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Preface

Knowledge about the causes of health and disease is now greater than at any time in

human history: We understand that chronic diseases, which account for about 70% of

deaths globally, are linked to certain aspects of our lifestyle (WHO 2017). It is an es-

tablished fact that smoking causes lung cancer (US Department of Health and Human

Services et al. 2014). And there is no ambiguity in the evidence relating physical in-

activity and certain dietary behavior to obesity, high blood pressure, type 2 diabetes,

coronary heart disease and cancer (Forouzanfar et al. 2016; Lee et al. 2012). Still, 1.1

billion people smoked tobacco in 2015 (WHO 2018), and the incidence of obesity is

increasing globally (Forouzanfar et al. 2016).

From a traditional economists’ viewpoint, these behaviors stem from rational decisions

based on individual preferences: Individuals maximize their utility by choosing an op-

timal level of positive and negative health investments and therefore bad health consti-

tutes a conscious choice (Grossman 1972). In this framework, there is only a limited

scope for policy interventions (Cawley and Ruhm 2011).

The notion of individual health as a purely self-inflicted consequence of individual be-

havioral choices contrasts with an economic and epidemiological literature highlighting

the social dimension of health. While this literature acknowledges the importance of in-

dividual behavior as determinant of individual health, it is also concerned with the role

of culture, availability and affordability in shaping these behaviors (Marmot and Wilkin-

son 2005, Chapter 1). For example, it has been shown that health behavior varies across

subgroups of the population, with high socio-economic status being the greatest predic-

tor for healthy behavior (Cawley and Ruhm 2011).

The question whether individuals engage in unhealthy behavior only because of indi-

vidual optimizing behavior or also because of external circumstances, has important

normative implications. The wide-spread popularization of smartphones provides com-
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PREFACE

panies, policy makers and health insurers with the technical capabilities to observe and

monitor health behaviors. For example in early 2016 one major German statutory sick-

ness fund launched an app, enabling its insurees to document physical activity and gain

a reward of up to 180 euros a year.1 Neglecting external factors influencing the ability

to engage in healthy behavior, such an app may simply be viewed as a useful tool to

incentivize physical activity. However, for example single parents with low-paying jobs

might just not be able to fit requirements for gaining a reward into their daily sched-

ule. And other individuals may find it hard to comply because of cognitive limitations.

Consequently, a more negative view is that such apps provide a tool for redistribution

within the public social security system to those who fit into the category of healthy-

wealthy-wise (Currie 2009).

Moreover, external environments and living circumstances appear to drive health in-

equalities beyond their role in shaping health behaviors and providing access to health

care (Marmot 2015). For example, the Whitehall Study of British civil servants has doc-

umented a robust gradient in the relationship of occupational rank and health (Marmot

et al. 1991). And even within countries, life expectancy varies by location of residency

(Chetty et al. 2016; Lleras-Muney forthcoming). While individuals can choose not to

smoke, they cannot easily escape air pollution, which might give them lung cancer any-

way. In their analysis of an increase in mortality for low educated white individuals in

the US, Case and Deaton (2017) put forward the explanation of cumulative disadvan-

tage. They argue that labor market conditions have been worsening from one generation

of low educated individuals to the next. Together with a loss in family structures, this

loss of opportunity triggers a process of long-term decline. In light of these findings it is

essential to raise awareness that "Health is not simply a matter of personal responsibility"

(Lleras-Muney forthcoming; Marmot 2015). However, much of the evidence document-

ing a relationship between circumstances beyond individual control and health is based

on correlations. In order to convince policy makers that their actions can influence in-

dividual health - even when a measure is not directly targeted at the health system - it

is important to show that these findings also hold up when institutional settings vary

exogenuously.

In the first two chapters of this dissertation I exploit exogenous variation created by

1 https://plus.aok.de/inhalt/aok-bonus-app/
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modern German history to study how an institutional framework can affect health. My

focus is on those periods in an individual’s life cycle, where she is especially susceptible

and vulnerable to health shocks, namely the perinatal period and old ages. Chapter

1 exploits the onset of World War II as a natural experiment to learn about the short

term consequences of the onset of the war for newborn health and perinatal infant

mortality. The German population was initially not subject to very extreme war-related

conditions. However, the institutional framework people were living in changed sud-

denly. The economy was transformed into a war-time economy and large scale drafting

of doctors put a strain on the public health system. In Chapter 2 I study contempora-

neous health differences between East and West Germans arising as a consequence of

the German separation. Both chapters exemplify that political actions which are not

targeted at the health system, can have consequences for individual health. Mothers

did not choose to give birth in Munich some months into World War II rather than some

months prior to the war, yet they were more likely to see their infant die within the first

week after birth. Likewise, East Germans born prior to 1949 are of worse health than

their West German counterparts, even though they did - in most cases - not actively opt

for a life in the East.

In addition to a credible identification strategy, empirical research on the determinants

of health requires suitable data. Only very few countries, such as Sweden, Norway and

Denmark, provide researchers with access to administrative data sets linking individual

health records to detailed information on labor market outcomes, education and addi-

tional life experiences (Farbmacher et al. 2016; Gustavsson et al. 2012; Nilsen et al.

2012). Moreover, even detailed registry data, does lack measures of subjective health,

health-related life quality, or cognitive and non-cognitive ability. Therefore, much of

empirical research relies on survey data. Surveys are a convenient tool to obtain repre-

sentative data for any population. Furthermore they are not restricted to certain types of

outcomes and longitudinal surveys even allow to observe individual-level changes over

time. On the other hand, the process of data collection inevitably leaves its mark on sur-

vey data. As a result, survey responses may not always exactly correspond to a - possibly

hypothetical - true value but contain survey error (Alwin 2007). A well-known source

of measurement error in face-to-face surveys is the interviewer. Interviewers have been

shown to influence responses by the sheer presence of their demographic characteris-

3



PREFACE

tics, by their interviewing style or by their willingness and ability to offer clarifications

to respondents (Groves 2004). The third chapter of this dissertation investigates an

additional channel for interviewer-induced measurement error: In an attempt to scale

down the impact of interviewers, the administration of a cognitive test may be shifted

partially or fully to a technical device. I show, however, that interviewers do not use the

technical device for all respondents in my setting, creating unintended variation. These

findings highlight that applied researchers working with survey data on cognitive ability

should think carefully about potential sources of error.

Each chapter of this dissertation is self-contained. A common theme is the focus on

empirical analysis and the use of modern microeconometric methods.

Chapter 1, titled Birth in times of war - An investigation of health, mortality and social

class using historical clinical records is based on joint work with Sebastian Wichert. This

chapter is motivated by a growing literature exploiting World War II as a natural exper-

iment to study the impact of an adverse early life environment on later life outcomes. It

has been documented that individuals who were affected by World War II in early life,

are more likely to suffer from diabetes and depression (Atella et al. 2016; Kesternich

et al. 2014) and show modified behavior at old ages (Kesternich et al. 2015). However,

little is known about the short term effects of World War II. We seek to bridge this gap.

Specifically, we estimate the short-term impact of the onset of World War II on new-

born health and perinatal mortality. We focus on the first two years of WWII, a period

when military operations took place outside of Germany and there was no nutritional

shortage. We collected an entirely new data set of historical clinical birth records from

the largest birth hospital in Munich, Germany. Our unique data contain around 10,000

births and miscarriages which took place in the hospital between December 1937 and

September 1941. Our findings reveal no change in perinatal health at the onset of the

war but a large and robust increase in perinatal mortality. This mortality effect can

mainly be attributed to live born children who die before leaving the hospital. Infants

from all social classes are more likely to die after the onset of the war and low birth

weight infants are disproportionally affected. The mortality effect is greatest during

the first months of the war. This is consistent with the interpretation that the onset of

WWII acted as shock to individuals and the public health system, initially leading to a

4
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jump in perinatal mortality and then gradually fading out. In our discussion of poten-

tial mechanisms we focus on maternal stress and a decline in medical quality caused by

sudden conscription of doctors. We argue that the latter channel is more important in

our setting, as the increase in mortality is largest where medical quality should matter.

Data on birth outcomes during the onset of World War II is not readily available. There-

fore, this project involved a significant amount of preparatory work to obtain a our data

set. After the birth records had been cleaned from mold and relocated to the university

archive, we hired student assistants to digitize the entries. Several challenges occurred

during this process. The entries in the birth records use a traditional form of German

handwriting that required special reading skills on the side of the student assistants.

Moreover, information on one birth is spread out across several documents and match-

ing this information is not always straightforward. We devoted a high effort to obtaining

a high-quality data set and double checked all seemingly inconsistent entries.

Chapter 2 is titled: Does the wall still exist? Health differences between East and West

Germans. In this work I exploit the German separation and reunification as a natural

experiment to learn about the long term effects of living under a Socialist regime on

individual health. Identification rests on the assumption that East and West Germans

would not systematically differ in the absence of a separation. Previous literature has

supported this claim (Alesina and Fuchs-Schündeln 2007; Görges and Beblo 2015).

I document health differences between East and West Germans across time, age and

cohorts to account for the fact that it is not straightforward to define a single "GDR"

effect of interest. Moreover, even in 2018 living conditions in East and West Germany

vary across several dimensions. Given these persistent differences, it seems unlikely

that today’s gap in health status can be attributed to experiences prior to reunification

alone. In order to obtain an estimate of the long-term effect of having lived in East

Germany net of contemporary input into the health production functions like income

and unemployment, I apply the mediation analysis framework outlined in Acharya et al.

(2016). I estimate the controlled direct effect, a well defined quantity corresponding to

the treatment effect in an experiment where both the treatment and and post-treatment

are manipulated by the experimenter.

Using data from the German socio-economic panel, I document a strong and persistent
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gap in health among individuals whom I observe at older ages. East Germans born

1949 or earlier have been diagnosed with more chronic diseases, have lower mental

health and physical health related life quality and rate their health significantly worse.

While removing the influence of contemporary factors reduces the magnitude of esti-

mates of health inequalities between East and West, a significant gap remains for older

individuals. I cannot fully disentangle age and cohort effects. Nevertheless, I document

evidence consistent with the interpretation of an acceleration of the aging process of

East Germans between the ages of 40 and 60. Furthermore, I argue, that earlier cohorts

were hit harder than younger cohorts by the shortcomings of the GDR health system

and experienced more blatant repression during the 1950s.

The third chapter, Does the laptop always help? Non-compliance and interviewer effects

in cognitive tests, deals with one possible source of survey error in the administration of

a cognitive test. Cognitive tests in surveys allow researchers to study cognitive decline

associated with aging (McArdle et al. 2007; Whitley et al. 2016), analyze determinants

of economic decision making (Smith et al. 2010) and relate labor market outcomes to

cognitive ability (Heckman et al. 2006; Heineck and Anger 2010). However, adminis-

tration of a cognitive test within surveys is a challenging task. Test scores of cognitive

tests do not only reflect cognitive ability but also contextual circumstances. Further-

more, heterogeneity in interviewing styles and interviewers’ ability are also likely to

induce measurement error. One way to scale down the impact of interviewers, is to

shift administration of a cognitive test partly or fully to a technical device, such as the

interviewer’s laptop. This chapter studies the case of the word recall test in the third

wave of Understanding Society - The UK Household Longitudinal Study. In the word

recall test respondents hear a list of ten words and are subsequently asked to recall as

many words as possible. According to the study protocol, the words should be read

by the laptop of the interviewer. However, for about 20% of respondents, the inter-

viewer deviated from the default procedure and read the words herself. Respondents

who heard the words from the interviewer, perform on average worse than other re-

spondents. Moreover, interviewer intra-class correlations are elevated when the test is

administered without the laptop.

I aim to answer three questions. I begin by asking which determinants drive imper-
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fect compliance with the study protocol. Here, I am interested in respondents’ char-

acteristics predicting deviation from the default mode as well as heterogeneity across

interviewers. Next, I turn to the question of what drives the difference in performance

between the two modes. Respondents were not randomized to modes in our setting.

Therefore, differences in performance may either constitute mode effects, i.e. the test

score a particular respondent achieves depends on the mode of administration, or they

may stem from selection effects, i.e. cognitive ability is not evenly distributed across the

two groups of respondents. I exploit the existence of test scores from additional cogni-

tive tests, that were administered to all respondents in the same mode, to understand

whether the two groups of respondents differ in cognitive ability. Finally, I seek to an-

swer whether administration via the computer successfully reduces interviewer effects

in our setting. Different interviewers deviate from the default procedure for different

respondents. This mechanism can contribute to a disparity in the interviewer intra-class

correlation between the two groups, similar to non-response error variance (Brunton-

Smith et al. 2012; West and Olson 2010).

My results show that hearing the words from the interviewer is associated with indi-

vidual characteristics such as age or hearing problems. Moreover, the propensity to

read the words varies greatly across interviewers. Selection effects appear to be the

main driver of performance differences in our setting. Those respondents who hear the

words from the interviewer, perform significantly worse also in other cognitive tests. Fi-

nally, the differences in interviewer intra-class correlations between the two modes are

greater in the word recall test than in all other cognitive tests. Therefore we conclude

that the use of the laptop does indeed seem to reduce interviewer effects in the word

recall test. These findings suggest that the use of laptops in administration of the word

recall test is preferable, despite the problem of possible non-compliance.
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Chapter 1

Birth in Times of War - An investigation of health,

mortality and social class using historical clini-

cal records ∗

1.1 Introduction

Early childhood and the time in utero may be one of the most critical time periods in

life (Almond and Currie 2011). In order to establish a causal effect of adverse early-

life environment on later life outcomes, a growing literature exploits historical shocks

like natural disasters, recessions, famines and wars. The by far greatest shock that has

affected living cohorts in Western Europe is World War II (WWII). Individuals exposed

to WWII in utero or early-life have been shown to have higher morbidity and mortal-

ity rates, worse socio-economic outcomes and even a modified behavior at older ages

(see e.g. Atella et al. 2016; Jürges 2013; Kesternich et al. 2014, 2015; Van den Berg

et al. 2016). These findings are based on samples of the surviving population. If indi-

viduals who survive infancy during the war do systematically differ from survivors of

other cohorts, estimates of long term effects may be biased (see e.g. Lindeboom and

Van Ewijk 2015; Van Ewijk and Lindeboom 2016). As historical individual level data on

birth outcomes are hardly available,1 it is unclear whether the negative effects of WWII

remained latent until later life or were already present at time of birth.

∗ This chapter is based on joint work with Sebastian Wichert and an earlier ver-
sion is also included in Sebastian Wichert’s thesis available at https://edoc.ub.uni-
muenchen.de/21785/1/Wichert_Sebastian.pdf.

1 A rare exception is the "Dutch Famine Birth Cohort Study". See Lumey et al. (2011) for an overview.
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The aim of this research project is to estimate the short term effects of the onset of WWII

on perinatal health and mortality of infants. To explore, how war induced changes in

perinatal infant mortality are related to individual characteristics associated with out-

comes later in life, we estimate heterogeneous treatment effects by social group and

infant health. Furthermore we investigate several mechanisms through which the on-

set of WWII may affect a newborn’s health. We collected an entirely new data set of

historical clinical birth records from the largest birth hospital in Munich, Germany. Our

unique data contain around 10,000 births and miscarriages which took place in hospi-

tal between December 1937 and September 1941. Besides a rich set of demographic

variables, our data set contains detailed socio-economic information. In our empirical

strategy we exploit the unexpected onset of WWII as natural experiment.

Even 60 years after the end of WWII, its consequences continue to shape individual life

outcomes. Kesternich et al. (2014) analyze retrospective life data and document that in-

dividuals exposed to WWII during childhood are more likely to suffer from diabetes and

depression at old ages. Atella et al. (2016) investigate the impact of WWII on health

in an Italian context. They can link stress in early life caused by exposure to intense

conflicts to depression, while exposure to famine appears to increase the probability of

diabetes in later life. A number of research projects exploit WWII to study the long term

consequences of hunger in early life. For example Van den Berg et al. (2016) provide

causal evidence that hunger leads to a decrease in adult height and Kesternich et al.

(2015) show that individual behavior can serve as a pathway between early life shocks

and later life health. Similarly, the small literature drawing on historical birth records to

study the short term impact of WWII on health at birth mainly focuses on the role of nu-

tritional shortage during gestation. Stein et al. (2004) find those individuals affected by

the Dutch Hunger Winter 1944/1945 during the third trimester to have decreased birth

weight and birth size. No effect is found for individuals exposed during earlier stages

of pregnancy. Using data similar to ours, Floris et al. (2016) study how birth weight

evolves over the course of WWI in one Swiss hospital. In their setting food rationing

during the end of the war leads to a decrease in birth weight for children from medium

SES families. By contrast, high SES families can compensate price shocks and low SES

families benefit from public interventions. Our work is also related to a strand of litera-

ture investigating the impact of shocks in utero and maternal stress using modern data.
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This literature exploits a variety of shocks, for example natural disasters (Currie and

Rossin-Slater 2013; Torche 2011), terrorist attacks (Quintana-Domeque and Ródenas-

Serrano 2017) or mass layoffs (Carlson 2015). Most of these studies can document a

small decrease birth weight following an external shock. An exception is Currie and

Rossin-Slater (2013) who do not find a change in birth weight, but show that stress in

utero affects more extreme health outcomes.

Finally, in our discussion of potential mechanisms, we connect to the literature evalu-

ating the effects of physician supply on health outcomes. Drawing on historical data,

Liebert and Mäder (2016) exploit the sudden expulsion of Jewish doctors in Nazi Ger-

many as natural experiment. They find a decrease in regional physician coverage to

have substantial detrimental effects on infant mortality.

While we do not find any sizable effects of the onset of the war on health measured as

birth weight or asphyxia, we can document a strong, robust increase perinatal infant

mortality. This mortality effect can mainly be attributed to live born children who die in

hospital prior to being discharged. Perinatal mortality increases for all social classes and

disproportionally for very low birth weight infants. Previous literature relating WWII

to health outcomes often focuses on extreme effects of the war like bombings, hunger,

combat and dispossession. Similarly to Lindeboom and Van Ewijk (2015) and Van Ewijk

and Lindeboom (2016), we study less extreme war-related events. We focus on the first

two years of WWII, a period when military operations took place outside of Germany

and there was no nutritional shortage. Our main contribution is to document an effect

of WWII on perinatal child mortality even in the absence of extreme conditions. The

onset of WWII acted as shock to individuals and the public health system, which initially

led to a jump in perinatal mortality and then gradually faded out. This interpretation is

consistent with historical evidence, showing that the onset of the war caused turmoil in

the health system and disrupted daily life.

Two mechanisms are potentially driving our results. Firstly, high maternal stress levels

may contribute to an increase in infant mortality, as the onset of a war comes a long

with great uncertainty and many husbands were drafted. Secondly, a sudden shortage

of doctors can lead to a decrease in medical quality. With the onset of WWII, large

scale conscription reduced the number of doctors considerably and put the hospital un-

der strain. We find the mortality effects to be stronger, where medical quality should
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matter. Therefore we conclude the decline in medical quality to be the more important

channel.

Our results have important implications for the literature on long term effects of WWII.

We document a disproportional increase in mortality for very low birth weight infants,

suggesting that studies using samples of the surviving population provide a lower bound

for the true effect.

The remainder of the paper proceeds as follows: Section 1.2 provides more detailed

information on the historical background. Section 1.3 describes our data, the way we

constructed our variables and presents first descriptive analyses. We explain our empiri-

cal strategy in section 1.4 and present our results in section 1.5. Section 1.6 concludes.

1.2 Historical and institutional setting

1.2.1 General historical background

Events leading to WWII

When Hitler and the Nazi Party seized power in 1933, the transformation from a weak

democracy to an autocratic dictatorship began immediately. Within months, public in-

stitutions, local and regional authorities, judicature and even private clubs were brought

under the control of the Nazi party. Non Aryan Germans were dismissed from jobs in the

civil service and whoever publicly raised criticism became subject to brutal repression

(Evans 2004, pp. 498-509). Against the terms of the treaty of Versailles the Nazis also

launched the rearmament of the German military. In 1935 a military law made all male

Germans between 18 and 45 liable to military duty. Nevertheless, neither the German

public nor other European powers were aware of the imminent threat of a war. When

Hitler began with the restoration and expansion of Germany, he did so using massive

political pressure on foreign governments instead of using military force. Between 1935

and 1938 three former German territories, separated after WWI, were reintegrated into

Germany (Territory of the Saar Basin by referendum, Rhineland and Memel Territory by

occupation, Austria by voluntary annexation). The first military aggression took place

in 1938 when Germany occupied the Sudeten German territories in Czechoslovakia.

The essential powers in Europe - Great Britain, France, Italy - tolerated this aggression

to appease Hitler and to avoid a new war in Europe. Even when Hitler violated pre-
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vious agreements again in 1939 by occupying the rest of Czechoslovakia, they did not

intervene in any military way.

After these successes Hitler and the Nazi state were celebrated by the majority of the

German population, who perceived Germany to be a world power again. The general

public hoped that wars could be avoided in the future as well - either because Hitler

had already achieved his goals or because his political measures were sufficient to do so

(see Frei 2013, p. 150).

World War Two

WWII began with the invasion of Poland on September 1st, 1939. For the first time the

German military experienced resistance , and Poland’s guarantor powers - France and

Great Britain - declared war on Germany. This had been unexpected by the German

public, to whom it was clear quickly that this conflict would be different from any other

conflict since 1918. There was a great feeling of uncertainty and no euphoria among

the population, since most people had experienced the negative consequences of the

previous war. Prior to 1942, military operations (i.e. air strikes or combat) mainly

took place outside of Germany (see Permooser 1997). Therefore the German popu-

lation was initially not subject to direct effects of the war like hunger and bombings.

Nevertheless, the onset of WWII marked a distinct break in the daily routine. Firstly,

conscription affected a great number of men who were subsequently absent from their

families and workplaces. At the end of 1939 around 4.2 million men out of a male

population of 33.82 million were serving the military, another 3.5 million men were

drafted in 1940 (Overmanns 2009, p. 217).3 Men were drafted based on their year

of birth and previous military experience without social class dependent privileges or

exceptions (Absolon 1960, pp. 4, 152-153).4 Secondly, in order to prioritize production

for military purposes, the economy was transformed into a wartime economy. Three

days before Germany invaded Poland, the regime announced the introduction of ration

stamps for food and other commodities like fabric, leather and soap. The local popula-

2 German Reich as of 1937.
3 Poland was already defeated (with minor German military losses) in October 1939 and lots of sol-

diers returned on furlough. However, the atmosphere in Germany remained tense as there was a
constant threat that soldiers, who had just returned, would be sent to war again.

4 Only certain conscripts were (temporarily) exempt if their specific occupation duty was classified -
again on a case-by-case basis - as indispensable for "homeland defence".
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tion in Munich responded to the introduction of ration stamps with a rush to the shops

and officials were not well prepared to manage the new circumstances.5 While there

is no evidence suggesting that the population was affected by serious hardship during

the first two years of the war, daily life became more complicated. Long queues in front

of shops were common especially in the first weeks of the war and commodities like

furniture and bedding eventually became objects of speculation. There was no general

shortage of food.6 However, food quality declined and availability of certain categories

of food varied. Pregnant women received preferential treatment. Unlike the general

population they were allocated whole milk and when coal was in short supply in Febru-

ary 1940, pregnant women were eligible for extra rations. Records of the hospital our

data come from, do not indicate any problems with the catering of patients or shortage

of fuel.

The German health system entered the war ill-prepared. No comprehensive concept

existed on how to operate medical services for the civil population. Instead the mili-

tary was given full priority. The army made frequent use of its authority to dispose all

resources of the civil health system. Besides confiscations of local hospitals, large scale

drafting of physicians lead to conflicts between the military and the civil sector. Already

in fall of 1939 one third of all available physicians were in military service. In order to

mitigate the shortage of physicians, the state granted final year medical students their

approbations prematurely. Turmoil in the health system was greatest during the first

weeks of the war7, while the situation remained tense throughout (Christians 2013, pp.

237-244; Süß 2003, pp. 181-212).8

Fertility and childbirth under Nazi rule

Childbirth was no longer considered a private matter in Nazi Germany. Between 1900

and 1933 the number of yearly births in Germany had fallen by more than 50% (Sensch

2006), an unacceptable state for a regime adhering to a pro-natalist ideology. However,

as the Nazis’ world view was based on eugenics, their goal was not to increase every-

5 Confidential quarterly reports by the Economic Department give a detailed account of the Economic
situation in Munich (Stadtarchiv München 1939-1940).

6 Daily food rations were sufficient until the end of 1944 (see Jürges 2013; Kesternich et al. 2015).
7 Even high ranking Nazi officials had to acknowledge this tense situation (König 1939, pp. 385-386;

KVD Bayern 1939, p. 387).
8 A notable exception was the constant supply of pharmaceuticals, which was secured during the first

years of WWII due to large production capacities (Süß 2003, p. 197).
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body’s fertility. The regime used brutal repression to prevent reproduction among those

considered to deteriorate the gene pool (Fallwell 2013). In order to boost birthrates

among healthy "Aryan" Germans, the Nazis combined family propaganda, a ban of vol-

untary abortion9 and material incentives.10 Indeed, the absolute number of births was

increasing in the years prior to WWII.

Even the choice of location of delivery became infused with political agenda. The Nazi

regime was heavily opposed to the increasing trend towards hospital birth. While the

concept of women giving birth at home within their family members fitted in perfectly

with the Nazi ideology, home births also spared the resources of the health system. Ef-

forts to propagate home births climaxed in the so called "midwife edict" of September

1939 (RMI 1939). This edict requested hospitals to reject pregnant women without

medical or social indication for hospital births. The hospital our data come from was a

teaching hospital and therefore exempt from this rule. Due to decisive resistance of the

association of gynecologists the "midwife edict" was modified in 1940, granting women

a choice over the location of delivery (Zander and Goetz 1986). Official statistics indi-

cate that the proportion of hospital births in Germany was growing during the Nazi era

despite all otherwise attempts. In 1935, 25% of live births took place within a hospital

compared to 38% in 1940 (Statistisches Reichsamt 1933-1940).11

1.2.2 The hospital

The hospital Frauenklinik Maistrasse is the oldest and one of the largest gynecological

hospitals in Munich. It was founded as a state-run university hospital in 1884, suc-

ceeding the municipal birth house. In its first years the hospital mainly served lower-

class and often single mothers. Women of higher social status traditionally gave birth at

home. However, after moving into its current venue in 1916, the Frauenklinik Maistrasse

became one of the leading gynecological hospitals in Germany and attracted patients

among all social classes. The hospital was divided into a general and a private ward.

9 In the late 1920’s Germany was given of the most liberal abortion policy in the developed world
(Usborne 2011).

10 For example, eligible newly wed couples received marriage loans, whose repayment was reduced
with each child born.

11 Before 1935 official statistics only counted the number of births within maternity clinics. In urban
areas the proportion of hospital births was even higher.
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Most patients were admitted to the general ward and their treatment was completely

covered by public health insurance. The private ward enabled the hospital to extract

rents from more affluent, often privately insured patients. These patients received spe-

cial attention by the senior staff.12

Deliveries were supervised by both doctors and midwives, but only doctors carried out

surgeries and medical procedures. With the onset of WWII the conscription of physi-

cians heavily affected the daily routine. The director of the hospital frequently com-

plained in letters to the state administration and applied for exemptions from military

service for many of his doctors. For example, in a letter from December 1939 he stated

that already seven of his doctors were serving the military and several more had re-

ceived draft calls. Much of the workload was shifted to recent graduates and unpaid

trainees. In the Nazi era, the hospital carried out large numbers of forced abortions and

sterilizations on women who allegedly suffered from hereditary diseases.13

Two groups of births are likely to be oversampled in our data: births of mothers with

very low socio-economic status and pathological births. Home birth was no option for

women living under crowded or unsanitary conditions. Often these women would seek

admittance to the hospital weeks before delivery, where they acted as teaching material

for medical students and midwives in training. Women in risk of a pathological birth

were referred to hospital by midwives and gynecologists. Still, as hospital births had

become quite common especially in big cities by 1937, our sample is broad enough to

draw conclusions also for other groups. Around half of our observations equal at least

a status of a skilled worker and almost 60% of women entered the hospital without any

pre-existing risk factors. Between 1938 and 1940 around 17% of all Munich live births

took place in the Frauenklinik Maistrasse (see Table A.2 in the Appendix).

Figure 1.1 shows the monthly trend in the number of live births for our hospital and

the whole state of Bavaria, normalized for September 1939. Both trends match quite

well and no structural breaks (e.g. at the begin of the war or due to the "midwife edict")

point to any differential selection into our hospital.

12 The hospital was only allowed to charge a publicly regulated daily rate for patients in the general
hospital with no extra fees for treatments. In private ward, on the other hand, there were extra fees
for treatment on top of a higher daily rate.

13 Most such records state the women suffered from "hereditary feeble-mindedness". Since the 1990’s
the hospital has endeavored to shed light on its role during the Nazi era (Stauber 2012).
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Figure 1.1: Number of live births in Bavaria and hospital
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1.3 Data

1.3.1 Sample selection and variables

Sample selection

We digitized the universe of entries in the hospital’s birth records from December 1937

to September 1941 (see Appendix A.1). The 10,325 observations consist of live- and

stillbirths, miscarriages and a small number of other conditions.14 Other conditions

comprise women who came to the hospital post birth, women receiving treatment dur-

ing pregnancy, medically induced interruptions as well as forced abortions and steril-

izations. We do not consider these 196 observations in our analysis.

In our definition of live births, stillbirths and miscarriages, we maintain the categoriza-

tion found in the clinical records. A law of 1935 required midwives and physicians to

report all miscarriages to the authorities who were wary of illegal abortions.15 In our

birth records around 1,200 observations are marked as miscarriage. These mostly lack

information on the child such as weight, length and sex. Miscarriages mostly took place

outside the hospital and women only went to the hospital to seek treatment afterwards.

14 A twin birth results in two observations.
15 Vierte Verordnung zur Ausführung es Gesetzes zur Verhütung erbkranken Nachwuchses. Vom 18. Juli

1935. In: RGB1 I Nr. 82, 25. Juli 1935.
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Patterns of selection into the hospital are very likely to vary between women who intend

to give birth and women who are treated after a miscarriage. Therefore we exclude mis-

carriages from our main analysis.16

Outcome and control variables

Our primary outcomes are perinatal infant mortality, measured as whether an infant left

the hospital alive, and birth weight. Birth weight is an overall measure of health at birth

(McIntire et al. 1999), while also being a predictor of future life outcomes, for exam-

ple educational attainment and adult height (Behrman and Rosenzweig 2004). Currie

and Rossin-Slater (2013) find that birth weight is not affected by exposure to stress in

utero, while there is an effect for more extreme measures of newborn health. Therefore

we also analyse asphyxia and maturity. Asphyxia is caused by deprivation from oxygen

during the process of birth. It often results in the death of the infant and can cause long

term damage to surviving infants. Maturity is an indicator whether the birth takes place

at full term. It is assessed by the appearance of the infant.17

Our control variables include characteristics of the mother, namely age, the number of

previous pregnancies and most importantly a measure of social status which is derived

from the occupational information in the birth records. We categorize this occupational

information according to HISCLASS, a validated measure of historical social classes.

Each occupation is assigned one out of 12 social classes defined as "a set of individuals

with the same life chances" (Van Leeuwen and Maas 2011, p. 18). In our empiri-

cal analysis we rely on the previous literature and use a compressed 7-class version of

HISCLASS (Abramitzky et al. 2011; Schumacher and Lorenzetti 2005).18 For each ob-

servation, the birth record contains either the occupation of the father or the occupation

of the mother. If the occupation of the mother is given, the entry uses the female version

of the occupation in German language. Otherwise the male version is used, mostly with

a suffix like -wife, -daughter or -widow. We classify women accordingly as "working",

16 Entries marked as stillbirth, on the other hand, almost always include characteristics of the child but
do not generally contain a gestational age. Partly the definitions of stillbirth and miscarriage seem to
overlap since weight and gestational age of "miscarriages" exceeds 1,000 grams and the fifth month
in individual cases, while stillbirths" encompass a few infants with a birth weight below 1,000 grams.

17 To assess maturity, midwives checked the colour of skin, body hair, ear conch and the appearance of
genitals.

18 This simplifies the interpretation of regression coefficients, attenuates possible coding errors and
increases sample size within classes. A detailed description of the occupational coding can be found
in Appendix A.2.
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Figure 1.2: Timeline of observations in hospital
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"wife" or "single". Note that this approach assumes that the categories are mutually

exclusive, while in reality a married women may also work. Further control variables

include the sex of the infant, multiple births and the fetal position. Fetal malpositions

and malpresentations are among of the most frequent reasons for complications at birth.

As these can be diagnosed prior to birth easily, we expect births with an abnormal fetal

position to be overrepresented in our data. Several factors, such as tumors, maternal

anatomy or high parity are associated with fetal position in full term births (MacKenzie

2006). Still it is unclear why the onset of the war should causally affect the composition

of fetal positions in the population. Consequently we think of fetal position as a proxy

for the risk a birth can be associated with ex ante.

Descriptive statistics

Figure 1.2 displays the number of total observations, the number of live births and the

number of miscarriages over our period of observation. The graph shows a distinctive

drop in the number of births in June 1940 - nine months after the begin of the war, when

many men were drafted for the invasion of Poland. Similarly another drop occurred in

February 1941, 9 months after the begin of the invasion of France. In mid 1940 many

of the German soldiers were granted furlough, leading to an increased number of births

towards the end of the observation period.

Table 1.1 shows that 96% of the births in our sample are live births. In 93.5% of all
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Table 1.1: Descriptive statistics - Births

General characteristics N Mean SD Min Max

Birth after 9/1939 8828 0.543 0.498 0 1
General ward 8828 0.931 0.253 0 1
Length of stay 8769 12.704 11.934 0 379
Live birth 8828 0.960 0.195 0 1
Infant leaves hospital alive 8828 0.936 0.246 0 1
Regular fetal position 8688 0.919 0.273 0 1

Mother N Mean SD Min Max

Age of mother 8828 27.921 6.211 14 50
Parity 8826 2.208 1.804 1 19
Status is wife 8828 0.651 0.477 0 1
Status is own job 8828 0.310 0.462 0 1
Status is single, divorced or widowed 8828 0.031 0.173 0 1

Social status N Mean SD Min Max

Higher managers & professionals 8500 0.069 0.253 0 1
Lower managers & professionals, cleric 8500 0.194 0.396 0 1
Foremen & skilled workers 8500 0.225 0.418 0 1
Farmers 8500 0.072 0.259 0 1
Lower skilled workers 8500 0.133 0.340 0 1
Unskilled workers 8500 0.281 0.450 0 1
Farm workers 8500 0.025 0.157 0 1

Infant N Mean SD Min Max

Male 8822 0.527 0.499 0 1
Birth weight 8820 3218.620 601.065 280 5510
Length of infant 8815 49.998 3.108 19 61
No. of infants 8828 1.027 0.164 1 3
Asphyxia 6784 0.023 0.148 0 1

Notes: Descriptive statistics of births in sample (excluding miscarriages).

births the infant left the hospital alive,19 implying that in addition to the 4% stillborn

children, 2.5% of infants died in hospital after birth. Most births (93%) took place in the

general ward. The mothers in our sample are on average 28 years old and experience

their second pregnancy, 30% of the women in our sample report an own occupation.

Unreported analyses show that lower classes are overrepresented among these working

women.

