regression coefficients.
Kline’s sporadic attention to latent-level causal structuring is evident in his “Detailed Example” (p.
341–48), which considers a model by Houghton and Jinkerson (2007). Kline says these “authors
describe the theoretical rationale for each and every direct effect among the four factors in the
structural model” (p. 220), which exudes careful causal attention. Then we notice that four of the
six latent-level effects in the model Kline “would retain” (p. 347) are insignificant (Figure 14.2, p.
348). The insignificant effects disconnect the Constructive Thinking latent from the remainder of
the model’s latents, including the final dependent variable Job Satisfaction. The absence of evidence
supporting these effects contrasts sharply with Houghton and Jinkerson’s claim that their study
results “suggest that constructive thought strategies are related to job satisfaction” (2007: 51; emphasis
added). Surely either the theory or measurement are problematic if the measurements do not locate latent variables displaying causal actions required by theory! Several modelled indicators had
been constructed by segmenting sets of items into parcels, or sub-scales, whose reliabilities were
previously reported (see p. 220; and Houghton and Jinkerson 2007) and several of the items had
uncomfortably low proportions of explained variance. But the causal disconnection seems not to
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have prodded any reconsideration of the measures. Somehow both the measurement and theory
emerge unscathed, despite the vanishing theorized effects!
Further causal imprecision appears in this example when Kline adds a measurement error
covariance between the indicators of Happy and Mood2 because there is “common item content
across the two indicators” (p. 344). Unfortunately, the estimated covariance is inconsistent with
this common content theory, because it is negative (p. 347)! Common content would be consistent
with a positive covariance, but not a negative, measurement error covariance. But why might Kline
have missed this? Notice that Kline’s justification appeals to “common item content,” not to a
common cause of the items. Had Kline thought of his justification as requiring a common cause,
that should have triggered considerations paralleling Figure 1C and Equation 10 above, which
report that a commmon cause only produces a negative covariance if the effects have opposite
signs—but opposite signed effects are incompatible with Kline’s appeal to common content. The
unjustified negative coefficient seems to “‘clean up’ local fit problems” (p. 345), and provides a
clear example of how causally inappropriate and likely misspecified coefficients can deceive researchers by sopping up local ill fit. Sure, the fit is improved, but the properness of the model’s
causal specification has been sacrificed to attain the improved fit.
Kline’s example contains yet another missed opportunity. The measurement error covariance
that Kline added to his measurement model results in his model having one fewer degree of freedom than Houghton and Jinkerson’s corresponding model (Kline’s 47 versus their 48). Their final
model restricts two additional effects and leads to Kline’s model having two more degrees of freedom (49); but Houghton and Jinkerson (2007: Table 2) report three more degrees of freedom (51
rather than 50) for their final model. Kline’s Chapter 6 exercises instruct readers in counting degrees
of freedom, but Kline misses this opportunity to apply this skill. One latent variable in Houghton
and Jinkerson’s final model seems to have been scaled in two different ways, namely, by setting a
“loading” to 1.0 and by simultaneously setting the latent variable’s variance to 1.0, like all their other
latent variables (Houghton and Jinkerson 2007: 47, Figure 1). This double-scaling forces their Job
Satisfaction latent to contribute exactly 1.0 unit to the variance of their Job Satisfaction indicator (like
setting both the variance and effect in Equation 3 above to 1.0 if Y was the indicator), when that
indicator actually has a variance of 0.9392 = .88. This forces a model-data inconsistency, explaining
why Kline’s model fits better than their model, and should have produced an impossible negative error variance estimate for Houghton and Jinkerson’s scaling indicator. Kline missed this opportunity
to show how model misspecification can lead to problematic estimates, and missed the opportunity
to caution that the literature contains enough errors to warrant routine caution and checking.

Chapter 15
This chapter addresses modelling means and latent growth curves. It reads smoothly but requires revision because it both omits causation where it is appropriate, and inserts causation where
it is inappropriate! Equations 2 and 6 above illustrate how intercepts coordinate the means of
causally connected variables, and this parallels Kline’s Equation 2.1 (p. 369 and 27), but Kline
flounders because his equation is presented in the context of regression rather than causal action.
In the example spanning pages 369–72, Kline interprets the intercept of 20.000 in his regression equation

Ŷ = 20.000 + .455(X )								(11)
as “the direct effect of the constant on endogenous variable Y ” (p. 371). The “constant” is a 1.0
value placed behind the intercept, which permits rewriting the equation as
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Ŷ = 20.000(1.0) + .455(X )							(12)
and on mid-page 370 as

Y = 20.000(1.0) + .455(X )							(13)
Unfortunately, it is incorrect to interpret the intercept 20.000 as “the direct effect of the constant
on endogenous variable Y ” (p. 371). One way to see why begins with noticing that the intercept
depends on the scales of X and Y. If the scale for Kline’s X variable (Table 15.1, p. 370) had resulted
in each case’s X score being 10 units higher, the X mean would increase by 10, and X ’s mean contribution in Equation 13 would increase by 4.55 units; the intercept would correspondingly decline
by 4.55 units, from 20.000 to 15.45. This imagined change in X ’s scale alters the intercept without
changing Y, the 1.0 constant, or any variable’s effectiveness—namely without changing any feature
in Kline’s interpretation of the intercept as “the direct effect of the constant on endogenous variable Y ”!
Similarly, had Y ’s values been reported on a scale reading 20 units lower, Kline’s equation would
become Ŷ = 0.0(1.0) + .455(X) and the “constant” would now seem to have no “effect” (according
to Kline), even though this change in Y ’s scale does not change the causal effectiveness of anything.
But deeper causal issues are also involved. Consider the word “constant” in describing an
intercept as “the direct effect of the constant on endogenous variable Y ”. Can a constant have effects,
direct or otherwise? The answer is no—constants do not have “effects,” because effects demand
potentially different outcomes resulting from variations in the cause (see Pearl’s definition; 2000:
70), or Mulaik’s insistence on variables (2009: 84–102)). Kline understands “the constant…is not
a variable in the usual sense, because it has no variance” (p. 371), but he persists in referring to the
intercept as the “effect” of the constant even though there is no such thing as an effect without
potential variability in the cause. Placing a 1.0 after the intercept mimics the positioning of a causal
variable like X but is insufficient to warrant interpreting the 20.000 intercept as an effect.
Next, consider that just as error variance changes upon addition of new predictors, intercepts
also change upon addition of new predictors. And just as we do not know which real variables
contribute error variations in equations, we do not know which real variables contribute to the
intercepts in equations. Each equation’s error variable’s variance stands-in for the variation-consequences of unspecified causal variables, and each equation’s intercept stands-in to coordinate the
effects and scales of all the unspecified causal variables, with the effects, scales, and means of all
the included variables. Failing to acknowledge intercepts’ connections to real excluded variables
leads Kline to the problematic claim that “If a variable is excluded from the mean structure, its
mean is assumed to be zero” (p. 372). That is false because including a new clause adds a term
containing the effectiveness and mean of that variable to the right of equations like Equation 13.
A regression error variable is assumed to have a zero mean, but a real excluded causal variable need
not have zero mean. If the Y variable in Equation 13 was exogenous because it had no specified
causes, the Y mean would correspond exactly to the intercept but that would not force the unmodeled causes of Y to all have zero means.
Now consider that each different equation’s intercept, and each different exogenous variable’s
mean, depends on a unique set of excluded variables having different scales, means, and degrees
of effectiveness. Contrast this with the constant in Kline’s intercept interpretation, represented by
the triangle-containing 1 in Kline’s Figure 15.1 (as duplicated at the top of Figure 3). Kline’s figure
represents the constant as the (singular) common cause of two variables, and as the common cause
of many more variables in figures on pages 385, 389, 404, and 412. If the constant really was a
common cause influencing two downstream variables, this would result in covariance between the
two effected variables (recall Figure 1C and Equation 10 above). Unfortunately, Kline’s representa169
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tion is inaccurate: the arrows connected to the triangle-1 are not effects, the triangle-1 is not a variable, and the implication of covariance would be wrong. Each endogenous and exogenous variable
should be granted its own “constant” corresponding to the unique set of unmodelled variables
contributing to the constant following/attached-to the intercept for each endogenous variable,
or to the mean of each exogenous variable, as depicted lower in Figure 3. There the dotted lines
are obviously not effects, because they have no arrowheads, and each variable is granted its own
constant—whether representing an intercept or exogenous variable’s mean. This representation is
similar to that employed by Hancock, Kuo, and Lawrence (2001), but the absence of arrowheads
ensures these are not interpreted as “effects,” and deletion of the triangled-1 minimizes space
requirements. Placing the intercept/mean designation near the variable’s unmodeled sources of
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Kline’s Rule 15.3, which claims that “for endogenous variables, the direct effect of the constant
is an intercept but the total effect is a mean” (p. 372; emphasis added). The intent of this “rule”
is reasonable, but its execution is problematic. The intention behind “total effect” can be seen by
Figure 3: Kline’s Figure 15.1 (top) and a replacement (bottom).
writing the equation for Y’s mean in Kline’s Figure 15.1 as
Ῡ = 20.000 + .455(X )								(14)
and rewriting this with the numerical X and Y means, and inserting the constant (1.0):

25.000 = 20.000(1.0) + .455(11.000)(1.0)					

(15)

This equation corresponds to the math on pages 370 and 372, and makes it look like the Y mean
(25.000) is the sum of a direct “effect” of the (1.0) working through the intercept of 20.000 and
an “indirect effect” of the (1.0), calculated as the produce .455(11.000)—so Kline expresses the
Y mean as a total effect of the constant. The problem is that the intercept (20.000) and X mean
(11.000) are not effects, and there really is not one single/lone constant. Each (1.0) refers to a different set of variables. In Equation 15, the left-most (1.0) refers to the disturbance/error/unavailable
causes of Y, while the right-most (1.0) refers to entirely unknown causes of the X mean. The (1.0)s
look the same, and the triangle-enclosed 1 in Kline’s Figure 15.1 looks like a single variable—but it
isn’t. There are in fact multiple (1.0)s, and each refers to a different set of variables.
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This recommends modifying Kline’s statement quoted above to say that an endogenous
variable’s mean can be calculated as the “total effect” of multiple different sets of variables—which
is glaringly self-contradictory, because total effects tabulate effects originating from a single
source, not effects originating from multiple different sources. Put simply, the verbal reference
to “the constant” inappropriately conflates multiple different causal entities, and recommends
multiple corrections to Chapter 15 (see p. 371, 372, 378, 379, 380, 383, 384, 386, 387, 388) and
Chapter 16 (p. 403, 420). The calculations of product terms work largely as Kline reports, but
Kline’s linguistic and diagrammatic descriptions of why things work that way require substantial
revision.
In addition to the above, Kline’s presentation of means and intercepts would benefit from
observing that many social science variables have arbitrary scale-origins and scale-units. This
would provide an opportunity to address the difficulties involved in locating non-arbitrary scale
origins and units of measurement, as well as clarify why even overidentified SE models with
mean structures have a limited ability to assist in locating non-arbitrary means and intercepts.

Kline’s detailed example of means and intercepts
Kline illustrates the modelling of means and intercepts using data from military personnel
repeatedly attempting an air traffic controller exercise (p. 375–87). Kline bases his example on
137 cases that Browne and Du Toit (1991) selected for reanalysis from experiments conducted
by Kanfer and Ackerman (1989). I suspect, but was unable to confirm, that the cases came from
Kanfer and Ackerman’s third experiment, and I was unable to determine how these cases had
been selected from Kanfer and Ackerman’s many cases, or even whether these cases came from
an experimental or control condition. We cannot hold Kline responsible for Browne and Du
Toit’s failure to report how they selected their cases, but we should hold Kline responsible for
emphasizing an example that precludes careful consideration of the data-gathering details that
constitute the bedrock of competent structural equation modelling. As we shall see, this provides
an instance of learning the hard way.
First, a caution. The relevant data matrix appears in Table 15.3 (p. 376) and is reported as
based on N = 250 when in fact these statistics were based on N = 137. Kline says some “technical problems” (p. 375) were avoided or resolved by artificially increasing N from 137 to 250,
but he provides no indication of the nature of the resolved problems. Artificial increases in
N are disconcerting and should be discouraged, but this seems likely a mere indiscretion in
comparison to another feature of Kline’s Figures 15.3 and 15.5 models that is likely to be unjustifiably emulated. Kline includes, but never defends, why these models permit correlation
between successive (time-adjacent) measurement error variables. It is easy—too easy, and too
easily emulated—to contend that the mere proximity of one measurement to the next warrants
measurement error covariances. Omitting these error covariances results in model failure (Table
15.4), but even with the error covariances included, the models remain significantly inconsistent
with the data. Kline “retained” both models, thereby persisting in his troubling disregard for
model test evidence (p. 380, 385), but his inclusion of dubious error covariances to transform a
highly data-inconsistent model into a model displaying modest but still significant ill fit enticed
me to consider this more carefully.
I used LISREL to replicate the results reported in Kline’s text and website, and then altered
the model in a way I considered to be more theory-defensible. I thought each subject’s real
performance on the air traffic control learning task at any one time would influence their subsequent performance. That is, I viewed each participant’s true and improving performance at
any one time as likely to persist and contribute improved performance on their next attempt at
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the task. This conceptualization recommends replacing Kline’s five error covariances with five
effects, leading from the performance on each trial to the performance on the next trial. The
result was that my version of Kline’s Figure 15.3 model fit ( χ2 = 6.422, df = 7, p = .492), while
Kline’s model did not ( χ2 = 16.991, df = 7, p = .017; p. 381); and my version of Kline’s Figure 15.5
model fit ( χ2 = 7.886, df = 11, p = .724), while Kline’s model did not ( χ2 = 27.333, df = 11, p = .004;
p. 381). These χ2 values use Kline’s artificial N of 250, and my models’ fits were further “improved” by using the proper N = 137. I encountered no unusual estimation difficulties using the
real N, and I encountered no sign of technical problems that might have warranted using Kline’s
artificial N = 250.
My models closely reproduced the pattern of means in the data, and confirmed the relevance
of the “Ability” variable in Figure 15.5, but provided somewhat different explanations for how
the observed means are accounted for via Kline’s Initial and Shape latents. Kline knows that in
the context of latent growth curves, earlier observations of values of a variable can sometimes
influence later values (see his p. 391 figure), though my models recommend retracting his claim
that effects leading to successive observations and questions regarding latent growth curves “cannot be answered in the same model” (p. 392)—because that is precisely what my models did.
I should also report that including measurement error variance in the Ability variable further
improves my model, and would presumably improve Kline’s Figure 15.5 model if he included
measurement error variance on this single indicator.
The gist of this story is that Kline was caught in the act of inserting undefended error covariances merely to reduce χ2 ill fit, when in fact a substantively reasonable and cleanly fitting
model was easily attainable. The warning is clear: Do not insert coefficients merely to improve
fit. The alternative is equally clear: Pay attention to the data-providers’ causal world. Readers are
also encouraged to consider why Kline failed to detect his problematic model specification despite
employing the two-step approach that was supposed to make “it easier to detect potential specification error” (p. 376–77).

Chapter 16, Multiple-samples analysis and measurement invariance
Multi-group analyses are most commonly used to assess measurement invariance, which Kline
illustrates using both continuous and ordinal indicators. Additional uses for multi-group analyses are granted a paragraph of discussion (p. 395) but readers are not informed about how such
models can be used to: identify otherwise underidentified models, control for variables that are
unmeasured in some groups, or to integrate complementary but non-overlapping model segments
from diverse data sets (Hayduk 1996: Chapter 5).
As in the preceding portions of Kline’s text, the writing is effective and informative but also
laced with model-testing laxity and the occasional oddity. Kline’s section on “testing strategy and
related issues” reports that “Failure to retain the invariance hypothesis at a particular step means
that even more restrictive models are not considered” (p. 399–400), but Kline fails to explicitly
report that this testing requirement begins at the very first step (namely, with the baseline configural model) because χ2-difference testing (such as for equality of coefficients between-groups)
is only statistically justified if the sampling distribution for the less-constrained model has a χ2
distribution. Hayduk (2016) underscores this point and illustrates a way to strengthen baseline
configural model assessments. Fortunately, Kline’s exemplified baseline configural model fits the
data. An oddity is that Kline rejects this fitting model and adds a coefficient (on the basis of an ill
fit covariance and without substantive justification) to further improve the model fit (p. 406, Table
16.2 and website). Kline’s next example also inserts a coefficient merely to improve fit but reverts
to “retaining” failing models (p. 416–17, Table 16.6).
172

Hayduk: Review essay on Kline’s Model-Based Demography

Chapter 17, Interaction and multi-level modelling
This chapter begins with an effective presentation of interaction with observed variables,
but continues Kline’s waffling between regression models and causal models (p. 424–29). Causal
requirements emerge by page 432, but Kline’s unwillingness to routinely encourage and require
causal structuring becomes uncomfortably obvious when later on that page he applies the term
“cause” when time-sequencing is available and “effect” for cross-sectional designs. Unfortunately
time sequencing is not an appropriate criterion because reciprocal effects can be estimated with
cross-sectional data and both the reciprocally connected variables can’t possibly be “first.” Urging
use of the terms cause without effect, and effect without cause, along with a dubious differentiating criterion, could be called self-inflicted befuddlement.
My following comments aim to improve the interpretation of mediated interactions (as discussed on p. 435–37) by expanding Kline’s Figure 17.5c example to illustrate some general principles and important overlooked complexities. Figure 4 corresponds to Kline’s Figure 17.5c, with
coefficients from his Equation 17.7. Intercepts are represented with dashed lines and disturbances/errors are designated as e’s. Kline expressed the model as “two unstandardized regression
equations” (Equations 17.7; p. 435, emphasis added). I express these as putatively causal equations
by replacing the regression-predicted Ŷ values with Y and the relevant causal-disturbance/error eY ,
and by similarly converting the mediator-moderator “regression” equation into a causal equation
by replacing M
Ŷ with M and disturbance/error eM .

