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AimAim

 A look at knowing A look at knowing ’’What WorksWhat Works’’..
 The discipline of statistics is important inThe discipline of statistics is important in

knowing knowing ’’what workswhat works’’ in crime reduction. in crime reduction.
 We need to be clear that any change seenWe need to be clear that any change seen

when a crime reduction intervention is inwhen a crime reduction intervention is in
place really is  different from what mightplace really is  different from what might
have happened anyway; i.e. how does ithave happened anyway; i.e. how does it
compare with variation which occurs whencompare with variation which occurs when
nothing in particular is introduced.nothing in particular is introduced.



2

33

Key ThemesKey Themes

 The path to knowledge is by using appropriate data fromThe path to knowledge is by using appropriate data from
observation and experiment, properly handled.observation and experiment, properly handled.

 Science: an inherently uncertain matter, so we need theScience: an inherently uncertain matter, so we need the
discipline of statistics.discipline of statistics.

 Not all results given are the same. Therefore there is theNot all results given are the same. Therefore there is the
need to synthesise research evidence.need to synthesise research evidence.

 Science is a public matter: not just because of theScience is a public matter: not just because of the
impact of the products, but also because of the need toimpact of the products, but also because of the need to
check work.check work.

 Need protocols to be published in advance and keptNeed protocols to be published in advance and kept
available for future reference.available for future reference.

 Need open access to pretty much everything; so that theNeed open access to pretty much everything; so that the
work can be replicated and checked (data, methods,work can be replicated and checked (data, methods,
clear complete reports).clear complete reports).

 Need to make assumptions for inferring conclusion clear.Need to make assumptions for inferring conclusion clear.

44

Some quotationsSome quotations
““The combination of some data and an achingThe combination of some data and an aching

desire for an answer does not ensure that adesire for an answer does not ensure that a
reasonable answer can be extracted from a bodyreasonable answer can be extracted from a body
of data.of data.””    John TukeyJohn Tukey

““While every data set contains noise, some dataWhile every data set contains noise, some data
sets may contain signals. Therefore before yousets may contain signals. Therefore before you
can detect a signal within any given data set youcan detect a signal within any given data set you
must first filter out the noise.must first filter out the noise.””

Donald J. Wheeler in Understanding Variation: theDonald J. Wheeler in Understanding Variation: the
key to managing chaos.  Pub SPCkey to managing chaos.  Pub SPC
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Time Variation in CrimeTime Variation in Crime

 It appears that little is known about how crimeIt appears that little is known about how crime
varies on the small scale.varies on the small scale.

 Therefore it is difficult to be clear if any changesTherefore it is difficult to be clear if any changes
are due to a crime reduction intervention.are due to a crime reduction intervention.

 Much more needs to be known about theMuch more needs to be known about the
occurrence of crime events to know how tooccurrence of crime events to know how to
analyse them properly to be able find effects.analyse them properly to be able find effects.

 Need access to suitable data sets to examineNeed access to suitable data sets to examine
this issue.this issue.

 (Need to guard against systematic error too.)(Need to guard against systematic error too.)

66

The Randomised Controlled TrialThe Randomised Controlled Trial
(A truly marvellous scientific invention)(A truly marvellous scientific invention)

Note to avoid Note to avoid ‘‘biasbias’’::
 Allocation is best madeAllocation is best made

tamper-proof.tamper-proof.
(e.g. use (e.g. use ‘‘concealmentconcealment’’))

 Use multiple blindingUse multiple blinding
of:of:
 patients,patients,
 physicians,physicians,
 assessors,assessors,
 analysts analysts ……

Population

Take Sample

Randomise to 2 groups

Old Treatment

Compare outcomes (averages)
recognising that these are

sample results and subject to
sampling variation when

applying back to the population

New Treatment
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Counts of those cured and notCounts of those cured and not
cured under the two treatmentscured under the two treatments

dcControl
(Standard treatment)

baNew Treatment

Not CuredCured

By comparing the ratios of numbers ‘cured’ to
‘not cured’ in the 2 arms of the trial, it is possible
to tell if the new treatment is better.

88

Confidence IntervalsConfidence Intervals

 However there is However there is sampling variability, sampling variability, becausebecause
we donwe don’’t study everybody of interest; just ourt study everybody of interest; just our
randomrandom sample sample..