19 The median newborn stayed in hospital for 9 days after birth.
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Table 1.2: Mean comparison - Births

General characteristics Mean before war Mean after war Diff SD p N before war N after war

General ward 0.952 0.914 -0.0374∗∗∗ 0.005 0.000 4035 4793
Length of stay 12.560 12.824 0.2639 0.256 0.303 3979 4790
Live birth 0.966 0.956 -0.0098∗ 0.004 0.019 4035 4793
Infant leaves hospital alive 0.949 0.924 -0.0247∗∗∗ 0.005 0.000 4035 4793
Regular fetal position 0.920 0.918 -0.0020 0.006 0.728 3954 4734

Mother Mean before war Mean after war Diff SD p N before war N after war

Age of mother 27.845 27.985 0.1406 0.133 0.289 4035 4793
Parity 2.188 2.224 0.0356 0.039 0.356 4035 4791
Status is wife 0.614 0.682 0.0675∗∗∗ 0.010 0.000 4035 4793
Status is own job 0.339 0.285 -0.0533∗∗∗ 0.010 0.000 4035 4793
Status is single, divorced or widowed 0.037 0.026 -0.0108∗∗ 0.004 0.003 4035 4793

Social status Mean before war Mean after war Diff SD p N before war N after war

Higher managers & professionals 0.055 0.080 0.0253∗∗∗ 0.006 0.000 3878 4622
Lower managers & professionals, cleric 0.174 0.212 0.0375∗∗∗ 0.009 0.000 3878 4622
Foremen & skilled workers 0.226 0.224 -0.0020 0.009 0.826 3878 4622
Farmers 0.084 0.062 -0.0222∗∗∗ 0.006 0.000 3878 4622
Lower skilled workers 0.123 0.141 0.0178∗ 0.007 0.016 3878 4622
Unskilled workers 0.305 0.261 -0.0434∗∗∗ 0.010 0.000 3878 4622
Farm workers 0.032 0.019 -0.0130∗∗∗ 0.003 0.000 3878 4622

Infant Mean before war Mean after war Diff SD p N before war N after war

Male 0.525 0.529 0.0042 0.011 0.696 4033 4789
Birth weight 3227.907 3210.802 -17.1054 12.847 0.183 4031 4789
Length of infant 50.198 49.830 -0.3674∗∗∗ 0.066 0.000 4030 4785
No. of infants 1.028 1.026 -0.0019 0.004 0.583 4035 4793
Asphyxia 0.021 0.023 0.0028 0.004 0.483 1991 4793

Notes: T-tests on the equality of means by war (excluding miscarriages). Significance levels: ***p < 0.01, ** p < 0.05, and * p < 0.1.
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Figure 1.3: Composition in terms of social
classes over time

0
20

40
60

80
10

0
%

 B
irt

hs

9/1939 6/19401/1938 1/1939 1/1940 1/1941
Month of birth

Higher managers Lower managers 

Foremen Farmers

Lower skilled workers Unskilled workers

Farm workers

Figure 1.4: Composition in terms of mari-
tal and working status over time
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Notes: Proportion of mothers by social class by
month of birth.

Notes: Proportion of mothers by marital and
working status by month of birth.

We conduct simple t-tests to check for changes from the prewar and to the war period

(see Table 1.2). There is no difference in terms of age and parity of mother, as well as

maturity and weight of the infant. The proportion of regular fetal positions does also

not change significantly. Since the proportion of regular fetal positions in the population

is unlikely to be affected by the war, this suggests that women at risk of a complicated

birth were not sent to the hospital more frequently during the war. On the other hand,

the composition of mothers in terms of social status, labor force participation and mar-

ital status does show some changes. This highlights the importance of controlling for

socio-economic characteristics. When examining how the socio-economic composition

evolves over time, we find no abrupt break occurs with the begin of the war (see Figures

1.3 and 1.4).

We also test whether the war had an impact on length of stay in hospital measured

in days after birth. The probability of observing a mortality event increases mechan-

ically, when mother and infants remain in the hospital for a longer period. However,

both before and during the war mothers and infants stayed on average in the hospi-

tal for almost 13 days. Finally we look at perinatal mortality. We find the unadjusted

perinatal mortality rate to be significantly higher during the war. Descriptive statistics

and mean comparisons for miscarriages can be found in Table A.3 and A.4 in the Ap-

pendix. Women who suffer a miscarriage are on average older and have more previous

pregnancies than women who give birth.
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Figure 1.5: Raw perinatal mortality by
month of birth - All births
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Figure 1.6: Adjusted perinatal mortality
by month - All births
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Notes: Perinatal death rates (monthly averaged)
and local linear regressions with a ROT band-
width and an Epanechnikov kernel separately for
the pre-war and the war period.

Notes: Regression residuals (monthly averaged)
from regressions of perinatal mortality on social
status, mother’s age, parity, primipara, twinning
status, infant’s gender, marital status, a dummy
for general ward, normal fetal position and work-
ing status.

1.3.2 Graphical analysis

We begin our analysis by documenting the effect of WWII on perinatal mortality and

health graphically. The monthly trend of perinatal infant mortality is presented in Fig-

ure 1.5. The dots denote the raw monthly mortality rate. We fit local linear regressions

separately for the pre-war and the war period. The graph documents a significant jump

in perinatal mortality in September 1939. During the following months average peri-

natal mortality decreases gradually, but remains above pre-war levels. In a next step

we adjust for observable characteristics. Figure 1.6 displays the monthly averages of

residuals obtained from regressions of perinatal mortality on all maternal characteris-

tics given in Table 1.1, infant gender and a dummy for regular fetal position. The jump

at the threshold provided by the onset of the war remains significant. The decline in the

mortality rate during the war period is slightly more pronounced compared to the graph

without adjustment and the mortality rate in 1941 is no longer significantly greater than

in the months preceding the war.

To explore whether the overall increase in perinatal mortality rate is driven by stillborn

infants or by live born infants who die in hospital after birth, we repeat the analysis for

live births in Figure 1.7 and Figure 1.8. Again we see a significant jump in September

1939 followed by a linear decline in mortality. This suggest that a large part of the

overall mortality effect is driven by live born children.
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Figure 1.7: Raw perinatal mortality by
month - Live births
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Figure 1.8: Adjusted perinatal mortality
by month - Live births
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Notes: Perinatal death rates (monthly averaged)
and local linear regressions with a ROT band-
width and an Epanechnikov kernel separately for
the pre-war and the war period for live births.

Notes: Regression residuals (monthly averaged)
from regressions of perinatal mortality on social
status, mother’s age, parity, primipara, twinning
status, infant’s gender, marital status, a dummy
for general ward, normal fetal position and work-
ing status for live births.

If conditions become worse permanently because of the war, one would expect the effect

to stay constant or even accumulate. Our graphical results point to another interpreta-

tion. The onset of WWII might have provided a one time shock, which initially led to a

jump in perinatal mortality and then gradually faded out. This explanation is consistent

with the evidence presented in Section 1.2.1. The onset of the war was unexpected by

the general public and affected the daily routine of individuals. Furthermore, a shift

of resources towards the military caused turmoil in the unprepared health sector. Yet,

prior to 1942 living conditions were not as severe as that it was impossible for individ-

uals and organizations to adapt.

Given the duration of pregnancy, it is unlikely that the composition of mothers changes

abruptly around our threshold. Still, we cannot rule out that mothers who give birth

during the war are different from mothers who gave birth prior to the war. Therefore

we investigate whether changes in observable characteristics can explain the increase

in infant mortality. We regress perinatal infant mortality on our control variables using

only observations from the pre-war period. We then use the estimated coefficients to

predict perinatal infant mortality for the whole sample. If women who give birth during

the war, are simply more risky in terms of obvervable characteristics, we would also

expect to see an increase in predicted mortality after the onset of the war. The resulting

timeline of predicted infant mortality is displayed in Figure 1.9. We do not find any sig-
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Figure 1.9: Predicted mortality
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Notes: Predicted mortality (monthly averages) from regressions of perinatal
mortality on social status, mother’s age, parity, primipara, twinning status, in-
fant’s gender, marital status, a dummy for general ward, normal fetal position
and working status.

nificant change around the threshold. In fact, predicted mortality is at its lowest level

in the last quarter of 1939, the time period right after the onset of WWII. On the other

hand we see an increase in predicted mortality after the first quarter of 1940, while

actual mortality is decreasing during this time period.

Finally, we turn to measures of perinatal health. Features of the distribution of birth

weight are presented in Figure 1.10. Average birth weight stays almost constant dur-

ing our whole observation period. Rather than on the average birth, war might have

an impact on more extreme cases. We add lines of the 25th and 75th percentiles of

monthly birth weight to our plot to investigate trends for children with higher or lower

birth weight. Again, we do not see any trend. Similarly, kernel estimates of the density

of birth weight do not indicate that any part of the distribution of birth weight was

affected by the war (see Figure 1.11). Graphs for asphyxia and maturity are given in

Figures A.1 and A.2 in the Appendix.

1.4 Empirical strategy

The aim of this work is to estimate the effect of the onset of WWII on perinatal health

and mortality of infants. In our identification strategy we exploit the onset of WWII

as a natural experiment. There is no evidence that anticipation of a coming war af-

fected fertility patterns before September 1939 (see Section 1.2.1). Hence we argue

that the onset of the war constitutes an unexpected shock for women already pregnant
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Figure 1.10: Birth weight by month of
birth

Figure 1.11: Birth weight distribution
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in September 1939. After September 1939 fertility decisions may be affected by the war.

Therefore we conduct our analysis using both our whole observation period (1/1938-

9/1941) and a restricted observation period (12/1937- 5/1940). All full term births

that occurred during the restricted observation period were conceived before the onset

of the war. However, given that our data do not contain a reliable measure of gesta-

tional age, we cannot exclude preterm births conceived during the war period from the

restricted sample. Preterm births are associated with a higher risk of perinatal mortality.

While preterm birth itself can be a consequence of war, and therefore part of the effect

we want to capture with our war dummy, our results will overestimate the true effect

on mortality if women with an ex ante high risk of a preterm birth increase their fertility

relative to other women during the war. Although we cannot generally rule out such

concerns, we argue that an increased share of premature births should be reflected in

an on average lower birth weight. Our descriptive analysis of trends in birth weight in

Section 1.3.2 does not indicate any change. Additionally we run all our regressions also

on a sample restricted to live births, assuming that the share of preterm births is lower

among live births.20

Our baseline results are obtained estimating the following equation:

yi = α + βwari + κCi + ui (1.1)

20 As explained in section 1.3.1 we generally exclude miscarriages.
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yi is the outcome (infant mortality, birth weight, maturity, asphyxia), war is an indicator

whether birth took place after the begin of WWII (i.e. in or after 9/1939), and Ci is a

set of control variables. Specifically, we control for maternal age, number of pregnancy,

a dummy for first pregnancy, (birth of) multiples, infant’s sex, whether the mother is

married, or working, a dummy for regular fetal position and a dummy for general ward.

The coefficient β captures the mean difference between the treatment and the control

group conditional on observable characteristics.

In Section 1.3.2 we present graphical evidence that the onset of the war rather than the

war as permanent condition constitutes the shock actually driving our results. There-

fore, as a next step, we include a time trend and its interaction with the treatment

dummy in our regression equation:

yi = α + δwari + λ0φ(t̃i) + λ1φ(t̃i) ∗ wari + κCi + πi + ui (1.2)

t̃i denotes the time trend centered around the onset of the war. In the reported regres-

sions we use a quadratic time trend, such that λ0φ(t̃i) = λ01t̃i + λ02t̃i
2.21 πi captures

seasonality effects. The coefficient δ captures the jump in mortality at the threshold.

As shown in Figures 1.5 to 1.8 the time trend of infant mortality differs between the

prewar and the war period. We also saw some differences the composition of treatment

and control group in terms of social groups and the war might also change the structural

relationship between socio-economic class, observed characteristics and outcomes. For

example the war might have increased the mortality risk disproportionally for working

mothers. To answer the question, by how much the war increases mortality for those

who actually give birth during the war, we additionally estimate an "Average Treatment

Effect on the Treated" (ATET) using regression adjustment.22 This approach is equiva-

lent to estimating Equation 1.2 separately for the treatment and the control group and

then taking the difference in predicted outcomes under both sets of estimated coeffi-

cients for the treatment group. The ATET is constructed as follows:

γATETwar = (θ̂0

war
− θ̂0

nowar
) +

1

Nwar

∑
i in war

Xi(θ̂
war − θ̂nowar) (1.3)

21 We also used a linear time trend and obtained similar results.
22 For an explanation of regression adjustment see for example Uysal (2015).
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Xi denotes all controls and the time trend. θ̂war and θ̂nowar are the estimated coefficients

from the prewar and the war regression. γATETwar measures the average difference between

the predicted effect for the treatment group and the predicted treatment effect for the

treatment group if the treatment group had given birth before the war.

1.5 Results

1.5.1 Effect of war on perinatal health

Table 1.3, 1.6 and 1.8 present the effect of war on three measures of perinatal health,

birth weight, asphyxia and infant maturity. Panel A shows regression estimates using the

full sample (i.e. all births excluding miscarriages), while Panel B restricts the sample

to live births. Results in columns (1)-(4) are based on the entire observation period

from 12/1937-9/1941, whereas columns (5)-(8) use only births likely to be conceived

before the onset of WWII. We cluster all standard errors at birth level to adjust for twin

births. ATETs estimated for the same outcome variables using regression adjustment are

reported in separate tables below (see Tables 1.4, 1.7 and 1.9 respectively). For neither

sample we find any effect of the onset of the war on birth weight. The estimated coeffi-

cients are small in size and insignificant in all but two specifications. This is in line with

the descriptive analysis presented in Section 1.3.2 above.

As intrauterine growth takes place during the whole course of pregnancy, the war

Table 1.3: Effect of war - Birth weight

Panel A All observations Born before 6/1940

(1) (2) (3) (4) (5) (6) (7) (8)

Birth after 9/1939 -17.1 -21.3∗ -19.8 -28.8 -21.5 -27.3∗ -8.74 3.34
(13.3) (12.3) (37.5) (38.7) (17.4) (16.1) (46.5) (49.4)

Observations 8820 8361 8361 8361 5942 5624 5624 5624

Panel B Only live births Only live births born before 6/1940

Birth after 9/1939 4.98 -8.24 -3.28 -18.0 -7.40 -18.0 18.8 27.5
(12.2) (11.5) (35.5) (36.2) (16.2) (15.2) (42.5) (44.9)

Observations 8472 8069 8069 8069 5717 5433 5433 5433

Controls No Yes Yes Yes No Yes Yes Yes
Trend No No Yes Yes No No Yes Yes
Seasonality No No No Yes No No No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗

p < 0.05, ∗∗∗ p < 0.01; Controls include social status, mother’s age, marital status, working
status, parity, primipara, twinning status, infant’s gender and dummy variables for regular
fetal position and general ward; Trend denotes a quadratic time trend fitted on each side of
the threshold separately; Seasonality is captured by quarter of birth.
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Table 1.4: Effect of war - Birth weight - Regression adjustment

All observations Observations before 6/1940

(1) (2) (3) (4)
All births Live births All births Live births

ATET
Born after 9/1939 -81.5 -43.4 -42.8 -25.9

(149.4) (142.4) (60.5) (58.1)

Observations 8361 8069 5624 5433

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗

p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01; All regressions include the following
controls: Social status, mother’s age, marital status, working status, parity,
primipara, twinning status, infant’s gender, dummy variables for regular
fetal position and general ward and a quadratic time trend fitted on each
side of the threshold separately.

might manifest itself in lower birth weight only with a delay rather than the day after

the war started. Furthermore, if we view the onset of the war as a shock, the impact

of this shock may be related to the stage of pregnancy at which it occurred. Therefore

we split the treatment variable into four categories, depending on whether the onset of

the war occurred during late pregnancy (infants born 9-11 1939), during middle preg-

nancy (infants born 12/1939-2/1940), during early pregnancy (infants born 3-5 1940)

or before the pregnancy even started.

Again our results do not provide evidence for an effect of the onset of WWII on birth

Table 1.5: Effect of war by time of birth - Birth weight

Panel A All observations Live births

Born 9-11/1339 10.9 -9.68 31.5 7.39
(28.8) (27.2) (25.7) (25.2)

Born 12/1939-2/1940 -30.2 -42.0∗ -26.3 -40.9∗

(26.4) (24.5) (24.7) (23.3)
Born 3-5/1940 -39.6 -32.2 -21.0 -18.9

(26.4) (23.0) (24.5) (21.8)
Born after 5/1940 -14.2 -16.1 13.2 -1.08

(15.4) (14.1) (13.9) (13.0)

Observations 8820 8361 8472 8069

Controls No Yes No Yes

Notes: (Clustered) Standard errors in parentheses; Signif-
icance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01; All
regressions include the following controls: Social status,
mother’s age, marital status, working status, parity, primi-
para, twinning status, infant’s gender and dummy variables
for regular fetal position and general ward; Trend denotes
a quadratic time trend fitted on each side of the threshold
separately; Seasonality is captured by quarter of birth.
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weight (Table 1.5). In specifications with controls, we see a small significant decrease in

birth weight in case of births for which the start of the war fell into the second trimester.

However, the level of statistical significance is only at 10% and moreover, we cannot use

a reliable measure of gestation in these regressions. Therefore, we are not confident to

conclude that the shock provided by the onset of the war reduced birth weight for preg-

nancies affected in the second semester.

Asphyxia was only consistently recorded after November 1938. Therefore we use a

smaller sample when estimating the effects for asphyxia presented in Table 1.6. As in

the case of birth weight we find a zero effect.

Results for infant maturity are mixed (see Table 1.8 and 1.9). There is no significant

Table 1.6: Effect of war - Asphyxia

Panel A All observations Born before 6/1940

(1) (2) (3) (4) (5) (6) (7) (8)

Birth after 9/1939 0.0028 0.0034 0.00064 -0.0061 -0.0018 -0.00089 0.012 0.0094
(0.0039) (0.0040) (0.014) (0.016) (0.0044) (0.0047) (0.015) (0.020)

Observations 6784 6440 6440 6440 3906 3703 3703 3703

Panel B Only live births Only live births born before 6/1940

Birth after 9/1939 0.0039 0.0045 0.000035 -0.0076 -0.00069 0.00040 0.0094 0.0080
(0.0039) (0.0041) (0.014) (0.016) (0.0045) (0.0047) (0.015) (0.019)

Observations 6495 6196 6196 6196 3740 3560 3560 3560

Controls No Yes Yes Yes No Yes Yes Yes
Trend No No Yes Yes No No Yes Yes
Seasonality No No No Yes No No No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01;
Controls include social status, mother’s age, marital status, working status, parity, primipara, twinning status,
infant’s gender and dummy variables for regular fetal position and general ward; Trend denotes a quadratic
time trend fitted on each side of the threshold separately; Seasonality is captured by quarter of birth.

Table 1.7: Effect of war - Asphyxia - Regression adjustment

All observations Observations before 6/1940

(1) (2) (3) (4)
All births Live births All births Live births

ATET
Born after 9/1939 0.072 0.045 0.015 0.0098

(0.16) (0.17) (0.045) (0.046)

Observations 6440 6196 3703 3560

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗

p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01; All regressions include the following
controls: Social status, mother’s age, marital status, working status, parity,
primipara, twinning status, infant’s gender, dummy variables for regular
fetal position and general ward and a quadratic time trend fitted on each
side of the threshold separately.
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difference in conditional and unconditional means between the treatment and the con-

trol sample. However we find evidence of a drop in the proportion of mature infants

at the onset of the war. This may be the result of a higher number of pre-term births

during the first months of the war. The estimates for the ATET in Table 1.9 are larger

than the estimated regression coefficients.

Table 1.8: Effect of war - Maturity

Panel A All observations Born before 6/1940

(1) (2) (3) (4) (5) (6) (7) (8)

Birth after 9/1939 0.00044 -0.0047 -0.058∗∗∗ -0.054∗∗ 0.00048 -0.0062 -0.061∗∗ -0.044
(0.0076) (0.0075) (0.021) (0.022) (0.0098) (0.0097) (0.025) (0.027)

Observations 8814 8350 8350 8350 5937 5614 5614 5614

Panel B Only live births Only live births born before 6/1940

Birth after 9/1939 0.0075 -0.00017 -0.051∗∗ -0.051∗∗ 0.0055 -0.0020 -0.053∗∗ -0.039
(0.0073) (0.0073) (0.021) (0.021) (0.0095) (0.0095) (0.024) (0.025)

Observations 8463 8058 8058 8058 5709 5423 5423 5423

Controls No Yes Yes Yes No Yes Yes Yes
Trend No No Yes Yes No No Yes Yes
Seasonality No No No Yes No No No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01;
Controls include social status, mother’s age, marital status, working status, parity, primipara, twinning status,
infant’s gender and dummy variables for regular fetal position and general ward; Trend denotes a quadratic
time trend fitted on each side of the threshold separately; Seasonality is captured by quarter of birth.

Table 1.9: Effect of war - Maturity - Regression adjustment

All observations Observations before 6/1940

(1) (2) (3) (4)
All births Live births All births Live births

ATET
Born after 9/1939 -0.23** -0.23*** -0.11*** -0.11***

(0.090) (0.087) (0.035) (0.034)

Observations 8350 8058 5614 5423

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗

p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01; All regressions include the following
controls: Social status, mother’s age, marital status, working status, parity,
primipara, twinning status, infant’s gender, dummy variables for regular
fetal position and general ward and a quadratic time trend fitted on each
side of the threshold separately.

1.5.2 Effect of war on perinatal mortality

We use the same specifications as in the previous subsection to estimate linear proba-

bility models for the effect of war on perinatal mortality. The results are presented in

Table 1.10 and Table 1.11.
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Table 1.10: Effect of war - Mortality

Panel A All observations Born before 6/1940

(1) (2) (3) (4) (5) (6) (7) (8)

Birth after 9/1939 0.025∗∗∗ 0.025∗∗∗ 0.047∗∗∗ 0.048∗∗∗ 0.035∗∗∗ 0.038∗∗∗ 0.035∗ 0.031
(0.0053) (0.0052) (0.016) (0.016) (0.0075) (0.0073) (0.020) (0.021)

Observations 8828 8363 8363 8363 5950 5626 5626 5626

Panel B Only live births Only live births born before 6/1940

Birth after 9/1939 0.016∗∗∗ 0.016∗∗∗ 0.040∗∗∗ 0.040∗∗∗ 0.024∗∗∗ 0.026∗∗∗ 0.030∗∗ 0.026∗∗

(0.0035) (0.0036) (0.0099) (0.010) (0.0053) (0.0055) (0.012) (0.012)

Observations 8477 8071 8071 8071 5722 5435 5435 5435

Controls No Yes Yes Yes No Yes Yes Yes
Trend No No Yes Yes No No Yes Yes
Seasonality No No No Yes No No No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01;
Controls include social status, mother’s age, marital status, working status, parity, primipara, twinning status,
infant’s gender and dummy variables for regular fetal position and general ward; Trend denotes a quadratic
time trend fitted on each side of the threshold separately; Seasonality is captured by quarter of birth.

Table 1.11: Effect of war - Mortality - Regression adjustment

All observations Observations before 6/1940

(1) (2) (3) (4)
All births Live births All births Live births

ATET
Born after 9/1939 0.049 0.086*** 0.040* 0.053***

(0.057) (0.033) (0.023) (0.013)

Observations 8363 8071 5626 5435

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗

p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01; All regressions include the following
controls: Social status, mother’s age, marital status, working status, parity,
primipara, twinning status, infant’s gender, dummy variables for regular
fetal position and general ward and a quadratic time trend fitted on each
side of the threshold separately.

Overall, perinatal infant mortality increases significantly after the onset of WWII. Panel

A presents results when the sample is not restricted to live births. Deaths in Panel A of

Table 1.10 are therefore made up of stillborn children as well live born children who

die in hospital after birth. While 5% of births do not result in a living infant leaving the

hospital in the pre-war sample, this number increases to 7.5% in the war sample. Once

we do not compare mean differences but the jump at the threshold in Column (3) and

Column (4), the effect becomes even stronger. If we restrict the sample and drop all

births which took place after May 1940, we see a larger difference in the means but a

smaller jump. The ATET is larger than the regression coefficients in size but only signif-
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icant in the restricted sample.23 Altogether these results support our interpretation that

the onset of the war provided a shock which faded out gradually.

Effect of war by social class

We investigate, whether the effect of war on mortality is heterogeneous with respect to

social class. Parental social status is highly predictive of future live outcomes. If the war

affects the composition of the population through the channel of selected mortality, this

will be reflected in the live outcome of affected cohorts. The results displayed in Table

1.12 are based on specifications, where we omit the overall war dummy. Instead we

report the estimated coefficients of interaction terms between the war dummy and the

class-indicator for all social classes.

The onset of the war has a non negative effect on mortality for all social groups. Higher

professionals and managers - which constitute our highest social class - do suffer from

the war, but also do lower skilled workers. There does not seem to be a gradient with

respect to social class. Unskilled workers as well as Foremen & skilled workers appear

to be most severely affected.

Effect of war by birth weight

Just like social class, birth weight is highly correlated with later life outcomes. If low

birth weight infants are more likely to die as a consequence of the war, negative effects

of war on later live outcomes will be underestimated in studies based on surviving indi-

viduals. In order to explore heterogeneity by birth weight, we split our sample at 2,000

grams, 2,500 grams and 3,000 grams. Table 1.13 displays the estimated treatment ef-

fects for all four groups. We find a clear gradient with respect to birth weight in the

effect of the war. In any of the specifications, the magnitude of the estimated coefficient

of the interaction term between the war dummy and the birth weight-group dummy,

the effect increases when birth weight decreases. However, as the number of low birth

weight infants is relatively small, we lack the statistical power to detect a significant

reduction in mortality for children whose birth weight is below the common low birth

23 The ATET contrasts predicted outcomes for the group of births that took place during the war with
the hypothetical predicted outcomes based on estimated coefficients from the pre-war sample. We
saw in Figure 1.9 that births in the first months of the war have a slightly lower predicted mortality
risk than pre-war observations, while births later in the war do not. Since mortality rates are higher
mainly at the beginning of the war, it is not surprising that we do not find an significant ATET for the
whole sample.
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Table 1.12: Effect of war by social class - Mortality

Panel A All observations Born before 6/1940

(1) (2) (3) (4) (5) (6)
War * Higher managers & professionals 0.0096 0.019 0.042∗∗ 0.048∗ 0.046∗∗ 0.040

(0.015) (0.015) (0.021) (0.026) (0.023) (0.029)
War * Lower managers & professionals, cleric 0.032∗∗∗ 0.031∗∗∗ 0.053∗∗∗ 0.023 0.025∗ 0.019

(0.012) (0.011) (0.018) (0.015) (0.014) (0.024)
War * Foremen & skilled workers 0.027∗∗ 0.028∗∗∗ 0.051∗∗∗ 0.055∗∗∗ 0.056∗∗∗ 0.050∗∗

(0.011) (0.010) (0.018) (0.017) (0.015) (0.024)
War * Farmers 0.060∗∗ 0.055∗∗ 0.077∗∗∗ 0.058∗ 0.052∗ 0.046

(0.024) (0.023) (0.028) (0.031) (0.029) (0.036)
War * Lower skilled workers 0.0060 -0.0048 0.018 0.0053 0.0031 -0.0031

(0.014) (0.013) (0.020) (0.019) (0.018) (0.026)
War * Unskilled workers 0.032∗∗∗ 0.029∗∗∗ 0.051∗∗∗ 0.045∗∗∗ 0.044∗∗∗ 0.038

(0.011) (0.010) (0.019) (0.016) (0.015) (0.025)
War * Farm workers 0.034 0.0075 0.031 0.058 0.051 0.046

(0.039) (0.036) (0.039) (0.068) (0.064) (0.067)

Observations 8500 8363 8363 5729 5626 5626

Panel B Live births Live births born before 6/1940

War * Higher managers & professionals 0.0076 0.010 0.034∗∗ 0.018 0.018 0.018
(0.011) (0.013) (0.016) (0.018) (0.018) (0.020)

War * Lower managers & professionals, cleric 0.018∗∗ 0.018∗∗ 0.041∗∗∗ 0.017 0.018∗ 0.019
(0.0082) (0.0081) (0.012) (0.011) (0.010) (0.016)

War * Foremen & skilled workers 0.019∗∗ 0.022∗∗∗ 0.046∗∗∗ 0.037∗∗∗ 0.040∗∗∗ 0.040∗∗∗

(0.0074) (0.0072) (0.012) (0.012) (0.012) (0.016)
War * Farmers 0.039∗∗ 0.031∗ 0.055∗∗∗ 0.031 0.018 0.018

(0.016) (0.016) (0.018) (0.021) (0.017) (0.020)
War * Lower skilled workers 0.0065 0.0055 0.029∗∗ 0.012 0.013 0.013

(0.0091) (0.0090) (0.013) (0.014) (0.013) (0.017)
War * Unskilled workers 0.014∗∗ 0.014∗∗ 0.038∗∗∗ 0.029∗∗ 0.029∗∗∗ 0.029∗∗

(0.0069) (0.0068) (0.012) (0.011) (0.011) (0.015)
War * Farm workers 0.016 0.0093 0.034 0.052 0.046 0.048

(0.025) (0.023) (0.026) (0.059) (0.053) (0.055)

Observations 8164 8071 8071 5512 5435 5435

Controls No Yes Yes No Yes Yes
Trend No No Yes No No Yes
Seasonality No No Yes No No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01; All
regressions include the following controls: Mother’s age, marital status, working status, parity, primipara, twinning
status, infant’s gender and dummy variables for regular fetal position and general ward; Trend denotes a quadratic
time trend fitted on each side of the threshold separately; Seasonality is captured by quarter of birth.

weight threshold at 2,500 grams but above 2,000 grams. For very low birth weight

children with less than 2,000 grams at birth, the effect is largest. The probability to

leave the hospital alive decreases by more than 10 percentage points.24 Also children

born between 2,500 and 3,000 grams are affected to a larger extent than the group of

children above 3,000 grams.

24 A surprisingly large number of infants below 2,000 grams survives. We checked the most extreme
cases in the birth records carefully but found no sign of misreporting. In one case we found a letter
stating that a child born at around 1,300 grams had left the hospital and was doing well.
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Table 1.13: Effect of war by birth weight - Mortality

Panel A All observations Born before 6/1940

(1) (2) (3) (4) (5) (6)
War*Birth weight below 2000 grams 0.13∗∗ 0.14∗∗ 0.15∗∗ 0.18∗∗∗ 0.19∗∗∗ 0.18∗∗∗

(0.055) (0.058) (0.059) (0.062) (0.065) (0.066)
War*Birth weight 2000-2499 grams 0.054 0.059 0.068∗ 0.049 0.054 0.043

(0.036) (0.036) (0.038) (0.048) (0.048) (0.051)
War*Birth weight 2500-3999 grams 0.039∗∗∗ 0.036∗∗∗ 0.046∗∗∗ 0.045∗∗∗ 0.046∗∗∗ 0.035

(0.010) (0.010) (0.016) (0.015) (0.015) (0.022)
War*Birth weight 3000 grams and above 0.0049 0.0087∗∗ 0.019 0.012∗∗ 0.017∗∗∗ 0.0065

(0.0040) (0.0040) (0.013) (0.0057) (0.0058) (0.017)

Observations 8820 8361 8361 5942 5624 5624

Panel B Live births Live births born before 6/1940

War*Birth weight below 2000 grams 0.14∗ 0.15∗ 0.16∗∗ 0.25∗∗∗ 0.24∗∗∗ 0.24∗∗∗

(0.075) (0.077) (0.077) (0.086) (0.088) (0.088)
War*Birth weight 2000-2499 grams 0.022 0.025 0.041 0.050 0.045 0.048

(0.028) (0.028) (0.029) (0.041) (0.041) (0.040)
War*Birth weight 2500-3999 grams 0.022∗∗∗ 0.020∗∗∗ 0.036∗∗∗ 0.035∗∗∗ 0.034∗∗∗ 0.036∗∗∗

(0.0068) (0.0069) (0.010) (0.011) (0.011) (0.013)
War*Birth weight 3000 grams and above 0.0083∗∗∗ 0.0088∗∗∗ 0.025∗∗∗ 0.0080∗∗∗ 0.0098∗∗∗ 0.012

(0.0021) (0.0023) (0.0080) (0.0030) (0.0033) (0.0096)

Observations 8472 8069 8069 5717 5433 5433

Controls No Yes Yes No Yes Yes
Trend No No Yes No No Yes
Seasonality No No Yes No No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01;
All regressions include the following controls: Social status, mother’s age, marital status, working status, parity,
primipara, twinning status, infant’s gender and dummy variables for regular fetal position and general ward; Trend
denotes a quadratic time trend fitted on each side of the threshold separately; Seasonality is captured by quarter of
birth.

1.5.3 Robustness

Length of stay

While the conventional definition of neonatal mortality includes deaths up to 28 days

after birth (WHO 2006), we only observe newborns until they leave the hospital. As

long as the day of discharge and the treatment are independent, our definition of infant

mortality will not pose a thread to identification. Figure 1.12 shows the distribution of

the length of stay in hospital after birth and length of life in days for live born children

separately for the pre-war and the war period.25

First we notice that there is hardly any difference in the distribution of the length of

stay in hospital after birth in our treatment and control group. Most observations stay

in hospital for around 9-10 days after birth and only 1.5% of live born children are

discharged before completing the first week of life. Neonatal deaths on the other hand

25 To facilitate legibility, we exclude a small number of observations who stayed in hospital for more
than 50 days.
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Figure 1.12: Length of stay and day of death
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Notes: Distribution of length of stay in hospital and length of life in days for
live born children.

mostly occur within the first four days after birth. Since mothers received postnatal

care in hospital, the death of an infant does not automatically lead to a discharge of the

mother. As a robustness check we estimate the regression models used for analysis with

a modified versions of infant mortality. We define an infant to have died if the death

occurred either in the first 5 days (see Table 1.14 ) or the first 7 days (see Table 1.15)

after birth. In these specifications we exclude all observations which left the hospital

before that specific day. Although the coefficients become smaller in size, we still see a

significant effect of the onset of the war on perinatal infant mortality.

Temperature

In the first two months of 1940, Munich was hit by a particularly low temperatures

(Stadtarchiv München 1939-1940). In order to rule out, that the effect we measure is in

fact a shock caused by low temperatures, we include the average monthly temperatures

in Munich as additional control variables. The results are presented in Table 1.16. The

estimated coefficients hardly change compared to the baseline estimates. This suggests

that temperature does not confound our baseline estimates.

Structural break

In our empirical specification we estimate infant mortality as a function of maternal

characteristics and time variables. In the regression adjustment we allow this function

to differ between the pre-war and the war period. To investigate whether such a struc-
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Table 1.14: Effect of war - Mortality - Death within 5 days

Panel A All observations Born before 6/1940

(1) (2) (3) (4) (5) (6) (7) (8)

Birth after 9/1939 0.019∗∗∗ 0.019∗∗∗ 0.036∗∗ 0.036∗∗ 0.025∗∗∗ 0.026∗∗∗ 0.038∗ 0.033
(0.0050) (0.0050) (0.015) (0.015) (0.0069) (0.0067) (0.020) (0.021)

Observations 8762 8305 8305 8305 5907 5589 5589 5589

Panel B Only live births Only live births born before 6/1940

Birth after 9/1939 0.0085∗∗∗ 0.0086∗∗∗ 0.026∗∗∗ 0.024∗∗∗ 0.011∗∗ 0.012∗∗∗ 0.031∗∗∗ 0.024∗∗

(0.0031) (0.0032) (0.0090) (0.0090) (0.0043) (0.0044) (0.011) (0.011)

Observations 8426 8023 8023 8023 5689 5404 5404 5404

Controls No Yes Yes Yes No Yes Yes Yes
Trend No No Yes Yes No No Yes Yes
Seasonality No No No Yes No No No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01; All
regressions include the following controls: Social status, mother’s age, parity, primipara, twinning status, infant’s gender,
marital status, a dummy for general ward and working status; Trend denotes a quadratic time trend fitted on each side
of the threshold separately; Seasonality is captured by quarter of birth. Only observations staying in the hospital at least
five days.

