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Abstract

Background: Cognitive and socio-emotional abilities are powerful predictors of death
and disease as well as of social and economic outcomes. Education is societies” main
way of promoting these abilities, ideally so that inequalities by socioeconomic back-
ground are reduced. However, the extent to which education serves these cognitive,
social-emotional and equality objectives is relatively unknown and intensively debated.
Drawing on a Swedish school reform that was explicitly designed as a massive quasi-
experiment, we assessed differential impact of education on intelligence and emotional
control across childhood socioeconomic position. We also assessed initial differences in
abilities by childhood socioeconomic position and how well childhood socioeconomic
position and abilities predict all-cause mortality.

Methods: The Swedish comprehensive school reform, rolled out during the 1950s, ex-
tended compulsory education from 8 to 9 years in some municipalities whereas others
were kept as controls for the sake of evaluation. We followed eight full cohorts of
Swedish boys born between 1951 and 1958, who lived in 1017 municipalities with known
experimental status (344 336 boys) and whose childhood socioeconomic position was
known (320 182 boys). At conscription, intelligence was measured by four subtests and
emotional control (calm and efficient responses in various situations) was rated by a mili-
tary psychologist. Both measures were standardized to have a mean of 100 and standard
deviation of 15. All-cause mortality was recorded until 49-56 years of age.

Results: The reform had an average positive impact on intelligence of 0.75 1Q units (95%
confidence interval (Cl): 0.54, 0.97; P < 0.0005). The impact on emotional control was
negative; —0.50 units (95% Cl: —0.72, —0.28; P < 0.0005). Both effects differed by socio-
economic background so that the average IQ difference between sons of high non-
manual and unqualified manual workers was reduced from 16.32 to 15.57 units and the
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difference in emotional control was reduced from 6.50 to 5.63 units. All-cause mortality
was predicted by low childhood socioeconomic position [hazard ratio (HR) = 1.15 [95%
Cl: 1.11, 1.20], P < 0.0005], low intelligence [HR =1.39 (95% CI: 1.34, 1.44), P < 0.0005] as
well as low emotional control [HR=1.61 (95% ClI: 1.55, 1.67), P < 0.0005] in mutually ad-

justed models.

Conclusions: Extending compulsory education promoted intelligence but lowered emo-
tional control, and reduced disparities over social background in both. Emotional control
was the strongest predictor of all-cause mortality. Our results are in line with the idea
that education is important in our efforts to achieve healthy, competent and fair societies,
but much more work is needed to understand the links between education and non-

cognitive skills.
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Key Messages

economic disparities in both.

socioeconomic background.

* Both cognitive and socio-emotional abilities are malleable during adolescence.
¢ Extending education from 8 to 9 years promoted intelligence but lowered emotional control, and reduced socio-

* Both intelligence and emotional control predicted mortality up to age 49-56, independently of each other and of

Introduction

Persons’ cognitive and emotional states can change after a
disease'™ but are also powerful predictors of it.c”"
Society’s main way of promoting individual development
of cognitive and socio-emotional abilities is education,
ideally so that inequalities by childhood conditions are
reduced. For example, the US Department of Education
hopes to foster ‘lifelong learners who can adapt to the con-
stant changes in the diverse and technology-driven work-
places of the global economy’, improve ‘social-emotional
and cognitive outcomes’ and ‘close achievement and op-

> 16,17

portunity gaps’, and China aims at “all round develop-

ment of morality, intelligence and physique’.'®

The extent to which education serves these cognitive,
socio-emotional and equality objectives is, however, rela-
tively unknown and intensively debated. Studies have re-
ported effects of education on intelligence (for example,
through improved comprehension, abstract thinking, lo-
gical reasoning, problem-solving and planning) that may
be causal.’”! Yet, the concept of intelligence as a fixed
ability that is difficult to improve is widespread, often in

22,23

reference to it being highly heritable and to small ef-

fects of specific training programmes.”***
Socio-emotional abilities are also viewed from two

opposing positions. There is an experimental literature

concerned with promoting socio-emotional abilities (for
example, through improved recognition and handling of
your own and others’ emotions). Such relatively short,
structured and intense interventions often successfully de-
velop new skills.”® In contrast, classical differential person-
ality psychology studies the ‘big five personality traits’
(neuroticism, conscientiousness, openness, agreeableness
and extroversion) as fixed and heritable.>”*® However,
most capacities measured in the personality literature by
instruments such as the Big Five Inventory (e.g. the ability
to deal with stress, nervousness, impulsiveness, shyness,
rudeness, curiosity, planning, attention to detail, trust and
cooperation)®” are, in fact, capacities that educational pol-
icy makers hope to promote via the school system.