𝑋𝑋𝑋𝑋

θ1

θ3

β1
𝑒𝑒𝑒𝑒𝑀𝑀𝑀𝑀

1

β0

𝑀𝑀𝑀𝑀

θ2

1

𝑌𝑌𝑌𝑌

𝑒𝑒𝑒𝑒𝑌𝑌𝑌𝑌

θ0

Figure 4. Kline’s Figure 17.5c, expanded and re-expressed with coefficients.

Figure
17.5c expanded and re-expressed with coefficients.
M = β04:+ Kline’s
β1 X + eFigure
								(16)
M

Y = θ0 + θ1 X + θ2 M + θ3 XM + eY							(17)
The first model equation reports X as a cause of mediator/moderator M. Since M causes Y in
the second equation, M is postulated as mediating part of X ’s causal impact on Y. M also functions
as a moderator (interacting variable), represented by M ’s product with X in the second equation. β0
and θ0 are intercepts capturing the net impact of variables currently excluded from the equations.
Before returning to Kline, we rearrange these equations by inserting the first equation into the
second (which corresponds to replacing M with M ’s causal foundations):

Y = θ0 + θ1 X + θ2 (β0 + β1 X + eM) + θ3 X (β0 + β1 X + eM) + eY			(18)
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and multiplying out while inserting { } to keep track of the origin of the various terms:

Y = θ0 + θ1 X + {θ2 β0 + θ2 β1 X + θ2 eM} + {θ3 X β0 + θ3 X β1 X + θ3 X eM} + eY

(19)

Each term in this equation provides a causal constituent of Y, and the bolded terms document
where and how the X variable participates in producing Y.
Supplement Section 6 considers each right-hand term to determine what the model claims
would be the consequences of an intervention changing a treatment X from 0 (no treatment) to 1
(treatment). Each term in the expanded equation is examined to see whether and how it responds
to the postulated intervention. The relevant interpretation consists of whatever wordings accurately
describe the right-hand terms changing as a consequence of X changing from 0 to 1, and the composition of each term details the causal features providing that component of the effect transmitted
to Y. The required assumptions consist of wordings reporting features required to render some
right-hand terms constant and hence unable to produce change in Y as X changes from 0 to 1. A
model’s implications for a postulated intervention have been thoroughly considered if the researcher examines the coefficients and variables comprising all the terms in Y ’s expanded equation, and
reports the assumptions/presumptions required to attain and respect the intervention of interest.
Kline does not report equations corresponding to Equations 18 or 19 and instead moves directly from the model equations (like Equations 16, 17) to a set of equations reporting how to calculate
the effects of intervening to change X from 0 to 1. Supplement Section 6 follows the procedure
outlined above and locates some unacknowledged assumptions and requirements of Kline’s effect
calculations. For example, Kline’s equations are inappropriate if the treatment happened to be
coded 1 = no treatment and 2 = treatment instead of 0 and 1, and his equations do not apply if there
are two treatment levels so that 0 corresponds to no treatment, 1 to weak treatment, and 2 to strong
treatment. And Kline’s formulas apply only to this specific model and one specific intervention.
The Supplement Section 6 procedure of beginning with the equation for the dependent variable of
interest, and replacing each moderator variable in the equation with that moderator’s causal sources,
is applicable to a wide variety of models and can examine a diverse range of potential interventions.
As it stands, researchers with more complex conditional models are cornered into trying to
squash descriptions of their model into Kline’s wordings rather than having been equipped to develop interpretations appropriate for their particular model. Kline’s text leaves readers ill-prepared
for considering consequences of interventions unavoidably making two simultaneous changes,
or the consequences of reducing or increasing some effect (without intervening to change any
variable), or assessing which specific disturbance/error variable’s values might disrupt or assist
the causal impact of interest. Assessing such interventions becomes feasible using the procedure
illustrated in the Supplement.
Just as the interaction/moderator segment of Chapter 17 could be improved by considering
model equations (as above), the chapter’s discussion on multi-level modeling could be similarly
improved. Kline’s figures, Mplus syntax, and output (on the publisher’s website) are appropriate
but the basic principles and model details remain obscure without the model equations. Equations
would clarify why s1 and s2 appear in one portion of Figure 17.7c as effects and in another portion as variables. And model equations would clarify why “Game” is boxed in one portion of the
figure and circled in another. Currently the reader is left puzzling how slopes and intercepts can
be variables, and can be justifiably perplexed by noticing slopes are designated s1 and s2 while the
intercepts seem to be AWOL. How is a reader to understand why the same indicator variables appear in two parts of Figure 17.8b, and determine whether the disturbances/errors on the duplicate
indicators are the same? Clearly there are too many potholes for this review to fill, though the road
to improvement is paved with equations.
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Chapter 18
Kline’s concluding chapter accumulates and effectively structures the recommendations and
advice provided in earlier chapters, and hence it reflects Practices but not “Best Practices” in Structural
Equation Modeling. The chapter begins by tabling several references offering suggestions on conducting and reporting SEM studies. The table’s footnote reports the third of ten SEM commandments as: “simpler models are better” (p. 453). A simple model of a moderately complex world is
likely to be misspecified, so surely “Best Practice” would recommend an appropriately complex
model, not merely a simpler model!
“Best” requires acknowledgeing that some practices as better than others, and support for the
stronger practice. Unfortunately, if we consider model testing, Kline continues to promote weak
practice. Model testing is not even granted its own section in Chapter 18, and it is mentioned as
only one of 16 points under the heading Estimation. Even there the wording “Never retain a model
based solely on global fit testing” (p. 461) is slanted to suggest retention of test-failing models, as
opposed to respecting evidence and pursuing the sources of detected model-data inconsistencies.
Kline’s Chapter 18 sections on model Specification (p. 454) and Respecification (p. 463) could similarly be strengthened by encouraging consistent pursuit of models mirroring the world’s causal
structure. Structuring models to reflect specific theories is laudable but limited. A researcher committed to a theory-based model that demonstrates data-inconsistency will flounder until they reground themselves in the quest for understanding the world by seeking a new or modified theory.
Consider the risk created by routinely including residual/error correlations in models (recall the
problematic models from Chapter 15, p. 378, 385), and the risk arising from attempting to fix failing models by adding coefficients suggested by modification indices or specific residuals (recall the
problematic negative estimate p. 347). The risk is not merely of “capitalizing on chance” (p. 455),
or that this constitutes an exercise in “chasing sampling error” (p. 463), or that this incurs a “cost
of too many parameters” (p. 463). This risks obscuring (by incorrectly modeling) real stable evidence that is inconsistent with the substantive structure of the current model. Inserting coefficients
merely as a matter of “routine” or because the coefficients have large modification indices risks
inserting worldly-inconsistent coefficients that absorb and obscure whatever real data covariance inconsistencies managed to speak against the original theory/model. The fundamental risk is that real
(not merely sampling error) covariances are modeled in the wrong way. Replication will not detect
or correct models based on improper “causal” accounts of real covariances. The real covariances
remain stable and so the researcher is condemned to proceeding with a now-fitting-and-replicating
but nonetheless wrong model, and hence is robbed of the opportunity to get the model right.
Lack of commitment to seeking the world’s structure is also evident when Kline says “do not
specify feedback loops as a way to mask uncertainty about directionality” (p. 455). The options
Kline leaves open to this researcher are to choose one causal direction or the other, or to drop both
effects. That is, Kline implies the researcher should include a non-theory based effect-directionality (or gap) into their model, rather than encouraging the researcher to introduce exogenous causes
that would make the reciprocal effects estimable and thereby permit the worldly-data to potentially
support the existence of both, either, or neither of the theory-eluding reciprocal effects.
Similarly, consider the flaccid commitment to seeking a world-matching model in the context
of measurement. “Multiple-indicator measurement is generally better than single-indicator measurement” (p. 454). If the researcher begins by providing each latent the best available indicator,
each additional indicator is prone to being weaker and more problematic, and hence more indicators does not necessarily constitute better modeling. “Best practice” would begin with the best
indicators and supplement these with only strong additional indicators. Two or three indicators
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per latent substantially increase model testing power (Hayduk and Littvay 2012) and are likely to
be sufficient to detect specification problems—presuming the researcher respects model-test evidence of problems. Multiple indicators unavoidably include weaker indicators, and expand models
in ways which tend to squeeze out latents clarifying mechanisms of action or contributing informative controls—which results in generally worse, not better, models.
And consider the claim that a way to improve on a single indicator is “to specify an instrument
for the single indicator” (p. 454). A reader would be justifiably mystified by how a problem with a
single-indicator is to be overcome by introducing another single-indicator (namely the instrument)
into the model. By downplaying the relevance of the world’s causal structuring, Kline is cornered
into expressing this as if the improvement somehow comes from statistics (the statistics of instrumental variables) rather than from employing single indicators in ways that benefit from, and
capitalize on, the world’s causal structure.
Turning to Identification (p. 457), it is reasonable to check that the number of data covariances
exceeds the number of estimated coefficients, and the identification of simple models should indeed be checked. But the unavailability of general procedures for checking full or moderately complex models should have prompted suggestions for: locating likely problematic model segments,
checking maximum likelihood iterations (if maximum likelihood estimation is used), checking for
unexpected estimate signs or magnitudes, and checking for inflated standard errors. Solutions to
underidentification should also have been included—namely adding data constraints (e.g. additional identification-helpful variables) or adding model constraints (e.g. fixing/specifying or constraining model coefficients). Archival data may offer fewer opportunities to improve identification by
adding relevant variables, but it is simply a mistake to claim “that the model is not identified” (p.
459) merely because it is based on archival data. Fixing/specifying coefficients to attain identification is particularly relevant with archival data, especially if the researcher investigates the sensitivity of the model to a realistic range of fixed coefficient values—including non-zero values for
unresolved latent-level loop or reciprocal effects.
Model Respecification (p. 463) provides another instance where it would be helpful to differentiate
between fitting models and proper models. Consider a researcher in a discipline confronting worldly
causal structures that are not yet understood. If the researcher’s model fails, the basic options are:
add coefficients that reduce the model’s ill fit, report model failure, or junk the model. Junking the
model seems a waste, and reporting failure of a model is likely to be personally uncomfortable, so
the common response is to add coefficients until the model’s fit can be passed off as good enough.
Unfortunately, as long as model respecification is touted as being a matter of each particular model’s local or global fit, the respecification is likely to fall short of addressing the deeper disciplinary
concerns. The concern is not that the “good fit is achieved at the cost of too many parameters” (p.
463). The concern is that even one additional coefficient may be sufficient to obscure the evidence
recommending that the discipline reconsider the thought modes underlying the whole model.

Your first edition, or Kline’s fifth edition
I have been unable to convince myself of the source(s) of Kline’s reticence to notice and
address the multiple and diverse concerns discussed above. To see how Kline thinks about these
matters, and to glean a hint of his intentions, I requested that the editor of Canadian Studies in Population (Frank Trovato) invite Rex Kline to respond to this review essay. It would be nice if Kline
plans a fifth edition, but if this is not planned, I hope that readers will consider preparing their own
first edition, or possibly one co-authored with Kline. Irrespective of who writes the next edition,
I would suggest a title like Principles Nurturing Best Practice in Structural Equation Modelling, where the
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text begins by focusing on structural equation models as striving for correct causal representations
(a commitment which differentiates SEM from regression) and complementing this with routine
attention to detecting and resolving model misspecification (not merely seeking fitting models).
Whether or not you are the new-author, you can do SEM a service by inserting a reference to this
review in whatever copies of Kline’s fourth edition you encounter.
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Leslie Hayduk
This supplement provides contextualizing discussions for several sections of the review essay,
and ends by listing editorial corrections to Kline’s text.1

Section 1: Causal structures versus regression equations
Finding causal action: Does real “isolation” (p. 27) require real causal isolation? Is “independence
of residuals and predictors” (p. 27) founded in real causal separateness? Kline says regression
equations make “less sense” if they misrepresent the causal world (p. 27) but why only “less sense”
rather than SEM-nonsense? Are regression predictions likely to hold if some regression-predictors
happen to be effects rather than causes? What is the nature of explanation and explained variance
(p. 29) if the supposed-explanatory variables are not causes? What if not causal actions account
for why regression estimates change with introduction of control variables (p. 32)? Kline describes
the “statistical and conceptual assumptions of regression” (p. 33) as including that “there are no
causal effects among the predictors (i.e., there is a single equation)” (p. 34; emphasis in the original). This is
false. Regression does not assume there are no causal effects among the predictors, even though it
does not estimate potential effects among the predictors in one equation. (A regression equation
paralleling Equation 5 would acknowledge and adjust for the covariance between the two causes,
but would leave unspecified whether the covariance arose from either of the causes influencing
the other.) What produces bias in regression estimates (p. 35) if not misrepresentation of worldly
effects? Isn’t a “serious specification error” (p. 35) a causal error? Kline downplays the causal basis
of several matters by repeatedly presenting how the numbers and equations work out, rather than
attempting to explicate how proper representations and mis-representations of the world’s causal
structuring lead to the statistics working out as they do. The overlap in Kline’s Venn diagram (p.
40) could be usefully connected to the covariance term in essay Equation 7 above, but his couching
this in a discussion of part- and partial correlations and regression R2 values (p. 39–41) disconnects
it from structural equation models. (A similar comment applies to Equations 2.13 and 2.14.)
Kline’s timid differentiation between SEM’s causal-focus and regression’s causal-indifference
is sprinkled throughout the text and appears in many guises. For instance, Kline’s example of
left-out error variables (p. 36) would be easier to understand if the substantial correlations were
characterized as originating in overlooked causal connections, and if “relevant predictors” (p. 36)
had their relevance grounded in causal actions, rather than leaving the foundations of relevance
unspecified—or, worse yet, permitting readers to incorrectly presume that higher correlation constitutes or justifies the relevance of a “predictor.” For another example, “Suppression” (p. 36–37)
naturally and easily meshes with the causal understanding that some effects may counteract other
effects. Isn’t “suppression” just another name for counteracting causal actions? Kline could not
entirely avoid appealing to “indirect effects” as a foundation of suppression—though he does
manage to delay it until the section’s second-last sentence (p. 37).
1. Cited references are listed at the end of the Review essay.
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Additional connections appear in the discussion of indicators in factor analysis, where Kline
says “Common variance is shared among the indicators and is a basis for observed covariances
among them” (p. 190). Actually, a latent factor functions like the common cause in Figure 1c, and
gives each indicator its own variance (via essay Equation 3), and produces covariance among each
pair of indicators though causal actions (via essay Equation 10). There is no sharing of variance—
each indicator has its own. And consider Chapter 13 on Confirmatory Factor Analysis Models
(CFA models). According to Mulaik, in doing CFA “the researcher begins with a conception of a
set of latent exogenous causal variables having specified effects on a set of endogenous manifest ‘indicator variables’” (2009: 219; emphasis added). In factor analysis, the effects of latents
on their indicators are historically called loadings or pattern coefficients, and Kline says, “Pattern
coefficients are interpreted as regression coefficients” (p. 301)—where regression’s causal indifference is clearly inconsistent with Mulaik’s emphasis on cause! And consider “reification”: it would
indeed be an error to claim an underlying latent factor “must correspond” (p. 300; emphasis in the
original) to some real thing because a model can be wrong; but it is not an error, and actually is
SEM-positive, to strive to make SEM latent variables correspond to real worldly entities. It is not
just that models are “most meaningful” (p. 306) when they are consistent with the data provided
by the causal world—they lose meaning if the model’s structure fails to correspond to the world’s
structure. And causal actions explain why different model coefficients can have nearly identical
modification indices (p. 312)—this happens when two currently omitted coefficients have nearly
identical causal implications for the covariances between the observed variables. And notice that
Chapter 10 considers “Structural Regression Models,” as if the latent-level structures are regression, not causal, structures. See page 232, where the effect in a path model striving for causal
correctness is supposed to be “interpreted exactly as a regression coefficient,” despite regression
not striving for causal properness.
Similarly, in Chapter 14 we read: “path coefficients are interpreted for SR models as regression coefficients between factors. Total effects between factors can be decomposed into direct
and total indirect effects, just as in path analysis” (p. 340; emphasis added). Are regression coefficients really effects? Kline stumbles repeatedly over whether or not the latent levels of structural
equation models strive for causal standing.
Chapter 17 on interaction and multilevel modeling begins with regression and yet causal effects soon appear in the text and section titles (p. 427, 431). By page 432 we are told that “just as
a mediational model is a causal model, so too is a model of moderation”—but the location of the
transition from regression to causal action was left a mystery. Kline’s artificial data illustrating this
chapter’s introductory “regressions” (p. 424–29) actually has a known causal foundation—one that
is not reported, and is sloughed over. Then, consider moderated mediation, where the “interactive
effect is represented in the figure by the regression of M on X, W, and XW” (p. 434; emphasis added).
Does the estimate really constitute an effect if the equation is not causal and merely a regression?
The delay in introducing required causal action robs Kline of yet another opportunity to instruct
his readers on the necessity of attending to causes before specifying interactions or multilevel models, and robs him of the opportunity to instruct readers to check causal specifications both before
and after running models that contain interactions or multilevel effects.