Table 1.15: Effect of war - Mortality - Death within 7 days

Panel A All observations Born before 6/1940

(1) (2) (3) (4) (5) (6) (7) (8)

Birth after 9/1939 0.020∗∗∗ 0.020∗∗∗ 0.039∗∗ 0.038∗∗ 0.028∗∗∗ 0.030∗∗∗ 0.034∗ 0.029
(0.0050) (0.0050) (0.015) (0.016) (0.0070) (0.0069) (0.020) (0.021)

Observations 8669 8219 8219 8219 5836 5523 5523 5523

Panel B Only live births Only live births born before 6/1940

Birth after 9/1939 0.0093∗∗∗ 0.0097∗∗∗ 0.029∗∗∗ 0.026∗∗∗ 0.014∗∗∗ 0.015∗∗∗ 0.029∗∗ 0.021∗

(0.0032) (0.0033) (0.0093) (0.0094) (0.0046) (0.0047) (0.011) (0.012)

Observations 8343 7944 7944 7944 5625 5344 5344 5344

Controls No Yes Yes Yes No Yes Yes Yes
Trend No No Yes Yes No No Yes Yes
Seasonality No No No Yes No No No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01;
All regressions include the following controls: Social status, mother’s age, parity, primipara, twinning status, infant’s
gender, marital status, a dummy for general ward and working status; Trend denotes a quadratic time trend fitted on
each side of the threshold separately; Seasonality is captured by quarter of birth. Only cases staying in the hospital at
least seven days.
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Table 1.16: Effect of war - Mortality - Robustness check: Monthly temperature

Panel A All observations Born before 6/1940

(1) (2) (3) (4) (5) (6) (7) (8)

Birth after 9/1939 0.025∗∗∗ 0.025∗∗∗ 0.044∗∗∗ 0.047∗∗∗ 0.035∗∗∗ 0.038∗∗∗ 0.035∗ 0.031
(0.0053) (0.0052) (0.016) (0.016) (0.0075) (0.0075) (0.020) (0.021)

Observations 8828 8363 8363 8363 5950 5626 5626 5626

Panel B Only live births Only live births born before 6/1940

Birth after 9/1939 0.016∗∗∗ 0.016∗∗∗ 0.038∗∗∗ 0.040∗∗∗ 0.024∗∗∗ 0.026∗∗∗ 0.030∗∗ 0.026∗∗

(0.0035) (0.0036) (0.010) (0.010) (0.0053) (0.0056) (0.012) (0.012)

Observations 8477 8071 8071 8071 5722 5435 5435 5435

Temperature Yes Yes Yes Yes Yes Yes Yes Yes
Controls No Yes Yes Yes No Yes Yes Yes
Trend No No Yes Yes No No Yes Yes
Seasonality No No No Yes No No No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01;
All regressions include the following controls: Social status, mother’s age, marital status, working status, parity,
primipara, twinning status, infant’s gender and dummy variables for regular fetal position, general ward and the
average temperature in Munich for the current month; Trend denotes a quadratic time trend fitted on each side of the
threshold separately; Seasonality is captured by quarter of birth.

tural break actually took place in September 1939, we investigate whether allowing for

a structural break in September 1939 leads to a better fit than allowing for a struc-

tural break in any other month. For each month between January 1938 and September

1941, we estimate Equation 1.1 (without the war dummy) separately to both sides of

the respective month. We calculate the total residual sum of squares, that is the sum

of residuals sum of squares of models from either side of the threshold. If no struc-

tural break occurred during our period of observation, the total residual sum of squares

would not exhibit any systematic pattern (Hansen 2001). However, Figure 1.13 depicts

a clear trend. The residual sum of squares decreases when shifting the separating month

from January 1938 to September 1939 to reach a minimum in September 1939. When

shifting the separating month further into the war period, the residual sum of squares

increases again. This indicates that the begin of WWII indeed marked a breakpoint,

changing the relationship between maternal characteristics and infant mortality.

1.5.4 Mechanisms

In our setting, we can rule out direct effects of the war like hunger, bombing or displace-

ment.26 Furthermore, archival records of the hospital do not indicate any problems with

the catering of patients or any shortage of fuel or pharmaceuticals. In order to explain

26 The severe food crisis only started towards the end of WWII and there was not yet any military action
in Munich (see section 1.2.1.
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Figure 1.13: Structural break analysis - Mortality
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the increase in perinatal mortality, we focus on two potential channels already present

in fall of 1939 - maternal stress and a decline in the quality of medical care.

Firstly, for the local population the onset of the war came along with changes in the

daily routine: the economy was transformed into a planned war-time economy and and

conscription took a large number of men away from their families. All these factors are

likely to contribute to a feeling of uncertainty and to elevate stress levels among preg-

nant women. Uncertainty and maternal stress during pregnancy have been shown to af-

fect a newborn’s health negatively in the short-run (see Bozzoli and Quintana-Domeque

2014; Carlson 2015; Currie and Rossin-Slater 2013), and might also drive mortality in

our setting. Secondly, the onset of the war did not only put a strain on individuals, but

the conscription of experienced physicians led to staff shortage in the hospital. This

phenomena was not restricted to the hospital Frauenklinik Maistrasse, but shared by

family practices and hospitals in Munich and elsewhere (Christians 2013, p. 243; Miller

1964, p. 29; Eckart et al. 2006, pp. 26,868). To our knowledge, all physicians working

at the hospital Frauenklinik Maistrasse in August 1939 were male and therefore poten-

tially liable to military duty. In frequent letters to the state administration, the director

of the hospital raised alarm. He warned that, the hospital routine threatened to break

down and proper patient care was in jeopardy. To aggravate the situation, conscription

foremost targeted experienced doctors. Local hospitals were supposed to fill vacant po-

sitions temporarily with inexperienced graduates and - often unpaid - trainees. Fierce
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Figure 1.14: Staff changes in hospital
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competition among local hospitals about these replacements, led to a high turnover in

staff. Especially when the first physicians left in 1939, it came as an unexpected shock

for the hospital, while it could prepare for further drafts. On the other hand, there is no

indication for a shortage of midwives or nurses in letters or archival records.27

While clinical records and a large number of letters and official documents have been

preserved in the hospital or state archives, staff records have not. Therefore it is impos-

sible for us to reconstruct the in- and outflow of physicians exactly. In order to give an

approximate picture of the staff situation over time, we combine information from let-

ters and documents found across various hospital, university and state archives. These

documents typically do not mention the overall number of physicians, but tell the date

of conscription. Figure 1.14 shows our reconstructed timeline of how the number of

physicians evolves over time. We normalize the stock of doctors at the beginning of the

war to zero. Right after the onset of, the number of physicians drops by four. After

several weeks, the hospital is able to find replacements and the number of physicians

increases again. After mid 1941 the number of physicians working at the hospital falls

below the number of physicians in 1939 by one or two. As replacements were typically

less experienced than the actual physicians, these numbers do not necessarily reflect the

quality of medical care.

27 In the hospital nursing care was exclusively provided by nuns.
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We cannot fully quantify these mechanisms. However, in the following we argue that

our results are mainly driven by a decline in medical quality. We show that the mortality

effect is stronger, where medical quality should matter and furthermore we document

a change in provision of certain medical procedures.

Unlike birth weight which is measured at birth and miscarriage, survival of life born

children is partly under the control of the medical personnel. If live born children are

disproportionally affected by the war, this will hint to a decline in medical care. Mater-

nal stress on the other hand should lead to an increase in stillbirths and miscarriages.

Panel B of Table 1.10 conducts the regression analysis for the sample of live born chil-

dren. Given the low baseline mortality of live born children before the war of 1.8 % the

effect of the war is surprisingly large. Between 9/1939 and 5/1940 the mortality of live

born children almost doubles compared to the prewar period. Again we find that the

jump around the threshold is larger than the differences in means.

The proportion of stillborn children also increases after the onset of WWII (see Panel A

of Table 1.17). However, the effect is less than the increase in mortality of live born chil-

dren and not robust to the inclusion of a time trend and seasonality effects. Therefore

our overall effects seem to be driven by children who die in hospital after birth. While

we did exclude miscarriages from the main analysis, we estimate the effect of war on

the probability of miscarriage in Panel B of Table 1.17. We do not find any evidence that

the onset of WWII lead to an increased number of miscarriages.

Table 1.17: Effect of war - Mortality - Non-livebirths

Panel A: Stillbirth Births Births before 6/1940

(1) (2) (3) (4) (5) (6) (7) (8)

Birth after 9/1939 0.0098** 0.013*** 0.012 0.012 0.012** 0.015*** 0.014 0.013
(0.0042) (0.0043) (0.014) (0.014) (0.0057) (0.0058) (0.018) (0.019)

Observations 8828 8499 8499 8499 5950 5728 5728 5728

Panel B: Miscarriage All observations Observations before 6/1940

Birth after 9/1939 0.0074 0.0036 -0.018 -0.023 -0.015* -0.015* 0.018 0.013
(0.0065) (0.0066) (0.021) (0.021) (0.0081) (0.0081) (0.025) (0.027)

Observations 10022 9617 9617 9617 6689 6416 6416 6416

Controls No Yes Yes Yes No Yes Yes Yes
Trend No No Yes Yes No No Yes Yes
Seasonality No No No Yes No No No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01;
All regressions include the following controls: Social status, mother’s age, marital status, working status, parity,
primipara, twinning status and a dummy variable for general ward; Trend denotes a quadratic time trend fitted on
each side of the threshold separately; Seasonality is captured by a set of month dummies.
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A shortage of physicians is likely to shift work from physicians to female midwives.

Whereas midwives are able to supervise normal deliveries, only physicians can carry

out surgeries like caesarean sections. We test whether women who should receive a

caesarean section by modern standards are less likely to receive a caesarean section

during the first months of the war. We construct a measure of whether a women has an

indication for caesarean section based on a guideline described in Mylonas and Friese

(2015).28 As shown in columns (1)-(2) of Table 1.18, the proportion of women with

an indication for caesarean section does not change with the onset of the war. How-

ever, women with an indication are less likely to actually have a section performed.

Instead we see the performance of another procedure. Symphysiotomy is an operation

to widen the pelvis that can be carried out by non-specialist doctors and experienced

midwives (see Monjok et al. 2012). It was frequently used in the 19th century, when

caesarean section was a high risk for mothers. Due to negative consequences for mater-

nal health today’s WHO guidelines recommend the use of symphysiotomy only, when

safe caesarean sectio is not available (WHO 2003). This result shows that the hospital

replaced procedures in need of an experienced surgeon by simpler procedures. We also

investigate how the use of medical procedures changes in less severe cases. We look

at episiotomy, a simple procedure to prevent perineal tear. While perineal tear can be

painful for the mother, it is not a live threatening condition. Columns (7)-(8) of Table

1.18 show a small decrease in the use of this procedure, but this is not reflected in a

higher incidence of perineal tear.

28 We assume a women to have an indication if one of the following conditions is present: Non regular
fetal position, eclampsia, placenta previa, disproportion of pelvis and child, uterine rupture. We
do not include the condition umbilical cord prolapse, since none of the cases with umbilical cord
prolapse is treated with caesarean section in our sample.
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Table 1.18: Effect of war - Medical procedures - Births before 6/1940

Indication Caesarean sectio Symphysiotomy Episiotomy Perineal tear

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Birth after 9/1939 -0.00044 -0.013 0.00021 0.017* -0.0014** 0.0093 -0.0054 -0.031** -0.0096 -0.014
(0.0040) (0.013) (0.0013) (0.0090) (0.00066) (0.0075) (0.0042) (0.015) (0.0088) (0.025)

Indication for caesarean 0.22*** 0.22*** 0.093*** 0.093***
(0.041) (0.041) (0.029) (0.029)

War * Indication -0.046* -0.046* 0.045* 0.044*
(0.028) (0.028) (0.024) (0.024)

Observations 5626 5626 5626 5626 5626 5626 5626 5626 5626 5626

Trend + Seasonality No Yes No Yes No Yes No Yes No Yes

Notes: (Clustered) Standard errors in parentheses; Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01; All regressions include
the follwing controls: Social status, mother’s age, marital status, working status, parity, primipara, twinning status, infant’s gender and
dummy variables for regular fetal position and general ward; Trend denotes a quadratic time trend fitted on each side of the threshold
separately; Seasonality is captured by quarter of birth.
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1.6 Conclusion

In this work, we investigate the effects of the onset of WWII on health at birth and

perinatal mortality. We use a unique data set of historical birth records from Munich’s

largest birth hospital covering the period 1937-1941. Exploiting the onset of WWII as

natural experiment, we show that the onset of the war had no effect on health at birth

measured by birth weight, maturity and asphyxia. However, we document an increase

in perinatal mortality. This effect is strongest at the beginning of the war and fades out

gradually. Additional analyzes reveal that perinatal mortality increases after the begin

of the war for all social classes and especially for newborns below 2000 grams.

Since the data cover only the onset of WWII, we can rule out direct effects of the war,

like hunger, bombings or flight in our setting. We discuss two potential mechanisms

to explain the increase in mortality. On the one hand increased uncertainty and con-

scription of husbands are likely to increase stress levels of pregnant women and may

therefore lead to this mortality increase. On the other hand according to letters from

the head physician the conscription of experienced physicians led to severe staff short-

age and later to a decrease in the quality of medical care due to the replacement with

untrained medical students. To evaluate the importance of each mechanism we investi-

gated whether war affected the proportion of women with an indication for a cesarean

section, which was not the case. However women with an indication, are less likely to

actually have a sectio performed. Instead the probability of other less complicated birth

procedures increases which can be performed by auxiliary medical staff, but which are

less safe. In combination all these results point to the deterioration of the quality of

medical inputs (i.e. doctors) as the main driver of our results.

43



Chapter 2

Does the wall still exist? Health differences be-

tween East and West Germans

2.1 Introduction

Health differs across countries and populations. Among poor countries a higher na-

tional income often comes along with better health. However, the notion that richer

countries are also healthier countries does not hold up any longer once national income

exceeds a certain level (Deaton 2003; Marmot 2015). For example, life expectancy of

Americans falls below the life expectancy of Japanese by more than four years, despite

the US having a 40% higher GDP per capita than Japan. Also Mediterranean countries

like Greece and Italy surpass the US in terms of life expectancy.1 Cutler et al. (2006)

reject the idea of income being the main driver of health inequalities between rich and

poor countries. Instead they emphasize "...institutional ability and political willingness

to implement known technologies, ..."

Disentangling the role of institutional capability from other factors which contribute

to inequalities in health across countries is not an easy task. Institutions and culture

are highly interdependent (Alesina and Giuliano 2015). And cultural norms provide a

very powerful explanation as to why differences in health exist. So has "being cultur-

ally Japanese" been found to protect Japanese migrants to California from heart disease

(Marmot 2015, Chapter 1) and the health benefits of a traditional Mediterranean diet

have made it into conventional wisdom.

1 GDP 2015, USD, constant prices, 2010 PPPs, data from OECD (2017); Life expectancy 2015, data
from WHO (2016, Annex B).
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In this study I explore the long lasting effect of institutions on health in a setting where

cultural differences are either minor or caused by the institutions. Specifically, I exploit

the German separation and reunification as a natural experiment to learn about the long

term effects of living under a Socialist regime on individual health. Making use of rich

microdata from a large German panel study I investigate how the German separation

continues to contribute to health inequalities more than two decades after reunification.

Identification rests on the assumption that East and West Germany would not systemat-

ically differ in the absence of a separation. Previous literature has supported this claim,

for example Alesina and Fuchs-Schündeln (2007) show that East- and West Germany

were similar in terms of income in the period between WWI and WWII.

My results show that individuals who lived under a socialist regime in East Germany

prior to 1989, continue to be disadvantaged in terms of health more than two decades

after reunification. Health inequalities between East and West Germans are mostly

driven by individuals who I observe at older ages. For this group I document a robust

East-West gap that is particularly persistent for health measures that deteriorate as in-

dividuals age.

While individuals from East and West Germany have been subject to the same political

system and health system since 1990, living conditions between the two parts of the

country yet have to fully converge. By 2018 East Germans still have lower incomes than

West Germans and they are more likely to be unemployed. Besides, East Germans differ

in personality form their West German counterparts (Friehe et al. 2015) and displayed

different patterns of food consumption after reunification (Dragone and Ziebarth 2017).

Given these persistent differences, it seems unlikely that today’s gap in health status can

be attributed to experiences prior to reunification alone. In order to obtain estimates

of disparities between East and West net of contemporary factors influencing health, I

apply the mediation analysis framework outlined in Acharya et al. (2016). I estimate

the controlled direct effect of having lived in the East prior to 1989, keeping the level of

present day determinants of health, like income, unemployment, health behavior and

locus of control constant. While removing the influence of contemporary factors reduces

the magnitude of estimates of health inequalities between East and West, a significant

gap remains for older individuals.

During the 41 years of separation, East and West Germany varied along a wide range of
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dimensions likely to influence health. For example, the health system of the former East

emphasized the role of prevention, but was heavily underfunded and lacked modern

equipment. Furthermore, the East was far more affected by environmental pollution

and living under a repressive political regime was likely to increase stress levels.

This study is not the first to point out differences in health between East and West Ger-

mans. Demographers have studied the fact that differences in mortality between East

and West Germans peaked at the time of reunification and have been declining since

(Gjonça et al. 2000; Nolte et al. 2000). By 2008 East Germans had gained up to six

years of additional life expectancy as a consequence of the reunification (Vogt 2013).

Nolte et al. (2002) credit advances in medical care for these improvements. The in-

creasing availability of nursing care in East Germany may also be a major factor behind

the convergence in mortality (Luy 2004).

Whilst East Germans have been able to catch up in terms of life expectancy, medi-

cal studies continue to report discrepancies between East and West. East German re-

gions have been found to exhibit a higher incidence of hypertension (Diederichs and

Neuhauser 2014; Neuhauser et al. 2017) and diabetes (Heidemann et al. 2017; Kroll

and Lampert 2010; Schipf et al. 2012), as well as higher mortality from ischemic heart

disease (Müller-Nordhorn et al. 2004) and a higher frequency of limitations to normal

activities due to health problems (Lippe et al. 2017). On the other hand, the prevalence

of asthma (Steppuhn et al. 2017) and allergies of individuals born prior to reunification

(Krämer et al. 2015) is higher in West Germany and East German men report fewer

diagnoses of depression (Thom et al. 2017). Economists have also contributed to this

literature. Eibich and Ziebarth (2014) conduct a spatial analysis of health in Germany

and find counties located in East Germany to have worse average health. The authors

equate this effect to an age effect of up to 5 years for a 40-year old.

I extend these studies in several ways. As living under a socialist regime might not

affect all aspects of health in the same way, I consider four dimensions of health as out-

comes: Self assessed health, the mental health and physical health summary scores of

the SF12-questionnaire and a summary measure of of self-reported medical diagnoses.

Secondly I use residency prior to reunification instead of current residency to classify

individuals into East and West Germans. This procedure makes my results less sensitive

to the effects of East-West migration.
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Moreover, I document health differences between East and West Germans across time,

age and cohorts. Any gap in health between East and West Germans is not necessarily

constant over time. As the separation moves further into the past, initial differences

might become weaker or fade away completely. Furthermore health shocks are not uni-

formly distributed over the life cycle. Therefore disparities may depend on the age at

which health is measured. Finally life experiences vary across cohorts and heterogene-

ity in life experiences might translate into heterogeneous East-West gaps in health.

I also contribute to the understanding of the long lasting legacy of living under the

Socialist regime in East Germany on health by using a formal mediation analysis frame-

work, designed to eliminate the influence of post-treatment confounders from the es-

timated effect. When assessing the importance of post-treatment mechanisms, applied

empirical work often confines to including hypothesized channels as additional control

variables in the model. This approach can induce serious bias (Acharya et al. 2016). I

estimate the controlled-direct effect instead, a well defined quantity corresponding to

the treatment effect in an experiment where both the treatment and and post-treatment

are manipulated by the experimenter.

Overall, my results suggest a strong and robust health disadvantage of East Germans

born prior to the separation. While I cannot fully disentangle age and cohort effects, I

document evidence consistent with the interpretation of an acceleration of the ageing

process of East Germans between the ages of 40 and 60. I also argue, that those earlier

cohorts were hit harder than younger cohorts by the shortcomings of the GDR health

system. The rest of the paper proceeds as follows. In Section 2.2 I give information

on the institutional background. Section 2.3 presents the data. In Section 2.4 I docu-

ment differences in health between East and West Germans across time, age and birth

cohorts. In Section 2.5 I estimate controlled direct effects and Section 2.6 concludes.
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2.2 Institutional background

2.2.1 The German separation and reunification as natural experiment

The German separation followed World War II. After being defeated in May 1945 Ger-

many was partitioned into four zones of occupation lead by the US, France, the UK and

the Soviet Union. Soon, conflicting interests between the Soviet Union and its former

allies started to emerge. Consequently the year 1949 saw the creation of two German

states. The Federal Republic of Germany (FRG, West Germany) in the West was mod-

eled after other Western democracies and integrated into the capitalist economic system

of the Western hemisphere. The German Democratic Republic (GDR, East Germany) on

the other hand was a socialist state closely aligned with the Soviet Union.

Politically the GDR was characterized by the dominance of a single party. The Socialist

Unity Party had full control over all aspects of the country.2 Especially during the 1950s

and 1960 a majority of the population disapproved of the regime (Weber 2011) as peo-

ple witnessed repression by a Stalinist regime (Bouvier 1999) and the forced transition

into a socialist planned economy. East Germans opted for migration to West Germany

in large numbers. This development came to an end when the regime erected the Berlin

Wall in 1961. The wall was part of a rigid border regime making attempts to leave the

country a dangerous endeavor. During the late 1960s and 1970s the situation somewhat

consolidated. People arranged themselves with a system that traded political conformity

with career opportunities and access to goods. Furthermore the State Security Service

(Stasi) - which at one time employed one in 60 adults as unofficial collaborators - infil-

trated large parts of the country, making it risky to voice dissent even in private settings.

In terms of Economic success and standard of living the GDR clearly lagged behind the

FRG. Weekly working hours in the East exceeded those in the West by more than five

hours, while household incomes reached barely half of Western levels (Richter 2009).

In 1989 dissatisfaction among the population turned into massive protests which even-

tually resulted in the fall of the Berlin Wall in 1989 and the German reunification in

1990. East Germany was fully integrated into the political, economic and institutional

2 The Socialist Unity party controlled not only the executive and legislative branch of government but
also the justice system and media. It granted access to higher education and held a monopoly on
public opinion (Richter 2009).
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system of the FRG.

A growing literature in economics argues that the German separation and reunification

provide a valid natural experiment. This conclusion commonly rests on pre-war compar-

isons of East and West Germany. Alesina and Fuchs-Schündeln (2007) show that East-

and West Germany were similar in terms of income in the period between WWI and

WWII and already earlier a comparable share of the workforce was employed in indus-

try, agriculture and commerce in both areas. Analyzing Prussian data and statistics from

the yearbook of the German statistical office (1936), Görges and Beblo (2015) detect no

differences between East and West German districts with respect to school enrollment,

literacy as well as marriage and absolute fertility patterns. While industrialization hap-

pened faster in the West, the authors document partial convergence until 1933. An

additional argument for the validity of the German separation as natural experiment is

that the exact line of the inner German border was the outcome of bargaining among

the US, the UK and the Soviet Union and unrelated to regional characteristics (Alesina

and Fuchs-Schündeln 2007; Friehe et al. 2015).

The separation of Germany lasted for 41 years. Whereas long enough to leave a lasting

impact, this time-span only covers a certain period of an individuals life-cycle allow-

ing researchers to exploit heterogeneity across cohorts. Fuchs-Schündeln and Schün-

deln (2005) use the German reunification to validate the consumption life-cycle model.

They show that observed saving rates in East and West Germany are consistent with a

consumption life-cycle model that incorporates a precautionary saving motive. Fuchs-

Schündeln and Masella (2016) study the effect of socialist education on labor-market

outcomes. Exploiting heterogeneity among birth cohorts induced by a cut-off in school

entry, they find a additional year of socialist education to reduce the probability of ob-

taining a college degree. Görges and Beblo (2015) investigate the nurture effect of

political regimes on gendered work preferences. They show that among individuals

who spent adolescence in separated Germany, gendered work preferences converge in

the East while they diverge in the West. Friehe et al. (2015) analyze the impact of liv-

ing in East Germany on personality traits and conclude that length of exposure to the

system of GDR is an important determinant of this relationship.
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2.2.2 Health and institutions

Since the seminal paper by Grossman (1972) economists have treated health as an

investment good that depreciates with age (Humphreys et al. 2014). Individuals max-

imize their individual utility by allocating a certain share of their time and resources

to medical and non-medical investments in health. The health production function

determines how these investments, together with the past stock of health and other

individual or environmental factors, translate into current health status. I consider a

health production function of the following form:

Ht = f(Ht−1,Mt, It, Pt, St, Lt) (2.1)

where Ht−1 denotes the past stock of health, M denotes a vector of medical inputs, I is

non-medical input i.e. sport and a healthy diet, P stands for environmental pollution,

S denotes factors that determine the socioeconomic status like income and unemploy-

ment and L stands for non-cognitive skills or personality traits.

Under this framework two mechanisms will cause the post-reunification health of East

and West Germans to differ. Firstly, differences in pre-reunification inputs continue to

shape present day health via the lagged stock of health and secondly present day inputs

may vary between East and West Germans as a consequence of the separation. Prior to

reunification differences in the institutional settings of East and West Germany lead to

different inputs into the health production function. Consider for example medical in-

puts M . Both the GDR and the FRG had universal health coverage such that all citizens

had access to health care without significant out-of pocket expenditures. However, es-

pecially during the later years, the health system of the GDR was heavily underfunded

and lacked modern equipment. Shortcomings in medical capacity in East Germany

have been associated with higher infant mortality and undertreatment of hypertension

(Busse and Riesberg 2004).

Secondly, environmental regulations were largely absent in the GDR. Especially the area

around Leipzig was affected by heavy air pollution and the situation only improved af-

ter 1990 (Luechinger 2009).

Finally, East Germans who did not conform to the state were the target of outright

political repression. Between 1949 and 1989 about 250,000 individuals were impris-
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oned for political reasons (Weber 2011). Political imprisonment in East Germany has

been associated with long-term impairments in mental health and increased levels of

anger (Bauer et al. 1993; Schützwohl and Maercker 2000). An increased prevalence

of psychological disorders has been reported among individuals subject to less severe

repressions (Spitzer et al. 2007). On the other hand the distribution of wealth and in-

come was more equal in the East than in the West. Higher equality is often associated

with better health although there seems to be no direct link (Deaton 2003).

Even today East and West Germany have not yet fully converged along many dimen-

sions, which translates into differences in contemporary inputs into the health produc-

tion function. More than 25 years after reunification the East of Germany has not man-

aged to achieve the same level of economic prosperity as the West. While the nature

of the relationship between income and health is not yet fully understood, income and

health within countries are strongly correlated (Deaton 2003; Kawachi et al. 2010).

If income has a economically significant causal effect on health, contemporary eco-

nomic differences between East and West will explain some part of the gap in health.

Moreover, the economy of the GDR suffered from low productivity and following the

reunification many plants were shut down. As a result unemployment in East Germany

remains high, again providing a potential channel explaining health disparities between

East and West.

The theory has been put forward that good health is connected to a feeling of being in

control (see for example Marmot 2015, Chapter 1). In East Germany individuals handed

a major part of control over their lives over to the state which decided over educational

opportunities, distribution of housing and even the allocation of goods such as cars or

holidays. The turmoil of the reunification may also have contributed to a feeling of loss

of control. East Germans have in fact been shown to possess a lower locus of control

than West Germans (Friehe et al. 2015).

Lastly health behaviors have been shown to be a significant factor when explaining

health differentials. Dragone and Ziebarth (2017) show that East and West Germans

displayed different patterns of food consumption after reunification and Eastern Ger-

mans gained more weight.
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2.3 Data, sample and variables

2.3.1 Data and sample

My data stem from the German Socioeconomic Panel (SOEP). The SOEP is a longitudi-

nal survey with the aim of providing a representative picture of all private households

in Germany (Gerstorf and Schupp 2016; Wagner et al. 2007). Individuals and private

households are followed annually. In order to obtain representative results I use cross

sectional weights as provided by the SOEP throughout my analysis (Kroh 2009). The

SOEP collects information on an individual’s current living situation as well as past

experiences along a wide range of dimensions. These include education, income and

labour market status, personality traits and health.

Importantly, the SOEP also inquires residency shortly before the fall of the wall in 1989

from each respondent. Rather than current residency or ever having lived in the GDR,

I use this information to define the treatment status. The variable East takes the value

one if the respondent lived in the GDR - including East Berlin - in 1989 and is zero if

she lived in West Germany. Subsequently I will refer to individuals living in the GDR in

1989 as East Germans and to those living in West Germany as West Germans. All re-

spondents for whom this information is missing or who did not live in Germany in 1989

are excluded from the sample. This treatment definition also implies exclusion of all

individuals born after 1989. Furthermore I restrict the sample to respondents born not

earlier than 1925. Since the FRG and the GDR were differentially affected by migration

from third countries, I drop all respondents born outside Germany.

In total the sample includes 367,609 observations with non-missing outcome variables

from 43,149 individuals. 12,102 of those individuals lived in East Germany in 1989 and

31,047 lived in West Germany. Figure 2.1 shows how the sample size varies over the

observation period. During the 1990s the sample includes roughly 3500 East German

individuals and 5800 individuals from West Germany. This number increases signifi-

cantly due to a 2000 refreshment sample and declines subsequently.

The basic characteristics of the sample are displayed in Table 2.1. West Germans are on

average older than East Germans, while the proportion of sexes is roughly equal. East

Germans have on average higher educated mothers, are less likely to have obtained
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Figure 2.1: Sample size
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Figure 2.2: Income and unemployment
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Table 2.1: Descriptive statistics

Individual level

East West Diff p-value N East N West

Sex 0.5022 0.5053 -0.0031 0.6581 12102 31047
Year of birth 1958.6814 1957.3693 1.3122 0.0000 12102 31047
Upper secondary education 0.2079 0.2856 -0.0778 0.0000 12031 30835
Intermediate secondary education 0.4835 0.2571 0.2264 0.0000 12031 30835
College degree 0.2199 0.1885 0.0315 0.0000 11997 30804
Apprenticeship 0.6899 0.6586 0.0312 0.0000 11997 30804
Number of siblings 1.8304 1.9741 -0.1437 0.0000 10045 26355
Mother: Year of birth 1932.5072 1929.4902 3.017 0.0000 11342 29287
Father: Year of birth 1929.5597 1926.0833 3.4765 0.0000 10967 28808
Mother: Upper secondary schooling 0.0767 0.0589 0.0179 0.0000 10944 28425
Mother: Immediate secondary education 0.2722 0.1591 0.1131 0.0000 10944 28425
Father: Upper secondary schooling 0.1112 0.126 -0.0147 0.0016 10468 27941
Father: Immediate secondary education 0.2381 0.1273 0.1108 0.0000 10468 27941

Observation level

East West Diff p-value N East N West

Monthly net income per household member 1001.7635 1300.4946 -298.7311 0 112223 255386
Unemployed 0.0968 0.0358 0.061 0.0000 112223 255385
In Education 0.0206 0.0235 -0.0029 0.0000 112223 255386
Willingness to take risk 4.6034 4.4101 0.1933 0.0000 103171 236657
Widowed 0.0667 0.0699 -0.0033 0.0129 111601 253581
Divorced or separated 0.121 0.1058 0.0153 0.0000 111601 253581
Married 0.5452 0.5703 -0.0251 0.0000 111601 253581
Number of individuals in household 2.4044 2.48 -0.0756 0.0000 112223 255386
Number of children 0.533 0.5819 -0.0489 0.0000 105286 243461
Reached statuatory pension age 0.1821 0.1984 -0.0163 0.0000 103598 241131
Healthy diet not important 0.5229 0.4914 0.0315 0.0000 29996 71273
Body-Mass-Index 26.244 25.9874 0.2565 0.0000 35815 85956
Low locus of control 0.0868 0.0336 0.0533 0.0006 14470 34503

Notes: Source: SOEP 1992-2015; Crosssectional weights; Only individuals born in Germany 1925-1989 with non missing outcome
information.

upper secondary education but more likely to own a college degree.3 Particularly large

differences exist in terms of net household income per household member and unem-

ployment. While the gap in income remains constant across the observation period,

the gap in unemployment narrows decisively after 2005 (see Figure 2.2).4 Furthermore

3 In the GDR it was not uncommon for students to enter special engineering schools af-
ter obtaining an intermediate secondary schooling degree. After reunification graduates
could apply for recognition of the engineering school degree as college degree. For ex-
ample in the federal state of Saxony application was granted in the majority of cases (see
https://www.medienservice.sachsen.de/medien/news/198827). Therefore the proportion of indi-
viduals with an college degree is higher than the proportion with upper secondary schooling in the
East German sample.

4 Figure 2.2 depicts the share of respondents in the sample who are unemployed. These numbers do
not correspond to the official unemployment rates for East and West Germany for several reasons:
Firstly I include all individuals below the age of 65 in the denominator rather than excluding indi-
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East Germans have fewer children, are less likely to be married, have a higher BMI, rate

a healthy diet less important and have a lower locus of control.

2.3.2 Outcome variables

In this study I consider four dimensions of health. A subjective measure of health is

given by self-assessed health (SAH). In the GSOEP respondents are asked to rate their

health on a 5-point Likert scale. I code this outcome in such a way that higher val-

ues of SAH correspond to a better health status. This variable is available in the SOEP

from 1992 onwards.5 Previous literature has raised concerns that measurement error

in SAH might be endogenous (T. Crossley and Kennedy 2002). Nevertheless SAH has

been shown to be a good predictor of future morbidity and mortality, and it is one of

the most widely used measures of health (Jylhä 2009).

Secondly, I use the SF12-questionnaire which has been included in the SOEP every sec-

ond wave since 2002. The SF12-questionnaire consists of 12 items on health related

life quality. These cover limitations in daily life due to problems in mental or physical

health, the presence of physical pain and the emotional state in the past four weeks

(see for example SOEP 2013). The results are summarized in two subscales - the men-

tal health summary score (MCS) and the physical health summary score (PCS). Each

score has a mean of 50 and a standard deviation of 10 in the population. While the

physical summary score decreases as individuals age, mental health does not detoriate

in the same way (Andersen et al. 2007). Despite relying on a relatively short number

of items, the summary scores from the SF12-questionnaire are highly correlated with

those from the more extensive SF36 questionnaire (Gandek et al. 1998).

Finally I analyze reported medical diagnoses available for a range of diseases. Since

2009 the SOEP has been asking respondents biannually whether they have ever been

diagnosed one of the following diseases: "Diabetes", "Asthma", "Heart Disease", "Can-

cer", "Stroke", "Migrane", "High blood pressure", "Depressive disorder", "Dementia". My

measure "Number of diagnoses" is the total number of diseases on this list which an

individual has been diagnosed with.

viduals who stay out of the labor force voluntarily. Secondly the sample does not include migrants
and thirdly I group East and West Germans by residency in 1989 rather than current residency.

5 With the exception of 1993 this variable is available from each wave since 1992.
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Simple t-tests reveal significant differences in health between the two populations (see

Table 2.2). When pooling all survey years and not adjusting for additional factors, in-

dividuals from East Germany have lower mental health and physical health summary

scores and rate their health worse than individuals from West Germany. While the aver-

age number of diagnoses is slightly higher in the East German population, the difference

is not significant.

Table 2.2: Outcome variables

East West Diff p-value N East N West

Mental health summary score (SF12) 49.2868 50.0402 -0.7534 0 35206 84644
Physical health summary score (SF12) 48.398 49.0308 -0.6327 0 35206 84645
SAH 3.3417 3.3671 -0.0254 0 112205 255312
Number of diagnoses 0.7647 0.7507 0.014 0.254 19608 47231

Notes: Means and t-tests by East and West on weighted sample. Self-assessed health is measured in all survey years
1992-2015 with the exception of 1993. Physical and mental health are measured biannully starting in 2002 and the
number of diseases is measured biannually starting in 2009.

2.4 Health disparities

I begin the analysis by examining differences between the health status of former in-

habitants of the GDR and their West German counterparts. Following a recent strand of

literature, I exploit the German separation as natural experiment. Specifically, I assume

the health status of individuals having lived in the GDR in 1989 would not systemat-

ically differ from those of individuals having lived in West Germany in the absence of

a separation. Therefore, any gap in health we observe after reunification should be

attributed to the separation itself. This effect might operate either directly, with experi-

ences East Germans made living under a socialist regime explicitly entering the health

production function, or indirectly by affecting third factors which serve as present day

input into the health production function.

Even under the hypothetical scenario that I was able to observe both counterfactual out-

comes - having lived in East Germany and having lived in West Germany in 1989 - for

all observations in my data, it is not straightforward to define one parameter capturing

the effect of having lived in the GDR on health entirely for several reasons.

Firstly individuals experienced living in East Germany at different stages in their life

cycle. The oldest individuals in my sample were born before the German separation.
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East and West Germans from this cohort share the experience of early live exposure to

WWII and the post war period, while spending their adult years - including most of their

working biography - under different regimes. The subsequent cohorts were born and

reached adulthood during separation. Those individuals differ in their early live and

education experiences as well as having entered two distinctive labour markets. On

the other hand the youngest individuals ever having lived in the GDR made their occu-

pational and marital decisions only after reunification. Nevertheless - unlike their West

German counterparts - they were exposed to a socialist education system at a young age

and raised in an environment influenced by GDR culture even after the reunification.

Since one would not expect solely going to primary school in East Germany to affect

health in the same way as working in the East labour market for many years, imposing

a treatment effect which is homogeneous across cohorts seems very restrictive.

Secondly, differences in health status between East and West German individuals are

likely to depend on the age at which health is measured. An earlier change in the latent

stock of health might only become apparent older ages when health shocks occur more

frequently.

Thirdly my data allow me to observe individual health outcomes for a period spanning

up to 24 years. As health in East and West might converge over time, the treatment

effect I measure will be sensitive to the timing of the measurement. Therefore I refrain

from defining the one parameter of interest. Instead I will document health differences

between East and West Germany across time, age and cohorts.