This study contributes to both of these debates by as-
sessing the impact of a Swedish compulsory-school reform
on intelligence scores and ratings of emotional control for
boys at the compulsory military conscription. This reform,
rolled out during the 1950s, extended compulsory educa-
tion from 8 to 9 years. The reform was explicitly designed
as a quasi-experiment, in which the change was imple-
mented in some municipalities and others were kept as
controls for the sake of evaluation.®® This quasi-
experiment provided us with the opportunity to examine
associations that have previously been assessed, at best,
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either in ‘natural’ experiments (i.e. studies in which the ex-
posure was not manipulated for the sake of evaluation, but
changed for other reasons) or more laboratory-like
settings.

In addition, we assessed differential effects of prolonged
education on abilities by childhood socioeconomic position
(measured by parental socioeconomic position), examined
the initial differences in abilities by childhood socioeco-
nomic conditions and validated the real-life importance of
all measures by using them to predict adult all-cause
mortality.

Methods

Ethical approval

This work was approved by the Regional Ethical Review
Board (DNR 2005/556-31) in Stockholm, Sweden.

Design

The reform was rolled out over more than 10 years. It was
designed as a quasi-experiment in which municipalities
similar to those that underwent the reform were kept in the
old school system as controls for the sake of evaluation.
There are boys exposed to the old and the new school sys-
tem in each cohort except in the youngest one. Many of
the municipalities, however, had introduced the reform be-
fore our first cohort started school. Thus, the design under-
pinning our analyses can mainly be thought of as quasi-
experimental with post-measurements of the outcome. As
a sensitivity test, we limited our analyses to municipalities
for which we had outcome data both before and after the
introduction of the reform. This gave us a measurement of
the outcomes in each municipality before the reform,
which limited our sample size and reduced power but im-
proved the design. Data from the reform have been used in
previous studies in the fields of epidemiology and eco-

nomics.> 1733

Sample

The study population consisted of eight full cohorts of
boys born in Sweden between 1951 and 1958, who were
living in Sweden at the time of the 1960 and 1965 cen-
suses. This gave us a total of 427 181 men (between 51 980
and 54597 in each cohort) in 1030 municipalities. These
cohorts were chosen because they were assessed in the
same way at military conscription. It was not possible to
determine experimental status (reform exposure) for
36234 (8.5%) of the boys because in 13 (1.3%) of the

1030 municipalities, including some large ones, school dis-
tricts did not overlap with municipalities.

Conscription records were available for 383525
(98.1%) of the remaining 390947 boys. Those who did
not come to the conscription office included individuals
with severe physical or mental disability. Full data on date
of conscription, intelligence test results and emotional con-
trol were available for 344 336 men: 88.1% of the 390 947
from municipalities with known reform status and 80.6%
of all 427 181. These 344 336 men constituted the effective
sample. However, most analyses were conducted on the
320182 men with known childhood socioeconomic pos-
ition (81.9% of the 390947 from municipalities with
known reform status and 75.0% of all 427 181). Of these
320182 men, 277 608 (86.7%) were exposed to the reform
as boys.

In our pre-post analyses (i.e. analyses restricted to boys
from municipalities for which we have intelligence data
both before and after the reform), the sample with full data
on experimental status, date of conscription, intelligence,
emotional control and childhood socioeconomic position
was reduced to 142221 (44.4% of the 320182 with full
data, 36.4% of the 390947 from municipalities with
known reform status and 33.3% of all 427181). Of these
142221, a total of 99647 (70.1%) were exposed to the

reform.