Section 2: Reciprocal effects
Here is a difficulty produced by Kline’s omission of reciprocal effects. We are told that “within-time associations in panel models are typically specified as unanalyzed” (p. 139), and Figure 6.8b
complies with the absence of within-time causal arrows. Unfortunately, this results in a seemingly
unnoticed logical difficulty. Consider just the X row and M row of Figure 6.8b (p. 140), and see
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the absence of an effect of X12 on M12 and the presence of an indirect effect ec′ connecting X11
to M13. The model precludes X from influencing M at any specific time, yet permits X to effect M
by skipping from some earlier time to some later time. It is logically awkward to claim that X does
not cause M at any specific time while simultaneously claiming X ’s causal actions somehow jump
to causing M at a later time. The past is influencing the future without ever going through the
present? How small (but not infinitely small) time frames for “the-present” connect “the-past” to
“the-future” is a matter well worth considering, especially since SEmodels need not be confined
to modelling causal actions occurring instantaneously at the indicator-observation times (Hayduk
1985, 1996).

Section 3: Separating observed from latent variable
Here are some “unusual” features of Chapters 6 and 7, originating in their focus on observed-variable path models, despite almost all measured variables containing some measurement
error. The rarity of error-free variables probably explains why the only real example in Chapters
6 and 7 is a seven-line discussion on page 159, and even this example ignores likely measurement
errors in the relevant modelled variables. The points in these chapters were obviously made with
fictional examples, and could have been made as easily, and more appropriately, using fictional
latent-variable examples. The artificiality of purely “Observed-Variable (Path) Models” will be obvious to anyone noticing that Chapter 7 begins by reporting “two general…requirements” for such
models, the second requirement being that “Every latent variable…must be assigned a scale” (p.
145; emphasis added). Inserting required features for latent variables in observed-variable models
is probably a consequence of Kline’s chapter reorganization, but at least this moves latents toward
where they should have been all along.

Section 4: Some nit-picking concerns connected to Chapter 8
To my knowledge, there has been no demonstration of an appropriate way to address the
multiple testings of independencies (and manufacturing of multiple dependencies by controlling
for colliders) derived from DAG investigations (e.g., p. 172). Another feature for which I know of
no current resolution concerns the “basis set” of non-redundant conditional independencies (p.
173). Independencies beyond the minimal set are redundant if the independencies hold, but if one
or more do not hold, that raises the possibility of dredging diagnostic assistance from the initially
declared-redundant set. DAGs also await ways of appropriately assessing fixed model coefficient
values, and differentiating between properly and improperly fixed/specified coefficients. Kline
cannot be held responsible for these loose ends in the DAG literature, but a caution should at least
report that various extensions remain to be pursued. What Kline can be faulted for is his failure
to integrate the new DAG testing precision with his discussions of testing in Chapters 11 and 12.

Section 5: A passel of technical teasers connected to deficient testing
Regarding page 60, paragraph 2, second line: is the null hypothesis of the model test really a
hypothesis that is “false by the degree indicated” by some index? I vote no, it is not.
Regarding page 239, point 2: the error rate might be high (for some unspecified test, for some
unspecified conditions, and without reference), but what kind of error rate would be typical for
reasonable conditions?
Regarding page 239, fourth-last line: if the global test indicates model misspecification, the
coefficient estimates are likely to be biased. Would you want to pay more attention to the biased
estimates?
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What constitutes the “population” in model testing? In χ2 testing the Σ matrix, namely the
model-and-estimate implied covariance matrix is employed as the population. This may or may
not correspond to the “worldly population” that provided the data, and it is not dependent upon
the data coming from a random sample of any “worldly population.” Several of Kline’s wordings
about these distinct population are sufficiently ambiguous as to invite misinterpretation (p. 235,
236, 265), as well as confusion about the nature of the “multivariate normality” and the hypothetical “random sample” (p. 270) relevant for maximum likelihood estimation and χ2.
The χ2-difference test is justified only if the “more complex of the two models compared” (p.
281) actually fits the data, and not merely that it should “fit the data reasonably well” (p. 281, and
see p. 306).
“Given two models with similar fit to the data, the simpler model is preferred, assuming that
the simpler model is theoretically plausible” (p. 128)—so the model is “preferred” even if both
models are similarly highly inconsistent with the data!
A perfectly fitting model may not be perfect because seriously misspecified models can fit
perfectly (Hayduk 2014a). And there is no known way to calibrate the amount of ill fit to the
seriousness of the corresponding model causal misspecification—not even with a noncentrality
parameter. So what is the nature of the “perfection,” and what makes some amount of ill-fit “acceptable” when Kline says, “what is considered ‘acceptable’ departure from perfection is related
to the value of the noncentrality parameter for the χ2 ” (p. 60)? The size of a claimed-acceptable
noncentrality is actually an index of the degree of shamefulness in the researcher’s disregard for
evidence. Zero-noncentrality with zero-shamefulness is as easy as using the ordinary χ2.
Kline cites references that discuss ways SE model-testing differs from coefficient-testing
(Hayduk 1996, 2014a; Hayduk and Glaser 2000), so it is surprising that his discussion of “Cognitive errors in significance testing” (p. 55–56) fails to distinguish between model tests and coefficient tests. I would have hoped that Kline would see that the testing differences also make it
incorrect to treat confidence intervals around fit indices the same as confidence intervals around
coefficient estimates. The difference between model adequacy and model fit means that if model
“respecification is driven entirely by empirical criteria such as statistical significance, the researcher
should worry—a lot, actually—about” model misspecification and not just “capitalization on chance”
(p. 283). The issue that killed “automatic modification” was not capitalization on chance (p. 283);
it was that ill-fit is prone to being inappropriately reduced by inclusion of additional misspecified
coefficients matching real (not merely chance) residual covariances.
Overall, Kline could have avoided multiple imprecisions by acknowledging SEM’s commitment to seeking causal-theory, and emphasizing attention to evidence signaling the causal solidity
of some models and causal dubiousness of others.
Rex Kline was one of the authors of a recent American Psychological Association publication
which provided new reporting standards for structural equation models (see Table 7 in Appelbaum et al. 2018). I provided the following two replacements for sections of these standards to the
SEMNET listserv (26 January 2018). Interested readers might see SEMNET for Kline’s response.
Replace the first sentence in the Abstract section with:
Report a test of whether or not the model is consistent with the data, and the
implications of informative localized-ill-fit.
Change the title from Model fit to Model Testing and replace the first bullet point in this section with:
Report the most powerful model test—usually chi-square (possibly adjusted) with
its degrees of freedom and probability. All fit indices (even with values commonly
reported as acceptable) are deficient at detecting model misspecification and
hence cannot replace or displace the evidence provided by model testing.
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Section 6: Improving Kline’s Figure 17c example
The model-implied consequences of an intervention at X can be investigated by observing
how the terms on the right of essay Equation 19 change in response to the postulated intervention. The model claims the effect of an X intervention on Y will be the difference between the
Y value provided by this equation before the intervention and the Y value after the postulated
intervention. Any right-hand terms left unchanged by, held constant by, or precluded by the imagined/postulated intervention will contribute equally to Y-before and Y-after intervention, and
hence will not contribute to changing Y. The terms that are changed as a result of a postulated
intervention document the components of the causal system contributing to changing Y’s value.
Kline postulates an intervention in which X=0 constitutes a control condition and X=1 denotes provision of a treatment (p. 435). (Readers familiar with Pearl (2000) will recognize the
parallel to Pearl’s do(x).) Providing the treatment (namely, shifting X’s value from 0 to 1) in a
world structured like essay Figure 4 would have two basic ways of influencing Y—namely, directly
(with whatever complications moderation/interaction implies) and indirectly through M (also with
whatever complications moderation/interaction implies). To minimize space, we will focus on
understanding/interpreting the indirect effect on Y of an intervention changing X from 0 to1. The
focus on indirectness requires retaining terms containing both X and X’s β1 effect on M, but we
must consider all the terms in Equation 19, which we duplicate here for convenience.

Y = θ0 + θ1 X + {θ2 β0 + θ2 β1 X + θ2 eM} + {θ3 X β0 + θ3 X β1 X + θ3 X eM} + eY

(19)

Now consider each right-hand term.
θ0 is the intercept corresponding to the net impact of variables not currently in the Y
equation, which our “postulated intervention” did not address. This term forces clarification of our postulated intervention by demanding we add the assumption/presumption that the excluded causes of Y remain constant and hence do not contribute
to changing Y as the intervention changes X from 0 to 1.
θ1 X is the direct effect of X on Y but we are seeking effects connected to, or functioning
through variable/mechanism M, so we must clearly assert that our postulated intervention specifies this effect has somehow been rendered inoperative.
θ2 β0 neither the θ2 effect nor the β0 intercept are altered by the postulated change in X
from 0 to 1, so this term remains constant, and hence does not contribute to a change
in Y by the intervention of interest.
θ2 β1 X involves the indirect pathway due to the presence of both β1 and θ2 , and this
term’s contribution to Y will change from θ2 β1(0) to θ2 β1(1) as the treatment changes
X from 0 to 1, so this term contributes to changing Y by the intervention of interest.
θ2 eM our postulated X intervention and the causal action working through M did not
change either θ2 (the basic effectiveness of M ) or any unknown sources of the mediator-moderator M (namely, eM), so this term remains constant. This term instructs us
that it would be possible to trace the consequences of an intervention changing the
causal effectiveness of one variable at influencing another (like changing θ2 ) rather
than seeking the consequences of changing the value of a variable (like X ), but our
particular intervention did not introduce such a change.
θ3 X β0 This term will prove to be contentious, and I will return to it momentarily.
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θ3 X β1 X involves an indirect effect of X through M due to β1 , and this term changes due
to our postulated change of X from 0 to 1.
θ3 X eM This term is also contentious, and I will return to it momentarily.
eY is rendered constant by again increasing the precision of our postulation, namely by
adding the assumption/presumption that the intervention of interest does not alter
any of the unknown causes of Y.
Now we return to Kline and notice the third Equation in 17.8 (p. 436) reports what Kline calls
the Natural Indirect Effect (NIE) of an X = 0 to X = 1 intervention in this model as

NIE = (θ2 + θ3) β1								(S1)
Combining the two terms containing β1 highlighted above, and writing this as an effect (namely as an effect appearing in front of the X variable) results in something similar but not quite identical to Kline’s NIE equation.