2.4.1 Empirical strategy

For the subsequent analysis, I divide my sample into three cohort groups. The old-

est cohort group comprises individuals born before the German separation in 1949.6

The middle cohort group includes individuals born between May 1945 and May 1973,

while individuals born after May 1973 but before 1990 belong to the youngest cohort

group. When choosing this second cut-off I follow the rationale of Fuchs-Schündeln

and Masella (2016). After finishing the tenth grade students in the GDR would ei-

ther continue their schooling (mostly with the goal of obtaining an university entrance

6 I define the exact cut-off as May 1949, the month the FRG was founded.
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qualification) or start an apprenticeship. However the decision of who was allowed to

continue schooling was not based on academic achievement alone but also followed

political criteria. Due to a cut-off rule in school entry, individuals born after May 1973

only finished the tenth grade after the fall of the wall. Therefore they did not face any

political restrictions when choosing their further education, while individuals of earlier

cohorts were possibly denied obtaining university entrance qualifications despite good

grades. In Appendix B.1 I confirm that a data driven partitioning of the sample would

lead to similar cut-offs.

In order to obtain point estimates and confidence intervals for the difference in health

between East and West by cohort group and year, I estimate the regression model

Yi = β0ct + β1ct ∗ Easti + Ci + εi (2.2)

by OLS separately for each cohort group and survey year in which the outcome was

measured. Ci denotes a vector of controls. The effect of interest β1ct gives the differ-

ence in health between East and West Germans of cohort c in year t. Furthermore I am

interested in testing whether there is any significance difference in the East-West gradi-

ent between the three cohort groups when considering all years together. Therefore I

estimate the following regression model:

Yit =γ1 ∗ Old + γ2 ∗Middle + γ3 ∗ Young + γ4 ∗ East ∗ Old+

γ5 ∗ East ∗Middle + γ6 ∗ East ∗ Young + δt + Ci + εit (2.3)

Here Old is dummy variable indicating that an individuals was born 1949 or earlier,

Middle is a dummy variable indicating that an individuals was born between 1949 and

1973 and the Young is an indicator for individuals born 1973-1989. δt denotes time

fixed effects and Ci is the vector of controls. Since this specification does not include

an East dummy, the coefficients of the interactions terms of the cohort group dummies

and the East give the mean difference between West Germans and East Germans over

all survey years. The main results using this specification come from pooled OLS re-

gressions while results from poisson and ordered probit models - since the number of

diagnoses are count data and SAH is measured on an ordinal scale - can be found in
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the Appendix. I cluster all standard errors at the household of origin level.7 Controls

include dummies for age in 5-year categories, a linear age trend and sex of respondent

in each estimation. One might be worried that the randomization of the German popu-

lation into East and West Germans was not successful in terms of balancing the family

background of treatment and control group. Therefore I use maternal and paternal

education (in 5 categories), year of birth of parents and the number of siblings as ad-

ditional controls. However conditioning on these additional factors comes at the price

of potentially introducing a bad control problem (Angrist and Pischke 2009). A control

variable constitutes a bad control variable if it is an outcome of the treatment itself.

While parental characteristics of individuals born prior to the separation can precede

the treatment,8 parents of younger individuals received their education and took their

fertility decisions under the system of the GDR or the FRG. Therefore, when condition-

ing on family characteristics, results especially for the younger cohort groups should be

treated with caution.

2.4.2 Results

Health differences over time

Firstly, I investigate how differences in health between East and West Germans evolve

over time. Figure 2.3 shows the mean of each health outcome separately by survey year.

For both East and West Germans I observe an improvement in mental health related life

quality over time, but a deterioration in health measured by other outcomes. This is not

surprising given the aging of the sample.

In each survey year, East Germans have a lower average mental health summary

score than West Germans. The gap appears to become smaller in the final years of

the observation period. Similarly, East Germans show a lower physical health related

life quality throughout the observation period. There is no indication of convergence.

Self-assessed health is the only health outcome observed during the years shortly after

7 Household of origin is an identifier that includes the household id of the household the individual
was first observed in. If for example an adult child moves out, he or she will be assigned a new
household identifier, but keep the household of origin identifier.

8 However, the number of siblings might be a bad control even for this group, when siblings are
born (or would have been born) after the separation. Furthermore parents might have obtained an
additional school degree within an adult-education program (Zweiter Bildungsweg).
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Figure 2.3: Raw means over time
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Notes: Health outcomes: Raw means for East Germans and West Germans over time and
95% confidence intervals. The plotted values are based on the estimated coefficients from
the following regression model: Yit = γt + δt ∗ Easti + εit, with γt being time-fixed effects
and δt additional time-fixed effects for East Germans. Standard errors are clustered at the
household of origin level.
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reunification. East Germans rate their health significantly better than West Germans in

1992, but they drop below West German levels quickly and remain so throughout the

1990s. In the final years of the observation period the gap becomes less clear-cut, but

East Germans do not appear to fully catch up. With respect to the number of diagnoses,

differences between East and West Germans are only marginal.

Regression results from estimation of Equation 2.2 (baseline controls: left panel of

Figure 2.4, additionally controlling for parental background variables: right panel of

Figure 2.4), suggest similar dynamics. For most years and outcomes East Germans

exhibit an on average worse health status, and apart from mental health there is little

evidence for a convergence over time.

Health differences by cohort

Next I turn to differences across cohort groups. Revisiting Figure 2.4, it is easy to see

that health inequalities between East and West Germans are strongest for individuals

born 1949 or earlier. When only controlling for baseline characteristics, the old cohort

group exhibits the greatest disadvantage of East Germans for almost all outcomes and

survey years.9 In the case of the physical health summary score and the number of diag-

noses, one even observes a clear ordering with respect to birth cohort. In the youngest

cohort group, the difference between individuals from East and West Germany is hardly

ever significant at the 95% significance level, while there is a significant and even grow-

ing gap for the oldest cohort group.

Additionally controlling for parental and family characteristics, does not alter results

profoundly (see right Panel of Figure 2.4). East Germans from the old cohort group

appear to be less disadvantaged in terms of mental health compared to the baseline

specification. However, these results should be treated with caution as they are likely to

suffer from bad control bias.

Subsequently, I pool all survey years and estimate the overall East-West gap in health

for each cohort. Results are displayed in Table 2.3. Columns (1) and (2) show the

estimated coefficients of the interaction term between the East-dummy and the cohort

indicators of Equation (2.3). When pooling all years, I detect a significant health disad-

9 This does not hold up for SAH in the 1990s. However, when focusing on the time since 2002 when we
also observe the outcomes from the SF12-questionnaire, the pattern is consistent across outcomes.
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Figure 2.4: East-West gap by cohort groups and survey years
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Notes: Health outcomes: East-West gap by cohort groups and survey years. Plotted
are the estimated coeffiecients β̂ct obtained from estimating the regression model Yit =
β0ct + β1ct ∗ Easti + Ci + εit separately for the old, middle and young cohorts and each
survey year. The error bars denote the pointwise 95% confidence intervals. Baseline con-
trols include dummies for age in 5-year categories, a linear trend in age and sex. Additional
covariates include the year of birth for both parents, education of parents (5-categories) and
the number of siblings. Regression are weighted using cross sectional weights provided by
the SOEP. Standard errors are clustered on the household of origin level.
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Table 2.3: East-West differences by cohort group

Mental health summary score

All Female Male

(1) (2) (3) (4) (5) (6)

East*Born 1925-1945 -1.1568*** -0.8967*** -0.9251** -0.5569 -1.4311*** -1.2875***
(0.2914) (0.3081) (0.3646) (0.4004) (0.3614) (0.3804)

East*Born 1945-1973 -0.5783** -0.5285* -1.2397*** -1.22*** 0.0457 0.1384
(0.2568) (0.2718) (0.3372) (0.3494) (0.3296) (0.3586)

East*Born 1973-1989 -0.2862 -0.3515 -0.7323* -0.5282 0.1486 -0.1917
(0.3073) (0.3469) (0.4145) (0.4644) (0.4108) (0.4746)

Observations 119850 102239 62647 53556 57203 48683
Individuals 34253 28333 17995 14943 16258 13390
p-value 0.1058 0.4763 0.592 0.3142 0.003 0.0215

Physical health summary score

All Female Male

(1) (2) (3) (4) (5) (6)

East*Born 1925-1945 -1.6575*** -1.5582*** -1.3681*** -1.2448*** -2.0031*** -1.9178***
(0.2573) (0.2803) (0.3404) (0.3762) (0.3554) (0.3839)

East*Born 1945-1973 -0.8557*** -1.1033*** -0.7782*** -1.0763*** -0.9425*** -1.1444***
(0.2226) (0.2418) (0.2973) (0.3201) (0.2918) (0.3311)

East*Born 1973-1989 -0.3548 -1.062*** -0.5023* -0.975*** -0.2299 -1.1772***
(0.2348) (0.2637) (0.2888) (0.3183) (0.3433) (0.3921)

Observations 119851 102240 62647 53556 57204 48684
Individuals 34253 28333 17995 14943 16258 13390
p-value 9e-04 0.3696 0.1518 0.8623 0.0015 0.2611

Number of diagnoses

All Female Male

(1) (2) (3) (4) (5) (6)

East*Born 1925-1945 0.1403*** 0.1373*** 0.141*** 0.1227** 0.1382** 0.1551***
(0.0386) (0.0421) (0.0498) (0.0544) (0.0542) (0.0579)

East*Born 1945-1973 0.0562* 0.0455 0.0555 0.0499 0.058 0.0427
(0.029) (0.0317) (0.0377) (0.0418) (0.0423) (0.0454)

East*Born 1973-1989 -0.0383* -0.0268 -0.0341 -0.0045 -0.039 -0.0431
(0.0202) (0.0238) (0.0309) (0.0372) (0.0258) (0.0292)

Observations 66839 57344 35515 30491 31324 26853
Individuals 26684 22648 14258 12113 12426 10535
p-value 1e-04 0.0017 0.0077 0.136 0.0048 0.0051

Self-assessed health

All Female Male

(1) (2) (3) (4) (5) (6)

East*Born 1925-1945 -0.0831*** -0.0846*** -0.0701** -0.072** -0.0977*** -0.0972***
(0.0209) (0.024) (0.0275) (0.0319) (0.0279) (0.0321)

East*Born 1945-1973 -0.0194 -0.0279 -0.0308 -0.0434* -0.0093 -0.0135
(0.0173) (0.0197) (0.0225) (0.0258) (0.0228) (0.0264)

East*Born 1973-1989 -0.0388 -0.092*** -0.0375 -0.0693** -0.04 -0.1159***
(0.0248) (0.0286) (0.0269) (0.0322) (0.037) (0.0427)

Observations 367517 296376 193448 157001 174069 139375
Individuals 43147 31321 22530 16581 20617 14740
p-value 0.0553 0.063 0.5242 0.7061 0.0468 0.0411

Year fixed effects Yes Yes Yes Yes Yes Yes
Baseline controls Yes Yes Yes Yes Yes Yes
Additional controls No Yes No Yes No Yes

Notes: Results from estimation of Model 2.3 using pooled OLS. Standard errors clustered on the household of origin level.
Significance levels: : * p<0.10, ** p<0.05, *** p<0.01.
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vantage of East Germans of the old cohort group for all outcomes. East Germans who

were born prior to 1949 score on average 1.16 points (11.6% of a standard deviation)

lower in the mental health summary score and 1.66 points (16.6% percent of a stan-

dard deviation) lower in the physical health summary score than West Germans from

the same age group. Furthermore, they report on average 0.14 more diagnoses and

rate their overall subjective health 0.08 points lower. In the middle cohort group the in-

equalities amount to a 0.58 points lower MCS for East Germans, a 0.86 lower PCS, 0.06

more diagnoses while the difference in self assessed health is negligible. To put these

numbers into context, the gap in MCS is about 40% of the effect size Marcus (2013)

find for becoming unemployed in the old cohort group and one third of the effect size

of a spouse becoming unemployed for the middle cohort. For the youngest cohort the

East-West gap is mostly negligible.10

In columns (4)-(6) I split the sample by sex. East-West differences tend to be stronger for

males than for females in the old cohort. I further test the hypotheses that the East-West

gap in health is equal across cohort groups. The corresponding p-values are displayed in

the bottom row of each panel. In specifications where I only include baseline controls,

the difference is mostly significant for the whole sample and the male sample, but not

for the female sample. As controlling for parental and family characteristics reduces

the magnitude of the estimated coefficients for the oldest group and increases them for

the youngest cohort group, I reject the null-hypothesis of equal effects across cohorts

less often when these additional controls are included. Differences across cohorts are

stronger for males than for females.

In the main analysis I treat all outcome variables as continuous measures. In Appendix

Table B.3 I show that results are very similar when estimating Equation 2.3 using non-

linear models for the number of diagnoses and a binary version of SAH. The differences

in the predicted number of diagnoses between East Germans stemming from Poisson

regression are both quantitatively and in terms of significance levels only marginally

different from the estimated coefficients in the linear OLS model. I furthermore col-

lapse SAH into a binary variable indicating good or very good health status and predict

10 The young cohort group East Germans tend to report fewer diagnoses although the difference is not
large. Among young individuals the average number of reported diagnoses is very low and East
Germans in my sample suffer from asthma less often, replicating a finding from previous studies (see
for example Steppuhn et al. 2017).
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the difference in the probability of reporting an at least good health status between East

and West Germans. I find East Germans in the oldest cohort to have an about 5% per-

centage points lower probability of reporting a good health status than West Germans.

Health differences by age

So far it has become apparent that health disparities between East and West Germans

are strongest for individuals who I observe at older ages. This result could either be

driven by cohort effects, with the experience of living in the GDR having been more

detrimental to health of individuals born prior to 1949, or by an age effect with health

disadvantages of East Germans manifesting themselves more strongly at high ages. For

example, in the case of PCS and the number of diagnoses, a disadvantage of East Ger-

mans in the middle cohort group emerges over the course of the observation period (see

Figure 2.4). This finding hints to an age effect rather than a cohort effect. While it is

impossible to answer this question definitely, I will take closer look at the patterns of

ageing in this section.

Figure 2.5 plots health outcomes over age. Here I adjust for sex of respondents and

year effects. With the exception of mental health, we see a deterioration in health as

individuals become older. This decline is stronger in the East German sample. While

levels of health remain barely indistinguishable for young individuals, a gap emerges

after the age of forty for SAH and the number of diagnoses - and even earlier for PCS

and MCS.

In order to obtain a more detailed picture of within cohort dynamics, I split the sample

into groups of 5-year-adjacent birth cohorts. Figure 2.6 plots health differences between

East and West Germans against age separately for each group of 5-year birth cohorts.11

Whereas this graph confirms the impression that East-West differences are in gen-

eral more pronounced for individuals whom I observe at older ages, the within cohort

dynamics of East-West health differences depend on the outcome. For mental health,

physical health and the number of diagnoses there is a downwards sloping trend across

cohorts.12 The earlier a cohort was born the more disadvantaged are East Germans

11 To increase readability I plot smoothed trends rather than the raw values.
12 This does not hold for the oldest 5-year group in terms of the number of diagnoses. However, this

sample is very small and estimates are imprecise.
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Figure 2.5: Healthy by age
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Notes: Health outcomes: Adjusted means for East Germans and West Germans over age and
95% confidence intervals. The plotted values are based on the estimated coefficients from
the following regression model: Yia = γa + δa ∗ Easti + Cia + εia, with γa being age-fixed
effects in 5-year bins and δa additional aged-fixed effects for East Germans. Controls include
year-fixed effects and sex. Standard errors are clustered at the household of origin level.
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Figure 2.6: Trends in 5-year birth cohorts
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Health differences by age and cohort
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Notes: Health outcomes: East-West differences by age and birth-cohort in 5-year bins. Each
line represents the smoothed trend for a 5 adjacent birth cohort. The values are calculated
running the following linear regression model separately for each 5-year-group of birth co-
horts: Yit = γt + δt ∗ Easti + C + εit with controls including sex and linear year of birth.
I plot the mean age of each 5-year group against the health difference between East and
West Germans. The smoothed trends are obtained using local linear regression (bandwidth
obtained by cross validation using the AIC criterion). Regression are weighted using cross
sectional weights provided by the SOEP.
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compared to West Germans. For PCS the trend is also downwards sloping within most

cohorts, the same holds for the number of diagnoses between ages of 40 and 75. On

the other hand no such consistent pattern can be observed for MCS and the number of

diagnoses. In the case of SAH no between-cohort gradient is present and most cohorts

exhibit a downwards sloping trend. The fact that East Germans rated their health better

than their West German counterparts in 1992 is not driven by any particular cohorts.

In the Appendix in Figure B.2 I look at the aging process within persons. I normalize

health at age 20 for each person to zero and investigate how health changes in the fol-

lowing ten years. I repeat this procedure up to a base age of 70. For PCS the trends

match those in Figure 2.5. Divergence between East and West takes mostly place in

the middle thirties and late forties, suggesting that the emerging gap between East and

West might be driven by aging rather than selection for this outcome. On the other

hand for SAH differences between East and West tend to be very small while patterns

of divergence do not completely conform to those observed in Figure 2.5 in the case of

the number of diagnoses and MCS.

To summarize, my analysis reveals a significant disadvantage in health for those East

Germans whom I observe at older ages. East Germans from the oldest cohort group ex-

hibit a disadvantage in health across all outcomes and almost all survey years. Among

individuals born after 1949 inequalities are less pronounced. The finding that an East-

West gap builds up gradually in the middle cohort for, points to the existence of age

effects in case of age sensitive measures.

2.4.3 Robustness

Migration prior to 1990

The socialist regime of East Germany is now infamous for the construction of the Berlin

Wall - part of a deadly border regime preventing its citizens from leaving the country.

These measures were in fact a reaction to massive outmigration. Between 1949 and

1961, about 2.7 million of originally 18.3 million inhabitants relocated to the West.

Only after the Berlin wall was constructed and the coincident closure of all borders

these numbers dropped significantly (see Figure 2.7). If relocation decisions are related

to the health status of an individuals, East-West migration will invalidate the natural
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Figure 2.7: Number of relocations from GDR
to FRG (in 1000) according to Mayer 2002
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Figure 2.8: East-West migrants in the sample
by year of birth and survey year.
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experiment which I am exploiting. For most individuals in my data I observe only the

location of residency in 1989. Therefore my definition of East Germans excludes indi-

viduals who previously left the East. Consequently the East-West gap I observe might

in principle stem from positive selection. In this robustness check I examine the sen-

sitivity of my results with respect to the classification of East-West migrants. For this

purpose I draw on a subsample of my data, who answered a 1990-1993 module on mi-

gration experiences including migration within Germany.13 Among the 10,320 eligible

individuals having answered the first question of the migration module, I identify 15414

respondents who migrated from the GDR to the FRG between 1949 and 1989. Figure

2.8 shows the distribution of year of birth for these migrants. All East-West migrants

were born before 1972 and the vast majority belongs to the oldest cohort group. In

order to archive a balanced sample I exclude the youngest cohort group from this anal-

ysis and pool the other two cohort groups. Figure 2.8 shows the number of East-West

migrants for the survey years 1992, 2002, 2009 and 2015. The colors of the bars corre-

spond to the number of migrants observed in a specific year. In 2009 only about 55% of

13 This module requests respondents to state whether they have been living in that part of Germany
where they currently reside since birth or since 1949. Individuals who have relocated are subse-
quently asked about the year of relocation and where they lived before.

14 This count only includes respondents with non-missing data on other relevant outcomes.
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Table 2.4: Robustness check: East-West migrants prior to 1990

Physical health summary score Mental health summary score

(1) (2) (3) (4) (5) (6) (7) (8)

East in 1989 -1.03*** -1.06*** -0.49 -0.49
(0.29) (0.29) (0.35) (0.35)

East in 1989 or relocated -1.04*** -0.47
(0.29) (0.34)

Share of years spent in East Germany -1.06*** -0.51
(0.29) (0.35)

Relocated -0.82 -0.12
(1.17) (1.17)

Observations 28901 28901 28892 28901 28901 28901 28892 28901

Number of diagnoses Self assessed health

(1) (2) (3) (4) (5) (6) (7) (8)

East in 1989 0.069* 0.074* -0.015 -0.018
(0.041) (0.042) (0.020) (0.021)

East in 1989 or relocated 0.079* -0.022
(0.042) (0.020)

Share of years spent in East Germany 0.070* -0.017
(0.041) (0.020)

Relocated 0.14 -0.066
(0.16) (0.068)

Observations 13177 13177 13173 13177 120772 120772 120738 120772

Notes: East in 1989 denotes the standard dummy for East Germans. East in 1989 or relocation additionally includes individuals who relocated
from East to West Germany prior to 1989. Share of year spent in East Germany denotes the share of year 1949 (or since birth) to 1989 an
individual spent in East Germany. I include only individuals who answered a 1990-1993 module on migration experiences. Standard errors are
clustered at the household of origin level. Significance levels: * p<0.1, ** p<0.05, ***p<0.01

the original migrants were still in the sample, by 2015 this number has further reduced

to about a third.15

Columns (1) and (5) of Table 2.4 present the East-West gap within the subsample for

whom information on East-West migration prior to 1990 exists , when I define East Ger-

mans in the same way as in the main analysis. The magnitude of the East-West gap in

this highly unrepresentative sample of long-time survey participants is not in the focus

of this exercise. Instead I am interested in assessing the sensitivity of the estimated

coefficients with respect to the classification of migrants. I build on the assumption

that a change in the classification would affect the results on the sample used for the

main analysis in a similar way. In columns (2) and (6) I define all individuals who

ever resided in East Germany between 1949 and 1989 as East Germans. The estimated

coefficients are comparable to those in Columns (1) and (5), only for the number of

diagnoses the effect size increases slightly. In columns (3) and (7) I account for the

fact that individuals who relocated spent only some years in East Germany. Instead of a

binary indicator I use share of years 1949 (or since birth) to 1989 an individual spent in

15 The share of migrants does not drop as drastically as East and West Germans who answered the
migration module in 1990-1993 also exit the survey.
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each part of Germany. Again the estimated coefficients are of similar magnitude as the

original effects. Finally migration itself might affect health, such that migrants should

neither be classified as East or West Germans nor as weighted average. Therefore I in-

clude a separate dummy for migrants in columns (4) and (8). Once more the estimated

difference do remain very close to the original effect.

Permutation test

Previous research has documented that geographic differences in health exist not only

across countries but also within countries (see for example Chetty et al. 2016; Müller-

Nordhorn et al. 2008; Walter 1992). To address the concern the East-West gap in health

might reflect general regional differences rather than being a consequence of the sep-

aration, I conduct a permutation test. Constructing synthetic separations of Germany

allows me to compare the size of the original East-West differences in health to differ-

ences resulting from general regional variation. I proceed by repeatedly assigning 6

German federal states to a synthetic East Germany and the remaining 10 federal states

to a synthetic West Germany. I only allow for partitions where both synthetic states

form a closed territory. The administrative geography of Germany admits 51 such parti-

tions.16 Furthermore, in order to mimic the separation of Berlin, I randomly assign half

of the observations in one of the six states originally belonging to the synthetic East,

to the synthetic West Germany. This procedure provides 306 synthetic East and West

Germanys. I obtain synthetic treatment effects by estimating Equation 2.3 for each par-

tition 10 times. Optimally I would assign each respondent to the state where she lived

in 1989. Since this information is not available for a large fraction of observations, I

assign each individual to the federal state where she is observed first. As individuals

who moved from East to West Germany might be positively selected in terms of health,

I repeat the analysis on a subsample excluding those who moved between East and West

prior to entering the GSOEP. I compare the estimated synthetic treatment effects to the

original effects shown in the first column of Table 2.3. If the absolute size of the orig-

inal East-West gap is in the lower of or middle range of the distribution of (absolute)

synthetic treatment effects, this would suggest that the East-West gap can be attributed

to general regional variation.

16 Excluding the true separation.
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Table 2.5: Permutation test: Probability of obtaining an effect size lower than the East-West difference

Full sample

Mental health Physical health Number of diagnoses Self-assessed health

East*Born 1925-1949 0.91 1 0.96 1
East*Born 1949-1973 0.59 0.97 0.83 0.4
East*Born 1973-1989 0.47 0.67 0.99 0.55

Non movers

Mental health Physical health Number of diagnoses Self-assessed health

East*Born 1925-1949 0.99 1 0.97 1
East*Born 1949-1973 0.73 0.94 0.92 0.42
East*Born 1973-1989 0.68 0.64 1 0.49

Notes: Comparison of estimates displayed in the first column of Table 2.3 and synthetic East-West differences. I construct
306 synthetic East Germanys and use these synthetic treatments to reestimate Equation 2.3. This Table displays the
probability of obtaining a smaller absolute effect size than the true effect size when using the full sample. E.g. East
Germans from the oldest cohort report on average 0.14 diseases more than their West German counterparts. 4% of the
of synthetic separations produce a larger effect. East Germans from the middle cohort report on average 0.06 diseases
less than West Germans of the same group. 17% of synthetic separations produce treatment effect with a larger absolute
value.

For the oldest cohort group the size original East-West gap is above the 90th percentile

for all four outcomes. In the case of PCS and SAH no synthetic separation provides an

estimated treatment effect that exceeds the original estimated treatment effect. This

confirms the finding that the separation of Germany persists in significant health differ-

ences among old individuals (see Table 2.5). Results are less clear when considering

those born after 1949. For the middle cohort group the size original East-West gap only

resides in the top 10% of effect sizes in the case of the physical health summary score.

For the young cohort group only the East-West difference in the number of diagnoses is

greater than all other regional variation.17 When focusing on the sample of non movers

for which results are displayed in the lower panel, the probability of obtaining effect

sizes in the synthetic partitions stays nearly constant or increases.

Reunification shock

The analysis above has revealed that post-reunification health inequalities between East

and West Germans are strongest among individuals born prior to 1949. I argue that a

health disadvantage of East Germans is a direct or indirect consequence of having lived

under the Socialist regime in the GDR. However, as difficulties in adapting to a new

environment increase with age, the reunification in 1990 might have provided a more

17 East Germans of the youngest cohort group report fewer diagnoses than West Germans. Most notably
they report a lower incidence of asthma.
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Figure 2.9: Change in life satisfaction 1989-2009
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distressful experience for individuals born prior to 1949 than for younger individuals.

Therefore another possible interpretation of my results is that the sudden transition

from one regime to the other - rather than exposure to the GDR itself - provided a

long-lasting burden to individual health. As individuals living in East Germany in 1989

inevitably also experienced reunification, both effects are hard to disentangle. In this

exercise I exploit self-reported changes in life satisfaction to investigate whether a health

disadvantage of older east Germans might be driven by a reunification shock. In 2009

the SOEP asked its respondents to rate the change individual life satisfaction since 1989,

the year prior to reunification.18 I code this variable to be equal to one if life satisfaction

has improved, equal to minus one if life satisfaction has reduced and equal to zero

if it stayed constant. If the reunification disproportionally distressed old individuals,

this should be reflected in old East Germans reporting a disproportional decline in life

18 While the question explicitly states that 1989 is the year prior to reunification, it clearly enquirers
individual life satisfaction and not satisfaction with political conditions.
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satisfaction. Figure 2.9 displays the average change in life satisfaction by birth cohort

for East and West Germans. The graph does not support the idea that old East Germans

suffered more than other cohort groups in the early nineties. For all birth cohorts East

Germans are more satisfied with their lives now relative to West Germans. Among West

Germans change in life satisfaction increases with year of birth and only individuals

born in 1969 or later report on average that life satisfaction has improved. For East

Germans on the other hand the relationship between average change in life satisfaction

and year of birth is U-shaped. East Germans born in the early 1950s are the least

satisfied with their lives now compared to 1989 and the difference between East and

West Germans are smallest among birth cohorts born around 1960.

2.5 Controlled direct effect

So far, this analysis has revealed a significant disadvantage in health for East Germans

born prior to 1949 and small disparities for younger cohorts. As East and West Ger-

many continue to vary along many dimensions, the gap I documented above does not

necessarily have to be attributed to experiences East Germans made while living under

the GDR regime alone. Rather one would expect the post-reunification experiences of

economic uncertainty and low wages as well as differences in health behavior and per-

sonality to affect individual health as well. I ask, whether there exists any direct effect

of having lived in the GDR on health when holding the level of contemporary inputs into

the health production function constant. Conditioning on post treatment confounders

induces a bad control problem. Therefore this question cannot be addressed by simply

including additional control variables in a regression of health on the East dummy. In-

stead I turn to a quantity that is known in the mediation analysis literature as controlled

direct effect (Pearl 2001). The controlled direct effect (CDE) is the effect of changing

a treatment D from level d′ to d while keeping an intermediate variable M , which is

itself an outcome of the treatment, at a fixed level m. As East and West Germans differ

strongly in terms of income and unemployment rates even 25 years after the reunifica-

tion, my focus will be on netting out these two factors. Furthermore I consider the role

of locus of control and dietary behavior.

To define the CDE formally, I apply the potential outcome framework of Rubin (1974).

Yi(d,m) denotes the potential outcome of individual i under treatment level d when the
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Figure 2.10: CDE in direct acyclic graph

X

D

L

M

Y

Notes: DAG showing the causal relationship between pretreatment con-
founders X, treatment D, intermediate confounders L, mediator M and out-
come Y . The solid arrows denote the controlled direct effect, that is the effect
ofD on Y which does not operate viaM (see also Acharya et al. (2016), Figure
3).

mediator M is fixed at value m. Similarly Mi(d) denotes the potential value of the me-

diator for individual i under treatment d. Consistency requires the observed variables

Yi and Mi to correspond to the potential outcomes under the actual treatment status,

such that Yi = Yi(Di,Mi) and Mi = Mi(Di). The CDE is defined as:

CDEi(d, d
′,m) = Yi(d,m)− Yi(d′,m) (2.4)

In a directed acyclic graph (DAG) the CDE can be represented as the set of paths from

T to Y which do not pass the mediator (Acharya et al. 2016). In Figure 2.10 the CDE

is indicated by solid arrows. Besides D, M and Y the graph includes two additional

nodes. X denotes the set of confounders which are not affected by the treatment, while

L is a vector of confounders affected by the treatment but not by the mediator. Since

one holds only M fixed, the CDE does contain the effect of D on Y which operates via

L. Testing for the presence of a controlled direct effect corresponds to testing whether

there exists any path from D to Y in the DAG after removing the edge leading from M

to Y . The controlled direct is distinct from the natural direct effect (NDE).19 While the

19 Unlike the NDE, the CDE does not provide a straightforward composition of the ATE into a direct
and an indirect effect.
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mediator M is held constant at a particular value m in the CDE, one fixes the treatment

level of the potential value of the mediator Mi(a) when estimating the NDE.20

NDEi(d
′) = Yi(d,M(d′))− Yi(d′,M(d′)) (2.5)

Thus the natural direct effect gives the effect of the treatment when individuals are

not allowed to change the value of the mediator because of the treatment. The CDE

on the other hand corresponds to the treatment effect in an experiment where both

the treatment and the mediator are manipulated by the experimenter.21 Importantly

for applied researchers the controlled direct is identified under weaker assumptions

than the natural direct effect (VanderWeele and Vansteelandt 2009). Economists have

employed the controlled direct effect to evaluate the effects of awarding vouchers for

vocational training to the unemployed (Huber et al. 2017).

2.5.1 Empirical framework

In my empirical strategy I follow the framework of Acharya et al. (2016) to estimate

the average controlled direct effect, ACDE = E (Yi(d,m)− Yi(d′,m)), using sequen-

tial g-estimation.22 The ACDE is nonparametrically identified under the assumption of

sequential unconfoundness and common support:

Assumption 2.1. (Conditional independence of potential outcomes and treatment)

Yi(d,m) ⊥⊥ Di | Xi = x for all t ∈ D, m ∈M and x ∈ X

Assumption 2.2. (Conditional independence of potential outcomes and mediator)

Yi(d,m) ⊥⊥ Mi | Di = t, Li = l, Xi = x for all d ∈ D, m ∈M, l ∈ L and x ∈ X

Assumption 2.3. (Common support)

Pr(Di = d | Xi = x) and Pr(Mi = m | Di = d, Li = lXi = x) for all d ∈ D, m ∈

M, l ∈ L and x ∈ X

Assumptions 2.1 and 2.3 are the standard assumptions necessary for identification of

the average treatment effect. Identification of the CDE additionally requires indepen-

20 Or pure direct effect under the nomenclature of Robins and Greenland (1992).
21 Pearl (2001) calls to the CDE "prescriptive" and the NDE "descriptive".
22 The sequential g-estimator was first proposed by Goetgeluk et al. (2008) and - under the name RS2S

estimator by Joffe and T. Greene (2009).
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dence of potential outcomes and the mediator conditional on D, L and X (Assumption

2.2).

The effect identified under Assumptions 2.1-2.3 still depends on the conditional distri-

bution of intermediate confounders L (Robins 1994). Therefore estimation of the CDE

requires the researcher to integrate the CDE conditional on L over the distribution of L.

I avoid this step by assuming the absence of any interaction between the mediator and

L (Acharya et al. 2016).

Assumption 2.4. (No intermediate interactions)

E (Yi(d,m)−Y (d,m′) | Di = d, Li = l, Xi = x) = E (Yi(d,m)−Y (d,m′) | Di = d,Xi = x)

for all d ∈ D, m ∈M, l ∈ L and x ∈ X

Assumption 2.4 requires the effect of the mediator to be independent from intermedi-

ate confounders. If this assumption is violated, the estimated CDE will be a weighted

average of CDEs within different levels of confounders (Vansteelandt and Joffe 2014).

Sequential g-estimation proceeds in two steps. In the first stage the causal effect of the

mediator is removed from the outcome using a quantity that Acharya et al. (2016) call

the demediation function. In the second stage the demediated outcome is regressed on

the treatment variable as well as the pretreatment confounders.

The demediation function, γ(d,m, x), is defined as the change in the potential outcome

when the mediator is switched from m to 0 while holding the treatment constant.23

γ(d,m, x) = E (Yi(d,m)− Yi(d, 0) | Xi = x) (2.6)

By subtracting the demediation function from Y , one obtains the expected potential

outcome at treatment level d and mediator value 0 conditional on X (see Appendix

B.2).

E (Yi − γ(d,Mi, x) | Di = d,Xi = x) = E (Yi(d, 0) | Xi = x) , (2.7)

such that the controlled direct at mediator value 0 is given by:

E (Yi − γ(d,Mi, x) | Di = d,Xi = x)− E (Yi − γ(d′,Mi, x) | Di = d′, Xi = x) (2.8)

=E (Yi(d, 0)− Yi(d′, 0) | Xi = X)

23 Under Assumption 2.4 this quantity does not depend on L.
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Acharya et al. (2016) propose to estimate the demediation function by regressing Y on

T , M , X and L. For example specifying

E (Yi | Di=d,Mi=m,Xi=x, Li=l) = δ0+δdDi+δmMi+δxXi+δlLi (2.9)

will result in a demediation function of:

E (Yi | Di=d,Mi=m,Xi=x, Li=l)−E (Yi | Di=d,Mi=0, Xi=x, Li=l) = δmMi (2.10)

One may also allow for interaction between the mediator and the treatment or the me-

diator and the pretreatment confounders by including the respective interaction terms

in the demediation function. In the second stage, the demediated outcome is regressed

on the treatment variable and the pretreatment confounders. The CDE(d, 0, 0) is then

obtained as the coefficient of the treatment variable:

Y dem
i =β0+βCDE ∗Di+βx ∗Xi+εi, (2.11)

where Y dem
i is the demediated outcome Yi − γ̂(d,m, x). While sequential g-estimation

is easy to perform and can also be applied in the estimation of certain nonlinear mod-

els (see for example Vansteelandt 2009), this method requires the correct parametric

specification of the conditional means. Nevertheless Goetgeluk et al. (2008) show that

the sequential g-estimator remains unbiased even in the presence of certain types of

missspecification. Similarly Huber et al. (2016) compare the performance estimators

for the NDE using Monte-Carlo simulations based on empirical data and find that a

parametric g-estimator slightly outperforms several more flexible semiparametric esti-

mators.

2.5.2 Implementation

Assumption 2.1 requires potential health outcomes to be independent of whether an

individual lived in East or West Germany prior to 1989. This follows from the assump-

tion that the German separation provides a valid natural experiment - a claim previous

literature has supported. On the other hand, Assumption 2.2 is not backed by any un-

derlying experiment in my setting and therefore the mediator might be correlated with
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potential outcomes. While I might not be able to fully recover causal mechanisms, the

results are still informative as they describe to which extend differences in contempo-

rary factors account for observed differences in health.