Childhood socioeconomic position

Socioeconomic position in childhood was derived from ei-
ther 1960 or 1965 census data. It was defined on the basis
of parental occupations grouped according to Statistics
Sweden’s Swedish Socio-economic Classification (SEI), an
equivalent of the Erikson, Golthorpe and Portocarero so-
cial class scheme.*® If the father’s and mother’s socioeco-
nomic position differed, the highest one was used. The
smallest group, sons of academic professionals (7 = 1273),
was combined with the group of high non-manual
workers.

The intervention: the comprehensive school
reform

Prior to 1949, Sweden had a complex, multi-track system
for lower education. The system included two major
school entities: elementary school and junior secondary
school. The reform studied here added a year to lower
compulsory education, prolonging it from 8 to 9 years. It
also simplified the system by abolishing early tracking into
junior secondary school, a more academic pre-reform track
often taken by children of higher socioeconomic back-
grounds. As a result, more children became eligible for and
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attended upper secondary school. The reform also intro-
duced some changes to the curriculum. For example,
English was introduced as a compulsory subject in grades 4
and 5.

Starting in 1949 and continuing for more than 10 years,
the reform was implemented in over 1000 municipalities.
It proceeded gradually, municipality by municipality. The
reform was explicitly designed as a quasi-experiment with
comparable experiment and control groups. This was done
to evaluate the effect of the reform before deciding whether
to implement it nationally.

In the current study, boys’ experimental status was
determined by municipality of residence at the time of the
1960 census for those born 1951-33 (i.e. age 7-9 years)
and the 1965 census for those born 1954-58 (i.e., age 7-11
years). The reform has previously been used for similar
analyses of a sub-sample of 10% of two cohorts.”

Education before the date of conscriptions

The reform was expected to impact length of education
differentially for those of different socioeconomic back-
grounds. To assess the amount of time the reform pro-
longed schooling for different groups, we used 1990 data
on educational attainment from the educational register.
For each individual, it was assumed that all time in school
that could have taken place before conscription indeed
took place before conscription. Those with missing infor-
mation on education were recoded as having the lowest
possible length of schooling.

Intelligence

Intelligence was measured at conscription with four sub-
tests: A) Instructions, 40 items measuring verbal ability
(e.g. ‘strike the fourth number, put a ring around the se-
cond’); B), Concept discrimination, 40 items measuring
verbal and reasoning abilities in which the task is to choose
the one of five concepts that does not belong; C) Paper
form board, 25 items measuring visuospatial ability in
which the task is to pick one of four sets of pieces that can
form a given figure (a variation of the Minnesota Paper
Form Board);>’ and D) Technical comprehension, 52 items
(a figure is shown and questions about a technical problem
asked). The conscription intelligence tests have been exten-
sively used in research.®

A latent variable, estimated using maximum likelihood
and manifested by the scores on four subtests at conscription,
was formed using structural equation modelling on all
413511 individuals test results available in our data set
(including those that were missing e.g. the date of conscrip-
tion). There were satisfactory loadings (A =0.87; B=10.84;

C=0.61; D=0.66) on the common latent factor, and the
model had a good fit (comparative fit index = 0.982, stand-
ardized root mean square residual = 0.0235, degrees of free-
dom = 2, chi®> = 12436). On the basis of this model, we
extracted factor scores to represent general intelligence in our
multilevel analyses (see below). The scores were standardized
to have a mean of 100 and a standard deviation of 15 units.

Emotional control

The Swedish military aimed to identify men who were po-
tential officer material and who could be expected to per-
form in real and stressful wartime situations. Therefore, in
addition to the intelligence tests, all conscripts underwent
an interview with an experienced psychologist. They talked
about the conscript’s situation at school and/or work, at
home and in spare time, engaging in detailed discussion of
topics such as stress-related absenteeism, dropping out of
school or work and personal conflicts in these settings.

High scores (4-5) in emotional control were given for
responding calmly and efficiently in most situations, for
high stress tolerance and for low anxiety. Low scores (1-2)
were given for low stress tolerance, high anxiety and docu-
mented psychosomatic symptoms. Previous research using
this variable suggests that emotional control predicts out-
comes such as suicidal and health-compromising behav-
iour.'"3¢ The variable was standardized in the same way
as the IQ scores, i.e. to have a mean of 100 and a standard
deviation of 15 units.

