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ABSTRACT

Aim To show that schools achieving higher examination pass and lower truancy rates than expected, given that their
pupil populations (high value-added schools) are associated with a lower incidence of smoking among pupils
(13–14 years). Design Value-added scores for schools were derived from standardized residuals of two regression
equations predicting separately the proportion of pupils passing high school diplomas and the half-days lost to truancy
from the socio-economic and ethnic profiles of pupils. The risk of regular smoking at 1- and 2-year follow-up was
examined in relation to the value-added score in a cohort of 8352 UK pupils. Random-effects logistic regression was
used to adjust for baseline smoking status and other adolescent smoking risk factors. Setting A total of 52 schools,
West Midlands, UK. Participants Year 9 pupils aged 13–14 years (n = 8352) were followed-up after 1 year (n = 7444;
89.1% of original cohort) and 2 years (n = 6819; 84.6% of original cohort excluding pupils from two schools that
dropped out). Measurements Regular smoking (at least one cigarette per week). Findings Schools with high value-
added scores occurred throughout the socio-demographic spectrum. The odds ratio (95% confidence interval) for
regular smoking for a 1 standard deviation increase in the value-added measure was 0.85 (0.73–0.99) at 1-year and
0.80 (0.71–0.91) at 2-year follow-ups. Baseline smoking status did not moderate this. Conclusions Schools with high
value-added scores are associated with lower incidence of smoking. Some schools appear to break the strong link
between deprivation and smoking. Understanding the mechanisms could be of great public health significance.
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INTRODUCTION

Over the past 30 years, studies in a number of countries
have consistently reported differences in prevalence of
smoking between schools, such that the prevalence in
some schools was several times greater than in others [1].
A review of these studies concluded that it was unlikely
that differences between schools in pupil composition
explained this variation [1]. Since then, studies using
multi-level models have produced more convincing evi-
dence that variation in smoking prevalence between
schools is not due to differences in pupil composition
[2,3]. The strongest study followed pupils from primary to
secondary school, measured smoking, alcohol consump-
tion, illicit drug use and unhealthy diet and adjusted for

prior measures of these behaviours and a very broad
range of pupil-level risk factors [2]. West and colleagues
found that their comprehensive range of pupil-level risk
factors explained very little variation between schools in
the prevalence of regular smoking, drinking and illicit
drug use during early and mid-adolescence [2]. However,
as expected, individual characteristics explained the
variation between schools in consumption of a healthy
diet [2]. Based on the consistency of the findings, we con-
clude that some characteristics of the way schools
operate have a major role as risk factors for smoking (and
probably alcohol and drug use) during adolescence. The
aim of this study is to investigate further the relationships
between school and school-level variation in smoking
prevalence.
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The causal factors in schools leading to school-level
variation in smoking prevalence are not totally clear.
Studies concentrating on tobacco control measures com-
monly show that restrictions on smoking are associated
with reduced prevalence [4,5]. However, in many coun-
tries schools ban smoking in all areas, so this is unlikely to
form the basis of the observed school-level variations in
smoking prevalence. Other studies have found consis-
tently that the quality of relationships between pupils,
staff, and between pupils and staff, are associated with
smoking prevalence or incidence [1,2,6,7].

We have developed a theory to explain interschool
variation in smoking, alcohol use and substance use [8].
This is based on studies of schools’ educational effective-
ness underpinned by Bernstein’s influential theory of
cultural transmission [9–11]. Bernstein proposed that
schools impart two main types of learning. These are the
instructional order, which refers to the acquisition of
knowledge and skills, and the regulatory order, which
refers to appropriate ways of behaving. We believe it is
reasonable to assume that schools which transmit the
instructional and regulatory orders effectively will also
prevent smoking uptake. This is because pupils who reject
these kinds of learning reject the image and identity
embodied by the school. Such pupils will, instead, affiliate
with youth subcultures, which more typically promote
smoking and other substance use than does the cultural
identity promoted by the school.