In a straightforward application of the framework outlined above I obtain the demedi-

ating function separately for each cohort group, where I allow for interaction between

East and the mediator. I estimate the following equation using pooled OLS:

Yit = δ0c + δecEasti + δmcMit+δmdcMit · Easti+δXcXi+δLcLit+δt+εit, (2.12)

where δc denotes the coefficient of cohort c. The demediation function is given by:

γc(Di,Mit, δ̂) = δ̂mcMit + δ̂mdcMit · Easti. In this specification identification relies on a

selection on observables assumption. The demediation function will be estimated con-

sistently if Xi and Li include all factors which are correlated with the mediator and

do have an influence on individual health. In practice this claim might be problem-

atic. For income I expect the effects based on this demediation function to provide a

lower bound. One generally assumes that income has an non-negative causal effect

on health. However, as a consequence of unobserved heterogeneity the correlation be-

tween income and health is greater than the causal effect leading to an upward bias of

the OLS-estimator and also affecting the demediation function. For observations with

a value of the mediator greater than zero, the demediation function will be biased up-

wards resulting in a estimated demediated outcome smaller than the true demediated

outcome - and vice versa for observations with a value of the mediator smaller than

zero. The magnitude of the bias increases with the absolute value of the mediator. East

Germans have on average lower incomes than West Germans. Therefore - assuming that

the bias of the estimated demediation function is similar for East and West Germans -

the estimated demediated outcome understates the difference between East and West

Germans. Consequently the estimated direct effect will be biased towards zero.24 In

a second approach I exploit the longitudinal structure of my data in order to mitigate

24 This argument does not necessarily hold for other mediators. For example when investigating the
effect of unemployment on mental health Farré et al. (2015) find IV estimates to be larger than OLS
estimates. In Marcus (2013), on the other hand, simple comparison of the treatment and control
group lead to similar conclusions as the preferred specification which uses regression adjustment.
In the case of health behaviors it is unclear whether reenforcing or compensating behavior prevails.
Therefore the sign of the bias of the OLS-coefficient in the first stage is hard to determine.
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the problem of unobserved individual heterogeneity. I apply within transformation and

estimate the following equation:

Ỹit=δmcM̃it+δmdcM̃it · East+δLcL̃it+δt+ε̃it, (2.13)

where δt denotes time-fixed effects and Ỹit, M̃it and L̃it denote the deviation from the

individual mean in year t . Here identification stems from variation in the mediator

within individuals. As East is constant within individuals, this variable drops out of

the equation.25 Nevertheless the treatment status is held constant implicitly. The deme-

diation function is obtained as δ̂FEmcMit + δ̂FEmdcMit · East, where δ̂FEmc is the coefficient of

M from the fixed effects estimator for cohort c. One potential drawback of this proce-

dure is that it does not take into account that the mediator might be influenced by past

health status. The fixed effect estimator cannot account for this type of dynamics (Imai

and Kim 2016). Nevertheless static panel data models have been applied to estimate

the causal impact of income on health (see for example Frijters et al. 2004). I estimate

the CDE for the whole observation period using pooled OLS as well as on yearly cross-

sections. When estimating the CDE on yearly cross-sections, I only use the respective

wave to estimate Equation 2.12. I cluster all standard errors at the household of origin

level (see Appendix B.3).

Definition of mediator and intermediate variables

My measure of income is based on monthly net household income as collected in the

SOEP. Since households tend to share expenditures I calculate the log of net house-

hold income per household member rather than directly using individual income. This

definition also alleviates the problem of unobserved dynamics as household income is

influenced by an individual’s past health status to a lesser extent than individual income.

The procedure outlined above estimates the controlled direct effect when the mediator

variable takes the value zero. Since the CDE at a household income of one Euro does

not constitute a quantity of Economic interest, I normalize the log household income26

per household member by subtracting the median of the respective survey year for the

25 Since I only condition on non-time varying pretreatment variables X, this vector also drops out.
26 For example Chetty et al. (2016) find a concave relationship between income and life expectancy.

The use log income rather than the level of income is intended to capture such a relationship.
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respective sex and five-year birth cohort. Therefore the controlled direct effect I esti-

mate is the effect of having lived in the GDR when the income is at the median of the

income distribution for the respective survey year in the respective demographic group.

Unemployment is measured as being currently registered unemployed at the German

Federal Employment agency. Here I obtain the controlled direct effect for individuals

who are currently not registered unemployed. I exclude all individuals above the age of

65, the statutory retirement age prior to 2012.27

When using health behaviors as mediators, I consider level of exercise and attachment

to a healthy diet. I create a binary variable that takes the value one if an individual en-

gages in physical exercise at least once a week. Attachment to a healthy diet is captured

by a dummy variable that takes the value one if an individual agrees strongly or very

strongly that a healthy diet is important.28

Finally I am interested in the question, whether the disadvantage in health of East Ger-

mans is driven by a feeling of not being in control of one’s life. To combine the seven

items measuring locus of control into a single measure, I apply PCA. Economists usually

assume personality traits to be time-invariant. Cobb-Clark and Schurer (2013) find that

locus of control indeed appears to be relatively stable in the short and medium run for

most of the population, but advise researchers to account for aging related changes.

Therefore I standardize the resulting score to have a mean of zero for each year-sex-5

years birth-cohort cell. As variation in locus of control will to a large extend reflect

measurement error rather than true variation, I only estimate the CDE using the cross-

sectional demediation function.

I use the same set of pretreatment variables as in Section 2.4. Thus X includes dummies

for year of birth in 5-year categories, linear year of birth and sex in all specifications and

additionally maternal and paternal education (in 5 categories), year of birth of parents

and the number of siblings in some specifications. The set of intermediate controls L

comprises factors, which are itself influenced by the fact whether an individual is from

East or West Germany, do affect the mediators and influence health. Most importantly

27 From 2012 onwards the retirement age is raised by one month every year.
28 Information on health behavior is not collected in each wave of the GSOEP. Whenever possible I use

information on health behavior collected in the same year as the health outcome. Otherwise I use
information on health behavior that was collected in the previous wave. When no information on
health behavior exists in both the current and the previous year, I discard the observation.
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L includes the level of education. In East Germany high ability individuals could be

denied access to further education because political non-conformity or because of their

parental background, which leads to different patterns of sorting between East and West

Germany. In order to control for potential labor market status, I also include whether

an individual is currently in education or has reached the statutory retirement age. I

further control for marital status and the number of children,29 the willingness to take

risk as previous research has revealed different attitudes towards risky behavior be-

tween East and West German individuals (Ziebarth and Wagner 2013) and the number

of individuals living in a household.

2.5.3 Results

Income

When income per household member is held constant at the median of the respective

survey year, the gap in health between East and West Germans narrows. Nevertheless

for the oldest cohort group there clearly exists an effect of having lived in the GDR on

health that does not solely operate through income. Table 2.6 presents the estimates

of the CDE for both specifications of the demediation function as well as the original

East-West gap estimated on the same sample as the CDE.30 Columns (1)-(3) show the

results separately for each cohort group pooling men and women, while in columns

(4)-(9) I split the sample by sex. For the oldest cohort group the estimated direct effects

are significant throughout all outcomes and for both men and women. Comparing the

total effect to the CDE based on the demediation function estimated using pooled-OLS,

the estimated effect size decreases from 11.4% of a standard to 8.2% of a standard

deviation for MCS, from 17.1% to 16.1% of a standard deviation for PCS, it roughly

stays constant for the number of diagnoses and decreases from from -0.11 to -0.09 for

SAH (see column (1)). With the exception of the number of diagnoses, the estimated

total effect is greater for males than for females. The estimated CDEs preserve this

pattern. In the middle cohort on the other hand, holding income fixed removes most

differences between East and West Germans. The effect of having lived in the GDR

29 In the GDR there existed strong legal and financial incentives to get married. Klärner (2015) find
that East Germans perceive post reunification incentives as negligible.

30 This sample is smaller than the sample used in Section 2.4 as incorporating the mediator and inter-
mediate variables increases the number of observations with missing values.
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on mental health differs between males and females. For females both the original

gap as well as the estimated CDEs are significant, while for males the original gap is

insignificant and the sign of the CDE turns positive. In the young cohort differences

between East and West are mostly negligible.

I additionally examine how the CDE evolves over time (see Figure 2.11). The estimated

CDE tends to be smaller than the original gap but follows a similar trend. Most notably

a widening of the gap between East and West for PCS in the middle cohort group, which

I have documented above, is visible again but less strong. Differences between the orig-

inal gap and the CDE are strongest for the middle cohort and more pronounced for PCS

than for other outcomes.

Unemployment

The effect of having lived in the GDR that does not operate via unemployment is of

similar size as the total effect (see Table 2.7). Here the sample size for the oldest cohort

group is smaller than in other analyzes since I only include individuals aged 65 or

younger. For some outcomes and samples the CDE is even larger than the total effect,

however the difference seems negligible in most cases.31 Figure 2.11 depicts estimated

effects over time.

As the unemployment gap between East and West Germans narrows after 2006 (see Fig-

ure 2.2) one would expect the CDE to become more similar to the total effect over time.

However already prior to 2006 the CDE and the total effect differ only marginally and

no changes over time are visible. The difference between the estimated CDE and the

original gap stems from individuals whose value of the mediator valuable is originally

not at the reference level. 95% (95.5% of West Germans and 90.5% of East Germans)

of the (pooled) sample are not unemployed, so that their contribution to the estimating

equation in the second stage of the CDE is exactly the same as when estimating the

original gap. The remaining 5% who are unemployed do not appear to be driving the

gap in health between East and West Germans. Additionally there might be spillover

effects from one unemployed person in the household to other household members (see

for example Marcus (2013)). Thus I also estimate the controlled direct effect for indi-

31 An exception are men of middle and young cohort groups, where the CDE indicates a larger effect
on mental health than the original effect.
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Table 2.6: Controlled direct effect: Mediator: Log of net household income per household member

Mental health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -0.8185*** -0.1486 -0.1468 -0.7298* -0.8507*** -0.4657 -0.8979** 0.5278 0.1253
(0.3091) (0.2588) (0.3623) (0.3921) (0.3273) (0.4856) (0.3888) (0.3487) (0.4823)

CDE-FE -0.9678*** -0.3999 -0.3185 -0.68* -1.0938*** -0.7142 -1.3797*** 0.2709 7e-04
(0.3055) (0.2699) (0.3577) (0.3862) (0.3545) (0.481) (0.3953) (0.3528) (0.4822)

TE -1.1366*** -0.6991*** -0.357 -0.9579** -1.4221*** -0.766* -1.3551*** -0.0223 0.0219
(0.2972) (0.2647) (0.3486) (0.3725) (0.35) (0.4661) (0.3714) (0.3409) (0.471)

N 34639 54970 19831 17696 28786 10818 16943 26184 9013

Physical health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -1.6038*** -0.2731 -0.2948 -1.5185*** -0.3378 -0.3956 -1.6749*** -0.2062 -0.2369
(0.2743) (0.2239) (0.2628) (0.3661) (0.2953) (0.3219) (0.3715) (0.3036) (0.3904)

CDE-FE -1.7202*** -0.7619*** -0.4023 -1.4396*** -0.8499*** -0.4103 -2.1022*** -0.6741** -0.4005
(0.2765) (0.2371) (0.2694) (0.3584) (0.3178) (0.3275) (0.4215) (0.312) (0.4104)

TE -1.7084*** -0.8479*** -0.4406* -1.4863*** -0.7736** -0.4487 -1.9827*** -0.9348*** -0.4439
(0.263) (0.2293) (0.2526) (0.3514) (0.3037) (0.3161) (0.3589) (0.303) (0.3709)

N 34639 54970 19831 17696 28786 10818 16943 26184 9013

Number of diagnoses

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS 0.1601*** 0.0163 -0.0555** 0.1678*** 0.0127 -0.0615* 0.1464** 0.0193 -0.0482*
(0.0411) (0.0297) (0.022) (0.053) (0.0373) (0.0345) (0.0598) (0.0443) (0.0287)

CDE-FE 0.1536*** 0.0494* -0.0411* 0.1591*** 0.0489 -0.0622* 0.1465** 0.0511 -0.0244
(0.0409) (0.0297) (0.0218) (0.0531) (0.039) (0.0347) (0.0568) (0.0435) (0.028)

TE 0.1568*** 0.0575* -0.037* 0.1603*** 0.0555 -0.0509 0.1508*** 0.0609 -0.024
(0.0394) (0.0298) (0.0211) (0.051) (0.0389) (0.0332) (0.0555) (0.0435) (0.0275)

N 18868 31352 12529 9746 16636 6970 9122 14716 5559

Self-assessed health

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -0.0905*** 0.0312* -0.0164 -0.0868*** 0.008 -0.0134 -0.0906*** 0.0551** -0.0195
(0.0232) (0.0188) (0.0284) (0.0303) (0.0243) (0.0296) (0.0317) (0.0258) (0.0454)

CDE-FE -0.0993*** -0.0089 -0.0384 -0.0842*** -0.0438* -0.0296 -0.1182*** 0.0242 -0.0478
(0.0232) (0.0197) (0.0289) (0.0305) (0.026) (0.0297) (0.031) (0.0265) (0.0465)

TE -0.1102*** -0.0289 -0.0376 -0.0949*** -0.0472* -0.031 -0.1289*** -0.012 -0.0424
(0.023) (0.0195) (0.0284) (0.0301) (0.0253) (0.0292) (0.0306) (0.0261) (0.0454)

N 93134 156215 55260 47940 82266 31224 45194 73949 24036

Notes: Controlled direct effect: Effect of having lived in the GDR in 1989 when keeping the level of household income per household member at the
median of the respective sample year. CDE-OLS denotes the estimated direct effect when the demediation function is estimated using Equation 2.12.
CDE-FE denotes the estimated direct effect when the demediation function is estimated Equation 2.13. TE denotes the total effect of having lived in East
Germany estimated on the same sample as CDE-OLS and CDE-FE. Controls in the second stage include dummies for age of birth in 5-year categories, a
linear trend in age and sex. In the first stage I additionally control for education, stated risk preferences, marital status, household size and whether an
individual has reached the age of 65. Regressions are weighted using cross sectional weights provided by the SOEP. All standard errors are clustered at the
household of orign level.
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Figure 2.11: Controlled direct effect: Income as mediator
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Notes: Controlled direct effect: Effect of having lived in the GDR in 1989 when keeping the
level of household income per household member at the median of the respective sample
year. CDE-OLS denotes the estimated direct effect when the demediation function is esti-
mated using Equation 2.12 on yearly samples. CDE-FE denotes the estimated direct effect
when the demediation function is estimated Equation 2.13. TE denotes the total effect of
having lived in East Germany estimated on the same sample as CDE-OLS and CDE-FE. Con-
trols in the second stage include dummies for year of birth in 5-year categories, a linear
trend in birth year and sex. In the first stage I additionally control for education, stated
risk preferences, marital status, household size and whether an individual has reached the
age of 65. Regression are weighted using cross sectional weights provided by the SOEP. All
standard errors are clustered at the household of origin level.
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Table 2.7: Controlled direct effect: Mediator: Unemployed

Mental health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -1.0791** -0.6694** -0.4678 -1.1158* -1.2302*** -0.7557 -1.056* -0.1379 -0.1825
(0.4542) (0.2624) (0.3612) (0.5972) (0.3517) (0.4781) (0.6418) (0.3355) (0.4977)

CDE-FE -0.9547** -0.6604** -0.5072 -0.9989* -1.286*** -0.7559 -0.9266 -0.0835 -0.2654
(0.4569) (0.2697) (0.3684) (0.5949) (0.3557) (0.4874) (0.6639) (0.348) (0.5086)

TE -1.1823*** -0.6903*** -0.3548 -1.2595** -1.4262*** -0.7729* -1.0927* -0.0024 0.0338
(0.4554) (0.2653) (0.3494) (0.591) (0.3509) (0.466) (0.6443) (0.3411) (0.4728)

N 9906 54769 19839 4945 28685 10822 4961 26084 9017

Physical health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -2.2979*** -0.753*** -0.3199 -1.9834*** -0.6842** -0.3689 -2.6283*** -0.8149*** -0.2704
(0.454) (0.2234) (0.2524) (0.6127) (0.3028) (0.3198) (0.6329) (0.2918) (0.3701)

CDE-FE -2.1271*** -0.7878*** -0.423 -1.823*** -0.8194*** -0.446 -2.4832*** -0.7794** -0.4073
(0.4596) (0.2331) (0.2833) (0.6127) (0.3166) (0.3257) (0.6443) (0.3124) (0.4377)

TE -2.1963*** -0.8558*** -0.4362* -1.9054*** -0.7788** -0.4473 -2.5139*** -0.945*** -0.4364
(0.442) (0.2292) (0.2526) (0.6019) (0.3037) (0.3159) (0.5993) (0.3032) (0.3711)

N 9906 54769 19839 4945 28685 10822 4961 26084 9017

Number of diagnoses

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS 0.2403** 0.0498* -0.0398* 0.1505 0.0355 -0.0555* 0.3531** 0.0638 -0.0277
(0.1074) (0.0294) (0.0216) (0.1368) (0.0369) (0.0338) (0.1559) (0.0441) (0.0282)

CDE-FE 0.154 0.0591* -0.0445* 0.121 0.0542 -0.0465 0.2087 0.0656 -0.0442
(0.1187) (0.0303) (0.0232) (0.1464) (0.0387) (0.0335) (0.1559) (0.045) (0.0324)

TE 0.2002** 0.059** -0.0399* 0.1561 0.0563 -0.0512 0.2629* 0.0623 -0.0293
(0.1001) (0.03) (0.0215) (0.1272) (0.0393) (0.0332) (0.1468) (0.0438) (0.0285)

N 1726 30880 12533 888 16402 6971 838 14478 5562

Self-assessed health

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -0.11*** -0.0151 -0.0285 -0.106** -0.028 -0.0243 -0.1137*** -0.0026 -0.0292
(0.0334) (0.019) (0.0262) (0.0469) (0.0249) (0.0294) (0.0409) (0.0253) (0.0406)

CDE-FE -0.0957*** -0.0233 -0.0378 -0.0841* -0.0431* -0.0353 -0.1082** -0.0057 -0.0372
(0.0333) (0.0196) (0.0294) (0.0459) (0.0254) (0.0302) (0.042) (0.0263) (0.0473)

TE -0.1084*** -0.029 -0.0372 -0.0976** -0.0475* -0.0309 -0.1196*** -0.012 -0.0418
(0.0333) (0.0195) (0.0284) (0.0455) (0.0253) (0.0292) (0.0419) (0.0262) (0.0454)

N 34333 155544 55281 17374 81932 31234 16959 73612 24047

Notes: Controlled direct effect: Effect of having lived in the GDR in 1989 when an individual is currently not registered unemployed. The sample includes
only individuals aged 65 or younger. CDE-OLS denotes the estimated direct effect when the demediation function is estimated using Equation 2.12. CDE-FE
denotes the estimated direct effect when the demediation function is estimated Equation 2.13. TE denotes the total effect of having lived in East Germany
estimated on the same sample as CDE-OLS and CDE-FE. Controls in the second stage include dummies for age of birth in 5-year categories, a linear trend
in age and sex. In the first stage I additionally control for education, stated risk preferences, marital status, household size and whether an individual has
reached the age of 65. Regressions are weighted using cross sectional weights provided by the SOEP. All standard errors are clustered at the household of
orign level.
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Figure 2.12: Controlled direct effect: Unemployment as mediator
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Notes: Controlled direct effect: Effect of having lived in the GDR in 1989 for an individual
who is currently not registered unemployed. CDE-OLS denotes the estimated direct effect
when the demediation function is estimated using Equation 2.12 on yearly samples. CDE-
FE denotes the estimated direct effect when the demediation function is estimated Equation
2.13. TE denotes the total effect of having lived in East Germany estimated on the same
sample as CDE-OLS and CDE-FE. Controls in the second stage include dummies for year of
birth in 5-year categories, a linear trend in birth year and sex. In the first stage I additionally
control for education, stated risk preferences, marital status, household size and whether an
individual has reached the age of 65. Regression are weighted using cross sectional weights
provided by the SOEP. All standard errors are clustered at the household of origin level.
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viduals who are neither unemployed themselves nor live with an currently unemployed

household member, extending the pool of observations for whom the mediator variable

is not at the reference level. The estimated CDEs reduce slightly but tend to be very

close to the estimated total effect again (see Table B.4 in the Appendix).

Health behavior

When attachment to a healthy diet is held at a constant level, the estimated effect of

having lived in East Germany reduces for most outcomes and subsamples (see Table

2.8). The change between the CDEs and the total effect is, however, quite heteroge-

neous. For the oldest cohort group the CDE is no longer significant for mental health -

an effect mostly driven by the female sample. It is larger than the total effect for PCS

and stays close to the total effect when looking at SAH. For the number of diagnoses

the result is inconclusive. In the middle cohort group the CDEs are usually smaller than

the total effect, but remain significant in the case of PCS for the whole sample and the

male subsample. Finally I estimate the direct effect for individuals who do not exercise

at least every week (see Table 2.9). For most outcomes and samples the estimated CDEs

are not as strong as the original effect but remain significant when the original gap was

significant. All in all I my findings suggest that health behaviors might be contributing

to health disparities between East and West as erasing differences in attachment to a

healthy diet does eliminate a large part of the gap.

Locus of control

The CDE when holding the score of locus of control at its mean does not differ substan-

tially from the total effect in the respective subsample (see Table 2.10). Consequently I

conclude that the feeling of not being in full control over one’s life does not account for

a major share of the disadvantage in health of East Germans. Interestingly the largest

change in the coefficient takes place in the case of mental health. This hints to the

explanation that a low locus of control hurts the mental dimension of health stronger

than the physical dimension. However, the result is not strong enough to draw a final

conclusion.
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Table 2.8: Controlled direct effect: Mediator: Healthy diet is important

Mental health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -0.6463 -0.0942 0.346 -0.1324 -1.1006** -0.0346 -1.1061** 0.5698 0.5705
(0.4205) (0.3513) (0.4164) (0.6117) (0.522) (0.6121) (0.4873) (0.4244) (0.5335)

CDE-FE -0.6783* -0.6521** -0.1583 -0.3002 -1.4372*** -0.4905 -1.0805** 0.0626 0.1715
(0.4118) (0.3249) (0.4767) (0.5802) (0.4487) (0.6742) (0.4685) (0.4144) (0.6188)

TE -1.0017*** -0.7337*** -0.3053 -0.7888** -1.4298*** -0.7182 -1.2604*** -0.0819 0.0836
(0.311) (0.2778) (0.3682) (0.3914) (0.3637) (0.492) (0.3845) (0.3647) (0.4959)

N 28523 45887 17137 14581 24103 9378 13942 21784 7759

Physical health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -2.0354*** -0.8087*** -0.3998 -1.8455*** -0.4909 -0.7866* -2.2052*** -1.0699*** -0.2164
(0.3764) (0.2777) (0.3215) (0.5321) (0.4104) (0.4704) (0.5104) (0.3447) (0.4319)

CDE-FE -2.1682*** -0.8399*** -0.4641 -1.6925*** -0.4603 -0.9204* -2.6786*** -1.144*** -0.1942
(0.3405) (0.2726) (0.3315) (0.4653) (0.3848) (0.4822) (0.4577) (0.3408) (0.4375)

TE -1.818*** -0.9148*** -0.465* -1.5496*** -0.7876** -0.4778 -2.1487*** -1.0501*** -0.4639
(0.2756) (0.2468) (0.2723) (0.3666) (0.3243) (0.3322) (0.3782) (0.3266) (0.4081)

N 28523 45887 17137 14581 24103 9378 13942 21784 7759

Number of diagnoses

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS 0.1008 0.0465 -0.0416 0.0934 0.0464 -0.0539 0.1118 0.0493 -0.0315
(0.062) (0.036) (0.03) (0.0765) (0.051) (0.0497) (0.087) (0.0491) (0.0376)

CDE-FE 0.1795*** 0.0346 -0.0301 0.1497** -0.0024 -0.0764 0.2078*** 0.067 -0.0062
(0.0518) (0.0354) (0.0313) (0.0685) (0.0475) (0.0509) (0.0708) (0.051) (0.0377)

TE 0.1631*** 0.0616* -0.0421* 0.1551*** 0.0533 -0.0529 0.1718*** 0.0708 -0.0317
(0.0417) (0.0319) (0.0236) (0.0539) (0.0421) (0.0357) (0.0588) (0.0464) (0.0312)

N 16665 27610 10593 8592 14649 5902 8073 12961 4691

Self-assessed health

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -0.1349*** 0.0094 -0.0053 -0.1048** -0.0028 -0.0041 -0.163*** 0.012 -0.0066
(0.0353) (0.0281) (0.0358) (0.0467) (0.0382) (0.0446) (0.0506) (0.0358) (0.0505)

CDE-FE -0.1462*** -0.008 -0.0438 -0.1205*** 0.0017 -0.0625 -0.1807*** -0.014 -0.0254
(0.0314) (0.0262) (0.0364) (0.041) (0.0353) (0.0464) (0.0429) (0.0332) (0.0547)

TE -0.1362*** -0.0312 -0.0235 -0.1017*** -0.0455 -0.0279 -0.1795*** -0.019 -0.0177
(0.0256) (0.024) (0.034) (0.0327) (0.0314) (0.0342) (0.0356) (0.0322) (0.0544)

N 56572 89761 32877 29051 47284 18037 27521 42477 14840

Notes: Controlled direct effect: Effect of having lived in the GDR when a healthy diet is not important CDE-OLS denotes the estimated direct effect
when the demediation function is estimated using Equation 2.12. CDE-FE denotes the estimated direct effect when the demediation function is estimated
Equation 2.13. TE denotes the total effect of having lived in East Germany estimated on the same sample as CDE-OLS and CDE-FE. Controls in the second
stage include dummies for age of birth in 5-year categories, a linear trend in age and sex. In the first stage I additionally control for education, stated risk
preferences, marital status, household size and whether an individual has reached the age of 65. Regressions are weighted using cross sectional weights
provided by the SOEP. All standard errors are clustered at the household of orign level.
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Table 2.9: Controlled direct effect: Mediator: Exercise every week

Mental health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -0.918** -0.708** -0.1603 -0.6731 -1.5145*** -0.4309 -1.2182*** -0.0038 8e-04
(0.37) (0.3475) (0.5103) (0.4675) (0.4765) (0.7117) (0.4657) (0.4353) (0.6629)

CDE-FE -0.7741** -0.7819** -0.5931 -0.4211 -1.6192*** -1.1399 -1.195*** 0.0122 0.0011
(0.3568) (0.3195) (0.5348) (0.4463) (0.4243) (0.6989) (0.4557) (0.4239) (0.739)

TE -1.0833*** -0.8167*** -0.6871 -0.7946** -1.5765*** -1.049* -1.4284*** -0.0984 -0.3541
(0.32) (0.2994) (0.4211) (0.3998) (0.3954) (0.5898) (0.4035) (0.3885) (0.5497)

N 22714 34087 11067 11677 17753 5940 11037 16334 5127

Physical health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -1.399*** -0.8607*** -0.4767 -1.1503*** -0.5819 -0.0536 -1.7602*** -1.1585*** -0.9684*
(0.3141) (0.2966) (0.3784) (0.4133) (0.3956) (0.4805) (0.4393) (0.4031) (0.5603)

CDE-FE -1.7055*** -0.9098*** -0.7982** -1.3973*** -0.7865** -0.1819 -2.0897*** -1.0882*** -1.6718***
(0.3011) (0.2822) (0.3771) (0.3909) (0.3599) (0.4812) (0.4248) (0.3985) (0.5411)

TE -1.8163*** -0.8914*** -0.418 -1.5653*** -0.745** -0.4738 -2.1258*** -1.0502*** -0.4056
(0.2855) (0.2536) (0.2881) (0.3805) (0.3324) (0.3907) (0.3946) (0.3441) (0.4073)

N 22714 34087 11067 11677 17753 5940 11037 16334 5127

Number of diagnoses

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS 0.1116** 0.0728* -0.0582** 0.118** 0.0899* -0.0748** 0.1021 0.0593 -0.0422
(0.046) (0.0376) (0.029) (0.0597) (0.052) (0.037) (0.0667) (0.0529) (0.0436)

CDE-FE 0.1367*** 0.048 -0.0376 0.1393** 0.0644 -0.0719* 0.1251** 0.0329 0.0096
(0.0434) (0.0329) (0.0307) (0.0594) (0.0445) (0.0397) (0.0614) (0.0477) (0.0476)

TE 0.1668*** 0.058* -0.0402* 0.1859*** 0.0564 -0.0542* 0.1413** 0.0612 -0.0271
(0.0402) (0.03) (0.0218) (0.0513) (0.0398) (0.0327) (0.0572) (0.0435) (0.0297)

N 14004 23780 9743 7220 12598 5442 6784 11182 4301

Self-assessed health

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -0.057** -0.0067 -0.009 -0.0421 -0.0196 0.0171 -0.0761** 0.0027 -0.0372
(0.0268) (0.0232) (0.0364) (0.0347) (0.0303) (0.0378) (0.0356) (0.0317) (0.0593)

CDE-FE -0.0932*** -0.0224 -0.0266 -0.0758** -0.0403 -0.0238 -0.1148*** -0.0085 -0.0293
(0.0246) (0.0214) (0.0326) (0.0319) (0.0279) (0.0368) (0.0337) (0.0296) (0.0492)

TE -0.0986*** -0.0237 -0.039 -0.0808** -0.0413 -0.0377 -0.12*** -0.0077 -0.0396
(0.0241) (0.0204) (0.0296) (0.0315) (0.0264) (0.0318) (0.0322) (0.0276) (0.0467)

N 67195 109579 35535 34715 57490 19914 32480 52089 15621

Notes: Controlled direct effect: Effect of Exercise every week CDE-OLS denotes the estimated direct effect when the demediation function is estimated
using Equation 2.12. CDE-FE denotes the estimated direct effect when the demediation function is estimated Equation 2.13. TE denotes the total effect
of having lived in East Germany estimated on the same sample as CDE-OLS and CDE-FE. Controls in the second stage include dummies for age of birth in
5-year categories, a linear trend in age and sex. In the first stage I additionally control for education, stated risk preferences, marital status, household size
and whether an individual has reached the age of 65. Regressions are weighted using cross sectional weights provided by the SOEP. All standard errors are
clustered at the household of origin level.
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Table 2.10: Controlled direct effect: Mediator: Locus of control

Mental health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -0.912** -0.4951 -0.7655 -0.8737* -1.4449*** -1.6454** -0.9063* 0.3694 0.0373
(0.3947) (0.3324) (0.5149) (0.4973) (0.4456) (0.7549) (0.486) (0.4616) (0.6539)

TE -1.1317*** -0.7603** -0.7222 -0.9572* -1.7296*** -1.5203* -1.3333** 0.1388 -0.0517
(0.4189) (0.3708) (0.5584) (0.5238) (0.485) (0.7789) (0.5306) (0.5013) (0.7318)

N 8718 13327 4607 4452 6895 2440 4266 6432 2167

Physical health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -1.7265*** -0.8812*** -0.1386 -1.5382*** -0.6965* -0.1451 -1.9551*** -1.0739*** -0.1739
(0.345) (0.3041) (0.3601) (0.4545) (0.4048) (0.52) (0.4929) (0.4107) (0.4897)

TE -1.7683*** -0.9654*** -0.117 -1.5548*** -0.7454* -0.1197 -2.0411*** -1.1981*** -0.1565
(0.3437) (0.318) (0.3659) (0.4544) (0.4192) (0.5182) (0.4822) (0.4289) (0.5019)

N 8718 13327 4607 4452 6895 2440 4266 6432 2167

Number of diagnoses

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS 0.1492*** 0.0543 -0.0659** 0.1528** 0.0646 -0.0737* 0.1388** 0.0476 -0.0544
(0.047) (0.0346) (0.0267) (0.0615) (0.0443) (0.038) (0.0641) (0.0502) (0.0364)

TE 0.1554*** 0.0633* -0.0653** 0.1568** 0.0724 -0.0726* 0.152** 0.0573 -0.0578
(0.0473) (0.0351) (0.0267) (0.0614) (0.0446) (0.0381) (0.0655) (0.0511) (0.037)

N 7788 14615 6269 4003 7770 3556 3785 6845 2713

Self-assessed health

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -0.119*** -0.006 -0.0121 -0.0844** -0.0188 -0.0194 -0.1587*** 0.0044 -0.0045
(0.0276) (0.0241) (0.0368) (0.0348) (0.0315) (0.0392) (0.0388) (0.0326) (0.0575)

TE -0.1269*** -0.0208 -0.0136 -0.089** -0.0332 -0.0187 -0.1731*** -0.0117 -0.0085
(0.0281) (0.0259) (0.0375) (0.0356) (0.0334) (0.0398) (0.0391) (0.0352) (0.0588)

N 21887 35937 13612 11202 18816 7440 10685 17121 6172

Notes: Controlled direct effect: Effect of having lived in the GDR when keeping locus of control constant CDE-OLS denotes the estimated direct effect
when the demediation function is estimated using Equation 2.12. TE denotes the effect of having lived in East Germany estimated on the same sample as
CDE-OLS. Controls in the second stage include dummies for age of birth in 5-year categories, a linear trend in age and sex. In the first stage I additionally
control for education, stated risk preferences, marital status, household size and whether an individual has reached the age of 65. Regressions are weighted
using cross sectional weights provided by the SOEP. All standard errors are clustered at the household of orign level.
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2.6 Conclusion

In this work I exploit the German separation and reunification as a natural experiment

to study the long-term effects of institutions on health. I document disparities in health

between East and West Germans which persist more than two decades after reunifica-

tion. East German individuals who were born prior to the separation exhibit a lower

mental health and physical health summary score, report more diagnoses and rate their

health lower than West Germans. Furthermore I seek to disentangle the impact of post-

reunification factors from a direct effect of having lived in East Germany. Therefore I

estimate direct controlled effects. Holding today’s household income, unemployment or

the locus of control constant does reduce the size of the estimated gap but a significant

direct effect remain throughout. When attachment to a healthy diet is used as mediator,

controlled direct effects some outcomes are no longer significant.

In recent years literature in Economics and other social sciences has been highlight-

ing the importance of an early life environment (see for example Almond and Currie

2011,Kesternich et al. 2014,Kesternich et al. 2015). Accordingly one would expect the

the impact of having lived in East Germany to be greatest for individuals who were

exposed to the Socialist regime from birth onwards. Yet I detect particularly strong

and robust disadvantages of East Germans among individuals born in or prior to 1949.

Several interpretations are consistent with my findings. Firstly differences in health

between East and West might only become apparent at older ages when health shocks

occur more frequently. Therefore aging might be associated with a steeper deterioration

of health for East Germans than West Germans. I do find some evidence consistent with

this hypothesis. When measuring health by the physical health summary score, inequal-

ities between East and West are increasing as people age. Findings are less clear for SAH

and the number of diagnoses, while this pattern is not present for MCS. I conclude that

age effects most likely contribute to the observed pattern of health inequalities between

East and West Germans - especially when using an age sensitive measure of health - but

do not explain the whole story. Secondly length of exposure might be a critical factor.

Only individuals born in 1949 or earlier were exposed to the GDR for the full 41 years.

Moreover the exposure to the GDR might in fact have provided a worse experience for

individuals born prior to 1949 than for younger cohorts. Repression was most salient
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and most brutal during the first years of the GDR. Widespread opposition in the popu-

lation met with a regime ready to apply Stalinist methods in order to back its claim to

power. Also the shortcomings of the medical system worked against older individuals

as they are more likely to develop chronic diseases. The lack of modern equipment

particularly hit individuals with chronic diseases such as diabetes or patients in need of

dialysis.

Additionally the oldest individuals in my sample experienced the extreme circumstances

of WWII and the immediate post war period. While East Germans share this experience

with their West German counterparts, exposure to these very adverse conditions in early

life may have made them more fragile with respect to additional hardship in later life.

Formulating this hypothesis in the language of a regression formula, there might be an

interaction effect between exposure to WWII in early life and living in East Germany in

later life. Other explanations include selection effects induced by large scale migration

from East to West Germany prior to 1961 and the idea that older individuals were dis-

tressed by the reunification as they might found it difficult to adapt to the system of the

FRG. I cannot fully rule out both concerns. However, I show that the treatment effect is

robust to the classification of East-West migrants in a selected subsample. Furthermore

East Germans born prior to 1949 are more likely to report an increase in life satisfaction

since the fall of the Berlin Wall than West Germans from the same cohorts, a finding that

is not consistent with the idea of reunification induced distress.

A limitation of the present study is the lack of information about individual live expe-

riences in the GDR. I do not observe which East Germans were subject to repression or

suffered from insufficient care. Thus, the exact mechanism, through which the "GDR-

effect" operates, remains a question for further research.