Mortality

Mortality in all participants was followed up in the
Swedish National Cause of Death Register from date of
conscription to the end of 2007 or emigration. At the end
of the follow-up period, the men were 49 to 56 years old.

Statistical analyses

To evaluate the impact of the reform on years in school by
date of conscription, intelligence and emotional control,
we applied multilevel linear regressions with fixed munici-
pality effects and standard errors clustered at the municipal
level. We adjusted for month of birth categorically, i.e. we
created one dummy variable for each birth month begin-
ning in January 1951 and ending in December 1958, to
eliminate possible confounding due to seasonality of births
and/or cohort differences. Using categorical variables
allows this confounding to take any form. Similarly, we ad-
justed for age at testing categorically, using months. That
is, we used one dummy variable for each age: the youngest
individual was conscripted at the age of 186 months (15.5
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years) and the oldest at the age of 342 months (28.5 years).
The median age at conscription was 222 months (18.5
years); 98% were conscripted between the ages of 207
months (17.3 years) and 248 months (20.7 years).

The impact of the reform on years in school, intelligence
and emotional control was assessed: (i) in all men for whom
we had information about childhood socioeconomic position;
and (ii) in analyses stratified by childhood socioeconomic pos-
ition, which included the men for whom information on
childhood socioeconomic position was missing. Given that
emotional control has clear cognitive aspects, i.e. that higher
cognitive skills (e.g. observing and analysing one’s reactions)
can help in regulating emotions,?” we also assessed the impact
on emotional control adjusted for the effect on intelligence.
To test the robustness of standard errors, we used 200 boot-
strap replications on simplified versions of our models. The
interpretations of the results did not change.

To give a full picture, we compared the estimated means
from the same statistical model for boys non-exposed to
the reform and exposed to the reform, who were born in
March 1955 (median birth month) and conscripted at the
age of 18.5 years (median age). Note, however, that the
impact of the reform is assumed to be the same, irrespect-
ive of birth month or age at conscription. The estimated ef-
fects of the reform are also summarized in Figure 1. The
estimates of emotional control adjusted for intelligence are
for a boy with an IQ of 100 who was born in March 1955
and was conscripted at the age of 18.5 years.

To validate our measures against a hard endpoint, we
used childhood socioeconomic position, intelligence and

Units mEffectoniQ  m Effect on EC
2
15
1
05
0
-0,5
-1
-1,5
-2
-2,5
-3
ALL Farmers Unqualified
manual
workers

Parental occupational class

emotional control to predict all-cause mortality until the
age of 49 to 56 years. Cox proportional hazards regres-
sions were used with age as the underlying time variable
(starting from the age of conscription). Baseline hazards
were stratified on and standard errors clustered at the mu-
nicipal level. In these analyses, we used univariate and mu-
tually adjusted models to compare mortality in equally
large vulnerable groups: sons of unqualified manual work-
ers, boys with low intelligence and boys with low emo-
tional control. Estimates were also derived from models in
which intelligence and emotional control were entered
metrically, i.e. estimates related to one IQ and one emo-
tional control (EC) unit. All of these models were adjusted
for month of birth (categorically) and for experimental sta-
tus. In the mutually adjusted models, socioeconomic status
was entered categorically; intelligence and emotional con-
trol were entered metrically.

Results

Intelligence at conscription was 0.75 1Q units higher (95%
CI: 0.42, 1.09; P < 0.0005) in those with known socioeco-
nomic status exposed to the reform (n = 277608) than
those not exposed (7 = 42 574) (Figure 1, Table 1).