 So cannot have perfect knowledge of the effectSo cannot have perfect knowledge of the effect
of interest, but only an estimate of it of interest, but only an estimate of it within awithin a
confidence interval (CI)confidence interval (CI)..

 Need to know how to calculate the CINeed to know how to calculate the CI
appropriately. This can be done underappropriately. This can be done under
assumptions, which seem reasonable for theassumptions, which seem reasonable for the
case of a clinical RCT and leads to a simplecase of a clinical RCT and leads to a simple
formula for the CI.formula for the CI.
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Crime counts before and afterCrime counts before and after
in two areas one gets a CRIin two areas one gets a CRI

A similar table results. But this is not the same as the RCTA similar table results. But this is not the same as the RCT
set up as:set up as:

1 Not randomised, so no statistical equivalence exists at1 Not randomised, so no statistical equivalence exists at
the start.the start.

2 The unit is area, rather than crime event.2 The unit is area, rather than crime event.

dcComparison Area
(Nothing is changed)

baTreatment Area
(Intervention is introduced

between the 2 periods )

AfterBefore

1010

Lighting andLighting and  crimecrime

There seem to be many There seem to be many ‘‘theoretical suggestionstheoretical suggestions’’
why lighting might increase or decrease crime.why lighting might increase or decrease crime.

The meta-analysis, HORS251, by Farrington andThe meta-analysis, HORS251, by Farrington and
Welsh suggests strongly that lighting beatsWelsh suggests strongly that lighting beats
crime. However my contention is that this studycrime. However my contention is that this study
remains flawed and so we are ignorant of theremains flawed and so we are ignorant of the
effect of lighting on crime.effect of lighting on crime.

Much justification for exterior lighting is made onMuch justification for exterior lighting is made on
the basis of crime reduction, (e.g. the by lightingthe basis of crime reduction, (e.g. the by lighting
industry)industry)
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Forest Plot as HORS 251 Meta-analysisForest Plot as HORS 251 Meta-analysis
reconstructedreconstructed

Odds ratio
.156196 1 6.40222

Study  % Weight

 Odds ratio

 (95% CI)

 3.82 (2.28,6.40) Birmingham   0.7

 1.72 (1.17,2.52) Stoke   1.8

 1.39 (1.04,1.86) Atlanta   3.4

 1.44 (1.17,1.77) Dudley   6.6

 1.38 (0.97,1.97) Fort Worth   2.3

 1.37 (1.06,1.77) Milwaukee   4.4

 1.35 (1.23,1.47) Bristol  37.8

 1.24 (0.95,1.64) Kansas City   4.2

 1.14 (0.62,2.08) Dover   0.9

 1.02 (0.75,1.40) Harrisburg   3.5

 1.01 (0.89,1.15) New Orleans  21.2

 0.94 (0.79,1.12) Portland  11.3

 0.75 (0.47,1.18) Indianapolis   1.9

 1.23 (1.17,1.31) Overall (95% CI)

1212

But this canBut this can’’t be right.t be right.

 The assumptions for calculating the CIs cannotThe assumptions for calculating the CIs cannot
be correct, in this case.be correct, in this case.

 Too much variation (heterogeneity) existsToo much variation (heterogeneity) exists
between individual study results compared withbetween individual study results compared with
the uncertainty indicated by confidencethe uncertainty indicated by confidence
intervals, (if the lighting has the same effect onintervals, (if the lighting has the same effect on
crime in every study) (Heterogeneity).crime in every study) (Heterogeneity).

 Note there is great variation in crime countsNote there is great variation in crime counts
between periods in the comparison areas, wherebetween periods in the comparison areas, where
nothing is changed, so the heterogeneity isnothing is changed, so the heterogeneity is
inherent to the natural variation of crime.inherent to the natural variation of crime.
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Pointing out the problemPointing out the problem
 I had a 7 page article, Marchant (2004), in theI had a 7 page article, Marchant (2004), in the

British Journal of Criminology drawing attentionBritish Journal of Criminology drawing attention
to the problem. The formula for the CIs usedto the problem. The formula for the CIs used
must be inappropriate (also mentioning othermust be inappropriate (also mentioning other
short-comings).short-comings).