We developed a value-added measure of educational
effectiveness to test this idea [12]. This was derived from
routinely published school performance data on exami-
nation success and truancy. Schools that are effective in
transmitting the learning implied by the instructional and
regulatory orders would respectively have better than
expected examination pass rates and lower truancy rates.
However, these rates are influenced mainly by the socio-
economic and other characteristics of pupils [13,14].
Thus, we need to adjust for these characteristics to reveal
the degree to which schools are adding educational value.
In a previous study, schools that had better than expected
examination pass rates had lower than expected truancy
rates, so we derived a principal component—an educa-
tional value-added score [12]. In this study and a similar
study, pupil characteristics explained little or no variation
between schools in smoking, alcohol or drug use, as is
commonly the case [12,15]. However, schools with
higher value-added scores had lower prevalence of all
these behaviours and this term explained some variation
between schools [12,15]. Here we repeat this analysis in a
cohort study. Cohort studies provide stronger evidence of
causality because they can adjust for the main risk factor
for future smoking—prior use [16].

We have reported previously no association between
the school to which a young person belonged and the

likelihood that he or she would be smoking at follow-up if
he or she was a regular smoker at baseline [3]. However,
schools exerted a strong influence on the likelihood of
becoming a regular smoker at follow-up among baseline
never and occasional smokers. In this paper, we also
examine whether the value-added score has a diminished
influence on regular smokers.

METHODS

Sampling

We used data from a school smoking prevention and
cessation trial where the intervention was ineffective
and both intervention and control schools had similar
smoking prevalences at follow-up [17,18]. Briefly, 89
schools from the West Midlands, UK were selected ran-
domly with probability proportional to size; 52 (58.4%)
participated. In 1997, year 9 (aged 13–14 years) pupils
(n = 8352; 92.0% of registered year 9 pupils) completed a
questionnaire on personal details and smoking habits.
The questionnaires were administered by trained person-
nel under examination conditions. Using an identical
questionnaire, we followed-up 1 year later and 2 years
later. Two schools dropped out at 2-year follow-up. Thus,
we followed-up 7444 pupils (89.1% of the original
cohort) after 1 year and 6819 pupils (84.6% of the origi-
nal cohort, excluding pupils from the two schools that
dropped out) after 2 years [17,18].

Smoking status

We used the standard UK question to assess smoking
status [19,20]. This question asks pupils which of six
descriptions best describes their smoking behaviour,
ranging from ‘never tried’ to ‘at least one cigarette a day’.
Young people who smoke regularly were defined as
smoking regularly at least one cigarette per week. Young
people who smoked occasionally were defined as smoking
less than one cigarette per week. Following Goddard [21],
‘ex-smokers’ were classed as young people who smoked
occasionally. Participants’ responses were checked
against other questions on smoking status and only par-
ticipants with logically consistent responses were
included in the analyses (7147 pupils at 1-year follow-up,
96.0% of those followed-up; and 6785 pupils at 2-year
follow-up, 99.5% of those followed-up).

School-level measure of value-added education

Nationally available data on schools’ examination results
and schools’ truancy rates were used to assess value-
added education. Schools’ ability to transmit the instruc-
tional order was derived from the proportion of year 11
pupils (aged 15–16) in each school who pass at least
five General Certificate of Secondary Education (GCSE)
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examinations with A–C grades (5A–C), which is the
equivalent of a high school diploma. Schools’ ability to
transmit the regulatory order was derived from truancy
rates (the number of half-days lost to truancy as a pro-
portion of all half-days that could have been attended).
Five-year averages (1995–1999) of these indicators were
used to improve reliability. The median and range of
5A–Cs and truancy rates were similar in participating
and non-participating schools. We chose 5A–C and
truancy rates because every school in England is required
by law to collect and report accurately the proportion of
pupils who achieve at least five GCSEs at A–C grades and
the number of half-days schooling that are lost to unau-
thorized absences. These data are published and available
to the public. We believe that inaccurate recording of
these data is unlikely, because this is standard practice
and all schools are inspected regularly.

We used the same method to assess value-added edu-
cation as in the previous investigation, which had two
steps [12,15] described briefly here.

Step 1

Two logistic regression models were created using school-
level 5A–C and truancy rates as outcomes with four
indicators of the social profile of each school’s pupil
population as predictors. These predictors were the pro-
portion of white pupils, proportion of females, an area-
based deprivation score (the Townsend score of pupils’
ward of residence; approximately 2330 households)
and the proportion of mothers who smoked. Socio-
economically disadvantaged women are more likely to
smoke, so this variable acts as another marker of pupils’
socio-economic status. Schools do not publish routinely
data on pupil social profile indicators, so these data were
aggregated for each school from our survey. The stan-
dardized residuals from these two logistic regression
models represent the difference between the observed
5A–C and observed truancy rates and what would be
expected based upon the pupil socio-demographic profile
of each school.