[indirect effect of] X = [(θ2 + θ3 X ) β1] X					(S2)
[indirect effect] = (θ2 + θ3 X ) β1							(S3)
The difference is the “extra” X inside the parentheses. If X moves from 0 to 1, both Kline’s
Natural Indirect Effect coefficient (Equation S1) and our indirect effect coefficient (Equation S3)
report exactly the same change in Y ’s value, because both provide zero contribution when X = 0
and contribute (θ1 + θ3) β1 when X = 1, because the θ3 is left unchanged by being multiplied by
the “extra” X of 1 in Equations S2 and S3. A difference would arise if we had been considering a
progressive X treatment, where a subject might receive partial treatment or multiple doses of the
treatment, so X might take values like 0, 0.5, 1, or 1.5. If this is possible, our indirect effect calculation differs from Kline’s because the “extra” X in our formula alters the θ3 portion of the effect
(Equation S2 or S3). This cautions that Kline’s calculation of NIE applies only to dichotomous X
variables scaled 0–1, not to X variables having non-dichotomous scalings, and not even to dichotomous interventions scored 1–2 rather than 0–1.
Now consider the terms skipped above. The value of the θ3 X eM term, and hence Y, would
change as X switches from 0 to 1 due to the postulated intervention if both θ3 and eM are non-zero.
The disturbances or errors in equations are routinely presumed to average zero, but this equation
contains each particular individual’s precise error/disturbance value not the average of multiple
cases’ errors or disturbances (just as X and Y in the equation refer to specific, not averaged, values). This has two consequences. First Kline should have reported either that his NIE calculation (p. 436) presumes or assumes he is seeking the indirect effect for a case having precisely a
zero disturbance/error, or that his calculation acknowledges the indirect effect will differ between
cases and he is seeking only the average of those cases’ indirect effects. Second, Kline could have
reported the possibility of assessing the extent to which variations in X ’s indirect effect on Y
originates in variations in M’s disturbance/error variable. The variance of M’s disturbance/error is routinely estimated in structural equation models and hence the standard deviation of the
disturbance/error is available. Calculating the magnitude of θ3 X eM for error values one or two
standard deviations above and below zero error would report the fluctuations in the postulated
indirect effect likely to arise from the 0–1 change in X combining with modest or nearly-extreme
disturbance/error values.
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The consequences of the other skipped term, namely θ3 X β0, are more awkward but intriguing. Here too, if X changes from 0 to 1, and if both θ3 and β0 are non-zero, this term alters Y ’s
value in a way which involves M because β0 is part of M’s equation. Above it was relatively straight
forward to presume eM = 0, or equals zero upon averaging, to eliminate the term, but a corresponding presumption of β0 = 0 would be dubious. The β0 intercept is not an average. It possesses
only a single value that is included/operative for each and every case, and like all intercepts its
value depends on the scale and effects of all the variables included in the equation and even the
scales and effects of excluded variables.
In what sense are the θ3 X β0 and θ3 X eM terms “effects”? Neither term contains an “effect”
if by effect we mean a coefficient depicting a regression-style slope, but both terms originate in M
acting as a moderator variable that influences, changes, or adjusts the causal effect of variable X
as it proceeds to impact Y. The term containing eM describes effect-variations explicitly produced
though the actions of unobserved causes that differ between individuals. The term containing β0
describes effect-variations produced through features that the model does not permit to vary between individuals, and that are partially controlled by both the zero-point and scale-units of the M
variable (which are likely arbitrary).
And in what sense are the θ3 X β0 and θ3 X eM terms “indirect” or “direct”? Tracing these
terms back to Equation 19 finds that these originated in the multiplicative term connecting X and
M, namely θ3 X M, and that the changes in these terms result from M responding to the postulated
0–1 change in X. Thus these terms clearly implicate the mediator/moderator variable, and can lay
claim to being indirect consequences of an X intervention working though the mediator/moderator variable M. The θ3 X M term does not indicate whether M is modifying X ’s effect, or if X is
modifying M’s effect (namely whether the curvature in Kline’s Figure 17.2 should be considered
as changing slopes paralleling the X axis, or the other axis). Viewing this term as X conditioning/
altering M’s effect makes the term seem like an indirect effect working through M. Viewing the
term as M conditioning/altering X ’s effect makes the term seem more like a direct effect. Kline,
following Valeri and VanderWeele (2013), includes the term as part of what they call the “natural
direct effect” NDE (p. 435–436, Equation 17.7) but that placement is debatable, and is better
viewed as open to the researcher’s preference for how this term would be most usefully considered
in their specific context.
These observations warn against becoming attached to specific definitions of features like
NIE and NDE (natural indirect and direct effects; p. 435, Equation 17.8) because these may not
correspond to the causal actions a researcher wishes to investigate in their particular model. Indeed, Kline’s definitions for these terms apply only when the model is structured exactly as in Figure 4, and only when specific features of the postulated intervention are assumed (remember the
demanded 0–1 coding of X, the possibility of non-dichotomous X values, the arbitrary scale for β0,
and the required 0 for eM). Introducing additional model variables, and/or additional interactions
or nonlinearities will change the equation for Y and/or the equations for the variables “replaced”
in Y ’s equation (as M’s equation replaced M in Y ’s equation to obtain Equation 19 above). Such
changes stymie any routine definition of entities such as NIE because they introduce terms not
addressed by NIE.
Mean-centering M and Y (by subtracting the means from the appropriate data values) would
set the intercept terms to zero, and hence eliminate some terms and alter the appropriate definitions, but would require countervailing un-centering if the interpretations were to be applied to
variables having their original scales. Mean-centering an intervention like X would likely introduce
confusion, because a 0 would no longer correspond to absence of the treatment, or 1 to presence
of the treatment.
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Editorial Corrections and Other Small Improvements
1) Page xiii: the Chapter 6 and 7 titles should both contain or both omit the hyphen between Observed and
Variables.
2) I fail to understand why Chapter 2 begins, opposite to usual traditions, by using upper-case B for unstandardized effects and lower-case b for standardized effects. This might be helpful if LISREL notation was to
be used routinely, but that seems not to be the case.
3) The phrase “controlling for their intercorrelation” two lines above the equation on the middle of page 30 is
inaccurate—with R2 there is no controlling.
4) Equation 2.12 is not a regression equation. The equation should include variables on the right side for it to
be a regression equation.
5) The right sides of equations 2.12 and 2.13 are identical and cannot correspond to the different kinds of entities on the left of these equations.
6) Page 80, second line: should read  “final 1–7” not 0–7.
7) Table 4.2 would be easier to read if the rescaled variances were presented in italics.
8) In both Equations 4.8 and 4.9, the term “rXX × rXX” should read “rXX × rYY”.
9) Page 133, first sentence: should be reworded to claim only no direct causal connection between X and Y
because there is in fact some other causal connection between the variables.
10) Page 133, footnote 5: should end with “but this practice is not consistent with SEM”.
11) The discussion of causal loops would benefit from references clarifying how loops function (Hayduk 1987:
Chapter 8) and how loops alter effects that touch any variable in a loop (Hayduk 1996: Chapter 3).
12) Page 151: The reference to “in the next chapter” at the end of the middle paragraph would be more helpful
if it pointed specifically to “Instrumental Variables” (p. 180).
13) Page 161, last line of 1st paragraph: “excluded variables” should be “excluded effects”, and some additional
headings could clarify the implicit segmentation of Appendix 7.A.
14) Page 167, last line: Instead of “a back-door path that starts” it would be more accurate to say, “a back-door
path between X and Y that starts”.
15) Page 168, first line: Instead of “A back-door path may convey a spurious association between variables at
either end, but never causation”, it would more accurate to say, “A back-door path may convey a spurious
association between the variables at the ends of the path, but not a direct or indirect effect between the variables at the ends of the path.”
16) Page 168, second-last line of the 1st paragraph: The statement that the models “are equivalent” should
instead clarify that the models are NOT causally equivalent (they contain contrasting causal effects) even
though they imply equivalent-conditional-independencies.
17) Page 170, end of 1st paragraph: The claim that “multiple regression assumes no causal effects among the
predictors” is incorrect. Multiple regression does not estimate/report effects among the predictors, but it
does not assume these do not exist.
18) Page 170, paragraph 2, third-last line: Replace “where X, is specified to directly cause Y” with “where X1 is
specified to directly cause Y1”.
19) Page 175, end of second-last sentence in the 2nd paragraph: refers to X and Y but should refer to X1 and Y1.
20) Page 177, 3rd paragraph, last line: should end “(see Appendix 8.A)”.
21) Page 180: The section on “Instrumental Variables” should clarify that the rules locate what the model claims
as instrumental variables, but does not guarantee the corresponding worldly variables actually are instrumental variables (because the model may be misspecified). Farther on (page 182, paragraph 2), it is stated:
“Exogenous variables make ideal instruments because by definition they are unrelated to all disturbances in
the model.” The world is not controlled by this definition, and hence a researcher’s exogenous variables may
or may not be unrelated to the modeled disturbances, and hence may or may not be acceptable instruments.
22) Page 189: “factor indeterminancy” should be “factor score indeterminacy”.
23) Page 197, 3rd paragraph, first line: “affect” should be “effect”.
24) Page 199, first line: Add the names of the Greek characters so this reads “(λ, lambda)” and “(φ, phi)”.
25) Page 211: The term “matrix” which appears twice in the first two lines could be more helpfully described
as a “list” or “vector”.
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26) Page 212, bottom paragraph, line 6: Delete the word “indirectly” because the effects of latents on the indicators that measure those latents are direct.
27) Page 217, first line. The word “unreliability” should be replaced with “invalidity”.
28) Page 217, third last line in the first full paragraph: “improve factor measurement” should be “improve latent
measurement” because the latent need not be a factor.
29) Page 223: 2nd paragraph, second line: “underlying factor” should read “underlying latent”.
30) Page 224: Figure 10.7 is referred to as Figure 11.7 in the website material.
31) Page 227: There seems no reason to switch the placement of the ξ and η terms away from their usual LISREL location in Appendix Equation 10.6, and this matrix equation is missing an η from the left side.
32) Page 241: The formula producing the equation on this page should be provided.
33) Page 241, 3rd paragraph, third line: should read “(see Figures 7.5 and 11.1)”.
34) Exercise 1 (pages 241 and 479) should incorporate the relevance of control/uncontrolled variables and the
fact that this model fails significantly because both these features alter the permissible interpretations.
35) Page 261: An easy and generally applicable way to obtain start values for effects in complicated models can
be obtained by making the square of the effect’s start-value multiplied by the variance of the causal variable
contribute a reasonable amount of variance into the dependent variable—paralleling the structure of the
terms in essay Equation 7 above. Checking that the square of an effect estimate multiplied by the variance
of the cause contributes a reasonable amount of variance into the dependent variable can sometimes provide
useful direction for finding where a model is empirically underidentified (p. 157).  
36) Page 273 just prior to Equation 12.4: The word “limit” is statistically incorrect and should be deleted or
replaced.
37) Page 275: The H0 near mid-page is missing a decimal, and should read “≥ .10”.  
38) Page 276: When readers encounter ŶΔM just prior to Equation 12.7, they would probably appreciate a reminder that this was defined in Equation 12.4 (p. 273).
39) Page 307, line 2: should read “failed at p < .01” because the model p = .006 is larger than .001.
40) Page 358: Figure 14.4 is inconsistent with the website model output (two indicators are switched and the 1.0
connected to Risk is differentially placed).
41) Page 417, above the two equations: “Factor variances and sizes” should be “Factor variances and sample
sizes”.
42) Page 438, second-last and third-last lines: should report how the feature is denoted, for example, as “the
nonproduct factors A and B are all zero which we denote as σ2AB,A= 0 = σ2AB,B”.
43) Pages 438–39: Just as an introductory sentence indicates that the Equations in 17.11 were obtained “by taking the products of the corresponding expressions” there should have been an introductory sentence indicating how the Equations in 17.12 are obtained. The statement might indicate the first equation in the set of
Equations 17.12 corresponds to the first equation in the set of equations ending column-1 in Kenny and Judd
1984:210; and might note that the remaining equations in Kline’s 17.12 parallel the first equation in the set
with the last/covariance term repeatedly being dropped due to the assumed independence of error variables.
44) Page 439, the first line of text should read: where the term σ2AB represents the variance of the product and
the term σ2A,B represents the square of the covariance between factors A and B.
45) Page 439: the third line of text should read “factors A and B plus the square of their covariance”.
46) Pages 452, 453, and 497: The year of the Hoyle and Isherwood reference should be 2013.
47) Page 455, last two lines: “have positive intercorrelations” should read “have substantial intercorrelations
consistent with the signs of the indicators’ loadings on the latent factor”.
48) Page 456 first line: Delete “or negative”.  
49) Page 457 in the last bullet point: “ensure your readers” should either be “assure your readers” or change the
sentence to read “to ensure that it is actually”.
50) Page 497: Delete one of the duplicated journal titles for the Hoyle and Isherwood reference.
51) Page 507: The volume and pages for the Valeri and VanderWeele reference should read “18(2):137–50”.
52) Page 526: The entry for “Model test statistics” should NOT include “fit indexes” because the indices are
not tests.
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Response to Leslie Hayduk’s review of
Principles and Practice of Structural Equation Modeling,1
4th edition
Rex B. Kline2
I want to thank Dr. Leslie Hayduk—Les, from this point on—for his detailed commentary on
the fourth edition of my Principles and Practice of Structural Equation Modeling. I called Les to thank
him in person just before I wrote this response. Les is a valued colleague who is also known for
his depth of knowledge, strong appreciation for evidence, and forcefulness in expressing his viewpoints about the practice of structural equation modeling (SEM). I still have my copy of Les’ book
on SEM with LISREL (Hayduk 1987), which was one of the first textbooks, if not the very first, in
the area. I cut my SEM teeth, so to speak, on Les’ book at the beginning of my career. I also want
to thank the CSP editor, Dr. Frank Trovato, for the chance to respond to Les’ review. I’ve never
had the opportunity to comment on a review before it is published, and this experience has been
both stimulating and rewarding.
As I tell our honours thesis students, one of the most precious gifts an author can receive
is detailed criticism written by someone who knows a lot about the area and invests the effort to
explain his or her feedback in detail. I also remind them that (1) writers need a thick skin; and
(2) there’s little point to becoming defensive in response to criticism, especially when that commentary is intended as constructive. This is also my view of Les’ critique, which is impressive in
both its breadth and length. Indeed, the latter makes it more like a chapter (or two) than an article.
Because my response is not a point-by-point rebuttal, it is not nearly as long as Les’ review. Instead,
my comments are organized around the six themes:
1. Goals and purposes of the book.
2. Special needs of the target audience.
3. Book organization and language.
4. Comments on model fit assessment.
5. Selective responses to some other of Les’ points.
6. Plans for the fifth edition.

Goals and target audience
From the very first edition in 1998, Principles and Practice has been written for SEM newcomers who do not have strong quantitative backgrounds. Such readers deal much more with applied
research problems than theoretical topics in statistics. They also bring to learning about SEM the
handicaps listed next and discussed afterward:
1. Rex B. Kline. Principles and Practice of Structural Equation Modeling. New York: The Guilford Press, 2016.
ISBN 978-1-4625-2334-4. Softcover US$65, 534 pp.
2. Department of Psychology, Concordia University, L-PY 151-6 Psychology Building, 7141 Sherbrooke W.,
Montreal, QC H4B 1R6; email: rex.kline@concordia.ca.
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1. Many, if not most, are unfamiliar with linear algebra, and thus, presentations based on matrix
symbolism are not helpful.
2. They have little, if any, background in psychometrics. This means that many beginners lack
the formal skills to (a) select the best measure among alternatives and (b) evaluate score
precision, or reliability.
3. Newcomers often have a strong significance-testing mentality; that is, they assume that outcomes of significance testing, or p-values, are a scientific gold standard, or at least a decision
criterion. They also assume that significance testing has the same role in SEM as in more
conventional statistical techniques, such as multiple regression.
4. They believe that the goal of SEM is to find a model that fits the data. But this outcome has little
if any meaning. This is because any model, even one that is grossly wrong, can be made to fit
the data simply by adding effects to the model, or making it more complex. As the model becomes more complex, its fit should then improve. Instead, the real goal of SEM is to test a theory
(Hayduk et al. 2007); thus, retaining no model is a perfectly acceptable outcome (e.g., p. 118).

Organization and language
Beginners require language or pedagogy that does not always satisfy those who are already
expert, and it is relative easy for experts to overlook the gulf between them and novices. David
Kenny mentions the same issue in the preface to his classic book, Correlation and Causality. After
describing efforts to avoid confusing the beginner by emphasizing standardized solutions and
occasionally blurring the distinction between parameters and statistics, Kenny notes, “If these
practices disturb you, I apologize. But I felt that if I had to sacrifice elegance for the experts in
order to obtain clarity for the beginner, I would choose clarity” (1979: ix).
So too have I made similar choices. As Les noted, the 4th edition features greater separation
in coverage of classical path models with single-indicator measurement versus latent variable models with
multiple-indicator measurement. Specifically, model specification and identification are introduced for
path models (Chapters 6–8) before dealing with these topics for latent variable models (Chapter
9–10). This approach dulls the elegance of SEM as a single framework that accommodates both
single- and multiple-indicator measurement, which was the approach taken in the 3rd edition. But
dealing with both kinds of models at once can be intimidating for beginners, many of whom are
more familiar with statistical techniques for observed variables. Thus, based on reader feedback,
including suggestions from instructors of multivariate or SEM courses, I returned to the “old
way”—that is, from the 2nd edition—of organizing the discussions for these topics. Less elegant,
but more practical oomph: a worthwhile trade off, I think.
The organization just described also better supported the inclusion in the 4th edition of a
new topic, Judea Pearl’s structural causal model (SCM), or a graph-theoretic approach to SEM,
also called third generation SEM (Grace et al. 2012). Better known in computer science and epidemiology than in psychology and related disciplines, the SCM brings new capabilities to the SEM
family. One is the formal analysis of nonparametric causal diagrams, especially of a directed acyclic graph (DAG) with no casual loops. These graphical methods can be used to determine whether
a particular casual effect in the DAG is identified and, if so, whether multiple estimators of that
effect are available. There are freely available computer tools and calculating Web pages for this
purpose, too.
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Les is right in that some concepts from the SCM are not covered in the 4th edition, including
Pearl’s do-calculus, which has implications for the identification of causal effects in nonparametric
models and mediation analysis, among other topics (Pearl 2014). But my goals in this area were
both ambitious and limited at the same time. The 4th edition of Principles and Practice was one of
the first introductory-level books in the “traditional” (i.e., social science) SEM literature to cover
the SCM. These concepts would not only be novel for many readers, they can also illuminate key
insights on casual modeling, such as identification, which is one of the most challenging problems
in the conduct of SEM (Kenny and Milan 2012). That’s the ambitious part. But only so much can
be done in this area without overwhelming readers, and I decided that covering do-calculus was
just too much. That’s the limited part. Sometimes it is enough to make readers aware of previously
unknown possibilities that can be explored later.
Les is also unhappy with my use of language about analyses where means are analyzed along
with covariances. These analyses feature a constant that is regressed on exogenous or endogenous variables in the model in order to estimate, respectively, means or intercepts. For observed
variables, these analyses with the constant are carried out exactly as in computer procedures for
multiple regression when intercepts are calculated (e.g., p. 369–74). The diagram symbolism I
use in the book comes from the McArdle–McDonald reticular action model (RAM; McArdle
and McDonald 1984). In RAM symbolism, every parameter is explicitly represented with its own
special symbol in model diagrams. This feature helps beginners to understand all is going on in a
particular analysis.
In analyses where means are analyzed, the constant in RAM symbolism is represented in the
model diagram as having direct or indirect effects on observed or latent variables. I tell readers
that these effects do not have the usual interpretation because the constant is not a variable, and
thus is not causal (p. 371). Nevertheless, applying the tracing rule to a model diagram with the
constant in RAM symbolism allows the reader to see exactly how predicted means or intercepts
are derived in the analysis. For example, the sum of all direct or indirect paths from the constant to
an endogenous variable is a predicted mean. In the output for some SEM computer tools, such as
EQS, model-implied intercepts or means are represented in effect decompositions as, respectively,
direct versus total effects of the constant. I appreciate that Les objects to use of term “effects”
when describing the constant, but I believe this inelegant use of language has explanatory power.
Also, I find RAM symbolism for the constant to be easier to understand for beginners than Les’
suggested alternative (see his Figure 3).
The measurement crisis in psychology refers to a substantial decline in the quality of instruction about psychometrics over the last 30 years or so, during which courses on measurement
disappeared from many undergraduate and graduate programs (Lambert 1991). The same term
also describes the widespread failure of too many researchers to estimate and report the reliabilities of scores analyzed (Vacha-Haase and Thompson 2011). A consequence is that many SEM
newcomers have little knowledge of psychometrics, yet analyses of latent variable models with
multiple-indicator measurement requires strong skills in this area. This is why part of the chapter
on data preparation in the 4th edition is devoted to the basics of psychometrics and measure selection. Many readers sorely need guidance in these crucial areas.
A related topic is the method outlined in Principles and Practice that serves as an alternative to
representing a single indicator as one would in a classical path model (p. 214–17). Briefly, in this
method (1) the observed variable is specified as the sole indicator of a latent variable; (2) the error
variance is fixed to equal the quantity 1 − rXX times the sample variance of the indicator, where rXX
is a reliability coefficient; and (3) the unstandardized pattern coefficient (factor loading) for the
single indicator is fixed to 1.0, which scales the corresponding factor.
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The single-indicator method just described is simple to implement and does not change overall model fit. It also provides a way to deal with a major limitation in standard multiple regression
analysis, the assumption that scores for all predictors are perfectly precise, or rXX = 1.0 for each and
every predictor. If multiple predictors are measured with error plus there is error on the criterion
(for which rXX = 1.0 is not assumed), the results can be biased to a degree beyond the expectations
of probably most researchers who use multiple regression. For example, results of significance
testing about incremental validity can be very untrustworthy in the presence of even modest
amounts of measurement error (Westfall and Yarkoni 2016). Results of analyses of classical path
models can also be severely biased, if measurement error is not taken into account (Cole and
Preacher 2014).
Les pointed out that it is not always necessary to fix the error variance for a single indicator,
and his Figure 2 depicts situations when direct effects from a latent variable help to identify the
error variance. This is a good point. My larger goal is to promote awareness among readers of the
possibility to explicitly represent measurement error even in models with observed variables only.
If they do so using any variation of methods for single indicators that control for measurement
error, then (1) at least a small part of the measurement crisis is addressed, and (2) I would be happier as a result.