In contrast, the reform negatively affected emotional
control, corresponding to minus 0.50 units (95% CI:
—0.85, —0.15; P = 0.005) on average (Figure 1, Table 1).
We hypothesized that this negative effect of the reform on
emotional control would be even more pronounced after
adjustment for the positive effect of the reform on 1Q, and

w Effect on EC adjusted for effect on 1Q

Qualified  Entrepreneurs Low non- Middle non- High non-
manual manual manual manual
workers workers workers workers &

professionals

Figure 1. Effects of the Swedish comprehensive school reform on intelligence (1Q), emotional control (EC) and emotional control after adjusting for
the effect on 1Q. Point estimates and 95% confidence intervals. Units are standardized to have a mean of 100 and a standard deviation of 15. Groups
are ordered by the reform’s effect on years in school by date of conscription, ranging from 0.70 years (sons of farmers) to 0.16 years (sons of high

non-manual workers and professionals).
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Table 2. All-cause mortality in vulnerable groups of equal size (proportion of the whole sample in %) from date of conscription

until age 49-56 in crude and adjusted models (hazard ratios, 95% Cl, P-values), with standard errors clustered at the municipal

level

Crude HR (95% CI),
P-value

(i.e. intelligence estimate adjusted for
socioeconomic position; emotional
control estimate adjusted for
socioeconomic

position and intelligence)

HR (95% CI), P-value,
adjusted for possible confounders

HR (95% CI), P-value, adjusted for
possible confounders and mediators
(socioeconomic position adjusted for
intelligence and emotional control;
intelligence adjusted

for socioeconomic

position and emotional control)

Low childhood socioeconomic
position (26%)
Low intelligence (25%)

1.29 (1.23, 1.34), P < 0.0005

1.64 (1.55,1.72), P < 0.0005

Low emotional control (25%)  1.80 (1.71, 1.90), P < 0.0005

[1.29 (1.23, 1.34), P < 0.0005]

1.58 (1.50, 1.65), P < 0.0005
1.61 (1.54, 1.69), P < 0.0005

1.15 (1.11, 1.20), P < 0.0005

1.39 (1.33, 1.45), P < 0.0005
[1.61 (1.54,1.69) P < 0.0005]

Point estimates with P-value < 0.05 in boldface; total number of deaths = 12 765. Estimates in brackets stem from the same model as estimates in the previous

column.

this also seems to have been the case [-0.71 units on aver-
age (95% CI: —1.10, —0.32; P < 0.0005)].

The results, presented in Figure 1 and Table 1, suggest
that the reform’s impact on time spent in school, intelli-
gence and emotional control was socioeconomically
graded. Tests of interactions between the reform and socio-
economic status (coded as a metric variable) gave the fol-
lowing P-values: P < 0.0005 for time in school; P = 0.067
for IQ; P < 0.0005 for emotional control; and P < 0.0005
for emotional control adjusted for the effect on 1Q. Sons of
farmers and workers gained more than one half-year, illus-
trating that a majority of these boys would not have at-
tended a ninth year in school if it had not been mandatory.
Sons of farmers and workers also gained in intelligence
thanks to the reform. In contrast, sons of entrepreneurs
and non-manual workers gained less than one half-year,
illustrating that a majority of them would have attended a
ninth year in school even without the reform (but in a jun-
ior secondary school). For them, the reform had no clear
impact on intelligence.

In sensitivity analyses in which we limited the sample to
boys from municipalities for which we have intelligence
data before and after the reform (1 = 142 221), the overall
effect on years of education and intelligence persisted [0.49
years in school (0.45-0.53), P < 0.0005, and 0.64 IQ units
(0.34-0.94), P <0.0005]. However, the estimated effect
on emotional control lost strength: —0.05 units (—0.39-
0.28, P=0.754), and —0.22 units after adjusting for IQ
(—=0.56—0.12, P = 0.206).

The reform reduced socioeconomic differences in
educational length, intelligence and emotional control
(Table 1). The average difference in educational length at
conscription between sons of farmers and sons of high
non-manual workers decreased from 1.29 years to 0.75

years. The IQ difference between sons of unqualified man-
ual and high non-manual workers diminished from 16.32
to 15.57 units, and the corresponding difference in emo-
tional control (non-adjusted for IQ) dropped from 6.50 to
5.63 units.