Our sample had relatively few schools. To improve pre-
cision, we included the 166 schools used in our cross-
sectional study [12] as well as the 52 schools in this
cohort study in the regression equations to assess value-
added education provided by the 52 schools in the cohort
study. The cross-sectional study was conducted during
the year prior to the cohort study in the same area (West
Midlands). Questionnaires containing similar or identical
health behaviour and social profile questions to the
cohort study were administered similarly to a random
sample of pupils from the same year (year 9). The same
school performance data collected over the same years
were used for both samples of schools and the ranges and

the medians of the school performance data were similar
for the participating schools in both samples. We recalcu-
lated value-added scores using only data on the 52
schools in this study; the results were similar and are not
reported.

Step 2

Examination of the standardized residuals produced from
these two logistic regression models showed that schools
achieving better than expected examination results also
achieved lower than expected truancy rates. We have
reported the same finding previously [12]. Principal com-
ponents analysis identified a single factor that explained
65% of the variance and had factor loadings of +0.81 for
5A–C and -0.81 for truancy residuals. This continuous
variable was termed the ‘value-added score’, and reflects
both examination success and truancy rates. By defini-
tion, a school with a principal component or value-added
score of zero would have observed examination results
and truancy rates that would not have differed from the
expected examination results and truancy rates when
expectations are based on the social profile of the pupil
population. While +1 represents a school with perfor-
mance 1 standard deviation (SD) above average, -1 rep-
resents a school with performance 1 SD below average.

The influence of the value-added score on pupil-level
regular smoking at 1- and 2-year follow-up

All modelling was performed using Multilevel Modelling
for Windows (MLwiN) with second-order penalized
quasi-likelihood methods. A random-effects logistic
regression model (unadjusted model) was created to
examine the influence of the value-added term on the risk
of regular smoking at 1- and 2-year follow-up. The pre-
dictors in these models were an intercept, random across
schools; fixed-effect dummy terms for arm (intervention
or control school) and occasional smoker status at base-
line; a random-effects dummy term for regular smoking
status at baseline; and a fixed-effect term for the value-
added score. Making regular smoking status random
allows the effects of school membership to be larger for
pupils who were smoking at baseline than for those who
were not smoking at baseline, or vice versa. We have
shown previously in these data that this extra complexity
fitted these data more effectively [3]. The significance of
the value-added term was tested by calculating the odds
ratio (OR) 95% confidence interval (95% CI) for a 1 SD
increase in the value-added score.

The influence of pupil-level predictors on regular smoking
at outcome

Confounding may arise because pupils with many risk
factors for smoking congregate in particular schools. For
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both 1- and 2-year follow-up models, we adjusted for
gender, age, ethnicity, deprivation based on census
derived characteristics of the enumeration district of
each pupil’s residence, maternal, paternal and other rela-
tives’ smoking habits (the adjusted models). The signifi-
cance of the value-added term was again tested using the
OR (95% CI) for a 1 SD increase in our value-added score.

School-level smoking prevalence at 1- and 2-year
follow-up

From the unadjusted models, we calculated the probabil-
ity of pupils’ smoking in three illustrative schools, if all
other risk factors were equal. The probability could also
be viewed as the prevalence. Schools were categorized as
having a value-added score +1 SD and greater (high
value-added schools), -1 SD and lower (low value-added
schools), and the intermediate group (medium value-
added schools) The median score for each group was used
to calculate probability/prevalence.

Does the influence of value-added education vary
according to pupil baseline smoking status?

The adjusted models above imply that the value-added
score had proportionately equal influence on the odds
of smoking at outcome on all pupils, regardless of
baseline smoking status. We added a baseline regular
smoking ¥ value-added score interaction term to the
adjusted models and examined whether the influence of
value-added school membership had a lesser influence on
those already smoking at baseline. We tested the signifi-
cance of the interaction term using the Wald statistic.