Overall, I interpret my findings that the legacy of having lived under socialism in East

Germany still provides a burden for individual health. As I document some evidence

consistent with a widening in the gap as individuals age, health differences between

East and West might not disappear in the immediate future.
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Chapter 3

Does the laptop always help? Non-compliance

and interviewer effects in cognitive tests

3.1 Introduction

Short cognitive tasks in longitudinal surveys provide social scientists with useful mea-

surements of respondents’ ability. At the same time, individual performance in a cogni-

tive test does not only reflect inherent ability but also contextual circumstances. Con-

sequently, researchers aim at administering cognitive tests in a standardized fashion

to obtain comparability of test scores across respondents (Lang et al. 2007). This

objective is significantly more difficult to achieve in a survey setting, where respon-

dents are visited in their homes, than in a standardized test room environment (Her-

zog and Rodgers 1999). As longitudinal household studies are typically conducted in

interviewer-administered modes, the ultimate responsibility for administrating cogni-

tive tests in a standardized way, is passed on to the interviewer. For interviewers, the

administration of a cognitive tests is a demanding task. As a result, observed test scores

are likely to reflect heterogeneity in interviewers’ ability and interviewing style (Wooden

2013). Moreover, previous literature has raised the concern that interviewer effects

might be particularly large in settings, where the interviewer knows the correct answer

to a question (T. F. Crossley et al. 2017).

One way to scale down the impact of interviewers is to shift administration of a cog-

nitive test partly or fully to a technical device, such as the interviewer’s laptop. While

this approach eliminates measurement error caused by variation in interviewer ability,

it can also introduce a new source of error. If interviewers do not always comply with
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the study protocol and administer the test with the help of the technical device for

some but not all respondents, the cognitive test will effectively be administered in two

distinct modes. The survey methodology literature has shown that the distribution of

survey responses can depend on the mode of survey administration, so called "mode

effects" (Al Baghal 2017; Cernat et al. 2016; Jäckle et al. 2010).

In this work, we study test scores of the word recall test, collected in the third wave

of Understanding Society, the UK Household Longitudinal Study (McFall 2013). In this

cognitive test, respondents hear a list of ten words and have to subsequently recall as

many words as possible. Each respondent is asked to recall the words twice, once im-

mediately after the words are read ("immediate word recall test") and a second time

after conducting another cognitive test ("delayed word recall test"). Under the default

procedure, the words are read to respondents by the laptop of the interviewer. However,

about 20% of respondents in our sample hear the words from the interviewer instead.

This group of respondents exhibits significantly lower test scores both in the immediate

and in the delayed word recall test. Furthermore interviewer effects appear to be more

severe when the standard procedure is not followed, as the share of the variance of test

scores that can be attributed to interviewers (interviewer intra-class correlation, ICC) is

elevated among respondents who hear the words from the interviewer.

We aim to answer three questions. We begin by asking which determinants drive imper-

fect compliance with the study protocol. Here, we are interested in respondents’ char-

acteristics predicting deviation from the default mode as well as heterogeneity across

interviewers. Next, we turn to the question of what drives the difference in performance

between the two modes. Respondents were not randomized to modes in our setting.

Therefore differences in performance may either constitute mode effects, i.e. the test

score a particular respondent achieves depends on the mode of administration, or they

may stem from selection effects, that is cognitive ability is not evenly distributed across

the two groups of respondents. We exploit the existence of test scores from additional

cognitive tests that were administered to all respondents in the same mode, to under-

stand whether the two groups of respondents differ in cognitive ability. Finally, we seek

to answer whether administration via the computer successfully reduces interviewer

effects in our setting. Different interviewers deviate from the default procedure for dif-

ferent respondents. This mechanism can contribute to a disparity in the interviewer
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intra-class correlation between the two groups, similar to non-response error variance

(Brunton-Smith et al. 2012; West and Olson 2010).

Interviewers vary in the time they need to read the ten words and they also tend to

repeat words if asked to (Herzog and Rodgers 1999). The laptop on the other hand,

always plays the words in the same intonation and speed - regardless of the specific in-

terviewer and respondent. However, faced with a strict protocol, leaving little discretion

for catering to individual needs, interviewers will under certain circumstances choose

not to - or not be able to - fully comply with the default procedure. We find that hearing

the words from the interviewer is predicted by respondent characteristics which have

been associated with the propensity to use technologies and cognitive ability. This is

consistent with the interpretation that respondents with low previous exposure to com-

puters may not feel comfortable with administration via the laptop and are therefore

more likely to hear the words from the interviewer. The share of respondents who hear

the words from the interviewer varies greatly across interviewers. This may reflect dif-

ferences in preferences across interviewers, while differences in laptop quality are also

likely to contribute to this pattern.

Selection effects appear to be the main driver of performance differences in our setting.

Those respondents who are read the words to by the interviewer, perform significantly

worse also in other cognitive tests. In the delayed word recall test, however, the differ-

ence between the two groups is larger than in any other cognitive test. Therefore we

cannot fully rule out the presence of mode effects.

Finally, the differences in interviewer intra-class correlations between the two modes

are greater in the word recall test than in all other cognitive tests. Therefore we con-

clude that the use of the laptop does indeed seem to reduce interviewer effects in the

word recall test. Our findings suggest that the use of laptops in administration of the

word recall test is preferable, despite the problem of non-compliance.

The study most closely related to ours is Al Baghal (2017) who find that respondents

obtain higher test scores when a cognitive test is administered in the web mode rather

than in the CAPI-mode. In their setting, some respondents were randomized to the

CAPI-mode, while others were initially randomized to the web-mode but could self-

select into the CAPI-mode. Although self-selection explains some of the differences in

outcomes across modes, mode effects also appear to be present.

96



NON-COMPLIANCE AND INTERVIEWER EFFECTS IN COGNITIVE TESTS

Our work is also related to literature studying the effect of fully controlled variation in

the mode of administration on test scores in cognitive tests. Herzog and Rodgers (1999)

compare test scores of old individuals randomly assigned to either a telephone interview

or to a face to face interview and do not detect any significant differences across the two

modes. Similarly, Gooch (2015) randomize participants to either self-administration or

a face-to-face interview. While they detect differences in the marginal distributions of

single items across the two modes, the results obtained by item-response-theory models

do not suggest variation in cognitive ability across the two modes.

Assessments of cognitive functioning are increasingly administered within longitudinal

studies such as the SOEP in Germany (Wagner et al. 2007), SHARE in Europe (Börsch-

Supan et al. 2013) or HRS in the United States (Sonnega et al. 2014). These measure-

ments help researchers to understand the impact of childhood schooling (Glymour et

al. 2008) or retirement (Celidoni et al. 2017; Rohwedder and Willis 2010) on cognitive

decline at old ages as well as the relationship between cognitive decline and aging in

general (McArdle et al. 2007; Whitley et al. 2016). Cognitive ability is also an impor-

tant determinant of economic decision making. For example Smith et al. (2010) link

cognitive ability to financial numeracy. Furthermore, economists have studied the role

of cognitive ability for labor market and behavioral outcomes (Heckman et al. 2006)

and the returns of cognitive abilities in Germany (Heineck and Anger 2010).

Our results yield useful insights for survey administrators, as we suggest that the use of

technical devices can reduce interviewer effects without introducing substantial mode

effects. We also remind applied researchers to carefully examine the cognitive test data

they are working with and approach potential biases with suitable methods. The re-

mainder of this chapter proceeds as follows. Section 3.2 introduces the data and the

sample. Section 3.3 analyzes selection and performance differences in the word re-

call tests. In Section 3.4, we discuss the implications of our findings and Section 3.5

concludes.

3.2 Data, variables and descriptive statistics

In this section we first describe our data and sample. We proceed with an overview of

cognitive tests that were administered in the third wave of Understanding Society, the

UK Household Longitudinal Study.
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3.2.1 Data and sample

Our data come from Understanding Society - the UK household longitudinal study

(UKHLS). Understanding Society follows around 40,000 households in England, North-

ern Ireland, Scotland and WalesUniversity of Essex (2016). These households were

mostly sampled prior to the first wave. UKHLS employs a stratified clustered sample

design, that is rather than selecting households from the whole population, primary

sampling units (PSUs) - restricted geographic areas mostly overlapping with postcode

sectors - are drawn in a first step and households are only selected within those PSUs

(Boreham et al. 2012). Each household member above the age of 16 is interviewed on

a yearly basis, with the questionnaires covering a wide range of topics such as health,

work, education, income, family, and social life. We limit the analysis to the third wave,

which includes a module to assess cognitive functioning. Data collection for the third

wave took place between January 2011 and July 2013. The vast majority of interviews

was conducted in the computer-assisted personal interview (CAPI) mode.1 Interviewers

attended a one day briefing prior to conducting the fieldwork (Knies 2016). We restrict

our sample to individuals having completed a face-to-face interview who state that En-

glish is their first or childhood language2 and have a valid test score in the word recall

test.3 Furthermore, we require non-missing information on basic individual as well as

household characteristics.4 In our analysis we are particularly interested in the role of

the interviewer. As one interviewer typically conducts all interviews within a household,

common unobserved characteristics of household members can increase correlation of

responses within interviewers. Any analysis neglecting this source of clustering will po-

tentially overstate the role of the interviewer. Therefore, we base our main analysis on

a household sample that includes only one member from each household.

In total, this sample includes 24,323 observations in 6277 primary sample units. Each

of the 686 interviewers conducted between 1 and 154 in 1 to 80 primary sampling units

1 481 interviews were conducted via telephone. We exclude these observations from the sample.
Additionally respondents were asked to answer a self-completion questionnaire in the CASI mode.

2 Previous literature has highlighted that some English-language cognitive tests might not provide
valid measurements of bilingual individuals cognitive ability (Sanchez et al. 2010).

3 For information on first or childhood language we draw on wave 1, 2 and 5.
4 We exclude all observations, where one of the following variables is missing: age, sex, marital status,

education, household income, born in UK, hearing problems, urban or rural area, longstanding illnes
or disability.
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Table 3.1: Sample structure: Understanding Society (Wave 3)

Observations Number of PSUs Number of Interviewers PSU-Interviewer combinations

24323 686 6180 8505

Number of observations by interviewer:

Mean Median Min Max

35.46 29 1 154

Number of PSUs each interviewer is connected to:

Mean Median Min Max

12.4 10 1 80

(see Table 3.1). Restricting the analysis to one respondent from each household leads

to overrepresentation of respondents from single and small households. On average,

individuals in the household sample are about one year older than the average of the

full sample, they are more likely to be female and only 47% are married compared to

54% in the full sample. In order to make the analysis representative for the full sample,

we use the number of eligible observations in the household as sampling weights. Once

we adjust for the probability of being selected for the household sample conditional on

being in the full sample, differences become minor and mostly insignificant (see Table

3.2).

Table 3.2: Sample characteristics: Understanding Society (Wave 3)

Household sample Full sample Diff

Unweighted Weighted Unweighted Weighted-Full

Mean SD N Mean SD Mean SD N p-value

Male 0.42 0.49 24323 0.44 0.5 0.43 0.5 36591 0.25
Age 50.59 17.96 24323 49.43 17.88 49.62 17.83 36591 0.25
Single 0.28 0.45 24323 0.27 0.45 0.27 0.44 36591 0.76
Married 0.47 0.5 24323 0.54 0.5 0.54 0.5 36591 0.58
Educational attainment: Degree 0.34 0.47 24323 0.34 0.47 0.34 0.47 36591 0.98
Educational attainment: A-levels 0.19 0.4 24323 0.21 0.4 0.2 0.4 36591 0.73
Educational attainment: GCSE 0.2 0.4 24323 0.21 0.41 0.21 0.41 36591 0.75
Born in UK 0.93 0.25 24323 0.94 0.24 0.94 0.24 36591 0.51
Household size 2.5 1.36 24323 2.75 1.37 2.73 1.37 36591 0.06
Household income (log) 6.9 0.64 24323 6.89 0.62 6.89 0.62 36591 0.39
Urban area 0.75 0.43 24323 0.74 0.44 0.74 0.44 36591 0.46
Longstanding illness or disability 0.39 0.49 24323 0.37 0.48 0.37 0.48 36591 0.84
Hearing problems 0.03 0.18 24323 0.03 0.17 0.03 0.18 36591 0.61

Notes: Descriptive statistics. Household sample is the sample used for analysis, which includes one member per household.
In the weighted household sample, each observation is weighted by the number of interviews eligible for the sample in its
household. Full sample denotes the sample with all household members after applying the sample restrictions. P-values from
Welch’s two sample t-test to test equality of means between the weighted household sample and the full sample.
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3.2.2 Cognitive tests in Understanding Society

Cognitive ability of respondents was assessed in the third wave of Understanding Soci-

ety. McFall (2013) provide detailed background information on items and the testing

procedure which we will summarize in this section. The cognitive functioning module

relies on cognitive tests that are relatively brief and have been used in previous sur-

veys. Interviewers received special instructions for administering the cognitive tests.

Specifically they were advised to keep disturbances (including the presence of a third

person) at a minimum level and they were discouraged from giving feedback on the

performance. Additionally interviewers were reminded to administer the test exactly as

specified in the instructions. The following cognitive tests are included in the module:

• Word recall: In the word recall test, respondents hear a list of ten words. Sub-

sequently they are asked to recall the words both immediately after the list was

read and again after conducting another cognitive test. The test score is the sum

of correctly named words. In our data respondents were randomized into four

different lists of words (see Figure C.1 in the Appendix). The word recall tests

provides a measure of episodic memory, an ability that declines with age. This

test is among the more difficult tests typically administrated within surveys (Her-

zog and Rodgers 1999).

• Serial 7 subtraction: This task requires the respondent to subtract 7 five times,

starting at 100. The test score is the number of correct subtractions. This test

assesses the ability to process, dispose and retrieve information on short term as

well working memory.

• Number series: In the number series, respondents are presented with a series

of numbers that includes a blank and are asked to fill in the blank. An adoptive

testing procedure was applied, that is all respondent start with some baseline

items and are assigned to subsequent items based on performance. The test score

gives the imputed number of correct items had the respondent been asked to try

all items.5 The number series tests fluid reasoning.

5 Respondents were randomized into two sets of task. Prior to testing respondents were given exam-
ples of the problems. In case the respondent did not seem to understand the task, interviewers were
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Table 3.3: Cognitive tests: Understanding Society (Wave 3)

Mean SD Min Max N Missing in full sample

Immediate word recall 6.24 1.73 0 10 24323 0.01
Delayed word recall 5.2 2.1 0 10 24323 0.003
Immediate word recall (interviewer read) 5.83 1.9 0 10 4796 0.811
Immediate word recall (computer read) 6.34 1.67 0 10 19527 0.199
Delayed word recall (interviewer read) 4.54 2.24 0 10 4796 0.812
Delayed word recall (computer read) 5.36 2.04 0 10 19527 0.201
Serial 7 subtraction 4.43 1.07 0 5 23662 0.037
Number series: Set 1 530.18 31.9 409 584 22807 0.543
Number series: Set 2 529.8 33.65 413 584 11680 0.526
Verbal fluency: correct 21.9 6.87 0 58 24238 0.012
Numerical ability 3.59 1.11 0 5 24175 0.015

Descriptive statistics for cognitive tests. Columns (1)-(5) refer to the weighted household sample. The last columns
gives the share of missing test scores for the full sample after restricting the sample to respondents with a face-to
face interview and English as a first language, but prior to restricting the sample to respondents with a valid score
in the word recall test.

• Verbal fluency: Verbal fluency is assessed by having respondents name as many

animals as possible within a minute. The test score is the number of distinct,

correctly named animals. This test is related to executive functioning as well as

mental flexibility.

• Numeric ability: Respondents are asked to solve 4-5 mathematical problems

likely to come up in daily life. The test score is the number of correctly solved

problems. This test assesses practical numerical knowledge.

In this study we restrict our analysis to respondents with a valid test score in the word

recall test, neglecting selective non-response as a potential source of bias (Herzog and

Rodgers 1999). In the sixth column of Table 3.3 we display the share of observations

with a missing test score for the full sample after restricting the sample to respondents

with a face-to face interview and English as a first language, but prior to restricting the

sample to respondents with a valid score in the word recall test. In the world recall test,

less than 1% of observations are missing. Also, except for the number series, where

about 7% percent of respondents lack a test score in both sets, the share of missing

test scores is quite low in the other cognitive tests. Consequently, item non-response

is unlikely to be a decisive factor for this analysis. Nevertheless, we will explore the

sensitivity of our results with respect to different ways of dealing with missing outcomes.

instructed to proceed to the next question. Due to a mistake in the CAPI code, some respondents
randomized to the second set were given tasks they should have skipped. Therefore the test scores
of both items are given in separate variables.
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Figure 3.1: Empirical distribution of test scores
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Notes: Empirical distribution of test scores for immediate and delayed word recall test by
mode of test. Weighted household sample.

3.3 Word recall test

In the following we focus on the word recall test. By default, the list of words should

be read to the respondents by the computer of the interviewer. If, however, the respon-

dent is unable to hear the computer, interviewer instructions require interviewers to

read the list of words to the respondents themselves. While about 80% of respondents

are administered the word recall test under the default mode, for the remaining 20%

of respondents interviewers read the words themselves (see Table 3.3). Overall, those

individuals who hear the words from the interviewer perform worse both in the immedi-

ate as well as in the delayed recall task. In the delayed recall task this is partly driven by

excess zeros in the group of respondents hearing the words from the interviewer. Fur-

thermore, the difference between the modes is stronger in the delayed recall task than

in the immediate recall task (see Figure 3.1). Additionally, in the delayed recall test re-

spondents of all but the oldest age groups achieve lower scores when hearing the words

from the interviewer. In contrast, in the immediate recall test only respondents below

70 perform worse under deviation from the study protocol (see Figure 3.2). While the

interviewer intra-class correlations are not larger than for other cognitive outcomes un-

der the default procedure, they are inflated when the interviewer reads the question

herself (see Figure 3.3).

The rationale behind administering the word recall test with the help of a laptop is to

shut down the channel of heterogeneity in the interviewers’ reading styles as a source

of variation in observed test scores. However, as not all respondents hear the word from

the laptop, the word recall test is effectively administered in a mixed mode design. In
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Figure 3.2: Performance by age
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Notes: Performance in the word recall test by age and mode of administration.

this section, we explore determinants of imperfect compliance with the default proce-

dure. We further investigate to which extend observed performance differences can be

linked to mode effects and selection effects. Lastly, we turn to the question whether ad-

ministration of the word recall test using the computer successfully reduces interviewer

effects in our setting.

3.3.1 Determinants of imperfect compliance

We begin by asking why and under which circumstances interviewers read the words

in the word recall test themselves. Broadly speaking, we can group sources of non-

compliance with the default procedure in the administration of the word recall test into

three categories: Firstly, some of the laptops distributed to interviewers may have prob-

lems with their audio function. In these cases, deviations from the standard procedure

are a consequence of technical failure and their occurrence is partly random. The sec-

ond category comprises factors related to the interviewer. Preferences for the mode of

the recall test are likely to vary across interviewers. While some interviewers may have

a high intrinsic motivation to follow the study protocol, others might not like hearing

the computers’ voice or they perceive reading the words themselves as a good way to

help respondents in performing the task. Thirdly, respondents’ characteristics consti-

tute an additional potential determinant of deviations from the study protocol. Older

individuals, less educated individuals and minorities have been found to report less use

of technology (Czaja et al. 2006). And respondents with a low level of previous expo-

sure to technology may feel intimidated by the prospect of interacting with a computer
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Figure 3.3: CDF of interviewer effects
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cept for PSUs. Outcomes:(1) Word recall (read by interviewer), (2) Word recall (read by
computer), (3) Other cognitive tests (Serial 7 subtraction, Number series: Set 1, Number se-
ries: Set 2, Verbal fluency: correct, Numerical ability), (4) Other nonfactual items, that were
assessed in the CAPI-mode (Prefers to move house, Frequence of internt use, TV hours, likes
present neighbourhood, Standard of local services: Shopping, Worry about being affected
by crime, Number of close friends, Feel safe walking alone at night, Supports a particular
political party, Level of interest in politics, Perceived political influence, Proportion of friends
with similar income, ). Controls include: Hearing problems, Male, Marital status (3 levels),
Dummies for age in 5 year categories, Linear age trend, Educational attainment (4 levels),
Born in UK, Urban area, Household size, Log of monthly net income per household member,
Longstanding illness or disability.
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(Rosen and Weil 1995). Previous research has also shown that technophobia is a trait

which creates discomfort when reading from a screen among senior adults (Hou et al.

2017), and a similar phenomenon might apply to audio tasks. Furthermore, hearing

impairments can provide a physical barrier impeding administration via the computer.

If a respondent claims to be unable to do the test under the standard procedure, admin-

istering the test in an alternative mode is in fact often the only way of obtaining a test

score at all.6

It is also easy to think about ways how these three mechanisms interact with each other.

For example, technophile interviewers will find it easier to deal with minor technical

malfunctions and at the same time one might expect them to be unlikely to exhibit a

preference for reading the word themselves. Different interviewers may also react to

the same behavior of the respondent in heterogeneous ways. While some interviewers

will be quick to read the words themselves whenever a respondent expresses discom-

fort with the computer, others will exert some effort to make administration under the

default procedure possible.

Disentangling the roles of technical failure, interviewer-related factors and respondent-

related factors in a causal way requires experimental variation. Specifically, we would

need a setting where laptops and interviewers are randomly allocated to respondents.

In our data this was not the case. Therefore, we must be careful before ascribing cor-

relations in our data to causal channels. For example, a high interviewer intra-class

correlation in the propensity to read the words may be caused by heterogeneity in in-

terviewer preferences, but it could as well reflect clustering in observed respondent

characteristics or variation in laptop quality.

What we can achieve in this section is to present indirect and descriptive evidence sug-

gesting a relationship between respondents’ characteristics and the mode of the test as

well as heterogeneity across interviewers. While some of our findings are consistent

with the interpretation of technical failure as additional source of non-compliance, we

do not think this is the sole driver of imperfect compliance with the study protocol.

6 This is vastly related to the question whether conversational or standardized hearing techniques pro-
duce smaller measurement errors. Schober and Conrad (1997) show that standardized procedures
yield a greater measurement error when respondents are unsure about how a question maps onto
their circumstances. While regular employees answer questions on their weekly working time easily,
self-employed individuals often require clarification. In our setting the standardized procedure may
leave little room to cater individual needs, inducing them to switch to reading the words themselves.
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In the following, we assume the existence of a latent variable Int∗ij, which can be inter-

preted as the latent propensity of interviewer j to read the words for respondent i. Int∗ij

is a linear function of observed characteristics and an error term.

Int∗ij=Ziδ + wij, (3.1)

The latent propensity to read the words maps into the observed mode of administration

as follows:

Intij =

0 if Int∗ij < 0

1 if Int∗ij ≥ 0

(3.2)

In our empirical specification Zi includes age in five-year dummies, sex, marital status,

educational attainment, hearing problems, longstanding illness or disability, a dummy

for living in an urban region, number of household members, the log of monthly house-

hold income per household member, as well as a linear age trend.

We begin by estimating Equation 3.1 using pooled OLS and pooled logit models. We

argue that interviewers play an important role in in process of assigning respondents

to the two modes of administration. In a next step, we therefore model the error term

to include an interviewer-specific component, i.e wij = cj + ωij. Since the assignment

of interviewers to respondents was non-experimental, part of the estimated error vari-

ance attributed to the interviewer might in truth be caused by clustering of unobserved

characteristics within interviewers. In fact, interviewers usually operate in spatially re-

stricted areas, and at the same time inhabitants of one geographic area tend to share

common characteristics (Schnell and Kreuter 2005). In order to mitigate this problem,

we incorporate a primary sampling unit (PSU) specific component into the error term,

that is we let wij = cj + ωij + pi∈p.7

We estimate specifications including interviewer or PSU effects using linear probability

fixed-effects and random effects models. In order for the random effect estimator to

yield consistent estimates of the β coefficients, interviewer and PSU effects must be un-

correlated with the regressors. This would be violated if for example interviewers with

a high propensity to read the question themselves were more likely to interview old re-

7 Conceptually sampling point effects can be seen as averages of unobserved characteristics within a
primary sampling unit.
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spondents. The fixed effects estimator on the other hand allows for correlation between

unobserved effects and regressors but is less efficient. Furthermore interviewers and

PSUs in our data are sparsely matched as each interviewer only visits a limited number

of PSUs and challenges arise in the case of two-way effects estimation with sparsely

matched data (Verdier 2017). Finally, we are also interested in the importance of in-

terviewer effects compared to household effects. Therefore we also estimate a random

effects model that includes a random intercept at the household level additional to the

random intercept of the interviewer. The main results are presented in Table 3.4.

Respondents’ characteristics

All specifications suggest a similar conclusion. Age, hearing problems, education and -

to a lesser extent - marital status are significantly associated with the mode of admin-

istration (see Table 3.4). Previous literature has documented a relationship between

some of these traits and the propensity to use technologies (Czaja et al. 2006). Our

findings are therefore consistent with the idea of respondents with a low level of expo-

sure to computers expressing discomfort with the default procedure.

Hearing problems are the strongest predictor for hearing the words from the inter-

viewer. Reporting hearing problems in the health module increases the propensity to be

administered the test in the non-default mode by 15 to 19 percentage points. Respon-

dents who have obtained an university degree, A-levels or GCSE are all significantly

less likely to hear the words from the interviewer than the base category of respon-

dents without further education. This effect is monotonic in the level of education, with

respondents holding a degree being the least likely group to deviate from the default

mode. Moreover, single individuals are significantly more likely to have the words read

by the interviewer than the base category of widowed or divorced individuals, while

married individuals are not significantly different from the base category. Estimated

coefficients from random effect models and fixed effect models are quantitatively very

similar. This implies that correlation between interviewer effects and regressors does

not strongly affect the estimates from the random effect models. Furthermore, average

marginal effects reported for the logit model are quantitatively very close to the esti-

mated coefficients from the OLS-model. Therefore ignoring the binary nature of the

outcome variable should not shift conclusions drastically.
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Figure 3.4: Mode of administration by age
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Notes: Share of respondents for whom the words are read by the interviewer and number
of observations in 5-year age categories by age. The left panel displays the raw shares, while
the right panel adjusts for interviewer effects and the same controls as shown in Table 3.4.
Weighted household sample.

The share of individuals for whom the words are read by the interviewer for each age

category is displayed in Figure 3.4. The left panel depicts the raw shares, while the right

panel depicts shares after adjusting for interviewer effects and respondents’ character-

istics. Above the age of sixty, the likelihood of hearing the words from the interviewer

increases sharply. However, the test is also administrated in the alternative mode a for

about 15% of younger individuals. As the majority of respondents is between the ages

30 to 60, individuals below the age of 60 account for a significant share of respondents

in the alternative mode and the mean age in this group is 56 years.
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Table 3.4: Word recall test: Selection into mode of administration

Pooled RE FE RE (Full sample)

OLS Logit Int Int+PSU Int Int+PSU Int+HH

Male -0.0016 -0.0014 -0.0021 -0.0013 -0.0022 -0.0023 0.0035
(0.0054) (0.0055) (0.0038) (0.0036) (0.004) (0.0046) (0.0024)

Single 0.0167* 0.0178** 0.0154** 0.0142** 0.0151** 0.0135* 0.0091*
(0.0085) (0.0089) (0.0069) (0.0065) (0.0066) (0.008) (0.0055)

Married -0.0026 -0.0031 0.0029 0.0027 0.0028 0.0037 -0.0065
(0.0078) (0.0075) (0.0055) (0.0051) (0.0062) (0.0068) (0.0046)

Hearing problems 0.1629*** 0.1456*** 0.1818*** 0.1853*** 0.182*** 0.1866*** 0.1873***
(0.0199) (0.0188) (0.0111) (0.0104) (0.0173) (0.0213) (0.008)

Educational attainment: Degree -0.0353*** -0.0327*** -0.029*** -0.0267*** -0.0288*** -0.0243*** -0.0181***
(0.0096) (0.0088) (0.0056) (0.0053) (0.0064) (0.0071) (0.0043)

Educational attainment: A-levels -0.0341*** -0.0308*** -0.0244*** -0.0209*** -0.0238*** -0.0159** -0.0192***
(0.0091) (0.0082) (0.0061) (0.0057) (0.0069) (0.0078) (0.0045)

Educational attainment: GCSE -0.0263*** -0.0231*** -0.0238*** -0.0184*** -0.0239*** -0.0133* -0.0167***
(0.0085) (0.0077) (0.006) (0.0056) (0.007) (0.008) (0.0044)

Born in UK -0.0085 -0.0083 -0.0117 -0.0093 -0.0116 -0.0114 -0.0113*
(0.0154) (0.016) (0.0081) (0.0078) (0.0086) (0.0112) (0.0062)

Urban area -0.0274 -0.0275 0.0049 0.0063 0.0062 -0.0014 0.0031
(0.0179) (0.0179) (0.005) (0.0059) (0.008) (0.0102) (0.0048)

Household size 0.0042 0.0046 0.0033* 0.0024 0.0034 7e-04 0.0021
(0.0033) (0.0035) (0.0018) (0.0017) (0.0023) (0.0021) (0.0017)

Log of monthly net income per household member -4e-04 -6e-04 0.0022 0.0028 0.0023 0.0026 -0.0019
(0.0051) (0.0053) (0.0034) (0.0032) (0.0031) (0.0036) (0.0031)

N 24323 24323 24323 24323 24323 24323 36591
σ2
int 0.0704 0.0658 0.0702 0.085 0.0689
σ2
psu 0.022 0.0285
σ2
hh 0.0459
ρint 0.3568 0.354 0.3567 0.3539 0.4517

Notes: Dependent variable: Dummy for words read by interviewer. Column (1): LPM, standard errors clustered on interviewer level. Column (2): Logit model, average marginal
effects, Standard errors clustered on interviewer levels. Column (3) and (4): Linear Mixed-Effects-Model with random intercepts for interviewers and (only 4) PSUs (Bates et al.
2015), Column (5) and (6): Linear Fixed-Effects-Model with interviewers and (only 6) PSU fixed effects, Column (7): Linear Mixed-Effects-Model with random intercepts for
interviewers and households on the full sample. All models additionally include dummies for age in 5-year categories and a linear age trend.
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Figure 3.5: Share of deviations by interviewer
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Notes: Share of interviews with deviation from default mode by interviewer.

Interviewer effects

The share of the two modes of the word recall test varies across interviewers. While

about 150 of 686 interviewers never read the words themselves and more than half

read in less than 10% of their interviews, 10 % of interviewers, deviate in at least 75%

of their interviews from the default procedure (see Figure 3.5). Therefore we are in-

terested in assessing which share of the variance in assignment to test modes may be

attributed to the interviewer.

The lower panel of Table 3.4 presents the estimated variances of interviewer, PSU and

household effects as well as interviewer intra-class correlations defined as σ2
int

σ2
int+σ

2
psu+σ2

ω
.

In case of the fixed-effect models, we obtain estimators for the variances of the un-

observed effects by first calculating the residuals as ŵij = intreadij − Ziδ̂
FE and

then estimating the variance of the unobserved effects using random effect models.8

Regardless of the specification, the estimated interviewer intra-class correlation in the

household sample is always within the range of 0.35 to 0.36. Including PSU-effects in

8 In principle it is also possible to estimate these variances directly as variances of the estimated fixed
effects but then a bias correction to remove estimation error needs to be applied (see for example
Andrews et al. 2008). In the specification that includes both interviewer fixed effects and PSU
fixed effects, further complications arise. In our data, PSUs and interviewers form several connected
networks and one interviewer effect in each network is not identified (Abowd et al. 1999). Therefore
we cannot obtain an estimate for variance between these connected networks. Also within the largest
connectivity group, which comprises the majority of the sample, interviewers and sampling points in
our data form a network with low connectivity. The resulting variance estimators will have a high
bias and a high variance (Jochmans and Weidner 2017).
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addition to interviewer effects reduces the estimated interviewer intra-class correlation

only marginally. When using the full sample and including a random intercept for the

household, the share of the residual variation attributed to the interviewer is even larger

(ρint = 0.45). These findings suggest that whether a respondent hears the words from

the interviewer or the computer is to a large extend determined by which interviewer

she is interviewed by.

Technical failure

Unfortunately our data do not include the information whether an interviewer reported

a problem with her laptop. Above we have seen that the mode of administration is as-

sociated with certain characteristics of respondents. We have no reason to believe that

interviewers with malfunctioning laptops are sent to older or less educated respondents

more often. Therefore we think it is unlikely that technical failure accounts for the ma-

jority of deviations from the study protocol. Nevertheless, in this section we present

some evidence consistent with the idea of technical failure being an additional determi-

nant of non-compliance with the study protocol. We can, however, not formally identify

this channel.

While it is impossible for us to know whether a laptop’s audio function failed during

a specific interview, we argue that technical failure should create a certain pattern in

the sequence of modes. If an issue with a laptop’s audio function occurs, this issue will

likely be present for several consecutive interviews until the problem is fixed. In or-

der to check whether deviations from the study protocol occur sequentially, we regress

intij on a dummy variable which is equal to one, if the last word recall test in a previ-

ous household interviewed by the same interviewer was administered in the alternative

mode.9

The results are shown in Table 3.5. In the cross-section respondents are about 55 per-

centage points more likely to hear the words from the interviewer when the words were

also read for the last respondent in the previous household. This effect includes het-

erogeneity in the propensity to read the words across interviewers. Once we include

interviewer fixed effects, the estimated effect reduces to 25 percentage points and is

9 The last respondent in the previous household is not necessarily included in the household sample.
We omit respondents living in the first household visited by each interviewer.
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Table 3.5: Words read in previous household

OLS FE

(1) (2) (3) (2)

Read for last respondent in previous household 0.5534*** 0.5506*** 0.2465*** 0.2432***
(0.0235) (0.0239) (0.0211) (0.0213)

N 21283 21283 21283 21283

Controls No Yes No Yes
Interviewer FE No No Yes Yes

Notes: Dependent variable: Words read by interviewer. This table displays the estimated coefficients of a dummy
variable, which is equal to one if in the most recent word recall test in a previous household the words were read by
the interviewer. Weighted household sample. We omit the first household visited by each interviewer.

still highly significant. Interestingly, controlling for individual and household character-

istics hardly affects the estimated coefficients. This suggests that, the observed pattern

in the sequence of mode cannot be explained by households that are similar in terms of

observed characteristics being visited consecutively.10 Another way to check for patterns

consistent with technical failure is to look at the longest sequence of households where

all households members hear the words from the interviewers. For each interviewer, we

calculate the probability of observing a shorter longest sequence than the one observed,

if the sequence was created randomly given the number of interviews in both modes.11

The results are displayed in Figure 3.6. The x-axis shows the probability of observing

a longest sequence shorter than the one we observe, the y-axis gives the CDF of these

probabilities. About 44% of interviewers never read the words for all household mem-

bers in two consecutive households (x-axis=0). On the other hand, for slightly below

20% of interviewers, we would observe a shorter longest sequence with at least 95%

probability if the sequences were randomly allocated. This suggests that some inter-

viewers do not randomize their sequence of modes and one likely explanation for this

pattern is technical failure.

We also investigate heterogeneity in modes by timing of the interview. We normalize

10 In theory it is still possible that households that are similar in terms of unobserved characteristics
are visited sequentially. However it is not clear why these unobserved characteristics should be
uncorrelated to observed characteristics.

11 We exclude interviewers without variation in the mode and all interviewers visiting less than three
households. Consider an interviewer who interviews 10 households, reads the words in 4 interviews,
of which 3 occur subsequently. There are 210 ways of allocating 4 times reading the words to 10
interviews. In 161 of these possible allocations, the length of the longest sequence of interviews
in the non-default mode is less than 3. Therefore the probability of observing a shorter-longest
sequence than the one observed is 0.77. For an explanation on how to calculate these probabilities
see Schilling (1990).
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Figure 3.6: Probability of shorter sequence
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Figure 3.7: Share of deviations by time
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Notes: The x-axis gives the probability of observ-
ing a shorter longest sequence in households with
all household members being interviewed in the
alternative mode for each interviewer. The y-axis
shows the empirical CDF of this probability.

Notes: Share of interviews with deviation from
default mode by time of interview. The first in-
terview date for each interviewer is normalized
to 0 and the last date is normalized to 1. The
graph shows the predicted share of interviews
with words read by the interviewer when all in-
dividual an household characteristics as shown in
Table 3.4 are set to their respective means.

the date of the interview across interviewers by setting the date of the first interview to

zero for each interviewer and the date of the last interview to one. The share of words

read over the observation period is depicted in Figure 3.7, where we control for observ-

able characteristics. There is a small upwards sloping trend throughout the observation

period. While this trend is consistent with the interpretation of computers becoming

worse over time, it could also be generated by interviewers developing a preference for

a certain mode during the period of administration.