Assessing model fit
The significance testing crisis refers to the ongoing debate, now occurring in many disciplines,
about the proper role of significance testing, if any, in data analysis (Gelman 2018; Szucs and Ioannidis 2017). Significance testing is now banned in the journal Basic and Applied Social Psychology
(Trafimow and Marks 2015), and the American Statistical Association issued a statement warning
against misuses of p-values (Wasserstein and Lazar 2016). There is also ample evidence that most
researchers do not understand p-values (Kline 2013). The collective effect of multiple cognitive
errors about p-values is confirmation bias; that is, researchers believe that sample data supports
their hypotheses to an extent that far exceeds reality.
Most students and researchers in the social sciences are steeped in the mythology of significance testing, and this background can interfere with new learning about SEM. For example, beginners in SEM generally endorse the false beliefs listed next:
1. Statistical significance for individual path coefficients, such as p < .05, is evidence that the
model is correct.
2. Paths with coefficients that are not significant must be dropped from the model.
3. Significant modification indexes for parameters not yet specified as free signal missing truths;
that is, such effects should be added to the model.
Altogether the false beliefs just listed promote the retention of models that massively capitalize on sampling error, and thus are unlikely to replicate. But things get even weirder in significance
testing land when it comes to model evaluation, as explained next.
A widespread but poor practice in SEM occurs when researchers otherwise preoccupied with
p-values for tests of individual parameter estimates ignore the outcome of model χ 2 test for the
whole model. This logical contradiction is motivated in part by the false belief that the model χ 2
statistic is affected by sample size in all situations. As Les noted—and I tell readers as much (e.g.,
p. 271)—the model χ 2 is affected by sample size only when the model is incorrect, or belongs to an
equivalence class of models that do not imply the sample covariance matrix. Ignoring a significant
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model χ 2 is bad practice especially if the power of the test is low, which is typically true in most
published SEM studies (Wolf et al. 2013).
If a model fails the χ 2 test under conditions of low power, then the degree of misspecification
could be severe. Without investigating further—that is, diagnosing model–data correspondence at
the level of the residuals—the researcher might falsely conclude that the model fits the data. But
the χ 2 test can be fooled, too, such as when power is low. For example, certain residuals could be
relatively high, which signals poor fit at the level of pairs of observed variables, in the presence
of a model χ 2 that is not significant. Also, it is easy to get a model χ 2 that is not significant just by
freeing additional model parameters, or making a model more complicated. If there is little justification in theory for the added complexity, then the respecified model may not replicate due to
extreme capitalization on chance.
In Les’ world, the model χ 2 is the only acceptable global fit statistic. Specifically, he would reject the use of any other global fit statistic, especially approximate fit indexes (Hayduk et al. 2007),
such as the root mean square error of approximation (RMSEA), among others. Approximate fit
indexes are not significance tests; instead, they are intended as continuous measures of model–data
correspondence and in this way are analogous to effect size statistics. Unfortunately, a mythology
about approximate fit indexes has grown along with the size of this family of global fit statistics.
The primary myth is that there are threshold values of certain approximate fit indexes that can
reliably differentiate between models with “good” fit versus those with “bad” fit. The same myth is
behind the poor practice of retaining a model that has failed the χ 2 test and without inspecting the
residuals based on the observation that values of particular approximate fit indexes exceed their
respective thresholds. I condemned this poor practice in pretty clear terms (Chapter 12).
In Rex’s world, the reporting of values of certain approximate fit indexes is acceptable if (1)
there is no reference to magical cutting points for such statistics, and (2) the researcher also reports on the residuals, which are the details of fit. I think there are certain approximate fit indexes,
including the RMSEA with its 90% confidence interval, that are so widely reported that reviewers
would be suspicious if this information were omitted. Thus, I advise readers to report values for a
core set of approximate fit indexes but not to base the decision about whether to retain the model
solely on global fit statistics of any kind, including the χ 2 test. I think Les is appalled by this stance,
even though I agree with his criticisms of approximate fit indexes.
Because global fit statistics of any kind provide rather crude information about average or
overall model fit, I emphasize analysis of the residuals and also reporting on such analyses in
written reports (e.g., p. 254, 311, 330, 346–47, 380, 385, 408, 417). Unfortunately, severe misspecification is not always obvious in the residuals, but ignoring the residuals in SEM in analogous to
ignoring the residuals in regression analysis. There are some important differences between the
two: residuals in SEM are typically at the level of pairs of observed variables, but regression residuals are calculated for individual cases. But it would nevertheless be just as foolhardy to ignore
regression residuals as it would be to pay no attention to the residuals in SEM. I find this sorry
practice in SEM to be appalling. But I think that Les and I would agree that typical practice about
fit assessment in the empirical SEM literature is poor, although we emphasize different things. Les
may see those differences as irreconcilable, while I am less pessimistic.

Other comments
Next I will address a few other items in Les’ review. Many of the examples in Principles and
Practice are secondary analyses of data collected by other researchers. A limitation is that it is not
always possible to specify a priori hypotheses about which particular parameters should be fixed
versus freed in model respecification. This is why in some cases I did not decide about which
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among alternative respecifications would be the best when no model is retained (e.g., p. 285–86,
312). In other cases when, for pedagogical reasons, I add particular effects to the model, I try to
explain the bases for these decisions. Perhaps even more warning about the context is needed; that
is, a pedagogical example is not wholly representative of model testing by researchers who are
experts in that area.
In some cases I made decisions about model specification that differed from those of the
original authors (e.g., p. 341–48, 408). In each case I offered explanation, but I do not claim that
my decisions were actually better. Also, it can and does happen in the complex multivariate analysis that different researchers will make somewhat different decisions. It is best to be open about
the role for discretion in statistical modeling and also to alert readers that such decisions require
explanation. One hopes that the findings would be sufficiently robust to hold up over variations
on how the analysis is conducted, but this does not always happen. Indeed, this is the point of
a sensitivity analysis: the same data are analyzed under somewhat different assumptions. If the
results depend on a particular set of assumptions that are not clearly preferred, given the research
problem, then little confidence may be warranted in the stability of those results.
Les pointed out an example where my interpretation of an error correlation was wrong, and
I thank him for pointing out this error. The correlation is for a pair of indicators in a structural
regression model described by Houghton and Jinkerson (2007). The error correlation is −.243 (p.
347), and I mistakenly interpreted this result as indicating the effects of shared content over two
different indicators of subjective well-being. As noted by Les, a positive error correlation would be
consistent with my original explanation, not a negative correlation. I believe I mistakenly thought
that the wording of the two subjective well-being scales was reversed, which would predict a negative residual correlation due to shared content, but that is not the case.
I am not surprised that Les was able at least one find an alternative model to the latent growth
model described (p. 375–87). Les’ alternative is a kind of autoregressive model where indicators
measured at earlier times have direct effects on indicators measured later. Models with autoregressive structures can be viable alternatives to traditional latent growth models, although Little noted
some exceptions (2013: 271–73). The larger point is that alternative models can include not just
variations on a model within the same class of models, but also variations over types of measures, such as latent growth versus autoregressive in this example. Such alternative models may be
near-equivalent models with similar, but not identical fit to the same data.

Fifth edition
Finally, will Principles and Practice see a 5th edition? Yes. After finishing each edition, I starting
planning for the next one. At this point I can share a few ideas. The 4th edition will be the last of
its kind in that it has reached the limits of its growth. This is because anything longer would be a
tome, and thus less effective in getting beginners off to a good start. I think that chapters in the
4th edition about background concepts, such as the basics of regression analysis, significance testing, data screening, and psychometrics, would be updated but made available as supplemental materials to the 5th edition. Most beginners still need to review these topics, but readers with stronger
quantitative background or experience in test construction would benefit less from this material.
I see Pearl’s graph-theoretic approach as playing an even larger role as a framework for understanding both nonparametric causal models and more traditional (at least in the social sciences)
parametric causal models. The increasing availability of computer tools that determine whether
particular direct or total effects are identified and, if so, exactly how to estimate the corresponding effect through covariate selection or instrumental variables can help researchers deal with
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the problem of identification. But such computer tools are less helpful in dealing with models
where latent variables are specified as measured by multiple indicators, such as confirmatory factor
analysis measurement models. So there is still room for old-school knowledge—that is, second
generation SEM (i.e., now)—especially when testing hypotheses from the perspective of classical
measurement theory.
That’s enough speculation for now. Returning to the present, I want to say that (1) no book
is perfect, including the 4th edition of Principles and Practice; and (2) different authors will have different ideas about organization, wording, and examples. That’s how authorship plays out. I want
to again thank Les for his extensive comments, which give me many ideas for the 5th edition. Les
and I spoke about an SEM-related book he is working on now. I won’t offer up any spoilers, but
I think a book of this type is needed; that is, I’ll be one of first customers, if the project comes
to fruition. Finally, I want to encourage younger scholars and researchers to think about replacing
us dinosaurs—Les, me, and others of our age cohort—who can carry things forward only for so
much longer. Those who will develop and refine fourth-generation SEM are still at early points in
their careers. In the meantime, I look forward to continued work in the area and ongoing interactions with students and colleagues. Blessings to all.
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The demographic transition, which can be defined as a “logical succession of historical phases
through which every population passes in the movement toward modernity” (Chesnais 1992) is
a broad-based transformative process that has spread to all countries around the world since the
end of the eighteenth century. France constitutes the first clear case of fertility decline in Europe,
which started before the French Revolution. The French situation has been studied most notably
by Etienne Van De Walle (1974) and Noël Bonneuil (1997).
In the past decades, many demographers have attempted to identify the factors causing the
fertility decline—the last phase of the demographic modernization. One major endeavour was
the Princeton European Fertility Project, under which Van De Walle carried out his study of the
French female population in the nineteenth century. The Princeton Project, as it is known in short,
was initiated in 1963 by Ansley J. Coale. The goal of this huge analytical effort was to examine the
changes in childbearing and marital fertility in 700 provinces and administrative units of Europe.
The work covered nearly a century of European fertility development, from 1870 until 1960. All
the analyses used comparable fertility indices, which were specifically designed for the study (some
of these indices are referred to in the book under review). Eleven major volumes were published
under the project over twenty years, with most being devoted to a particular European country
(e.g., Belgium, France, Germany, Italy, Portugal, Russia, and United Kingdom). Unfortunately, the
Princeton Project did not arrive at firm conclusions as to the key factors that could explain the
decline of fertility (see Coale and Watkins 1986). The project findings eventually led to the conclusion that even though economic factors played a role in the fertility decline, the economy was
not the key determinant. The project also highlighted that the fertility decline did not necessarily
follow the decrease of infant mortality, thus challenging somewhat the classical model of the
demographic transition.
In their search for causes of the fertility decline, researchers have proposed many different
explanations. Dudley Kirk, in his classic essay “Demographic Transition Theory” (1996), summarized various potential factors. He listed the decrease in mortality, improvement of socio-economic
conditions, the generational reversal of wealth flows (the Caldwell hypothesis), cultural and ideational factors, lessons from history (e.g., the fertility behaviour of vanguards groups), the role of
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government and public policies, and last but not least, the role of the process of diffusion of new
behaviour.
Today, we are still missing a paramount factor to explain the decline of fertility in Europe, and
this volume by Diebolt and Perrin is therefore a most welcome addition to the ongoing research.
Because many unresolved questions still hamper the search for causality of the French fertility
decline, the goal of the research by Diebolt and Perrin is to better understand the reasons for the
changing patterns of demographic behaviour. In their analysis, they investigate the female labour force,
educational investments, and gender relations as other key factors that may explain the fertility decline, or at least contribute to a better understanding of the broader socio-economic context in
which the fertility decline occurred. Their book, which covers a very large time span, i.e., the past
200 years, analyzes the demographic transition in France from two original angles: (1) the broad
array of explanatory factors being investigated; and (2) the variety of historical sources and statistics used to carry out the research at hand.
The book is organized into four major chapters. First, the volume reviews the evolution of
demographic behaviour. This chapter describes the different phases of the demographic transition, including the evolution of mortality and fertility levels as well as the natural balance between
these two components. Thereafter, the chapter analyzes the changing demographic behaviour (i.e.,
marriage patterns and birth limitation) and the transformation of the French demographic landscape, with a focus on fertility rates’ geographical variations.
The second chapter examines changes in the labour force. In particular, it describes the evolution of the female labour force, the life cycle labour force participation, and the French labour
force’s regional dynamics, focusing on the gender gap in labour force participation, earnings, and
occupations.
The third chapter explains the increasing investment in female educational in France. It describes the evolution of the female human capital, including the literacy rates, the expansion of
schooling, and educational investments and aspirations. Thereafter, the chapter focuses on regional discrepancies in schooling, covering literacy rates, enrollment rates, and the distribution of infrastructure. Finally, this section of the book analyzes the schooling gender gap on a regional basis.
Finally, the fourth and last chapter examines the transformation of gender relations through
the lens of female empowerment. The chapter distinguishes the “traditional” role of women from
an emerging new socio-economic role for women, and the more recent “quiet revolution.” Last
but not least, the chapter examines regional dynamics of the gender gap and related changes in
socio-economic status.
Overall, the first chapter of this book provides a solid basis for the three subsequent chapters. Nonetheless, despite the extensive analyses being offered (including a detailed discussion
of causality between fertility and the system of inheritance; see p. 30–31), the chapter concludes
that it is not possible to provide explanations for the demographic mutations that occurred in the
nineteenth century without also understanding the social and economic changes that took place in
France during the last two centuries.
Therefore, the volume embarks subsequently on a detailed analysis of the labour force, educational investments, and gender relations. In doing so, the authors depart from the classic analysis
of fertility evolution, which is based essentially on demographic data gathered from traditional
population sources (e.g., censuses). Instead, the authors shift their focus to socio-economic factors, using in the process an array of new data that remain usually outside the purview of demographers, although these data may also come from traditional population sources. In particular, the
authors use the Statistique de la France, a rich corpus which they mine extensively. They also rely on
agricultural and educational statistics.
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The increased participation of women in the labour force cannot be explained without the
factor of improved female education investments and outcomes. Moreover, developments in female labour force participation and enhanced educational achievements among girls have occurred
in tandem with improved gender relations, through which women have been able to assert their
role more forcefully. As a result, the decline of fertility, which was so far understood essentially as a
demographic process, is now described in the broader context of major socio-economic changes.
For instance, it is important to understand the shift from urbanization to industrialization and,
eventually, “tertiarization.” The authors conclude that the decline of fertility in France is explained
much more satisfactorily by considering changes in the three areas of labour force, educational achievements, and evolving gender roles.
The analysis presented in the book was conducted mainly at the level of the département, a term
(poorly) translated in the book as county or district. The reader is sometimes frustrated because
many of the graphs and figures are too small to be easily legible, and would also require clearer
indications on the units and/or legends being used. The book would also benefit from an extensive
list of acronyms. Finally, it would have been nice to provide the full sources of the thought-provoking citations at the beginning of each chapter. However, these are very minor remarks.
As mentioned, it is the combination of the broad scope of the research being offered and the
use of traditional “population” sources to gather socio-economic data, as well as of additional
historical statistics, that makes this volume such an original contribution. Overall, this fine volume
will not only strengthen our knowledge of the French demographic transition and its accompanying socio-economic processes, but will also, in the authors’ concluding words, encourage other
researchers to refine the “critiques and methods required for the good use of old statistics and to
which economists, historians, and social scientists in general today are not accustomed” (p. 176).
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Immigration and the City by Eric Fong and Brent Berry provides a good overview of what has
been studied and where current research is heading with respect to the ways immigrants are shaped
by, and help to shape, their host country. Since so many immigrants to the US and Canada arrive
and settle in large “gateway” cities, this book covers what is known about how immigrants interact
with urban and suburban environments.
The book begins with an orientation to the theories of residential segregation, including the
original Concentric Zone Model by Burgess, but also newer models of Spatial Assimilation, Place
Stratification, and Individual Preference. The theories are grounded in empirical evidence from
different types of neighbourhoods (mixed, gentrified, immigrant suburban, etc.), which suggests
that the diversity of residential patterns may require diverse explanatory models. Another layer of
complexity is added as social scientists begin to tackle the interactions of more than two groups in
a neighborhood. Theories and terms discussed later in the book include classical, neoclassical, and
segmented assimilation models, ethnic enclave, ethnic economy, and ethnoburb.
This finding of diverse and complex theories and evidence needed to explain the immigrant
experience is repeated throughout Immigration and the City, reflecting the diversity of the population
and places studied. While sweeping generalizations may not be possible, some patterns do emerge.
In the contexts of housing attainment and economic opportunity, Fong and Berry discuss
ethnic communities as beneficial to recent immigrants for easing their transition, but possibly
detrimental to long-term housing and employment, as isolation from the broader society may limit
opportunities. For example, a recently arrived immigrant may be able to quickly obtain housing
within an ethnic enclave, but have difficulty moving outside of the enclave later. Likewise, community pressure to hire co-ethnic members may make it easier for a recently arrived immigrant to
find a job, but harder for an immigrant business owner to hire from outside the group.
Furthermore, though immigrant groups may have internal preferences when it comes to the
types of housing and work they prefer, discrimination is clearly a factor that works against obtaining either outside an ethnic enclave. The empirical evidence shows that city context has a major
influence on the economic achievement and locational distribution of immigrants, and discrimination may play a part in that. High rates of entrepreneurship found among immigrants are likely a
consequence of both discrimination and selection bias from the immigration process.
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Although much of the research on immigrants has focused on their assimilation into the host
society, Fong and Berry also cover how immigrants in turn shape their environment—specifically,
the food, play, and landscapes. Although ethnic cuisine has been and continues to be integrated
into mainstream culture, ethnic communities often maintain separate leisure activities. This can
vary depending on a variety of factors, including time in country, SES, size of ethnic community,
and affinity for particular activities; soccer is only one example of an activity that has increased in
North American popular culture due to immigrant influence. Landscape changes can be observed
in the increased demand for housing built to accommodate larger households, shopping centers
built in accordance with immigrant tastes, and differential uses of public space.
Data from time-use surveys offer a window into the immigrant experience that may not be
easily visible. Research shows that adults are likely to have non-standard work hours and long commutes, impeding their ability to engage in other activities, and that immigrant children are likely
to spend more time studying or caring for other siblings than non-immigrant children. Gender
differences in time use may also be more marked in immigrant households.
Overall, Immigration and the City is a good introduction to both the theory and empirical evidence that surrounds the urban immigrant experience, and describes how immigrants and cities
help shape each other. The book’s clear organization and concise style make it ideal for busy researchers and students alike.
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Agent-Based Modelling in Population Studies
edited by André Grow and Jan Van Bavel
Dordrecht: Springer, 2017
ISBN 978-3-319-32281-0
Hardcover US$159.99, eBook US$119, 513 pp.
Reviewed by Thomas K. Burch
University of Victoria
This volume is a selection of papers, peer-reviewed and revised, from a 2014 conference
on agent-based modeling (ABM) in demography that took place at the University of Leuven in
Belgium. It provides an up-to-date and authoritative picture of the state of the art of ABM and
related computer modelling techniques as applied to human population dynamics.
Without exception, the authors are at the forefront of the field. The papers are relatively
advanced, with technical details that assume readers are skilled in mathematical and computer
modelling, mathematical statistics, and/or computer programming, or some combination. This is
not an introduction to agent-based modelling.
ABM is inherently complex and difficult—more so, for example, than most traditional demographic techniques, standard multivariate analysis, or some other methods of computer modelling,
such as systems dynamics. Prskawetz comments: “Agent-based modelling requires a good knowledge of tools in computer simulations, but also in statistics and probability theory. Developing
the formal behavioural rules and interactions of agents also requires some skills in mathematical
formalization” (p. 71). Richiardi and Richardson note that “…large-scale simulation projects are
generally beyond the reach of a single scientist…. Simulation modelling needs cooperative development” (p. 111). For this reason, it is unlikely that ABM will become part of the everyday
toolkit of the average demographer. It will remain the province of a small number of specialists,
just as has been the case with mathematical demography or previous demographic microsimulations. But this is not unusual in science; even a small discipline like demography can benefit from
a division of labour.
Before reading this book, the ABM novice might explore the technique using simple models
on such free websites as Insight Maker or NetLogo. Associated with the latter is an elementary
introduction to ABM by Wilensky and Rand (2015). A similar text is available from AnyLogic,
along with a free “light” version of their powerful modelling software (which is expensive in the
full version).
Most demographers will find that some chapters are more congenial than others. Ch. 13, for
example, by Klüsener, Scalone, and Dribe, deals with familiar questions regarding diffusion in fertility transitions, and is firmly anchored in the literature. Similarly, the chapters by Willekens (10),
Prskawetz (3), and Wolfson, Gribble, and Beall (17) provide a nice balance between demographic
substance and modelling technicalities.
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As might be expected in a relatively new field, there is some lack of standardization regarding
definitions and procedures. At times, the distinction between ABM and classic microsimulation
is blurred. In ABM the behaviour of an agent is “rule-based,” but the nature of the rules is not
always clear (cultural norms, in-group beliefs, laws?). In some cases, behaviour also is based on
social pressures deriving from the agent’s position in a social network. In many others, behaviour
retains some stochastic elements, as in older microsimulations. Willekens, for example, explicitly
states that his model (Ch. 10) “…is referred to as a simulation model, not an agent-based model”
(p. 258). It is a formalization of a decision process that could later be integrated into a larger ABM.
So, while not a systematic introduction to the field or even an advanced text, this book likely
will remain as a landmark on the way to the assimilation of agent-based modelling into demography. In chapter after chapter, one encounters models that provide new insights into familiar
demographic dynamics. And the whole enterprise is placed in broad scientific context in the substantial introductory chapters by editors Van Bavel and Grow (Ch. 1), and by Courgeau, Bijak,
Franck, and Silverman (Ch. 2).
The last six names are a reminder of the fact that of the twenty-five or so contributors to the
volume, only five are from North America. Europe is the clear leader in the adoption of ABM,
and perhaps computer modelling generally, which poses an interesting question in the sociology
of demography.
Note: The book lacks an index, so the reader interested in tracking down specific topics or
authors will be more successful doing computer searches of the e-version.