RESULTS

Characteristics of the pupil populations of the
participating schools

The characteristics of the pupil populations of participat-
ing schools are summarized in Table 1. No significant
correlation was observed between the value-added score
and each socio-demographic marker (data not shown),
indicating that schools with high value-added scores
occurred throughout the ranges of each socio-
demographic characteristic.

The influence of value-added education on pupil-level
regular smoking at 1- and 2-year follow-up

At 1-year follow-up, the OR (95% CI) for regular smoking
for a 1 SD increase in value-added score was 0.90
(0.78–1.05) (unadjusted), and 0.85 (0.73–0.99) when
adjusted for pupil-level smoking risk factors. At 2 years,
the ORs (95% CI) were 0.85 (0.74–0.96) (unadjusted)
and 0.80 (0.71–0.91) (adjusted).

School-level smoking prevalence at 1- and 2-year
follow-up

The modelled prevalence of regular smoking at 1- and
2-year follow-ups for young people who at baseline had
never smoked, smoked occasionally and smoked regu-
larly in high, medium and low value-added schools are
shown in Table 2. These figures mean that relative to low
value-added schools, high value-added schools had
14.3% fewer students who smoked regularly at 1-year
follow-up and 27.6% fewer students who regularly
smoked at 2-year follow-up.

Does the influence of value-added education vary
according to pupil baseline smoking status?

The regular smoking ¥ value-added score interaction
term was not significant at either 1-year (c2 = 0.002;
P = 0.96) or 2-year follow-up (c2 = 0.36; P = 0.55). The
OR for a 1 SD increase in the value-added score at 1-year
follow-up for occasional/never smoking was 0.85 and for
regular smoking was 0.85. The OR for a 1 SD increase in
the value-added score at 2-year follow-up for occasional/
never smoking was 0.79 and for regular smoking was
0.87.

DISCUSSION

Schools with better than expected school-level examina-
tion results and truancy rates, given the socio-
demographic characteristics of their pupil populations
(high value-added schools), were associated with a lower
incidence of regular smoking. These observations were
made after adjustment for both baseline smoking status
and several other pupil-level smoking risk factors. The
association between high value-added education and
future smoking was similar for students who at baseline
had never, occasionally and regularly smoked.

This study highlights the importance of school as a
social institution on academic attainment, behaviour and

Table 1 Characteristics of the pupil populations of the partici-
pating schools.

Mean
Standard
deviation

Proportion of white pupils* 86% 19%
Townsend score† 1.25 2.9
Proportion of mothers who smoke 29% 9%
5A–C GCSE average 44% 16%
Truancy average 0.9% 0.8%
Value-added score 0.30 0.78

*Distribution skewed median = 94% interquartile range = 12%. †By defi-
nition, Townsend score has a mean of zero with positive values indicating
greater socio-economic deprivation. The standard deviation is not
standardized.
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health-related behaviours. Our findings are consistent
with other quantitative studies that have highlighted the
relationships between smoking prevalence at school- and
pupil-level and disengagement from school at school- and
pupil-level [2,22,23]. The relationships between orienta-
tion towards schooling/education and teenage smoking
have also been highlighted in qualitative studies [24,25].
Belonging to a school with higher engagement/
identification levels appears to result in a given pupil
being more likely to be engaged with the school and this
pupil is, consequently, less likely to smoke. Engagement
with school may arise as a consequence of closer super-
vision or oppressive school regimes [12]. Alternatively,
engagement may be related to school connectedness
which focuses upon improved quality of relationships
between pupils and between pupils and staff [6,7,12]. Our
findings also build upon those of other studies [3], as they
indicate that even when a given pupil has disengaged
from school and chosen to smoke regularly, the school
still has the potential to influence pupils’ smoking deci-
sions. Pupils who smoke regularly are most likely to
give up smoking in schools providing high value-added
education.