3.3.2 Performance differences

Respondents who hear the words from the computer remember on average 0.82 words

less in the delayed recall test than respondents for whom the laptop reads the words.

This raises the question whether promoting administration of the word using the com-

puter significantly reduces measurement error after all. While the computer removes

measurement error caused by heterogeneity in interviewers’ ability to read the words,

it may introduce mode effects as new source of undesired variation.

Assignment of respondents to modes of administration is clearly non-random. Therefore

we cannot readily interpret differences in average test scores as causal mode effects. In

this section, we seek to determine whether selection effects may account for the dif-

ferences in average performance between the two groups. Assuming that all cognitive
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tests measure a related form of cognitive ability, we will contrast performance differ-

ences between the two groups in the word recall test and in other cognitive tests.

Framework

Let ξi denote the latent, true cognitive functioning of respondent i. As ξi is a latent

construct, it does not possess any natural scale and we can normalize the expectation

of ξi to zero. ξi may be decomposed into a part explained by observable characteristics

as well as unobserved individual heterogeneity, i.e:

ξi = Xiβ + νi (3.3)

We formulate the relationship between latent cognitive functioning and observed test

scores in the language of a common-factor model (Alwin 2007; Cernat et al. 2016).

Yijg = τg + κgξi + eijg (3.4)

Here j indexes interviewers and g indexes measurements. We refer to both, different

modes of one cognitive test as well as different cognitive tests, as distinct measurements.

Two parameters govern the structural relationship between latent cognitive ability and

observed test scores. The slope parameter κg determines the strength of the association

and - following from the normalization of ξi - the intercept τg coincides with expected

test score in the population. As in the previous section, we model the error term eijg to

be the sum of idiosyncratic error as well as an interviewer effect, i.e eijg = ujg + εijg. 12

In the following, the variable Intij is defined as in Section 3.3.1. Intij categorizes

respondents into two groups, depending on the mode of the word recall test. Further-

more, let Yijg′ denote a test score in the word recall test when the computer reads the

words, let Yijg′′ denote a test score in the word recall test when the interviewer reads

12 We assume the allocation of interviewers to respondents to be unrelated to true cognitive functioning
and other sources of error, such that cov(ujg, ξi) = 0 and cov(ujg, εig) = 0 for all i ∈ I and j ∈ J and
g ∈ G. The error term eijg and latent cognitive functioning ξi are uncorrelated by definition as the
slope λg captures the relationship between cognitive functioning and observed test scores. In reality,
interviewers can effect observed responses in additional ways. T. F. Crossley et al. (2017) point
out that interviewers might further affect measurement error by moderating respondent error. Also
Brunton-Smith et al. (2017) allow for location and scale effects. Furthermore interviewers might
also affect the structural relationship between true ability and observed test scores.
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Table 3.6: Predictions for observed test scores under pure mode effects and pure selection effects.

Prediction for Prediction for
word recall test other cognitive tests

1. Pure mode (Yijg′ |Int=0) > (Yijg′′ |Int=1) (Yijg′′′ |Int=0) = (Yijg′′′ |Int=1)

effect (Yijg′ |Int=0, X) > (Yijg′′|Int = 1, X) (Yijg′′′ |Int=0, X) = (Yijg′′′ |Int=1, X)

2. Selection on (Yijg′ |Int=0) > (Yijg′′ |Int=1) (Yijg′′′ |Int=0) > (Yijg′′′ |Int=1)

observables (Yijg′ |Int=0, X) = (Yijg′′|Int = 1, X) (Yijg′′′ |Int=0, X) = (Yijg′′′ |Int=1, X)

3a. Selection on (Yijg′ |Int=0) > (Yijg′′ |Int=1) (Yijg′′′ |Int=0) > (Yijg′′′ |Int=1)

unobservables (Yijg′ |Int=0, X) > (Yijg′′|Int = 1, X) (Yijg′′′ |Int=0, X) > (Yijg′′′ |Int=1, X)

3b. Selection and [(Yijg′|Int=0)− (Yijg′′ |Int=1)|chighj ] [(Yijg′′′ |Int=0)− (Yijg′′′ |Int=1)|chighj ]
interviewer heterogeneity < [(Yijg′ |Int=0)− (Yijg′′ |Int=1)|clowj ] < [(Yijg′′′ |Int=0)− (Yijg′′′ |Int=1)|clowj ]

Notes: Predictions for observed test scores under (1) pure mode effects, (2) selection on observables, (3a) selection
on unobservables (3b) interviewer heterogeneity in selection.

the words and let Yijg′′′ denote a test score in any other cognitve test. Test scores in the

word recall test and test scores of other cognitive tests are assumed to be congeneric

measures, that is they are linearly related in their true scores (Alwin 2007, Chapter 3).

We only observe Yijg′ |Int = 0 and Yijg′′|Int = 1, but we observe Yijg′′′ irrespective of

the realization of Inti. In order to distinguish possible sources behind the performances

differences in the word recall test, we consider several scenarios: Pure mode effects, se-

lection on observables, selection on unobservables, and interviewer heterogeneity in

selection. Table 3.6 summarizes the predictions regarding observed test scores for each

scenario.

Firstly, the fact that we observe Ȳijg′ > Ȳijg′′ might be entirely driven by a mode effect.

Under this scenario, the expected value of latent cognitive functioning is zero in both

groups. Therefore we would not expect to see any difference in average performance

between respondents who heard the words from the interviewer and respondents who

heard the words from the computer, when looking at the test scores of an additional

cognitive test, i.e Ȳijg′′′|Int=0=Ȳijg′′′|Int=1

Secondly, average performance differences between the group of respondents with

Int=1 and those with Int=0 might be entirely driven by selection on observable char-

acteristics. For example, in the previous section high age and low education turned

out to be strong predictors for hearing the words from the interviewer. Moreover, both

variables are associated with cognitive ability (Van Hooren et al. 2007; Verhaeghen and

Salthouse 1997). Adjusting for age and education should therefore remove a major part

of the differences in observed test scores. Under selection on observables we expect to
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see a difference in mean test scores of both the word recall test and any other cognitive

test. However, once we condition on observed characteristics, these differences should

disappear, i.e:

E (Yij|Xi,Int) =τ + κXiβ + κE (νi|Int) + E (eijg|Int) =τ + κXiβ=E (Yij|X) (3.5)

Thirdly, performance differences might be caused by selection on both observable and

unobservable characteristics. This is the case when unobserved heterogeneity in latent

cognitive functioning νi is correlated with the error term in Equation 3.1, wij. For ex-

ample, we expect technophobe individuals to be more likely to hear the words from the

interviewer, while technophobia has been shown to be negatively correlated with cog-

nitive ability (Czaja et al. 2006). This type of selection corresponds to the framework

of a Heckman selection model (Heckman 1979). Imposing a standard normal distribu-

tion on wij and assuming that the conditional expectation E (νi|wij) is linear (Semykina

and Wooldridge 2010), the expected observed test score conditional on Intij and Xi is

given by:

E (Yij|Int, X, Z) = τ + κXiβ + κρwνσνλ(Ziδ), (3.6)

where σν denotes the standard deviation of νi and ρwν is the correlation between wij

and νi. As we expect respondents with higher levels of cognitive functioning to be less

likely to hear the words from the interviewer, ρwν will be negative in our setting. λ(.)

denotes the inverse mills ratio. When Inti is equal to one, the inverse mills ratio is

positive, λ(Ziδ)=
φ(Ziδ)
Φ(Ziδ)

, and expected observed test scores will be smaller than expected

observed test scores in the population. When Inti is equal to zero, the inverse mills

ratio is negative, λ(Ziδ)= − φ(Ziδ)
1−Φ(Ziδ)

, and expected observed test scores will be greater

than expected observed test scores in the population. Under the scenario of selection

on unobservables, we expect to see a difference in mean test scores, both for the word

recall test and other cognitive tests. Moreover, these differences should not disappear

once we condition on observable characteristics.

In Section 3.3.1 we decomposed the error term of the selection equation, wij, into an

interviewer-specific component, cj and an idiosyncratic error term, ωij. Consequently, cj

selection also depends on interviewer characteristics and and we can incorporate cj into

the inverse mills ratio. As we assume the allocation of interviewers to respondents to be
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unrelated to cognitive ability, cj and νi are uncorrelated. However one needs to consider

a potential correlation between the systematic interviewer effect in the error term of

observed test scores, uj, and cj. Therefore, the expected interviewer effect conditional

on Intij is not necessarily zero. Allowing for heterogeneity on the interviewer level

changes the expression for expected test scores:

E (Yij|Int, X, Z) = τ + κXiβ + κρωνσνE (λ(Ziδ + cj)|Z) + E (uj|Int) (3.7)

For Intij=1, the inverse mills-ratio is a convex (but approximately linear), monoton-

ically decreasing function of cj. This implies that the expectation of the inverse mills

ratio over cj is not less than the expected inverse mills ratio when cj is at its popula-

tion mean, E (cj) =0. However, respondents interviewed by interviewers with a high

cj will be overrepresented in the group of respondents for whom the interviewer reads

the words, implying E (cj|Int = 1) ≥ E (cj) and therefore interviewer-induced het-

erogeneity can alleviate the degree of selection. Furthermore, correlation between the

propensity to read the words and interviewer effects uj, can also impact the mean of

observed test scores. If uj and cj are negatively correlated, implying those interviewers

who deviate from the default mode often, cause respondents to have lower test scores,

E (uj|Intij=1) will be less than zero, intensifying selection effects. A positive correla-

tion between uj and cj, on the other hand, will partially offset the selection effect or

might even reverse it.

Interviewer heterogeneity in selection on cognitive ability will cause the pool of respon-

dents within a specific mode to vary across interviewers. Some interviewers will only

read the words for respondents with very low ability. For these interviewers the gap

between the two modes will be large. For interviewers who also read to respondents

with medium cognitive ability, performance differences between the two groups will be

less severe. Assuming that the assignment of interviewers to respondents is unrelated

to interviewers’ reading ability and preferences, this generates the prediction that per-

formance differences are a decreasing function of an interviewers’ propensity to read

the words.13

13 A potential threat to this assumption is interviewers’ learning. It might be the case that interviewers
who are randomly allocated to predominantly old individuals develop better reading skills.
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Results

In the following, we show that those respondents who heard the words from the inter-

viewer fall behind in all cognitive tests. This holds although all cognitive tests other

than the word recall tests were administered using the same procedure. We further

investigate to which extent controlling for individual characteristics and cognitive abil-

ity eliminates the gap in the word recall test, and we link performance differences to

interviewers’ propensity to read the words.

To adjust for differences in observable characteristics between the two groups of re-

spondents, we rely on inverse-probability weighting (IPW). Specifically, we predict the

probability of hearing the words from the interviewer using a logit-model (see Column

2 of Table 3.4) and estimate a quantity that would correspond to the population average

treatment effect (see for example Hirano et al. 2003; Imbens 2004), if the treatment

was randomized conditional on observable characteristics.14

ATEInt =
N∑
i=1

IntijYij

p̂1

∑N
i=1

Intij
p̂1

−
N∑
i=1

(1− Intij)Yij
p̂0

∑N
i=1

(1−Intij)
p̂0

(3.8)

Here p̂1 denotes the predicted probability of hearing the words from the interviewer and

p̂0 is defined as 1− p̂1.15

Results are displayed in Table 3.7. All outcome variables are standardized to have a

mean of zero and a standard deviation of one. The first column shows raw differences,

in column (2) we adjust for individual characteristics, in column (3) we further control

for age and experience of the interviewer, and in column (4) we control for irregular-

ities during administration of the test reported by the interviewer. These irregularities

include the presence of others for all tests. For the serial 7 subtraction task we also con-

trol for whether an aid was used and in the word recall test we account for interruptions

during the test and whether problems hearing the words were recorded.16

For all cognitive tests, respondents who heard the words in the word recall test from

14 Possible alternative estimands include the average treatment effect for the treated, where the con-
trol group is reweighted to resemble the treatment group and the average treatment effect for the
untreated.

15 We use weights, that are normalized to unity in the population as suggested in Imbens (2004).
16 In the household sample, problems hearing the words were recorded for 857 respondents, 288 of

whom heard the words from the interviewer.
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Table 3.7: Performance differences between individuals for who the words were read
by the interviewer and other respondents: All cognitive tests

Immediate word recall

(1) (2) (3) (4)

Recall read by interviewer -0.289*** -0.0868*** -0.0878*** -0.0766***
(0.0288) (0.0229) (0.0234) (0.0216)

N 24323 24323 24313 24313

Delayed word recall

(1) (2) (3) (4)

Recall read by interviewer -0.3813*** -0.1919*** -0.1906*** -0.1842***
(0.0317) (0.0291) (0.0293) (0.0289)

N 24323 24323 24313 24313

Serial 7 subtraction

(1) (2) (3) (4)

Recall read by interviewer -0.1131*** -0.0461* -0.0443 -0.0444
(0.0285) (0.0273) (0.0275) (0.0274)

N 23662 23662 23652 23658

Number series: Set 1

(1) (2) (3) (4)

Recall read by interviewer -0.1376*** 0.0075 0.0045 0.0092
(0.0303) (0.0253) (0.0251) (0.0251)

N 11127 11127 11121 11126

Number series: Set 2

(1) (2) (3) (4)

Recall read by interviewer -0.1242*** -0.0129 -0.0109 -0.0123
(0.0331) (0.0294) (0.0299) (0.0294)

N 11680 11680 11677 11680

Verbal fluency: correct

(1) (2) (3) (4)

Recall read by interviewer -0.2568*** -0.0947*** -0.0973*** -0.0943***
(0.03) (0.0277) (0.0278) (0.0278)

N 24238 24238 24229 24237

Numerical ability

(1) (2) (3) (4)

Recall read by interviewer -0.1877*** -0.067*** -0.067*** -0.0649***
(0.0259) (0.0224) (0.0225) (0.0225)

N 24175 24175 24166 24173

Individual controls No Yes Yes Yes
Interviewer characteristics No No Yes No
Unusual events during test No No No Yes

Notes: ATEs from inverse probability weighting models. All outcomes are standardized. Indi-
vidual controls include: Hearing problems, Male, Marital status (3 levels), Dummies for age in
5 year categories, Linear age trend, Educational attainment (4 levels), Born in UKUrban area,
Household size, Log of monthly net income per household member, Longstanding illness or dis-
ability. Interviewer characteristics include, Interviewer: Year of birth, Year started working as
interviewerUnusal events vary by test and include at least the presence of others. For the recall
tests they also include, whether the respondent had hearing problems during the test, used aides
or was interrupted. Standard errors clustered at the interviewer level.
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the interviewer display on average significantly lower test scores. This suggests that

respondents with lower cognitive ability are significantly more likely to be administered

the word recall test in the alternative mode. Performance differences range from 0.12

standard deviations in the number series to 0.38 standard deviations in the delayed

word recall test. The fact that performance differences in the delayed word recall test

clearly exceed differences in all other outcomes, suggests that mode effects might play

an additional role here.

Adjusting for observed characteristics eliminates a large part of the differences in test

scores. Nevertheless, for the delayed and immediate word recall test as well as numeric

ability, verbal fluency and - to some extent - number 7 subtraction, a significant gap

remains. Further controlling for interviewer characteristics or irregularities during the

test, does not change the results.

In the additional cognitive tests, the number of missing test scores is higher than in the

word recall tests. While our results in the main analysis are based on all available test

scores, we explore two alternative approaches in the Appendix. In Table C.1, we repeat

the analysis using only respondents for whom all test scores are available. To obtain

the results in Table C.2, we make the assumption that the main reason for a missing

test score is a respondents’ inability to conduct the test. Therefore we set all test scores

to the minimum test score. Both changes to the sample do not substantially alter the

results qualitatively.

If performance differences are entirely driven by individual characteristics and cogni-

tive ability, adjusting for both factors should eliminate the differences in average test

scores. In Figure 3.8 and Figure 3.9, we display the sequence of raw and adjusted mean

in test scores. Panel A repeats the exercise of Table 3.7, showing that adjusting for ob-

served individual characteristics removes a major part of the differences in performance.

In Panel B we estimate the propensity score using both observable characteristics and

test scores in other cognitive tests.17 The idea here is to use performance in other cog-

nitive tests a proxy for unobserved cognitive ability. For the immediate word recall, the

gap decreases to 0.15 words once we control for individual characteristics. If we fur-

ther adjust for performance in other cognitive tests, the gap reduces to 0.06-0.07 words

17 We omit the number series, as a mistake in the testing program appeared only in the second set of
questions. Therefore test scores from both sets should not be pooled.
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Figure 3.8: Weighted means: Immediate word recall
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Notes: Raw and adjusted differences for immediate word recall test. This table shows
propensity score weighted means of test scores in the word recall test. Panel A: Raw test
scores and test scores adjusted for individual and household controls. Panel B: Test scores
adjusted for individual and household controls as well as test scores in the subtract 7, nu-
meric ability and verbal fluency tests. Panel C: Similar to B, but estimated propensity scores
include the mode of predicted interviewer effects. Weighted household sample.
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Figure 3.9: Weighted means: Delayed word recall
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Notes: Raw and adjusted differences for delayed word recall test. This table shows propen-
sity score weighted means of test scores in the word recall test. Panel A: Raw test scores and
test scores adjusted for individual and household controls. Panel B: Test scores adjusted for
individual and household controls as well as test scores in the subtract 7, numeric ability
and verbal fluency tests. Panel C: Similar to B, but estimated propensity scores include the
mode of predicted interviewer effects. Weighted household sample.
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and is no longer statistically significant. In case of the delayed word recall test, we

also see a reduction in performance differences when controlling for test scores in other

cognitive tests. However, respondents who heard the words from the interviewer still

obtain significantly lower test scores. Finally, we believe that the mode a respondent

is assigned to, heavily depends on the interviewer she is visited by. To incorporate in-

terviewer heterogeneity, we estimate a logit model that includes a random intercept for

the interviewer. We predict the propensity score conditional of the mode of the random

interviewer effect (Bates et al. 2015), i.e p̂1 = Λ
(
Xβ̂ + ĉj

)
, where Λ(.) denotes the CDF

of the logistic distribution.

This procedure brings the point estimates closer to zero.18 In the delayed recall test,

respondents who heard the words from the word recall test, still remember 0.23 words

less than those who heard the words from the computer, even when adjusting for in-

dividual characteristics, performance in other cognitive tests and incorporating inter-

viewer heterogeneity. Therefore we cannot rule out the existence of a mode effect. Nev-

ertheless, the fact that the estimated gap has reduced from 0.82 words to 0.23 words

suggests that selection effects play a greater role in our setting than mode effects.

We also explore, whether performance differences can be linked to interviewers’ propen-

sity to read the words. Figure 3.10 and Figure 3.11 plot performance differences within

interviewers against the the share of interviews conducted in the alternative mode by

interviewer. In Figure 3.10 we do not control for individual characteristics. The pattern

displayed in this graph is highly consistent with the idea of interviewer heterogeneity

in selection. For all outcomes, respondents who heard the words from the interviewer

perform much worse if the interviewer only reads the words in a small portion of her

interviews. These performance differences decrease as the proportion of of interview-

ers in the alternative mode increases. The gradient is most pronounced for the word

recall test. Therefore we cannot rule out that a second mechanism also contributes to

this pattern in the word recall test. Interviewers who read the questions more often

might simply be better at reading the words. Nevertheless, the fact that a gradient is

also present for the other cognitive tests, backs the interpretation that heterogeneity

in selection is present in our data. Once we also control for individual characteristics

(Figure 3.11), the patterns become less clear. There still exists a gradient in the word

18 Our confidence intervals treat cj as fixed and may therefore be treated with caution.
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recall test as well the verb fluency test, while for other cognitive tests this does not hold.

Taken together the evidence presented suggests that interviewers indeed vary in their

assessment of respondents’ ability to hear the words from the computer. For those inter-

viewers who only deem a very small proportion unfit, performance differences are very

large. However, much of this variation seems to be related to basic demographic char-

acteristics - for example some interviewers read the words to respondents with small

hearing problems, others do not - rather than the unobserved part of cognitive ability.19

3.3.3 Interviewer effects

Now we turn to the question, whether administration of the word recall test via the

computer successfully reduces interviewer intra-class correlations after all. A look at es-

timated interviewer intra-class correlations displayed in Figure 3.3, reveals two notable

findings. Firstly, interviewer intra-class correlations in the word recall test are greater

when the interviewer reads the questions herself than when the words are read by the

computer. Secondly, in the delayed word recall test the estimated interviewer intra-class

correlation is greater than for most other cognitive tests even when the computer reads

the words.20

Similarly to performance differences, differences in the magnitude of interviewer intra-

class correlation between the to groups of respondents, do not necessarily stem from

mode effects alone. A recent literature has identified non-response error variance as

additional source of observed interviewer intra-class correlations in surveys (Brunton-

Smith et al. 2012; West and Olson 2010). This literature highlights the fact that differ-

ent interviewers obtain participation from different sources of respondents. Differences

in the pool respondents across to interviewers, contribute to observed interviewer intra-

19 Figure C.2 in the Appendix displays raw average test scores for the two groups in the cross-section.
This graph looks similar to Figure 3.11. Moreover it shows that average performance of the larger
group - that is respondents who heard the words from the computer - is not affected by selection,
while test scores of respondents who heard the words from the computer increase as interviewers
read more frequently.

20 The only cognitive test displaying a greater interviewer intra-class correlation than the word recall
test, is the verbal fluency test. Administering this test is highly challenging for interviewers, as
they need to write down all the animals a respondent names within a given time frame. Very high
interviewer intra-class correlations in this task are not surprising, given heterogeneity in interviewers’
ability to concentrate and writing speed.
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Figure 3.10: Performance by share read: Fixed effects (raw)
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Notes: Differences in test scores between alternative and default mode. We estimate the
model y = f1(sread) + ψj + ε, where y is a standardized outcome, ψj is a set of inter-
viewer dummies and sread is the share of interviews, where the interviewer reads the
words. f1(sread) is a semiparametric estimate of the difference between the two groups
within interviewers and is approximated using cubic B-splines. The graphs plots f1(sread)
over sread.
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Figure 3.11: Performance by share read: Fixed effects (controls)
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model y = f1(sread) + Xβ + ψj + ε, and sread is the share of interviews, where the inter-
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plots f1(sread) over sread.
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class correlations. Our setting is related in the sense that interviewers differ in the pool

of respondents they administer the word recall test in a specific mode.

Framework

We are interested in interviewer intra-class correlations (ICC), i.e. the share of residual

variance that can be attributed to the variance of interviewer effects. In the absence

of interviewer induced heterogeneity in selection, this quantity is - in our framework -

defined as follows:

ICCfull =
σ2
u

κ2σ2
ν + σ2

u + σ2
ε

, (3.9)

Here σ2
ν , σ

2
u, σ

2
ε are the variances of unobserved cognitive ability, interviewer effects and

the idiosyncratic error of observed test scores and κ is the slope parameter linking true

cognitive ability to expected test scores.

To understand, how interviewer heterogeneity in selection might contribute to observed

interviewer intra-class correlations, we again treat observed test scores within a mode

of administration, as incidentally truncated variable. Assuming a bivariate normal dis-

tribution for both ωi and νi, there exists a closed-form expression for the variance of

observed test scores for a respondent interviewed by interviewer j conditional on the

mode and observed characteristics (W. Greene 2012, p. 913):

Var (Yij|j,Int, X, Z) =κ2σ2
v

(
1−ρ2

wνλ (Ziγ + cj) (λ (Ziγ + cj) +(Ziγ+cj))
)

+σ2
ε , (3.10)

where the inverse mills ratio λ(.) is defined as above. Truncation reduces the variance

of observed test scores (W. Greene 2012, p. 913). The total variance of incidentally

truncated test scores is the sum of the expectation of the variance within interviewers

and the variance of expected test scores across interviewers.

Var (Yij|Int, X, Z) =E (Var (Yij|j,Int, X, Z) |Int, X, Z) + Var (E (Yij|j,Int, X, Z) |Int, X, Z)

= E
(
κ2σ2

v (1−δ (Ziγ + cj)) |X,Z
)

+Var (κρwνσνλ(Ziδ + cj) + uj|X,Z) +σ2
ε ,

(3.11)

where δ (Ziγ + cj) =ρ2
wνλ (Ziγ + cj) (λ (Ziγ + cj) +(Ziγ+cj)). As δ (Ziγ + cj) is between

zero and one, the contribution of the variance within interviewers to the total variance
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of incidentally truncated test scores is less than κ2σ2
ν . If cj and uj are uncorrelated it

follows that:

Var (E (Yij|j,Int, X, Z) |Int, X, Z) =Var (κρwνσνλ(Ziδ + cj)) + σ2
u ≥ σ2

u (3.12)

Therefore the share of the variance attributed to interviewers is elevated under inciden-

tally truncation. Taken together this implies:

ICCInt=
Var (E (Yij|j,Int, X, Z) |Int, X, Z)

E (Var (Yij|j,Int, X, Z) |Int, X, Z) +Var (E (Yij|j,Int, X, Z) |Int, X, Z)
>ICCfull

(3.13)

In the absence of a correlation between cj and uj, incidental truncation always increases

the interviewer intra-class correlations. The amount of the increase depends on the de-

gree of selection and will usually not be the same in the two groups.

If uj and cj are correlated, the change in the interviewer intra-class correlation depends

on the exact variance-covariance structure. A negative correlation between cj and uj

implies a positive correlation between uj and the inverse mills ratio, contributing to an

increase in the interviewer intra-class correlation. The reverse holds for a positive cor-

relation between uj and cj. On the other hand, any correlation between uj and cj will

make interviewers within one mode more similar and therefore decrease the variance

of interviewer effects within a given mode.

Results

Differences between the interviewer intra-class correlations in the word recall test may

mainly stem from heterogeneity in the pool of respondents across interviewers. In this

case we expect to see elevated interviewer intra-class correlation for the group of re-

spondents, who heard the words from the interviewer, also in other cognitive tests. If,

on the other hand, shifting the task of reading the words from the interviewer to the

PC, does in fact reduce interviewer effects, this should not impact interviewer intra-class

correlations in other cognitive tests.

To obtain interviewer intra-class correlations, we estimate linear models that include

a random intercept for both interviewers and PSUs (Bates et al. 2015) separately for

the two groups of respondents. We calculate interviewer intra-class correlations as:
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ρ̂=
σ̂2
int

σ̂2
int+σ̂

2
PSU+σ̂2

ε
, where σ̂2

int is the estimated variance of the random interviewer effect,

σ̂2
psu is the estimated variance of the random PSU effect and σ̂2

ε is the residual variance.

For each outcome we calculate the difference in interviewer intra-class correlation be-

tween the two groups as: ρintread−ρPCread.

For all cognitive tests, the interviewer intra-class correlation is higher in the group of

respondents hearing the words from the interviewer (see Figure 3.12). However, for

most cognitive tests other than the word recall test, the gap is very close to zero. Taken

together, these findings imply the existence of a small selection effect, while adminis-

tration via the computer does seem to reduce interviewer effects.

Figure 3.12: Differences in intra-class correlation (PSU)
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Notes: Empirical CDF of differences in interviewer intra-class correlations: ∆ρ = ρintread −
ρPCread. Estimated using cross classified random effect models, with one random intercept
for interviewers and one random intercept for PSUs. Outcomes:(1) Word recall, (2) Other
cognitive tests (Serial 7 subtraction, Number series: Set 1, Number series: Set 2, Verbal
fluency: correct, Numerical ability). Controls include: Hearing problems, Male, Marital
status (3 levels), Dummies for age in 5 year categories, Linear age trend, Educational at-
tainment (4 levels), Born in UK, Urban area, Household size, Log of monthly net income per
household member, Longstanding illness or disability.
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3.4 Discussion

3.4.1 Implications for applied researchers

When using cognitive test data collected under imperfect compliance with the study

protocol, applied researchers need to decide which observations they include in their

sample. Part of the variation in observed test scores may stem from mode effects rather

than variation in cognitive ability. Restricting the analysis to respondents for whom the

test was administered under the default procedure solves the problem of mode effects.

However, a reduction in sample size comes along with a loss in power and moreover,

observed test scores in the restricted sample may be affected by incidental truncation.

We argue any decision should be preceded by a careful analysis to which extend mode

effects and incidental truncation appear to be present in the data. In the following, we

briefly discuss how these two problems can affect results in simple OLS-regressions and

derive some suggestions on how to address these.

To understand the impact of mode effects, we consider the case when assignment to

the mode is random. We denote observed test scores by Y and we are interested in

the impact of cognitive ability on an outcome Z. As Y does not perfectly measure

cognitive ability, the estimated coefficient of a regression of Z on Y always suffers

from attenuation bias. Mode effects can aggravate this attenuation bias. When Y is

administered using either mode g′ or mode g′′, we observe Yg′ with probability pg′ and

Yg′′ with probability (1− pg′). We assume that Yg′ and Yg′′ differ in their means, but not

in the slope parameter κ. Regressing Z on pooled test scores from both modes yields in

the case of no further controls:

plimβ̂ξpooled = βξ
σ2
ξ

κσ2
ξ + σ2

e + pg′(1− pg′)δ2
g′g′′

, (3.14)

where β̂ξ denotes the effect of true cognitive ability on z, σ2
e is the variance of the mea-

surement error of Y and δg′g′′ denotes the difference in expectations between Yg′ and

Yg′′. Therefore, we advise to either run such regressions on the restricted sample or to

include a mode dummy.21 If the researcher has reason to believe that the mode also

21 From the Frisch–Waugh–Lovell theorem, the estimated coefficient β̂y resulting from estimating re-
gression model Z = β0 + βyY + δInt+ ε is equivalent to the β̃y resulting from the regression model
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impacts the slope parameter κ, results obtained on a restricted sample will be more

informative.

On the other hand, if the mode of administration is random conditional on observables,

using Y instead of Yg′ or Yg′′ as left hand side variable does not bias the estimation. Po-

tential increases in residual error variance and the resulting loss in precision may even

be offset by gains in sample size.

Next we consider selection effects. It is well-known that incidental truncation leads to

inconsistency of the OLS-estimator, as the inverse mills ratio becomes part of the error

term and causes omitted variable bias (see for example W. Greene 2012, Chapter 19.5).

Therefore, one should use the full sample in case the data exhibit selection that is not

accounted for by observed characteristics. In contrast, if we are interested in the effect

of test scores on an additional outcome - and selection is not related to this additional

outcome - both using the full sample and using a restricted sample will yield consistent

estimates.22

Mode effects and incidental truncation may also occur simultaneously. Here, restricting

the sample to a certain mode or using the full sample and including a mode dummy

will both lead to consistent estimates for the effect of cognitive tests scores on Z. When

using test scores as dependent variable, we suggest to do the analysis on a restricted

sample and apply an appropriate econometric method to adjust for selection effects.23

Finally, heterogeneity across interviewers can further complicate the problem. Esti-

mators that deal with incidental truncation in the case of panel data are proposed in

Kyriazidou (1997), Semykina and Wooldridge (2010), Vella and Verbeek (1999), and

Wooldridge (1995).

3.4.2 Implications for survey designers

In our setting, administration of the word recall test with the help of a laptop appears

to reduce interviewer effects without introducing substantial mode effects. Therefore

we think that - overall - administration of the word recall test using the computer leads

MIntZ = MIntβ0+βyMIntY +MIntε, whereMInt = In−Int (Int′Int)
−1 Int′ . As Z is orthogonal

to the mode of the test, MIntZ = Z. Multiplying Y by MInt, nets out the mode effect.
22 Assuming there is common support in the test scores of the two modes.
23 Using the full sample and not controlling for the mode, introduces omitted variable bias. Additionally

controlling for the mode via the use of a mode-dummy, introduces selection bias.
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to an improvement in data quality. Nevertheless, for the delayed word recall test, the

gap between the two modes does not fully disappear when adjusting for observed char-

acteristics and performance in other tests. This suggests that a small trade-off remains.

Survey designers should therefore aim at keeping non-compliance with the default pro-

cedure at a minimum level. Interviewer training can help to increase compliance with

the study protocol (Billiet and Loosveldt 1988). Moreover, we emphasize the follow-

ing two points that appear to contribute to non-compliance in our setting. Firstly, for

some interviewers the pattern in the sequence of modes is consistent with technical

malfunction of the laptops’ audio function. Survey administrators should therefore en-

courage interviewers to report and fix problems with their laptops. Secondly, hearing

problems and an old age are the most important predictors for hearing the words from

the interviewer. Therefore it should be made sure that the words can be played on a

high volume facilitating administration for these groups. Finally, researchers can use

statistical methods to address mode- or selection effects in their data. Therefore it is

important that para- data on deviations from the study protocol is provided together

with the actual data.

3.5 Conclusion

In order to eliminate the impact of interviewers, surveys may shift administration of

a cognitive test partially or fully to technical devices. In this work, we study an unin-

tended side effect of this approach. Interviewers may not always fully comply with the

default procedure and forgo the help of the technical device for some respondents. As

a result, the cognitive test is effectively administered in a mixed-mode design.

In our setting, the words in the word recall test are supposed to be read to respon-

dents by the laptop of the interviewer. However, for about 20% of our observations,

interviewer read the words themselves. Within the group of respondents who hear

the words from the interviewer, we observe worse performance and higher interviewer

intra-class correlations. We find that differences between the two groups of respondents

mainly stem from selection. Furthermore, shifting the administration of the word recall

test to the computer, does seem to successfully reduce interviewer effects. Therefore we

conclude, that involvement of technical devices is beneficial for data quality.
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Appendix A

Birth in Times of War - An investigation of health,

mortality and social class using historical clini-

cal records

A.1 Birth records

Almost all birth records since the foundation of the hospital in 1884 have been pre-

served. Birth records span around four to eight pages and generally contain back-

ground information on the mother, information on the pregnancy, medical examina-

tions, a labour protocol including detailed notes, characteristics of the newborn child

and observations during childbed. A compressed version of the birth records is provided

by two series of journals, called birth journals and main journals. Birth journals have

been filled in by midwives shortly after childbirth. Main journals make a more official

appearance, suggesting that they were kept by a hospital clerk. Both journals contain

the birth number, name, age and parity of the mother, the date of birth, sex, length

and weight of the child, and short notes on medical issues. Main journals additionally

give the date of discharge and the fetal position. Birth journals include information

on the socio-economic status, mostly in form of the occupation of either the father or

the mother. Main journals are only available for the common section. We digitized the

information contained in the main journal and birth journals for a period starting in

November 1937 and ending in October 1941. Since main journals do not exist for the

private section, the date of discharge and the fetal position were added from the birth

records. Apart from birth records, parts of the correspondence of the management of
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the hospital have been preserved in archives and the hospital itself. We use this material

to corroborate our findings with qualitative evidence.

A.2 HISCO-HISCLASS

As mentioned in the main text the birth journals - both from the general and private

ward - contain parental status and/or occupation. This allows us to derive a measure

of social classes which will be explained in this section. These specific occupations

were originally recorded by hospital personnel with additional (grand-)parental socio-

economic information in the medical files to ensure Aryan ancestry and the patient’s

health insurance among other things.1 If fatherhood is known and stated in the medical

files, usually the (civil) profession of the child’s father (e.g. grocer, in German "Krämer")

or her relation to him (e.g. grocer’s wife, in German "Krämersfrau") was registered in

the birth journals.2

In a first step we standardized the spelling of the occupations (to the male form) and

separated non-occupational information. In the following step we assigned a numeri-

cal 5-digit code according to the "Historical International Classification of Occupations"

(HISCO) which was developed by Van Leeuwen et al. (2002) and is provided as an on-

line database called "History Of Work Information System".3 HISCO combines informa-

tion on occupational tasks and duties and forms a system of 1675 historical and interna-

tional comparable occupations. It was developed upon ILO’s modern-day "International

Classification of Occupations"’ from 1968 (ISCO68) and adjusted with 18th-20th cen-

tury occupations from several countries in Europe and America. HISCO’s hierarchical

structure - similar to ISCO68 - into 9 major groups, 76 minor groups, 296 unit groups

and finally 1675 occupations has descriptions for each level and therefore allows com-

parisons to modern-day occupational groups and professions as well. HISCO has three

additional variables (Status, Relation, Product) from which the variable "Status" is the

1 Due to data privacy regulations we were not able to use this valuable information.
2 In very rare cases the relation of the pregnant woman to her father’s occupation (e.g. grocer’s

daughter in German "Krämerstochter") was entered if she was too young to have a own job and
most likely unwed. In other cases the female notation of an occupation was recorded (e.g. in
German "Krämerin"). This is a sign that the pregnant woman is unwed, but in some cases it might
just indicate her job. For some observations more and/or other non-occupational information is
recorded, e.g. "unwed", "student" or "housewife". If just "housewife" was recorded, a cross-check
with the medical files most often revealed the relevant occupation.