Reference
Wilensky, U., and W. Rand. 2015. An Introduction to Agent-Based Modeling: Modeling, Natural, Social and
Engineered Complex Systems with NetLogo. Cambridge: MIT Press.

202

Book reviews

Childlessness in Europe: Contexts, Causes, and Consequences
edited by Michaela Kreyenfeld and Dirk Konietzka
Dordrecht: Springer, 2017
Demographic Research Monograph Series

ISBN 978-3-319-44665-3
Hardcover US$59.99, 381 pp.

Partially translated from Ein Leben ohne Kinder (Springer 2013)
Reviewed by Vita Yakovlyeva
University of Alberta
This impressive, statistic-dense volume, published by the Max Planck Institute for Demographic Research, presents an overview of trends in demographic behaviour toward childlessness,
focusing primarily, though not exclusively, on Western Europe. The main conceptual issues under
consideration in this volume are: (1) the determinants of the growth of childlessness over time;
and (2) the possibility of its reversal. While the individual chapters take on a range of topics, the
most prevalent of these are inquiries into the social stratification of childlessness as well as the
social and biological limits of childlessness, including fertility, the family, and their relationship to
social policy. Germany, Sweden, and Finland receive special attention; however, given the availability of longitudinal studies, the authors successfully extend their inquiry into the data sets available from elsewhere in Central, Eastern, and Southeastern Europe—the UK, Scandinavia, Italy,
Austria, Slovenia, Czech Republic, etc. (and even the US). The timespan covered by the research
presented stretches from the 1880s to approximately 2012.
Childlessness makes several crucial and commendable contributions to the discipline of demography, and to social studies of population in general, such as family, children, or ageing studies.
Although levels of childlessness in most European countries have been observed to rise in recent
decades, childlessness is not a new phenomenon. The publication meticulously traces the continuity of childlessness hundreds of years back in time, and seeks to ground its varied analyses in
the historical context of the phenomenon while taking into consideration the many variables that
might influence the general demographic trends of population, such as migration, poverty, war,
religious affiliation, gender, etc. (chapter 2).
A key finding of the book is that the childless population is a very heterogeneous group.
Among the important novel discoveries is, for instance, a link between childlessness and sibling
socialization. Some recent evidence suggests that a decline in the number of children can become
generational and is associated with increased childlessness in the future for individuals who grew
up in small families. Generally, there are many variables that have never been properly articulated,
and this publication successfully pins some of them down, such as religious affiliation, migration,
and the practice of foster or social parenting. As such, the works collected in this volume emphasize the complexity of the phenomenon under study. For example, several contributions to this
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volume trace differences in both male and female childlessness by educational attainment. It has
been repeatedly suggested that high levels of childlessness are associated with progressive growth
of tertiary education among women, and frequently this has been simplistically linked to emancipation. However, recent examples of statistics from Finland and other Nordic countries presented
in this book demonstrate a reversal in this trend: in the last decades, childlessness levels in Finland
have become highest among the least-educated men and women (chapter 7).
Taken together, the studies presented in the volume debunk a direct causal pathway linking
childlessness to lower education among men and higher education among women, while pointing
out other variables whose weight has previously been underestimated, such as cognitive abilities,
state family policy, or lack of a partner. By refusing to attribute childlessness to a single clear-cut
reason, the book promotes attention to the complexity of individual reproductive choice. For
example, the contributions that demonstrate most successfully the correlation between social circumstances and individual fertility decisions are represented by the studies comparing East and
West Germany (chapter 5), Austria and Switzerland (chapter 6), and Austria and Sweden (chapter
9). Tracing differences in the fertility trends in East and West Germany before and after unification
demonstrates how “radical changes on the macro level transfer into cohort-specific behavioral
patterns” (p. 102). Chapters 5, 6, and 9 successfully present a comprehensive framework of socioe-conomic factors to explain the hypothesis that institutional infrastructure that provides substantial support for the integration of mothers into the full-time labour market is one of the leading factors to influence childlessness in educated women. Instead of merely analyzing the family
policy in a given country, the authors underline the importance of taking a life course approach to
understanding the role of institutions in shaping childbearing decisions.
Despite the rich data collection and sound analysis in Childlessness, some minor drawbacks that
are common to the majority of works in this volume deserve mention. Any reader equipped in
social theory will notice that social theory as such is gestured towards but not at all sufficiently
explored across the volume, even in those articles that claim the use of a certain theoretical framework in their research of childlessness. For example, those drawing on the life course approach
(e.g., chapters 9–11) briefly summarize its definition but fail to actually demonstrate the process
of its application or sufficiently unpack the logic of their arguments. The authors of chapter 12
rightfully bring in Bourdieu’s concept of habitus in order to trace some patterns between fertility
dispositions and socialization in a given social environment, and yet they leave the reader looking
for a more explicit application of this concept to the data set under study. The concept of habitus
is mentioned only twice—once in the subsection “Theoretical and Empirical Background” and
then once more in the concluding subsection of the chapter, but apparently slips between the lines
in the rest of the chapter.
The editorial introduction seems to share the style of the volume, which emphasizes the presentation of recent and crucially valuable, mostly quantitative data (with exception of chapter 12,
which draws on interviews), but refrains from much theoretical interpretation. In addition to a lack
of engagement with relevant social theory, the book presents a number of issues with regard to
clarity. For instance, in the introduction the editors insist on putting the concepts of voluntary and
involuntary childlessness in quotation marks, while everywhere else in the volume, and in demographic
vocabulary in general, both concepts exist as valid without such an unnecessary hint at unusualness
or ambiguity, as is normally conveyed by quotation marks. Furthermore, some attentive readers
can be left puzzled by the possible meanings implied by another unjustified pair of quotation
marks around the verb to choose, in the context of talking about reproductive choice. Such a choice
of punctuation could be interpreted as a possible implication of a negative meaning ascribed to
the flaw feature of the “current generations” (p. 4). In another instance of troubling ambiguity,
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after having just described a feminist perspective on the vocabulary of childlessness studies, the
editors go on to contrast it with what they call “a more neutral and fact-based assessment of the
consequences of childlessness” (p. 3). Such a formulation seems dismissive of the feminist approach’s contribution to studies of parenthood and children, as well as suggests its inability to generate sound, scholarly evidence. Here and elsewhere, the editors do not explain their choices. Similarly, the tantalizing question that the editors pose to themselves of whether childlessness can be
considered a postmodern phenomenon is left essentially unexplored and ultimately unanswered.
Overall, this is a selection of important contemporary demographic research that should attract a diverse readership of social scientists and policy makers. It sheds light on some concepts
positioned right on the edge of development of some reproductive theories and practices that still
await further in-depth exploration, such as the rights of the fetus conceived with Assisted Reproduction Technologies (ART) and the social implications of childlessness in seniors.
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A Longitudinal Approach to Family Trajectories in France:
The Generations and Gender Survey
edited by Arnaud Regnier-Loilier
Dordrecht: Springer, 2017
INED Population Studies 7