Implications for policy

Schools providing high value-added education and low
value-added education occurred throughout the socio-
demographic spectrum and ranges of 5A–C results and
truancy rates. Many of the schools that provided high
value-added education and were thus associated with a
lower risk of smoking, in this and our previous investiga-
tion [12], served very disadvantaged communities. These
schools had examination pass and truancy rates that
would be regarded widely as very poor and were among
the very worst in our samples. However, these examina-

tion pass and truancy rates are predominantly a function
of the social disadvantage of the pupils who attend the
schools [13,14]. If our findings are causal, this implies
that some schools are breaking the strong link between
social disadvantage and smoking during adolescence
[26]. If we could gain greater understanding of the
mechanisms by which high value-added schools influ-
ence pupils, this would be of enormous public health sig-
nificance. This information could inform the development
of future initiatives that focus upon school
connectedness/engagement and aim to promote aca-
demic attainment, reduce substance use and possibly
reduce antisocial behaviour [23,27].

The measure of value-added education

We are confident that our measure of value-added edu-
cation is based on accurately recorded data. The exami-
nation and truancy data we used were an average over a
5-year period. Misreporting or manipulating these data
systematically over 5 years is improbable. Our measure
could have been improved had we used more indicators of
successful transmission of both the instructional order
(5A–C) and the regulatory order (truancy rates).
However, no other indicators of these constructs are, by
law, collected routinely by every school in the United
Kingdom.

Strengths and weaknesses of the study

Ideally, all invited schools would have participated in the
study. We observed an association between value-added
score and smoking incidence. If, overall, the true situa-
tion was that there was no association, then the reverse
association must pertain in the non-included schools.
That is, if we observe a relationship between value-added

Table 2 The modelled follow-up percentage prevalence of students who smoke regularly according to baseline smoking status and
type of school attended.

Type of school

Low value-added
schools percentage

Medium value-added
schools percentage

High value-added
schools percentage

1-year follow-up
Baseline never smoke 5.4 4.8 4.0
Baseline occasionally smoke 26.2 23.8 20.4
Baseline regularly smoke 79.9 77.7 74.1
Total prevalence of students who smoke regularly 19.6 18.3 16.8

2-year follow-up
Baseline never smoke 9.4 7.7 5.6
Baseline occasionally smoke 34.7 30.2 23.6
Baseline regularly smoke 79.2 75.6 68.8
Total prevalence of students who smoke regularly 24.6 21.8 17.8
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status and smoking in the 60% of schools observed, to
have no overall association in the whole population, we
need to assume that the association in the 40% of schools
not observed is in the opposite direction. Furthermore, it
must be 60/40 = 1.5 times as strong to produce no asso-
ciation overall. It is more plausible that the association
also holds in non-included schools. The schools that
did/did not participate did not differ on available data
(5A–Cs and truancy rates) in meaningful ways, suggest-
ing little selection bias.

The major threat to the validity of observational epi-
demiology is confounding. We adjusted for eight pupil-
level smoking risk factors including the strongest risk
factor, baseline smoking status [16]. Adjusting for base-
line smoking status enabled us to control for some
unknown confounders that cause experimentation with
smoking. Nevertheless, we would, ideally, have adjusted
for additional pupil-level smoking risk factors, especially
aspects of parenting, were such data available. Particu-
larly effective parents might encourage their children to
attend high value-added schools, thus spuriously creat-
ing the association between value-added education and
smoking. However, in England, most children attend their
nearest school and where parental choice is exercised it is
based primarily upon examination performance. School
achievement measures (raw observed 5A–C results and
truancy rates) were unrelated to pupils’ smoking in this
study (data available on request), as in our cross-sectional
study [12]. Many high value-added schools had very poor
examination results, and value-added data were not
available to parents. Hence, it seems unlikely that parents
would have chosen many of the high value-added
schools.

There were other pupil-level risk factors that were not
adjusted for that could have explained these results. We
have argued [1], as have others [2], that adjusting for
peer attitudes and behaviour is inappropriate, as peers
generally attend the same school and are exposed to the
same school factors. Adjusting for eight pupil-level risk
factors only strengthened the relationship between
value-added education and the odds of smoking. It there-
fore seems unlikely that further adjustment for unmea-
sured pupil-level confounders would attenuate this
association completely. It is, however, possible that our
measure of value-added education is associated with
other school-level factors that are the true explanation of
our observed association.

CONCLUSION

Future research should develop direct measures of school
culture to identify how school’s policies and practices
influence pupils’ perceptions of their schooling and then
influence their acceptance or rejection of the school’s

values and, we propose, valued school identities. Such
research has the potential to have broad influences for
good on social, educational and psychological outcomes
that could have important effects on public health.
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