Childhood socioeconomic position, intelligence and
emotional control all predicted all-cause mortality, from
conscription to the ages of 49 to 56 years (Table 2).
Around half of the association between childhood socioe-
conomic position and mortality may have been mediated
by intelligence and emotional control (HR=1.29 vs
HR =1.135), but a clear direct association between child-
hood socioeconomic position and mortality remained
(HR =1.15). Intelligence was a stronger predictor of mor-
tality than childhood socioeconomic position (HR =1.64
vs HR =1.29), and a substantial association remained after
adjustment for the possible confounding role of childhood
socioeconomic position (HR =1.58). Around one-third of
the association between intelligence and mortality may be
mediated by emotional control (HR =1.58 vs HR =1.39).
Emotional control was the strongest predictor of the three
in the crude models (HR = 1.80). After adjustment for the
possible confounding roles of childhood socioeconomic
position and intelligence, emotional control was as predict-
ive of mortality as was intelligence; that is, their independ-
ent contributions to premature mortality seem to be of the
same magnitude (HR =1.61 vs HR =1.58).

All three factors displayed a clear graded association
with mortality in analyses in which they were entered cat-
egorically (results not shown). In a model in which intelli-
gence was entered metrically, one unit higher IQ was
related to 1.7% lower risk of premature mortality after ad-
justment for the possible confounding role of childhood
socioeconomic position [HR=0.983 (95% CIL: 0.981,
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0.985), P < 0.0005]. The risk reduction corresponding to
one unit higher emotional control was identical (—1.7%)
after adjustment for the possible confounding role of child-
hood socioeconomic position and intelligence [HR =0.983
(95% CI: 0.981,0.984), P < 0.0005].

Discussion

The reform increased intelligence. This finding is in line
19221 and with the

results of a previous analyses conducted on a sub-sample

with the findings of natural experiments

of the boys in our cohorts.** Sons of farmers and manual
workers gained the most and, as a result, clear initial dif-
ferences in intelligence by childhood socioeconomic pos-
ition were reduced, a finding that corroborates the idea
that longer compulsory schooling can reduce socio-
economic disparities. A lot of current research focuses on
early childhood education,*® but our results illustrate that
education can be successful even when provided in
adolescence.

In contrast, being exposed to the reform was associated
with lower emotional control. To interpret the possible dif-
ferential impact on emotional control in children from dif-
ferent socioeconomic backgrounds, one must consider that
the reform had different implications for different social
groups. The reform’s impact on years of education suggests
that a majority of sons of farmers and manual workers
would not have studied during the year between 15 and 16
years of age, had it not been mandatory. For these cohorts,
jobs were readily available even at age 15. If the extra man-
datory year in school typically replaced a year at work, the
reform’s positive effect on intelligence and negative effect
on emotional control may reflect that work, for these boys,
was on average a worse promoter of intelligence but a bet-
ter promoter of emotional control. Perhaps work provided
a more structured environment than school.

For sons of entrepreneurs, non-manual workers and
professionals, in turn, the reform had no clear effect on in-
telligence, but we found suggestions of a negative effect on
emotional control. The results on years of education sug-
gest that without the reform, a majority of these boys
would have been studying anyway, but in another type of
school: the old junior secondary school. The signs of a det-
rimental effect on emotional control in those of higher
socioeconomic position may suggest that in this respect
and for these boys, the new school form was worse than
the old one, at least initially. It is possible that teachers,
when faced with a new curriculum and a new class com-
position, ran into problems structuring the learning
environment.

Our observational data suggest that emotional con-
trol was an even stronger predictor of all-cause mortality

than were intelligence and social background, a finding
that is in line with previous findings.'? In light of that re-
sult and of the possible detrimental effect of education
on emotional control in our sample, it seems that socio-
emotional skills should be taken into as serious consider-
ation in epidemiological research as their cognitive
counterparts.

The results regarding emotional control were not so
clear in analyses of a pre-post design subsample; i.e. in the
municipalities for which we had intelligence data both be-
fore and after the reform. Thus, we cannot exclude the pos-
sibility that what looks like an effect of the reform on
emotional control was in reality driven by initial differ-
ences between those municipalities that introduced the re-
form early and those that introduced it later. However,
given that these differences then must consist of something
that is related neither to intelligence (for which we ad-
justed) nor to the socioeconomic composition of the muni-
cipality (by which we stratified), this seems unlikely.

All in all, although they only provide pieces of the puz-
zle, our results are in line with the idea that education may
be key

societies. However, at least for emotional control, different

to healthier, more competent and fairer
school forms may be more successful than others, and
sometimes the alternative to school (e.g. work) might

be better.
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