ISBN 978-3-319-56000-7
Hardcover US$99.99, 274 pp.
Translation of Parcours de Familles, L’enquête Etude des relations familiales et
intergénérationnelles, Coll. Grandes enquêtes (INED 2016)
Reviewed by Lorna R. Marsden
York University
The Generations and Gender Survey (GGS) in France is part of a project of the Population
Activities Unit of the United Nations Economic Commission for Europe (UNECE). Nineteen
countries have participated so far. It is a longitudinal panel study. One person (aged 18–79 years)
was selected to answer a questionnaire in a personal interview and followed up by two further
waves of interviews. In mainland France, a sample of 16,000 “ordinary households” was taken
from the 1999 general census, resulting in 10,079 respondents in the 2005 first wave of interviews,
followed by two further interviews with the same person in 2008 and 2011. The objective was
to “better understand life histories by analyzing how demographic behaviour is determined at an
individual level and what the corresponding consequences are.” The results open our eyes to some
new and interesting fields to examine in family life.
This volume of twelve papers based on the GGS deals largely with the results in France, although international comparison with a few of the other countries involved is discussed in some
chapters. Not all the countries involved are in Europe (Japan, Australia, and the Russian Federation, for example), nor are Canada, Britain, or the United States of America participants. This
work, then, is of great interest to Canadians for other important reasons, both methodological and
substantive.
The first two chapters deal with the purposes, theory, and methods involved in the survey.
This includes a very balanced look at the strengths and limitations of such data collection, and a
most candid assessment of the quality of the data. These chapters are models of how to describe
and assess such survey data, and will be very useful to anyone supervising thesis work in this
area—or, even more, contemplating writing a thesis on comparative, survey, and panel studies in
demography and other empirical fields in social science.
The remaining chapters take us through fascinating aspects of family and fertility in France in
the 21st century, where marriage laws include a civil partnership (PACS) and a more simplified divorce law since 2005. There is special detailed examination of cohabitation, likelihood of couples
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to separate and why, planned fertility and fertility intentions, the effects of unemployment on
fertility, work schedules and family size, how mothers cope with their careers and the influence of
state supports in this work-life balance, and the impact of intergenerational transfers of time and
money. In addition, among other contemporary observations, differences in family status show
that being a lone mother or a stepmother differs significantly in some ways from being a mother
in a nuclear family.
To take only one example, Chapter 3 deals with LAT (Living Apart Together) or “couples in
intimate non-cohabiting relationships,” a situation in which many academic “couples” find themselves in Canada, just as they do in France. There is a considerable literature on this subject, the
relevant parts of which are reviewed in this chapter. The advantage of the data used here is that
subjects are interviewed three times over the six-year period, so the sustainability and outcomes
of such relationships are explored. For example, older people LAT were more likely to retain that
relationship than younger people, who were more likely to move in together or find a new partner
or both. The reasons for the situation of those interviewed show both the choices and the constraints. For many, single parenthood is a constraint to cohabit, while LAT is a choice for many
seniors. Young people are far more likely to intend to cohabit than seniors, so LAT is a constraint
for them. A great many situations are examined here, and not surprisingly, LAT turns out to be
highly various and complex, depending on age, education, employment, and family situation. Surprisingly, differences between same-sex vs. opposite-sex couples are not examined in this or in
other chapters, even theoretically. Nor is it explicitly discussed or explained, but one assumes from
the context that only heterosexual couples are being discussed.
For the most part, the results are not surprising to any reader in the field. As with previous studies, levels of education, age and employment (or income) make important differences.
Couples who argue, especially over finances, are more likely to separate. What is satisfying is how
well the questions are asked and developed in the analysis, with a richness of detail that makes
working through these data all worthwhile.
Furthermore, each of these ten chapters is fascinating in two ways. First, they either add to
existing knowledge in the subject, often on a comparative basis with other country studies, or they
open new avenues of exploring family life. For example, because of changed laws on birth control and abortion, achieving one’s intentions regarding fertility have stabilized quite considerably,
adding to the many and illustrious studies on fertility intentions, family size, and timing in France.
However, looking at the way in which women’s values are affected by their type of family and
change over time opens new possibilities in the exploration of family life over the life course and
even over generations.
Second, each chapter deals systematically with the methodological issues, such as effects on
the data of attrition between the interviews (2005, 2008, and 2011), the limitations of the questions asked, with suggestions for improvement in subsequent studies, and with the presentation
of statistical analyses.
This is quite beautiful work, and sets a standard for studies in these complex areas of life. It
will be helpful not only to demographers but to any of the fields in which family life and generations are studied, including sociology, social-psychology, family therapy, and perhaps even to
novelists.
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China’s Urbanization and Socioeconomic Impact
edited by Zongli Tang
Singapore: Springer Nature, 2017
ISBN 978-981-10-4830-2
Hardcover 93,59€, 225 pp.
Reviewed by Qiyan Wu
Jiaotong University and Simon Fraser University
Referring to the rapid growth of urbanization in China and great achievements in the economy and social and environmental change since the 1978 reforms, there are a plenty of literatures
to reveal the history and geographical change from diverse angles. This book explores the shift
of China’s urbanization through a cross-disciplinary viewpoint, which covers diverse topics and
involves a variety of subjects, including economics, demography, city planning, environmental
sociology and politics, cultural studies, anthropology, gender, and history. Certainly, this book tries
to provide up-to-date information, reports, and analyses based on most recent events; meanwhile,
it also places special emphasis on issues that have been ignored by prior studies.
The book is valuable to different scholars in urban studies, sociology, and cultural studies, and
to activists and policy-makers through providing up-to-date information on Chinese urbanization,
a strong grasp of theoretical/empirical debates, and useful case studies.
This edited book is organized in four parts. It is organized in such a way that it starts with
exploring new directions for urbanization in the future, its interactions with industrialization, and
the impact on policy reforms in Part I. Within this part, chapter 1 highlight some issues China’s
urbanization is confronting, e.g., regional disparities and uneven income, and the conflict between
environmental protection and economic growth. Chapter 2 examines how industrial development
affects urbanization, and chapter 3 touches the issue of relationships between real estate market
and the local taxing system under the rapid urbanization of China. Then, Part II deals with urban
impact development at a regional perspective, which involves the case studies of northwestern
urban agglomerations and Western China.
Naturally, in Part III authors delve into social-economy issues within urban areas, such as the
relationships between urban development and the impact on women and environment. However,
this part seems to overload beyond the main theme of this book. Chapter 6 provides empirical
evidence on how different levels of infrastructure influence the process of urbanization. Chapter
7 evaluates the impact of these changes on the social mobility of women in cities, drawing upon
relevant literature and the ethnographic studies of rural migrant women workers in Beijing and
educated career women in Shanghai. Chapter 9 tries to suggest that urbanization can also be a
powerful engine for sustainable development.
Part IV, consisting of the last three chapters, discusses impacts on rural clans, rural clan cultures, and villages brought by urbanization. For instance, chapter 10 attempts to explore changes
in clan traditional culture during the process of urbanization. Chapter 11 examines the clan society
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in the Qin and Han dynasties, when cities expanded and business flourished. Chapter 12 analyzes
the dynamics and impacts on rural Jiangsu. These topics seem interesting independently, but their
loose organization may jeopardize the coherence of the whole book.
Despite my inherent interest in the book’s premise, I was a little disappointed with the general
issue of the edited book for the coherence of the chapters. It’s undeniable that this book not only
provides up-to-date information and but also tries to stress missed issues in prior studies. However, some chapters in parts III and IV are distressing to readers from the main theme of China’s
urbanization and socio-economic impact to unsubstantiated details.
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Sick of Inequality? An Introduction to the Relationship
between Inequality and Health
by Andreas Bergh, Therese Nilsson and Daniel Waldenström
Cheltenham (UK) and Northampton, MA: Edward Elgar, 2016
ISBN 978-1-78536-420-4
Hardcover $99.95, 168 pp.
Reviewed by Susan A. McDaniel
University of Lethbridge
This small book sets out a large agenda: to discuss the state of research on the relationship
between inequality and health. Specifically, it seeks to examine the challenges in identifying the
effect of inequality on health and how this effect might be robustly captured.
The book seeks to meet its objective in eight short chapters, following an introductory chapter and ending with an eight-page appendix. Chapters 2 (Measuring Health) and 3 (Measuring
Inequality) outline and critique the usual ways that health and inequality are measured. Objective
and subjective measures of health trends are contrasted and critiqued, noting that life expectancy has generally improved over time, while subjective health has remained flat-lined. Given this,
the authors suggest that researchers might best use multiple measures of health. On measuring
inequality, the authors take a similar interrogating approach, asking whether it is income or another
distributional good that should be measured. They then outline the perils of assessing within and
between country inequalities, and suggest caution and care in the selection of measures of both
health and inequality. Each of these chapters has multiple evidentiary graphics.
Chapter 4 is more theoretical in examining the variety of ways research has indicated that
economic inequality might affect health. Some pathways are psycho-social, while others focus
more on monetary resources and still others rely on politics, crime, trust, or some other societal
factors. The authors, in deconstructing explanatory frameworks, make the case that research must
attend to a theoretical understanding of what underlying processes they are examining rather than
treating the relationship of inequality to health as a given when an association is found. They further argue that inequality may not always have a detrimental health effect. The example they use
is educational inequalities, which might provide incentives for enhancing education that benefits
population health overall. They further suggest that there may be a threshold effect of inequality
on health, in that the effect is only seen once inequality reaches a certain level. The threshold level
may differ from society to society, or region to region. The threshold may be lower if inequality is
perceived to be based on unfairness such as corruption or inheritance.
In chapter 5, the focus shifts to the universal conundrum in the social sciences of correlation versus causation. Relying on correlational graphics—largely for Sweden, where two of the three authors
are based—it becomes clear to the reader that scatterplots reveal no straightforward relation of
inequality to health. Measures used matter to findings, as does geographic level. Further, of course,
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correlation, even if based on the best available and most appropriate measures and data, does not
mean causality. Bergh et al. offer many examples of possible misinterpretations of associational
relationships and further examples of possible reverse causality. They then work through an empirical exercise showing exactly how faulty interpretations can result when variables are relied upon
without a clear theoretical model behind them, or without taking into consideration other factors
that could affect the inequality/health relationship. This chapter could be an object lesson in being
cautious in the use of statistical analyses. Chapter 7 adds further caution about reliance on aggregate data, as most studies of inequality and health tend to do.
Chapter 7 offers a concise and highly useful summary of the state of research on inequality
and health. Although sizeable, this brief summary categorizes studies by measures used and by
level of data, with a particular focus on those studies that combine individual and household data
across regions and countries. In a simple graph (Figure 7.1), the authors reveal the immense variation in findings on the inequality/health relationship across studies. Two conclusions are reached,
both with varying possible interpretations. First, the inequality effect seems stronger for subjective
measures of health. And second, for objective health measures, very few find that income inequality is a significant health risk—a finding particularly clear in rich countries. Two additional critical
observations emanate from this analysis, according to the authors: (1) Few studies offer conceptual frameworks of the inequality/health relationship; and (2) Very few studies offer a statistical
approach that allows for causality to be assessed.
Chapter 8 offers an array of suggestions for measuring possible mechanisms at work in the
relationship of inequality and health. And chapter 9—relying on the sensational finding that Oscar
winners live four years longer than other actors—shows the methodological flaw in this conclusion. Oscar winners often receive the award when they are older, and as demographers know well,
life expectancy increases with years already lived. The chapter goes on to urge caution in interpretation of the purported inequality effect on health. They very clearly state that the effect cannot be
dismissed as wrong, only that it should be examined with greater care and caution.
The lengthy appendix is a table with all 87 studies examined in the book listed by focal period,
countries, measures of inequality and health, geographic level, findings and comments. This table
is a valuable resource for any researcher who studies inequality and health, and should be well
thumbed.
Sick of Inequality could be, as its subtitle suggests, an introduction to the relationship of inequality and health. However, most will find it daunting without a deep familiarity with the concepts
and with the research methods used in the social sciences. This book would be more appropriate
as a supplemental text in senior-level undergraduate or graduate-level courses in health sciences,
sociology, demography, or political economy. It would also be useful for all researchers, including
this reviewer, who purport to study the relation of inequality to health. Even broader than that,
the book is an object lesson in the importance, in all the social sciences, of having solid theoretical
frameworks guiding our empirical analyses. Without that, analyses—no matter how seemingly
robust—may be subject to faulty interpretations, or worse.
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Preterm Birth in the United States: A Sociocultural Approach
by Janet M. Bronstein
Dordrecht: Springer International Publishing, 2016
ISBN 978-3-319-32713-6
Hardcover $179, 337 pp.
Reviewed by Savannah Larimore
University of Washington
Despite my initial assumptions, Preterm Birth in the United States: A Sociocultural Approach does
not read like a conventional textbook, but rather presents the body of knowledge on pre-term
birth with a surprising depth of critical engagement. The author, Janet M. Bronstein, holds a
Ph.D. in Applied Medical Anthropology and several joint appointments across the departments of
Health Policy, Sociology, and Political Science at the University of Alabama at Birmingham. Bronstein also teaches courses in public health ethics, conducts research on low-income populations
and the medical safety net, and serves as an evaluator for family planning and maternity services
demonstration programs within Medicaid agencies in Alabama and Arkansas. The diversity and
breadth of Bronstein’s training and experience allows the author to present comprehensive and
nuanced cultural and historical views of preterm birth as well as critical analyses of how this health
outcome is defined in academic settings and treated in clinical ones. Bronstein’s review and analysis
of this topic is both timely and overdue, as the US has consistently fallen well behind peer nations
in birth outcomes.
The text is organized by six “dimensions of preterm birth”: clinical, population, cultural,
political, health care, and ethical. Bronstein argues that these dimensions do not exist in isolation
but instead overlap to create one overarching view of preterm birth in the US, and explicitly notes
the places that themes connect. Each chapter is additionally organized into distinct subsections
or sub-dimensions, and concludes with a comparison of the manifestation of each chapter’s dimension in US society with three comparable societies: Canada, Britain, and Western Europe. As
the title of the book implies, in each chapter Bronstein shifts the focus from biological, proximate
causes of preterm birth towards the distal, cultural, and social causes of this health outcome. This
does not mean that Bronstein shies away from discussions of biological causes; when necessary,
the author makes a concerted effort to talk about preterm birth as an outcome separate from other
birth outcomes—namely, infant mortality and low birth weight—rather than conflating these outcomes and assuming they stem from one singular, common cause, as other texts often do.
Given Bronstein’s training, it is no surprise that I found the third chapter, which focuses on
the cultural dimension of preterm birth, to be the most compelling. In this chapter, Bronstein applies her insights as a medical anthropologist to the cultural frames and social processes that have
shaped historical and contemporary views on motherhood, pregnancy, fetal viability, and preterm
birth among other “poor” birth outcomes, namely, infant mortality and low birthweight. For this
chapter, Bronstein presents an original analysis of articles from major US newspapers and identi-
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fies three primary narratives with several shared themes: “the hero’s journey,” “the power of technology,” and “expressions of compassion.” Bronstein notes that media representations and the
narratives present in those representations often demonstrate the ways that a society defines and
evaluates social problems. Based on this analysis and other points made in the chapter, it is clear
that cultural narratives of preterm birth in the US focus on the use of technology to deliver, and
aid in the survival of, infants born at very early gestational ages. Bronstein also notes that preterm
birth is one of the few cases in US society where compassion is favoured over rational, calculated
decision making, and media representations reflect this by appealing to emotion even when, for
various reasons, medical intervention may not appear to be the best course of action.
Despite many strengths of the text, there are several shortcomings throughout. Most importantly, I expected a more intersectional and comprehensive overview of racial disparities in the US
and the comparison societies that Bronstein highlights. While I understand that racial disparities
are not the sole focus of this book, in areas where racial and ethnic disparities in preterm birth or
other birth outcomes are mentioned, Bronstein reinforces an incredibly common problem in this
subfield: focusing on the Black–White gap in birth outcomes while minimizing or ignoring other
gaps between Whites and racial minorities or across racial and ethnic minority groups. While Bronstein does highlight the Hispanic/Latinx epidemiological paradox, there is little to no mention
of birth outcomes and disparities for Asians, Native Hawaiians or Pacific Islanders, and Native
Americans or Alaska Natives. Similarly, while I commend Bronstein for explicitly naming the role
that slavery and anti–black oppression plays in maintaining and reproducing the Black-White gap
in birth outcomes, I found a lack of the same treatment of other forms of racism specific to other
groups (e.g., Japanese internment, the Native American genocide, and so on). The same can be
said for analyses of racism in the comparison countries which have histories of colonization and
racial oppression that, while distinct from that of the US, are still present. For example, Bronstein
fails to highlight the similarities in oppression of indigenous populations in the US and Canada,
which would have been a worthwhile comparison to make, given the stark difference in health care
systems between the two bordering nations.
That said, as a young scholar interested in racial disparities in low birth weight in the US, but
not necessarily preterm birth, I consider this book indispensable. I would recommend this book
to researchers interested in birth outcomes and women’s health in the US, as well as professors
teaching upper-division undergraduate and graduate courses in similar topics. Additionally, while
the text is written for an academic audience, I find Bronstein’s prose to be approachable for many
non-academic audiences, and the book’s structure makes identifying sub-sections of interest for
quick reading possible. Overall, this book was a pleasure to read and I look forward to referencing
it many more times in the future.
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Demographic Dividends: Emerging Challenges
and Policy Implications
edited by Roberta Pace and Roberto Ham-Chande
New York: Springer, 2016

Demographic Transformation and Socio-economic Development Series 6

ISBN 978-3-31932707-5
Hardcover US$99.99, 184 pp.
Reviewed by Margot Almond
Unaffiliated researcher (ret.)

The economic impacts of aging are currently an important subject of discussion and debate.
Countries are increasingly experiencing the economic impacts of population aging, as a result
of declining fertility and mortality rates. In addition, there can be certain socio-economic advantages to these demographic transitions, and these benefits are known as demographic dividends. Governments, and indeed citizens, are increasingly concerned with the demographic dividends to be
gained, as well as the pitfalls to be avoided, in addressing population aging.
Studying the differences between various countries in these demographic transitions and
demographic dividends can help inform the public policy debate, in order to ensure that government policies support the realization of demographic dividends.
This book is a collection of seven articles by various authors, all on the general theme of
demographic transitions. It is the sixth book in a series published by Springer on demographic
transformation. The editors’ stated aim is to examine the diversity of demographic dividend paths
taken by various countries. Each of the articles examines one or more countries or sub-national
areas to determine the onset of the so-called “window of opportunity” created by the demographic transition, and the extent or length of that window. In order to fully take advantage of the
demographic transition, governments must use the window of opportunity to put in place policy
supports, such as investments in education and health care, that act as enablers in the achievement
of demographic dividends when the window of opportunity opens.
The regions/groups studied are Mexico, Sub-Saharan Africa, Latin America, India, the Mediterranean countries, Italy, and Indigenous populations in Canada, Australia, and New Zealand.
The addition of an article focusing on countries with the oldest age structures in the world, such
as Japan and Germany, would have rounded out this collection nicely. With such a wide diversity
of countries being studied, it is obvious that many of the regions under study completed their
demographic transition long ago, while others are still on the cusp. This huge range means that the
approaches taken by each chapter must differ significantly, and this diversity of approaches makes
for somewhat choppy reading.
Three of the articles (those on Latin America, Mexico, and Italy) examine both the demographic dividends as well as the demographic transitions, including some attempts made at ac-
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tually measuring the socio-economic dividends. In contrast, the remaining four articles (those on
Sub-Saharan Africa, India, the Mediterranean countries, and Indigenous groups) focus on the
demographic transitions, and where they do address the matter of dividends, it is largely a discussion at a theoretical level. This is not surprising, since it is impossible to measure the actual
economic impact of something that has not yet occurred.
Most of the articles use common concepts such as the Total Dependency Ratio or Total Fertility Rate, or even crude birth and death rates, to measure the demographic transition, and each uses
a slightly different approach to determine the timing of the resulting “window of opportunity”
created. In contrast, the methods used to measure demographic dividends are more uniform, with
GDP per capita and household savings rates being the preferred measures.
The book includes several innovative studies, including the Latin American examination of
the so-called gender dividend, which is the increase in GDP that arises from increased female labour
force participation. The authors present compelling evidence that the gender dividend may in fact
be more economically significant than the demographic dividend, at least in several Latin American countries.
The article on Italy delves into the unusually significant impact of migration on population
structure and aging. By way of illustration, Italy lost over 7 million people to emigration during the
1946–76 period,1 which naturally had a huge impact on its population of only 50 million in 1960.2
Another approach used in this book is to look at the impact of sub-populations who live
among a majority population, in this case the Indigenous populations of New Zealand, Australia,
and Canada. This is labelled the collateral dividend, because this dividend may be realized long after
the “main” window of opportunity has closed, due to the different age structure of the sub-population. The author, Natalie Jackson, is just beginning her work on this emerging concept, and it will
be interesting to follow it in the future.
The article on Sub-Saharan Africa used population projections to predict the timing of various
countries’ windows of opportunity. The authors of this article undertook a sensitivity analysis to
determine the impact of different population projection series on their analysis, thus providing
some unique insights into the importance of dataset selection.
Given the book’s title, it was a little disappointing that the book did not have more articles
examining the actual demographic dividends realized, especially since so many countries around
the world have completed their demographic transitions. The three articles which did attempt to
measure demographic dividends were quite fascinating to read. For example, the article looking at
household savings rates in Mexico found that the traditional theoretical model of an upside-down
U shape to savings rates through the life cycle did not quite fit. Rather, the authors found that there
was a small but definite uptick in savings shortly before retirement age, resulting in an M-shaped
savings curve.
Of course, there is no guarantee that demographic dividends will in fact be realized by any
given country, despite their demographically-driven windows of opportunity. Two articles examined this topic, looking at sub-national regions to see why some states/regions were more successful than others in accruing demographic dividends. In the case of Italy, the authors argue that
a government development fund actually subverted the potential demographic dividend for the
southern region, and actually deepened the north-south gap within Italy.3 Conversely, Anrudh Jain
argues that in India, some states were more successful than others in obtaining their dividends
precisely due to their governments’ early actions to increase investment in education and health.
1. Chapter 7 on Italy, by Roberta Pace and Naida Mignolli, p. 157.
2. World Bank, https://data.worldbank.org/indicator/SP.POP.TOTL?locations=IT
3. Chapter on Italy, p. 172.
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These investments ensured that their populations were well-prepared to take advantage of the
demographic transition. In the case of Mexico, the authors note that while current government
policies are not coordinated and effective to profit from the demographic transition, the window
will still be open for several more years. The ongoing nature of these transitions confirms that
there are many more books to be written on this subject.
The introduction by the editors nicely summarizes the theoretical underpinnings of work to
date in the area of demographic transitions. It was somewhat surprising, however, that the state of
current literature on actual dividends was not even mentioned.
This book fits well into the theme of this series of books, which is demographic transformation. Given that the series covers various aspects of transformation and socio-economic development, perhaps a future book could focus on demographic dividends in particular.
This is an interesting collection of articles, covering a broad spectrum of demographic transitions around the world. With much earlier research (and media coverage) often focused on the
“perils” of population aging, it is worthwhile to be able to read material that focuses on the more
positive potential dividends.
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Handbook of Migration and Health
edited by Felicity Thomas
Cheltenham (UK) and Northampton, MA: Edward Elgar, 2016
ISBN 978-1-78471-477-2
Hardcover $255, 576 pp.
Reviewed by Barry Edmonston
University of Victoria
Within the field of immigration studies, the health of migrants and the effect of their movement on health in their communities of origin and destination is an important topic of demographic interest. Demographers have mainly focussed on three aspects of the health of migrants:
(1) the selection effect of pre-migration individuals; (2) the effect of migration on their subsequent
health; and (3) their changing health after settlement in their destination country. Lesser attention
has been paid to an intriguing fourth topic: (4) the secondary selection effect of some immigrants
returning to their country of origin. The Handbook of Migration and Health deals partially with these
four topics of primary interest to population researchers. Most chapters in this volume, however,
concern topics in public health and anthropology that are peripheral to usual demographic study.
The volume is organized in six topics, with 26 chapters along with an introductory chapter.
The first section includes six papers concerning theories and models of migration that discuss the
key theoretical questions examined in the migration and health literature. Second, there is a section
of four papers dealing with rights and entitlements to health, and the concept of “deservingness”
pertaining to health. The third section covers six papers on vulnerability to impaired health and
the experience of health “precarity” (an uncommon word meaning “precariousness”). A fourth
section has four papers concerning specific health needs and priorities, including the needs of
migrants with particular health requirements, and policy and program responses. The fifth section
includes five papers dealing with the provision of health care for different groups of migrants.
The final section has three papers discussing transnational and diasporic networks—relationships
that affect both migrants as well as others in their social networks.
As mentioned earlier, most of the papers in this volume do not deal with topics of usual interest to demographic researchers. Nine of the papers have some demographic relevance. Chapter
2 examines major mechanisms that relate migration and health. It provides a useful summary of
the healthy migrant hypothesis, as well as an interesting discussion of the idea of selective return
migration (the main argument is that unhealthy migrants may be more likely to return to their original communities than healthier counterparts). Common explanatory models of migration and
health are described in chapter 3, including the healthy migrant hypothesis as well as a model of
health transition for migrants. The authors present a reasonable argument for greater use of a life
course approach for examining health changes and accumulated health risk over time. Chapter 4
makes the case for studying migrants’ health changes in both the sending and receiving countries’