3 http://historyofwork.iisg.nl
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most important one. It contains information about supervisory tasks and skill levels

within an occupation (e.g. master backer, journeyman baker, apprentice baker, baker’s

helper) which would otherwise be lost because HISCO codes only incorporate the raw

definition of an occupation (e.g. baker).

In a last step we translated the HISCO into HISCLASS codes, the measure of social status

which we will later use in our empirical analysis.4 The Historical International Social

Class Scheme (HISCLASS) invented and explained by Van Leeuwen and Maas (2011)

builds upon HISCO, assigns each occupational code one out of 12 social classes, and

defines a social class as "a set of individuals with the same life chances" (Van Leeuwen

and Maas 2011, p.18). These social classes are derived in the following step-wise pro-

cedure: First Van Leeuwen and Maas (2011) identified (1)"type of work" (manual vs.

non-manual), (2) "skill level" (4 levels), (3) "supervisory tasks" (yes vs. no) and (4)

economic sector (primary vs. other sectors) as the four relevant dimensions of social

class through an intensive literature review of existing historical class/status schemes.

Second they used the American Dictionary of Occupational Titles (DOT) to grade the

1675 HISCO occupations along these dimensions. Third if there is additional informa-

tion over and above the simple occupation name (e.g. baker) in the "Status" variable

mentioned before (e.g. master, apprentice, helper, etc.) this is taken into account by

promoting or demoting individuals into a higher/lower social class respectively. Since

the DOT was constructed for modern-day occupations these grades were adjusted with

help of expert historians which was only necessary in a few cases and finally led to

12 distinct social classes. In our empirical analysis we rely on the previous literature

and use a compressed 7-class version of HISCLASS (see Abramitzky et al. (2011) and

Schumacher and Lorenzetti (2005) and references therein). This simplifies the interpre-

tation of regression coefficients, attenuates possible coding errors and increases sample

size within classes. Table A.1 in the appendix shows the original and compressed HIS-

CLASS versions along with the underlying dimensions of social class and the number of

observations in each class.

To adjust HISCO/HISCLASS to the specific Bavarian background and our data set some-

4 For the actual translation we relied on a SPSS program provided in the "History Of Work In-
formation System" database (http://historyofwork.iisg.nl/docs/hisco_hisclass12_
book@_numerical.inc) which we corrected and translated into a Stata. A commented do-file is
available on request from the authors.
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times we had to refine or deviate from the suggested coding procedure by Van Leeuwen

and Maas (2011) and Van Leeuwen et al. (2002). First and foremost we had to rely

on the occupational information about the child’s father/ pregnant woman’s husband

in most cases, because either the pregnant women were not working at all or their own

job was not recorded in the birth journals. This is in contrast to Van Leeuwen and Maas

(2011) who don’t assign a HISCLASS code to them at all. Nevertheless we are confi-

dent that this measure captures the relevant social class of a family since - as mentioned

in section 1.2.1 - Nazi-propaganda promoted housewife-dom and the husband was the

head of the most households. Secondly due to the fact that Munich is a state capital,

there are a lot of public sector occupations which were strictly hierarchically ranked

according to the "Führerprinzip" and comparable to military ranks.5 This allowed us

to use equivalent HISCLASS codes of military ranks as a benchmark for police, postal,

railway, educational and other governmental HISCO codes and adjust the previously

assigned HISCLASS codes if there were large discrepancies.

5 In English: "leader principle" (see Frei 2013)
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Table A.1: Original and compressed HISCLASS

HISCLASS Dimensions of social class # of obs.

Original classification Compressed classification Type Skill Supervisory Economic in

Nr Name Nr Name of work level tasks sector data set

1 Higher managers
1

Higher managers &
high

yes 292
2 Higher professionals professionals non- no 397

3 Lower managers Lower managers clerical manual
medium

yes mainly 554

4 Lower professionals and
clerical and sales personnel

2 and professionals,
no

other 507

5 Lower clerical and sales personnel clerical and sales low 968

6 Foremen
3 Skilled workers

manual

medium
yes 222

7 Medium skilled workers

no

2,014

8 Farmers and fishermen 4 Farmers and fishermen primary 664

9 Lower skilled workers 5 Lower-skilled workers
low

other 1,343
10 Lower skilled farm workers 6 Farm workers primary 118

11 Unskilled workers 7 Unskilled workers
unskilled

other 2,719
12 Unskilled farm workers 6 Farm workers primary 115

Source: In style of Schumacher and Lorenzetti (2005) and Van Leeuwen and Maas (2011) Notes: Other economic
sector refers to the industrial or service sector. Classes 1 and 3 of the original HISCLASS system contain only 3
occupations which are in the primary sector.
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A.3 Additional Figures and Tables

Figure A.1: Raw asphyxia rates by month of birth
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Notes: Asphyxia rates (monthly averaged) and local linear regressions with a
ROT bandwidth and an Epanechnikov kernel separately for the pre-war and
the war period.

Figure A.2: Raw average maturity by month of birth
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Notes: Maturity (monthly averaged) and local linear regressions with a ROT
bandwidth and an Epanechnikov kernel separately for the pre-war and the war
period.
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Table A.2: Livebirths 1938-1940

Hospital Munich Bavaria

1938 2171 12164 168391
1939 2297 13028 179129
1940 2269 13741 174311

Source: Bayerisches Statistisches
Landesamt (1937-1942)

Table A.3: Descriptive statistics - Miscarriages

General characteristics N Mean SD Min Max

Birth after 9/1939 1194 0.560 0.497 0 1
General ward 1194 0.956 0.204 0 1

Mother N Mean SD Min Max

Age of mother 1194 29.775 6.364 14 48
Parity 1184 2.994 2.308 1 18
Status is wife 1194 0.680 0.467 0 1
Status is own job 1194 0.270 0.444 0 1
Status is single, divorced or widowed 1194 0.033 0.178 0 1

Social status N Mean SD Min Max

Higher managers & professionals 1125 0.063 0.243 0 1
Lower managers & professionals, cleric 1125 0.276 0.447 0 1
Foremen & skilled workers 1125 0.238 0.426 0 1
Farmers 1125 0.028 0.166 0 1
Lower skilled workers 1125 0.156 0.363 0 1
Unskilled workers 1125 0.228 0.419 0 1
Farm workers 1125 0.012 0.107 0 1

Infant N Mean SD Min Max

Male 174 0.667 0.473 0 1
Birth weight 146 389.322 272.975 20 1870
Length of infant 178 24.458 8.197 9 90
No. of infants 1194 1.020 0.140 1 2

Notes: Descriptive statistics of miscarriages.
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Table A.4: Mean comparison - Miscarriages

General characteristics Mean before war Mean after war Diff SD p N before war N after war

General ward 0.950 0.961 0.0107 0.012 0.371 525 669

Mother Mean before war Mean after war Diff SD p N before war N after war

Age of mother 29.667 29.859 0.1928 0.371 0.603 525 669
Parity 3.033 2.964 -0.0689 0.135 0.611 518 666
Status is wife 0.632 0.717 0.0851∗∗ 0.027 0.002 525 669
Status is own job 0.310 0.238 -0.0728∗∗ 0.026 0.005 525 669
Status is single, divorced or widowed 0.036 0.030 -0.0063 0.010 0.544 525 669

Social status Mean before war Mean after war Diff SD p N before war N after war

Higher managers & professionals 0.077 0.052 -0.0249 0.015 0.089 493 632
Lower managers & professionals, cleric 0.252 0.294 0.0428 0.027 0.111 493 632
Foremen & skilled workers 0.209 0.261 0.0522∗ 0.026 0.042 493 632
Farmers 0.037 0.022 -0.0144 0.010 0.151 493 632
Lower skilled workers 0.152 0.158 0.0061 0.022 0.780 493 632
Unskilled workers 0.260 0.203 -0.0571∗ 0.025 0.023 493 632
Farm workers 0.014 0.009 -0.0047 0.006 0.464 493 632

Infant Mean before war Mean after war Diff SD p N before war N after war

Male 0.609 0.724 0.1149 0.071 0.109 87 87
Birth weight 392.877 385.767 -7.1096 45.336 0.876 73 73
Length of infant 24.333 24.585 0.2519 1.232 0.838 90 88
No. of infants 1.019 1.021 0.0019 0.008 0.819 525 669

Notes: T-tests on the equality of means by war. Only miscarriages. Significance levels: ***p < 0.01, ** p < 0.05, and * p < 0.1.
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Appendix B

Does the wall still exist? Health differences be-

tween East and West Germans

B.1 Data driven partitioning of the sample

When splitting my sample into cohort groups I draw on historical events to define the

cut-offs. In this appendix I additionally employ a data driven approach to identify cut-

offs predicting cohort level heterogeneity in the effect of having lived in East Germany

prior to 1989. Specifically I estimate a modified version of regression trees - so called

"causal trees" - introduced in Athey and Imbens 2016. While standard regression trees

split the sampling according to covariates in a way that minimizes prediction error in

the outcome variable, causal trees are designed to detect treatment effect heterogene-

ity. Since the true treatment effect is generally unobserved, causal trees use an unbiased

estimator of the mean-squared error as goodness-of-fit criterion. A tree is constructed

by sequentially evaluating all potential sample splits and then choosing the partition-

ing which maximizes the goodness-of-fit criterion. In order to avoid overfitting, cross

validation is used to select the optimal complexity parameter preventing the tree from

growing to large. Rather than using the same sample for both constructing the tree

and estimating the treatment effect at the leaves Athey and Imbens (2016) propose

what they call "honest splitting". The treatment effect at each leave is estimated using

a separate estimation sample, therefore the partition can be treated as if it was exoge-

nously given. Athey and Imbens (2016) provide adjusted goodness-of-fit criteria for

constructing the tree under anticipation of honest-splitting, which neglect systematic

bias in estimation. In this exercise I am only interested in learning at which years of
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birth to split the sample (constructing the tree) and not in estimating treatment effects

at each leave. Therefore I use the whole sample for constructing the tree. As I use the

honest goodness-of-fit criteria, I construct trees in a way that pretends a second sample

to estimate treatment effects was available. I construct both one tree for each outcome

and survey year separately as well as one tree for each outcome pooling all survey years.

Depending on the year and outcome, the algorithm does not necessarily suggest to split

the sample at all. In Figure B.1 I show the distribution of splits for the first three levels

of the tree. When considering the specifications by year and outcome, suggested splits

occur most frequently during the early 1970s. This corresponds to the second cut-off

used for the analysis, which exploits a cut-off rule in school entry. However, for some

outcomes and years, the algorithm proposes a slightly earlier cut-off in the late 1960s.

An additional cluster of splitting points is observed for the years 1948-1951, coinciding

closely with the first cut-off. Furthermore the graph suggests the existence of further

treatment effect heterogeneity within the old cohort, with the very early cohorts 1925-

1930 being different from later born cohorts. When looking at the specifications where

I pool all survey years, the picture looks very similar. All in all this exercise suggests

that the cut-offs employed for the main analysis do indeed capture heterogeneity in

the effect of having lived in East Germany prior to 1989. There seems to exist further

heterogeneity within the oldest cohort group that is not explored in this study.
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Figure B.1: Sample splits from causal trees
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Notes: Sample splits from causal trees. Causal trees are constructed using the R package
"causalTree" based on Athey and Imbens 2016 using the honest splitting and cross-validation
criteria. I allow for partitions according to year of birth and require a minimum leaf size
of 200 observations for both treatment and control group. In the figure on the left-hand
side one tree is constructed for each outcome and survey year, while all years are pooled
in the figure on the right-hand side. Regression are weighted using cross sectional weights
provided by the SOEP.

B.2 Demediation function

E (Yi − γ(t,Mi, x) | Ti = t,Xi = x) (B.1)

=E (Yi − E (Yi(t,Mi)− Yi(t, 0)) | Xi = x) | Ti = t,Xi = x)

=E (Yi − E (Yi(t,Mi)) + E (Yi(t, 0)) | Ti = t,Xi = x)

=E (Yi − E (Yi(t,Mi)) | Ti = t,Xi = x) + E (Yi(t, 0) | Ti = t,Xi = x)

=E (Yi(t,Mi(a))− E (Yi(t,Mi(t))) | Ti = t,Xi = x) + E (Yi(t, 0) | Ti = t,Xi = x)

=E (Yi(t, 0) | Xi = x)

B.3 Estimation of standard errors of the direct effect

Ignoring the fact that the demediation function itself is estimated in a first step will lead

to inconsistent estimation of the standard error of the direct effect in the second step.

As suggested by Acharya et al. (2016) I obtain consistent standard errors for two-step

estimators derived in Newey and McFadden (1994). Estimation of the first and the
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second stage can be carried out jointly within a GMM framework, where the sample

moment conditions are given by

n∑
i=1

g̃i(Di,Mi, Xi, Li, Yiδ, β)=
n∑
i=1

(mi(Di,Mi, Xi, Li, Yi, δ)
′, gi(Di, Xi, Yi,Mi, δm, β)′)

′
=0

and the identity matrix is used as weighting matrix. Here n denotes the number of

observations. The first component of the moment function:

mi(Di,Mi, Xi, Li, Yi, δ)=(Di,Mi, Xi, Li)
′ · (Yi − δ0−Diδd−Miδm−Xiδx−Liδl) ,

provides the moment conditions for estimating the vector of coefficients δ̂ in the first

stage, while setting the expectation of

gi(Di, Xi, Yi,Mi, δm, β)=(D,X)′ · (Yi −Miδm − β0 −DiβCDE −Xiβ)

to zero will return the second step estimator β̂ as a function of δm. Defining G̃ to

be expectation of the matrix of the first derivatives of g̃ with respect to δ and β, the

asymptotic variance of (δ̂′, β̂′)′ is given by

var(δ̂′, β̂′)′=
1

n
G̃−1E (g̃(D,M,X,L, Y, δ, β)g̃(D,M,X,L, Y, δ, β)′) G̃−1.

When replacing the population moments by sample analogs, a consistent variance es-

timator is obtained. Since most variation of residency in 1989 stems from variation

across households rather than variation within households, I cluster all standard errors

at the household of origin level. This is archived by replacing the population moment

E (g̃(D,M,X,L, Y, δ, β)g̃(D,M,X,L, Y, δ, β)′) by the following sample moment:

nc

(nc− 1)

1

n

nc∑
c=1

(
g̃c(D,M,X,L, Y, δ̂, β̂)g̃c(D,M,X,L, Y, δ̂, β̂)′

)
,

where c ∈ {1, ...nc} denotes the clusters and

g̃c(D,M,X,L, Y, δ̂, β̂)=
∑
i∈c

g̃i(Di,M,X,L, Y, δ̂, β̂).
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B.4 Estimating the CDE using nonlinear models

Sequential g-estimation can also be modified to allow for the estimation of nonlinear

models. For rare binary outcomes Vansteelandt (2009) propose a multiplicative direct

effects model. They model the relative change in the probability that the potential

outcome is equal to one when the treatment changes from 0 to d and the Mediator is

held constant at m as:

Pr(Y (d,m) = 1)

Pr(Y (0,m) = 1)
= exp (βtreat ∗ d), (B.2)

and the relative risk when M changes from 0 to m as:

Pr(Y (d,m) = 1|D = d, L)

Pr(Y (d, 0) = 1|D = d, L)
= exp (γmm), (B.3)

In this framework exp (γmm) measures how the relative risk ratio changes when M

changes from 0 to m and the treatment is held constant. Invoking Assumptions 2.1

and 2.3 and applying the law of iterated expectations the potential outcome when M

is fixed at zero -Y (d, 0)- can be approximated as Y exp (γmM). When the outcome is

rare, the relative risk ratio can be approximated by the odds ratio, that is γm can be

estimated as the regression coefficient in a logistic regression. Here I collapse SAH into

a binary variable that takes the value one if an individual reports a good or very good

health status. As around 30% of observations in my sample have a good health status,

approximating the relative risk ratio by the odds ratio does not work very well. Instead

I directly use odds ratios. In a logistic regression framework the following equalities

hold:
Pr(Y (d, 0)=1|D=d,X)

Pr(Y (d, 0)=0|D=d,X)
= exp (βcded+ βxX) (B.4)

and

Pr(Y (d,m)=1|D=d,X, L)

Pr(Y (d,m)=0|D=d,X)
=

Pr(Y = 1|M = m,D = d,X, L)

Pr(Y = 0|M = m,D = d,X, L)

= exp (γmm+γLL+γXX), (B.5)
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where I use Assumptions 2.1 and 2.2 for the first equality. Furthermore one can show:

Pr(Y (d,m)=1|D=d, L,X)

Pr(Y (d,m)=0|D=d, L,X)

Pr(Y (d, 0)=1|D=d, L,X)

Pr(Y (d, 0)=0|D=d, L,X)

=

Pr(Y (d,m)=1|D=d,X)

Pr(Y (d,m)=0|D=d,X)

Pr(Y (d, 0)=1|D=d,X)

Pr(Y (d, 0)=0|D=d,X)

= exp (γm ∗M), (B.6)

where I use Assumption 2.4 of no intermediate interactions in the first equality. Equa-

tion B.4 provides the CDE on a OR-scale, but Y (d, 0) is not generally observed.

Combining Equation B.4 and Equation B.6 yields:

Pr(Y (d,m)=1|D=d,X)

Pr(Y (d,m)=0|D=d,X)
=

Pr(Y (d, 0)=1|D=d,X)

Pr(Y (d, 0)=0|D=d,X)
∗ exp (γm ∗M)

=
Pr(Y=1|D=d,M=m,X)

Pr(Y=0|D=d,M=m,X, )
= exp (βcded+βxX) ∗ exp (γmM) (B.7)

That implies that the odds of observing Y equal one conditional on D, M and X is the

product of the odds of Pr(Y = 1) when M is held constant at zero times the change in

the odds ratio when M changes from zero to M. I replace γm by the estimated coefficient

γ̂m from a logistic regression model on Y on D, M , L and X. To estimate βcde and βx

in the second stage I fit a logistic regression model of Y on D, X and M ∗ γ̂m, where I

restrict the coefficient of γm ∗M at to be equal to one. Standard errors for the estimated

coefficients are obtained as explained in Appendix B.3.

The CDE for count data such as the number of diagnoses can be obtained in a similar

fashion as shown by Vansteelandt (2009) for a binary outcome modeled on a risk ratio

scale (see also Valeri and VanderWeele 2013). Assuming a log link (i.e. E(Y |X) =

exp (Xβ)) the change in the expected potential outcome when M changes from 0 to m

and D is held constant at d is given by:

E (Y (d,m)|D=d,X, L)

E (Y (d, 0)|D=d,X, L)
=

E (Y |D=d,M = m,X,L)

E (Y (d, 0)|D=d,M = 0, X, L)
= exp (γmm), (B.8)
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where I again use Assumptions 2.1 and 2.2 for the first equality. Rearranging Equation

B.8 gives:

E (Y (d, 0)|D=d,X, L) =E (Y exp (−γmm)|D=d,X, L)

E [E (Y (d, 0)|D=d,X, L) |D = d,X] =E [E (Y exp (−γmm)|D=d,X, L) |D = d,X]

E (Y (d, 0)|D=d,X) =E (Y exp (−γmm)|D=d,X) (B.9)

Therefore Y exp (−γmm) forms the demediated outcome and I estimate the second stage

by running a Poisson regression of the demediated outcome on D and X.

I apply the framework outlined above to the number of diagnoses and a binary version

of SAH. Table B.1 and Table B.2 display the differences in the predicted outcomes be-

tween East and West Germans. For the number of diagnoses the estimated effects are

quantitatively very similar to the estimated effects in linear models. For SAH the effects

are not directly comparable since I now use a binary outcome. Only in the oldest cohort

group East Germans exhibit a significantly lower probability to report a good or very

good health status - an effect that is entirely driven by the male sample.

Table B.1: Controlled direct effect estimated using poisson models: Outcome: Number of diagnoses

Mediator: Log of net household income per household member

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE 0.1583*** 0.0196 -0.0511** 0.1658*** 0.0049 -0.0619 0.1448** 0.0304 -0.0366
(0.0418) (0.0294) (0.0257) (0.0518) (0.0364) (0.0387) (0.0612) (0.0442) (0.0313)

TE 0.1561*** 0.0559* -0.0367 0.1594*** 0.0543 -0.0517 0.1501*** 0.059 -0.0237
(0.039) (0.0294) (0.0232) (0.0498) (0.0381) (0.0352) (0.0551) (0.0433) (0.0287)

N 18868 31352 12529 9746 16636 6970 9122 14716 5559

Mediator: Unemployed

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE 0.2432** 0.0489* -0.0401* 0.1553 0.0349 -0.0574* 0.3584** 0.0626 -0.0274
(0.1056) (0.029) (0.0227) (0.1284) (0.0373) (0.0339) (0.1627) (0.0428) (0.0281)

TE 0.1998** 0.0573* -0.0395* 0.1557 0.055 -0.052 0.2641* 0.0603 -0.0289
(0.1002) (0.0296) (0.0235) (0.126) (0.0384) (0.0352) (0.148) (0.0435) (0.0298)

N 1726 30880 12533 888 16402 6971 838 14478 5562

Predicted average differences between East and West Germans when income and unemployment are used as mediator. The CDE is estimated using
poisson models as described in Appendix B.4. TE denotes the effect of having lived in East Germany estimated on the same sample as CDE-OLS.
Controls in the second stage include dummies for year of birth in 5-year categories, a linear trend in birth year and sex. In the first stage I additionally
control for education, stated risk preferences, marital status, household size and whether an individual has reached the age of 65. All standard errors
are clustered at the household of orign level and obtained using the delta method.
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Table B.2: Controlled direct effect estimated using logit models: Outcome: Self-assessed health

Mediator: Log of net household income per household member

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE -0.0549*** 0.0072 0.0102 -0.0396*** 0.01 0.0122 -0.0711*** 0.0043 0.0065
(0.0093) (0.0079) (0.0081) (0.0115) (0.0096) (0.0106) (0.0128) (0.0105) (0.0118)

TE -0.0723*** -0.0162** -5e-04 -0.0518*** -0.0126 0.0027 -0.095*** -0.0202** -0.004
(0.0091) (0.0078) (0.0081) (0.0112) (0.0096) (0.0106) (0.0122) (0.0103) (0.0114)

N 93134 156215 55260 47940 82266 31224 45194 73949 24036

Mediator: Unemployed

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE -0.0835*** -0.011 0.0028 -0.0567*** -0.0057 0.0062 -0.1127*** -0.0164 -7e-04
(0.014) (0.0079) (0.0081) (0.018) (0.0098) (0.0107) (0.0182) (0.0104) (0.0114)

TE -0.0828*** -0.0158** -6e-04 -0.0541*** -0.0124 0.0025 -0.1136*** -0.0195* -0.0041
(0.0136) (0.0078) (0.0081) (0.0175) (0.0096) (0.0106) (0.0177) (0.0103) (0.0115)

N 34333 155544 55281 17374 81932 31234 16959 73612 24047

Predicted average differences between East and West Germans when income and unemployment are used as mediator. The CDE is estimated using logit
models as described in Appendix B.4. TE denotes the effect of having lived in East Germany estimated on the same sample as CDE-OLS. Controls in
the second stage include dummies for year of birth in 5-year categories, a linear trend in birth year and sex. In the first stage I additionally control for
education, stated risk preferences, marital status, household size and whether an individual has reached the age of 65. All standard errors are clustered
at the household of orign level and obtained using the delta method.
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B.5 Additional Figures and Tables

Figure B.2: East-West differences in ageing
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Notes: Health outcomes: East-West differences in ageing. I estimate the following linear
regression: ynormj = α+feast(age)+fwest(age)+u, where ynormj denotes a health outcome
normalized to the respective base age j = 20, 30...70. I use B-splines of degree 3 without
internal knots to approximate feast(age) andfwest(age). Regression are weighted using cross
sectional weights provided by the SOEP.
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Table B.3: East-West differences by cohort group: Nonlinear Models

Number of diagnoses

All Female Male

(1) (2) (3) (4) (5) (6)

East*Born 1925-1945 0.1405*** 0.1304*** 0.1404*** 0.1152** 0.1399*** 0.1509***
(0.0385) (0.042) (0.0497) (0.0539) (0.054) (0.0584)

East*Born 1945-1973 0.0548* 0.0453 0.0543 0.0479 0.0563 0.0443
(0.0285) (0.0311) (0.037) (0.0408) (0.0416) (0.0444)

East*Born 1973-1989 -0.036* -0.0286 -0.033 -0.0143 -0.0351 -0.037
(0.0202) (0.0218) (0.0312) (0.0351) (0.0257) (0.025)

Observations 66839 57344 35515 30491 31324 26853
Individuals 26684 22648 14258 12113 12426 10535
p-value 0.0109 0.0637 0.1265 0.506 0.0947 0.0765

Self-assessed health

All Female Male

(1) (2) (3) (4) (5) (6)

East*Born 1925-1945 -0.0529*** -0.0391*** -0.0689*** -0.0495*** -0.0354*** -0.0656***
(0.0095) (0.0116) (0.0131) (0.0108) (0.0133) (0.0151)

East*Born 1945-1973 0.004 -0.0032 0.0105 -1e-04 -0.0111 0.0104
(0.009) (0.0115) (0.0119) (0.0103) (0.0134) (0.0141)

East*Born 1973-1989 -0.0032 0.0082 -0.0139 -0.0272* -0.0082 -0.0466**
(0.0121) (0.0143) (0.0168) (0.0143) (0.017) (0.0201)

Observations 367517 193448 174069 296376 157001 139375
Individuals 43147 22530 20617 31321 16581 14740
p-value 0 0.0141 0 0.0013 0.2459 3e-04

Year fixed effects Yes Yes Yes Yes Yes Yes
Baseline controls Yes Yes Yes Yes Yes Yes
Additional controls No Yes No Yes No Yes

Notes: Results from estimation of Model 2.3 using poisson regression (Number of diagnoses) and and logistic regression
(SAH= Good or very good) models. Reported are the average differences in predicted outcomes between East and West
separately by cohort group. Standard errors clustered on the household of origin level. Significance levels: : * p<0.10, **
p<0.05, *** p<0.01.
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Table B.4: Controlled direct effect: Mediator: Someone unemployed in household

Mental health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -1.1126*** -0.6621** -0.5009 -0.9243** -1.1923*** -0.7915 -1.3479*** -0.1628 -0.2138
(0.3036) (0.2703) (0.3698) (0.3783) (0.3617) (0.4901) (0.38) (0.3465) (0.5121)

CDE-FE -1.0669*** -0.6826** -0.5579 -0.8642** -1.2799*** -0.8334* -1.3205*** -0.1363 -0.2905
(0.2992) (0.2727) (0.3731) (0.3749) (0.3574) (0.4922) (0.3755) (0.3513) (0.5143)

TE -1.1366*** -0.6925*** -0.3548 -0.9579** -1.4152*** -0.7729* -1.3551*** -0.0161 0.0338
(0.2972) (0.2647) (0.3494) (0.3725) (0.35) (0.466) (0.3714) (0.3408) (0.4728)

N 34639 54978 19839 17696 28789 10822 16943 26189 9017

Physical health summary score

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -1.6747*** -0.6754*** -0.2807 -1.464*** -0.5992** -0.3104 -1.9548*** -0.7464** -0.2472
(0.2681) (0.2265) (0.2583) (0.3554) (0.3032) (0.3268) (0.3715) (0.2983) (0.3803)

CDE-FE -1.6865*** -0.7795*** -0.3831 -1.4947*** -0.8582*** -0.4323 -1.9224*** -0.7128** -0.3497
(0.2685) (0.2348) (0.285) (0.3525) (0.3138) (0.3308) (0.3775) (0.3137) (0.4386)

TE -1.7084*** -0.8488*** -0.4362* -1.4863*** -0.7694** -0.4473 -1.9827*** -0.9404*** -0.4364
(0.263) (0.2294) (0.2526) (0.3514) (0.3039) (0.3159) (0.3589) (0.3031) (0.3711)

N 34639 54978 19839 17696 28789 10822 16943 26189 9017

Number of diagnoses

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS 0.1576*** 0.0414 -0.0426** 0.1597*** 0.0256 -0.0616* 0.1538*** 0.0572 -0.0271
(0.0398) (0.0293) (0.0216) (0.0513) (0.0366) (0.0334) (0.0564) (0.0441) (0.0286)

CDE-FE 0.1579*** 0.0615** -0.0501** 0.1578*** 0.056 -0.0515 0.1573*** 0.0693 -0.0477
(0.0395) (0.0299) (0.0232) (0.0511) (0.0381) (0.0331) (0.0558) (0.0446) (0.0323)

TE 0.1568*** 0.0578* -0.0399* 0.1602*** 0.0559 -0.0512 0.1508*** 0.0612 -0.0293
(0.0394) (0.0298) (0.0215) (0.051) (0.0389) (0.0332) (0.0555) (0.0435) (0.0285)

N 18869 31355 12533 9747 16638 6971 9122 14717 5562

Self-assessed health

All Female Male

Cohort 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990 1925-1949 1949-1973 1973-1990

CDE-OLS -0.1093*** -0.0068 -0.0244 -0.0953*** -0.021 -0.0184 -0.1275*** 0.0075 -0.027
(0.0233) (0.0193) (0.0267) (0.0306) (0.0252) (0.0297) (0.0311) (0.0258) (0.0423)

CDE-FE -0.1066*** -0.0208 -0.0365 -0.0895*** -0.0444* -0.0371 -0.1276*** 0.001 -0.0327
(0.0232) (0.0197) (0.0294) (0.0304) (0.0254) (0.0303) (0.0311) (0.0264) (0.0474)

TE -0.1102*** -0.0289 -0.0372 -0.0948*** -0.0471* -0.0308 -0.1289*** -0.0121 -0.0418
(0.023) (0.0195) (0.0284) (0.0301) (0.0253) (0.0292) (0.0306) (0.0261) (0.0454)

N 93141 156231 55282 47946 82272 31235 45195 73959 24047

Notes: Controlled direct effect: Effect of having lived in the GDR in 1989 when no current household member is unemployed CDE-OLS denotes the
estimated direct effect when the demediation function is estimated using Equation 2.12. CDE-FE denotes the estimated direct effect when the demediation
function is estimated Equation 2.13. TE denotes the total effect of having lived in East Germany estimated on the same sample as CDE-OLS and CDE-FE.
Controls in the second stage include dummies for age of birth in 5-year categories, a linear trend in age and sex. In the first stage I additionally control
for education, stated risk preferences, marital status, household size and whether an individual has reached the age of 65. Regressions are weighted using
cross sectional weights provided by the SOEP. All standard errors are clustered at the household of orign level.
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Appendix C

Does the laptop always help? Non-compliance

and interviewer effects in cognitive tests

C.1 Additional Figures and Tables

Figure C.1: List of words for word recall test

Notes: List of words for word recall test. Source: McFall (2013, Table 1)
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NON-COMPLIANCE AND INTERVIEWER EFFECTS IN COGNITIVE TESTS

Figure C.2: Performance by share read: cross section
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Notes: Average test scores in the two modes by share of interviews conducted in the alter-
native mode (cross section). We estimate the model y = f0(sread) + f1(sread) + ε,where y
is a standardized outcome, X̃ is a set of control variables normalized to have a mean of zero
in the sample, sread is the share of interviews, where the interviewer reads the words by
interviewer and f0(sread), f1(sread) are approximated using cubic B-splines. The graphs
plots f0(sread) and f1(sread) over sread.
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Table C.1: Performance differences between individuals for who the words were read
by the interviewer and other respondents: Complete cases.

Immediate word recall

(1) (2) (3) (4)

Recall read by interviewer -0.2484*** -0.0703*** -0.0712*** -0.0672***
(0.0265) (0.0216) (0.0222) (0.021)

N 23550 23550 23541 23548

Delayed word recall

(1) (2) (3) (4)

Recall read by interviewer -0.3533*** -0.1813*** -0.1798*** -0.1783***
(0.0316) (0.0296) (0.0298) (0.0294)

N 23550 23550 23541 23548

Serial 7 subtraction

(1) (2) (3) (4)

Recall read by interviewer -0.1122*** -0.0469* -0.0449 -0.0453*
(0.0285) (0.0274) (0.0276) (0.0274)

N 23550 23550 23541 23546

Number series: Set 1

(1) (2) (3) (4)

Recall read by interviewer -0.1305*** 0.007 0.0035 0.008
(0.0295) (0.025) (0.0248) (0.0248)

N 11010 11010 11005 11009

Number series: Set 2

(1) (2) (3) (4)

Recall read by interviewer -0.1191*** -0.0118 -0.0089 -0.011
(0.0323) (0.0286) (0.0292) (0.0284)

N 11529 11529 11526 11529

Verbal fluency: correct

(1) (2) (3) (4)

Recall read by interviewer -0.2228*** -0.0793*** -0.082*** -0.0793***
(0.0291) (0.0274) (0.0275) (0.0275)

N 23550 23550 23541 23550

Numerical ability

(1) (2) (3) (4)

Recall read by interviewer -0.15*** -0.0516** -0.0507** -0.0503**
(0.0243) (0.0211) (0.0212) (0.0212)

N 23550 23550 23541 23550

Individual controls No Yes Yes Yes
Interviewer characteristics No No Yes No
Unusual events during test No No No Yes

Notes: ATEs from inverse probability weighting models. All outcomes are standardized. Only
observations without missing test scores. Individual controls include: Hearing problems, Male,
Marital status (3 levels), Dummies for age in 5 year categories, Linear age trend, Educational
attainment (4 levels), Born in UKUrban area, Household size, Log of monthly net income per
household member, Longstanding illness or disability. Interviewer characteristics include, Inter-
viewer: Year of birth, Year started working as interviewer. Unusal events vary by test and include
at least the presence of others. For the recall tests they also include, whether the respondent
had hearing problems during the test, used aides or was interrupted. Standard errors clustered
at the interviewer level.
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Table C.2: Performance differences between individuals for who the words were read
by the interviewer and other respondents: Missings as zero.

Immediate word recall

(1) (2) (3) (4)

Recall read by interviewer -0.289*** -0.0868*** -0.0878*** -0.0766***
(0.0288) (0.0229) (0.0234) (0.0216)

N 24323 24323 24313 24313

Delayed word recall

(1) (2) (3) (4)

Recall read by interviewer -0.3813*** -0.1919*** -0.1906*** -0.1842***
(0.0317) (0.0291) (0.0293) (0.0289)

N 24323 24323 24313 24313

Serial 7 subtraction

(1) (2) (3) (4)

Recall read by interviewer -0.1953*** -0.0862*** -0.0841*** -0.0444
(0.0341) (0.0319) (0.0321) (0.0274)

N 24323 24323 24313 23658

Number series: Set 1

(1) (2) (3) (4)

Recall read by interviewer -0.3923*** -0.1133*** -0.1186*** -0.109***
(0.0481) (0.0395) (0.0397) (0.0396)

N 12099 12099 12092 12088

Number series: Set 2

(1) (2) (3) (4)

Recall read by interviewer -0.2467*** -0.0626* -0.0589* -0.0573
(0.0412) (0.035) (0.0357) (0.035)

N 12224 12224 12221 12216

Verbal fluency: correct

(1) (2) (3) (4)

Recall read by interviewer -0.2505*** -0.0869*** -0.0888*** -0.0943***
(0.0305) (0.0279) (0.028) (0.0278)

N 24323 24323 24313 24237

Numerical ability

(1) (2) (3) (4)

Recall read by interviewer -0.1954*** -0.0698*** -0.0684*** -0.0652***
(0.0264) (0.0224) (0.0226) (0.0225)

N 24323 24323 24313 24313

Individual controls No Yes Yes Yes
Interviewer characteristics No No Yes No
Unusual events during test No No No Yes

Notes: ATEs from inverse probability weighting models. All outcomes are standardized. Missing
test scores are set to zero. Individual controls include: Hearing problems, Male, Marital status (3
levels), Dummies for age in 5 year categories, Linear age trend, Educational attainment (4 lev-
els), Born in UKUrban area, Household size, Log of monthly net income per household member,
Longstanding illness or disability. Interviewer characteristics include, Interviewer: Year of birth,
Year started working as interviewerUnusal events vary by test and include at least the presence
of others. For the recall tests they also include, whether the respondent had hearing problems
during the test, used aides or was interrupted. Standard errors clustered at the interviewer level.
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