217

Canadian Studies in Population 45, no. 3–4 (Fall/Winter 2018)

contexts. Rather than a “linear” model of health changes over time with acculturation, the author
formulates a dynamic interaction of health behaviour and influences shaping health outcomes.
Agricultural labour migration from Mexico and the Caribbean to Canada is discussed in chapter 13. The authors document the conditions of farm labour and the poorer health outcomes
that stem from cumulative risk exposure over time. Chapter 14 relates closely to chapter 13, with
a comparative overview of occupational health of migrant workers. This chapter examines several
ways in which workplace practice and hazards affect work-related accidents, injuries, and illness.
The complex relationship of climate change and health is described in Chapter 15. Climate-related migration is increasing worldwide, and this chapter summarizes case studies for the Northwest Arctic, Morocco, Sri Lanka, and the South Pacific.
In chapter 16 the authors deal with a neglected topic within the health and migration literature:
the situation of migrants with disabilities or chronic illness. The chapter focuses on the United
Kingdom, analyzing the link between migration, chronic illness and disability, and health care.
Current literature on mental health and migration primarily deals with post-traumatic stress
disorders and the mental health or depression of recently-arrived migrants. Less well-studied are
changes in the mental health of groups of immigrants over the lifetime. Chapter 17 offers an interesting case study of the mental health needs and experiences of longer-term Chilean immigrants
in the United Kingdom.
Most immigrants are younger, healthier, and usually have limited use of health care in the initial years after settlement. Related health research dealing with elderly immigrants usually occurs
in countries such as Canada, where the immigrants have usually resided for many years. A different
approach is taken in chapter 21, which looks at the health and health care of British elderly who
have retired in Spain. The chapter points out there are unanticipated differences in health care
rights and services in Europe, and this gives rise to problems between individual expectations and
actual Spanish health care.
Overall, this volume provides useful recent literature reviews, conceptual frameworks, and
case studies. The nine chapters highlighted above are likely to provide the greatest interest to
demographic researchers.
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Biohistory
by Jim Penman
Newcastle: Cambridge Scholars Publishing, 2015
ISBN (10) 1-4438-7165-6, (13) 978-1-4438-7165-5
Hardcover US$49.95, 622 pp.
Reviewed by Helena Fracchia
University of Alberta
Biohistory as a discipline started in the late 19th century and has gained steadily in popularity
more recently. In general, biohistory combines several different schools and disciplines such as the
Annales school (Braudel), environmental history, human geography, sociobiology, and, in some
manifestations, the theories of Darwin; basically, biohistory is a type of social history. Biohistory
differs from evolutionary biology in that the emphasis of the former is on history, not science.
Jim Penman is now one of the major proponents of the study of Biohistory. The volume
under review is the full academic version of a more popularizing book Biohistory: Decline and Fall
of the West. Both volumes examine, in more or less detail, how the “complex interplay between
culture and biology has shaped civilisations from the Roman Empire to the modern West.”
In extreme synthesis, the focus of the book is that the driving forces of history are the biological characteristics of individual people. Several characteristic types are identified and Penman
calls the types by various letters. For example, C is “a physiological system that adjusts behaviour
to conditions of limited food… Characteristics of C in humans include hard work, discipline, and
willingness to sacrifice present consumption for future benefit.” Instead the V characteristic is
formed by plentiful food but with episodic severe stress. The V person is aggressive, with a strong
sense of group, intolerance of indulgence, migration, etc. The relationship between C and V explains the rise and fall of civilization. Penman then delineates a variety of factors that affect how
these categories evolve through time in society.
Seventeen chapters plus a very useful glossary in the academic version cover all the principles
of the Penman’s approach to world development through time, in an attempt to understand why
some societies are wealthier than others, why some groups within society are at a disadvantage, and
the reasons for war and economic recessions. He addresses questions such as whether birth rates
decline in affluent societies, and why does democracy exist in some countries but not in others?
What causes certain peoples to rise to power and prominence and why do civilizations fall? All of
these questions are answered from the point of view that changes in social, political, and economic
behaviour reflect changes in temperament. Temperament/character is a highly variable behavioural and emotional state in individuals, but over time it is relatively stable, biologically based, and
appears early in life. Temperament/character is influenced by parenting style and environmental
variables which condition how the inherited temperament/character is expressed (pp. 1–2).
Specific topics covered by the chapters include a discussion of science and temperament
(Chap. 1), of food restriction and the effects on populations (Chap. 2), the ‘C’ or civilization factor
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(Chap. 3), and aggression (Chap. 4). Infancy and childhood are discussed in chapter 5, and the
evolution of Western society is the subject of chapter 6. Several “cycles” are discussed with numerous examples, e.g., the civilization cycle (Chap. 7), the lemming cycle (chap. 8), war (Chap. 9), and
recession and terror (Chap. 10). The remaining chapters discuss the application of the cycles to
specific events, such as why regimes fall (Chap. 11), Rome (Chap. 12), China and India (Chap. 14),
the triumph of fundamentalism (Chap. 15), and the decline of the West (Chap. 16). Although this
book was written in 2015, many of the topics have great significance for the world today.
Despite the vast amount of evidence presented in various examples, graphs, and tables, which
can slow down both reader progression and, to a certain extent, comprehension, the presentation
is lively, engaging, and interesting. Given current events—particularly in Europe and elsewhere,
with the growing strengths of populism and authoritarianism, with large-scale economic migration, the long lasting presence of wars, a redefining of democracy or democratic principles, and an
increasing divergence between rich and poor on both micro and macro levels—the book provides
a captivating thesis and is well worth reading, whether one agrees partially or fully with the thesis.
On the macro historical level, Penman’s thesis is fascinating and he documents his ideas with
ample evidence from vastly different sources, but this is also a problem. The entire argument rests
on personality types and the environmental (largely interpreted) influences upon personality. A
wealth of evidence is presented in the span of a few paragraphs or pages that ranges from baboon
social development to Victorian Europe, and on to North American society, with no regard for
chronology or geography. The absence of any sort of order, either geographically or chronologically, in the presentation of evidence gives the impression to this reader that everything is equal to
everything else, and the thesis reductive. If the book had been structured more tightly geographically and chronologically, the individual arguments would have been more convincing and certainly
easier to follow. But if a geographical or chronological order were followed, the problem would
arise that environmental issues/disasters/crises are asymmetrical, through time and place. These
differences are not considered at all, probably because the asymmetrical effects are not fully visible
or evident in Penman’s macro-historical approach. The dominance of the C or V type personalities
is certainly defensible, but it is the interaction with other C or V civilizations in a micro historical
framework of stress, famine, population growth, sexual repression, etc., that creates the rich tapestry of history. For example: yes, the rise and fall of Rome is certainly emblematic (Chap. 12),
but a macro-historical approach does not (and cannot) adequately address the evolution of small
town on the banks of the Tiber river that became an empire spreading as far as the Euphrates and
Tigris rivers. In this particular case, the details of the variety of people, of geography, and of the
particular and individual socio-economic developments of each of these peoples through time are
absolutely programmatic.
Despite the criticisms noted above, and especially against the background of the world stage
today, this book is well worth the effort to read and the thesis is worthy of careful consideration.
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The Global Spread of Fertility Decline: Population,
Fear, and Uncertainty
by Jay Winter and Michael Teitelbaum
New Haven, CT, and London: Yale University Press, 2013
ISBN 978-0-300-13906-8
Hardcover $60, 336 pp.
Reviewed by Md Kamrul Islam
University of Lethbridge
Fertility decline around the world, with some exceptions in developing countries, presents
an unprecedented challenge due to its wider impacts on labour force, economy, and population
ageing. The declining trend in global fertility has been attributed mostly to economic and cultural
factors by the first demographic transition theory and second demographic transition theory, respectively. However, politics has received limited attention in earlier scholarly contributions in examining fertility
dynamics. The book Global Spread of Fertility Decline: Population, Fear and Uncertainty by Winter and
Teitelbaum is certainly an important contribution to address the gap in the literature. The eight
chapters of the book cover a wide range of topics, including globalization and demography, European population, the China trajectory, population and politics in India, family and fertility in Japan,
and migration and fertility in North America. Throughout the book, the authors aim to establish
the fact that we are living in a so-called “risk society,” with continuous fear and uncertainty which
exert a strong influence on the fertility behaviour of couples.
In the first chapter on Globalization and Demography, authors argue that declining fertility and
rising international migration have become integral features of globalization. The two major waves
of globalization (first from 1880 to 1914; and second from the mid-1980s to the present) were
markedly influenced by political, military, economic, technological, and cultural forces, and had a
powerful impact on the acceleration of global migration. The authors add that the second wave
is also framed by the (semi-)globalization of fertility decline, with some exceptions in the Middle
East and sub-Saharan Africa. For instance, the number of countries with fertility rates below the
replacement level of 2.1 children per woman had increased to 64 by 2000–2005, from only 5 countries in 1960. Along with economic factors, political development has played important role in fertility decline of these countries. However, the declining trend in fertility has raised concern among
governments and policymakers, due to its negative impact on labour force supply and increasing
ageing population. For this reason, governments have introduced various intervention programs
to increase fertility. Nonetheless, there is a big debate about the extent to which the programs are
effective in increasing fertility.
Winter and Teitelbaum put forward the “risk hypothesis” by providing in-depth evidence
from European countries, including Russia, Germany, Italy, Spain, and Greece in chapter 2. The
hypothesis assumes that we are living in an era of uncertainty. In the era of second demographic
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transition—which is characterized by changes in norms and values related to marriage, family formation, and childbearing—higher risk of divorce and increasing rate of cohabitation have exacerbated the fear of risk among women in the case of childbearing, which eventually lead to sustained
low fertility in European countries. Hence, the authors contend, “very low fertility or childlessness
is a pathway to freedom, not defined by an infinity of choices but as a strategy of risk aversion”
(p. 43). The presumed risk related to career, employment, and future security has been attributed
to the political instability that prevailed throughout Europe during last century. The risk hypothesis
suggests that changing patterns of family formation, political development, economic recessions,
and cultural conflict are the sources of fear related to future security. Given that the risk hypothesis
was not tested empirically, future research on global fertility should focus on testing it rigorously,
with a view to having reliable evidence to justivy possible policy interventions.
The third chapter (on Islam in Europe) provides a critical reflection on the emergence of
Islamophobia and its manifestations across Europe, citing evidence from the debates on the veil
in France, the murder of Theodoor van Gogh in Holland, conflict regarding Danish political cartoons, enacting laws on preventing minarets in Switzerland, and violence against Muslims across
Europe. This section provides better insight into uses and abuses of the term Islamophobia, along
with the extent to which it has become challenging to ensure peace and stability in the multicultural
context. The authors suggested a “human rights framework” for understanding the dynamics of
Muslims’ presence in Europe. The authors very rightfully disagree with the perception that “the
Muslims already in Europe will outbreed their non-Muslim neighbors and take over the continent by demographic default” (p. 108). There is evidence that fertility of immigrants and their
second-generation descendants is even lower compared to the native-born population of the host
society (Milewski 2010).
Presenting a separate section on the “China trajectory” is worthwhile because China is an
exceptional case of fertility decline; there, politics were at the forefront in strictly implementing
its “one-child policy,” with some exceptions. This policy further accelerated the already declining
trend of fertility from more than 6.0 children per woman in the 1960s to 1.38 children in 2002.
The United Nations (2017) projections show that the TFR in China will remain much below the
replacement level of 2.1 children per woman even after 2050, raising new challenges in areas of
labour force, population aging, imbalanced sex ratio at birth, and the economy. Now the government of China has relaxed the one-child policy and introduced a two-child policy in 2015. Despite
changing the one-child policy, data from the National Bureau of Statistics showed declining number of births in 2017, which raises the question of whether introducing a two-child policy will lead
to a sustained increase in the total fertility rate that reaches above-replacement fertility. The biggest
challenge here is that similarly to social change, fertility behaviour of couples changes gradually;
therefore, changes in policy may not bring the desired increase in fertility as quickly as expected
by government officials.
The chapter on population and politics in India focuses on political developments along with
economic factors to explain differences in pathways of fertility decline in different regions in the
same country. At the aggregate level, India’s fertility has fallen from 4.97 children per woman
during 1975–2000 to 2.3 for the current period of 2015–20, and it is projected to go down to 2.1
by 2025–30 and 1.78 during 2095–2100. The authors show that with the exception of a few states
(e.g., Punjab, Himachal Pradesh, Andhra Pradesh, and Kerala), fertility rates are still at above-replacement level in most states, suggesting that the top-down policy for controlling fertility has
failed in India; thus, the case of China may have been an exception.
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Japan is another unique example of the global spread of fertility decline, though its context is
different from China and India. In the chapter “Japan: Family and fertility since 1945,” the authors
show that the total fertility rate in Japan was 4.3 in 1949, which declined to 1.39 in 2011. The sustained declining trend in fertility rate has been attributed to various interventions by the government, such as enacting laws for delaying the age of entry into sexual union, supporting increased
use of contraception, and facilitating large-scale induced abortion and breastfeeding practices. To
justify Japan as one of the examples of a “risk society,” the authors argue that “young professional
women see childbearing as a risk, endangering their prospective careers and financial security” (p.
190). In addition, the ultimate consequences of urbanization—such as the development of individualism, small family size, considering marriage as a sine qua non for having children, and the desire for quality children—should be taken into account in explaining the fertility decline in Japan.
The last chapter, on “North America and NAFTA,” provides a contrasting scenario of fertility
in Canada, USA, and Mexico. Fertility in Canada and USA declined substantially after the baby
boom of the 1950s, but Mexico’s fertility remained high for decades despite its socio-economic
development, urbanization, and industrialization. In fact, Mexico’s government encouraged high
fertility during the 1960s, motivating by the slogan “to govern is to populate” (p. 210). In contrast,
in the 1970s the government of Mexico emphasized population control by introducing family
planning programs, fearing the negative impact of population growth on economic development.
Thus, in both cases political development was at the centre of either increasing fertility or declining fertility. Further attention is needed to justify the extent to which the USA and Mexico resemble “risk societies” in terms of childbirth, given the fact that despite the prevailing tension and
anxiety among Mexican immigrants in the USA, their fertility rates are usually higher than those
of other Americans.
In sum, the authors cover a wide range of historical information on politics, health care,
economy, and migration policy in providing plausible explanations for fertility decline. And this
is what makes the book important for scholars, including historians, political scientists, demographers, health experts, and policy makers. Another powerful feature of the book is its inclusion
of convincing evidence on fertility decline both from developed and developing countries, and
its elaboration of a “risk hypothesis” framework for explaining fertility decline. Future research
should focus on examining the extent to which fertility dynamics of African countries—which are
still characterized by high fertility, persistence poverty, and political instability—fit into the new
framework of risk hypothesis proposed by the authors in this book.
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