 The authors of HORS251 had 20-page responseThe authors of HORS251 had 20-page response
on the next page, justifying the claim thaton the next page, justifying the claim that
lighting reduces crime.lighting reduces crime.

 But I remain unconvinced by the claim.But I remain unconvinced by the claim.

1414

Fixing the Heterogeneity ProblemFixing the Heterogeneity Problem
 A way of making the problem go away is simplyA way of making the problem go away is simply

to increase the uncertainty, i.e. stretch the CIs .to increase the uncertainty, i.e. stretch the CIs .
((‘‘A quasi-Poisson modelA quasi-Poisson model’’).).

 Here the CIs are stretched by a factor of 2.1.Here the CIs are stretched by a factor of 2.1.
(Equivalent to reducing the events counted in(Equivalent to reducing the events counted in
every setting by a factor 2.1every setting by a factor 2.12 2 = 4.4. ). This= 4.4. ). This
adjustment has been made by the authors.adjustment has been made by the authors.

 Problem solved.... or is it? Is such modelProblem solved.... or is it? Is such model
plausible?.plausible?.
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Forest Plot reconstructed;Forest Plot reconstructed;
Now with Overdispersion=4.4Now with Overdispersion=4.4

Odds ratio
.093061 1 10.7456

Study  % Weight

 Odds ratio

 (95% CI)

 3.69 (1.27,10.75) Birmingham   0.7

 1.74 (0.78,3.85) Stoke   1.8

 1.41 (0.77,2.60) Atlanta   3.4

 1.41 (0.91,2.19) Dudley   6.7

 1.39 (0.66,2.93) Fort Worth   2.3

 1.37 (0.80,2.36) Milwaukee   4.4

 1.35 (1.12,1.62) Bristol  37.8

 1.25 (0.70,2.22) Kansas City   4.1

 1.20 (0.35,4.16) Dover   0.9

 1.02 (0.53,1.95) Harrisburg   3.6

 1.02 (0.78,1.33) New Orleans  21.2

 0.94 (0.65,1.36) Portland  11.3

 0.80 (0.31,2.07) Indianapolis   1.9

 1.24 (1.10,1.39) Overall (95% CI)

Note: Only Birmingham and Bristol show statistically significant effect. (These
2 studies have more time points than just one before and one after giving
more information and insight).

1616

What does this show?What does this show?

 Original effect: 1.24; CI (1.17, 1.31)Original effect: 1.24; CI (1.17, 1.31)
 Revised effect: 1.24; CI (1.10, 1.39)Revised effect: 1.24; CI (1.10, 1.39)
 Still claim a highly statistically significantStill claim a highly statistically significant

overall effect.overall effect.
 Always look at the data.Always look at the data.
 Here look at the data from the 2Here look at the data from the 2

supposedly supposedly ‘‘statistically significantstatistically significant’’ study study
results.results.
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The Bristol Study (Shaftoe 1994)The Bristol Study (Shaftoe 1994)
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New lighting introduced from July 87 to March 89 as marked on

the time axis. 

Shaftoe said Shaftoe said ‘‘no discernable lighting benefitno discernable lighting benefit’’ but HORS251 said z=6.6 but HORS251 said z=6.6
Note: had the data for the year immediately prior to the introduction ofNote: had the data for the year immediately prior to the introduction of
the relighting, i.e. periods 2 and 3, been used rather than unnaturallythe relighting, i.e. periods 2 and 3, been used rather than unnaturally
using periods 1 and 2 which leaves a gap of ½ year, the effect foundusing periods 1 and 2 which leaves a gap of ½ year, the effect found
would have been half of that claimed. (Shows large variability.)would have been half of that claimed. (Shows large variability.)
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Birmingham Indoor Markets Study (Poyner and Webb 1997)Birmingham Indoor Markets Study (Poyner and Webb 1997)
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What to conclude from the 2What to conclude from the 2
‘‘statistically significantstatistically significant’’ studies studies

 Hardly convincing evidence for claimed effect, bearing inHardly convincing evidence for claimed effect, bearing in
mind the changes in crime when lighting is not changed.mind the changes in crime when lighting is not changed.

 Post hoc, ad hoc justification is always a possible refugePost hoc, ad hoc justification is always a possible refuge
in the absence of scientific evidence. But that is notin the absence of scientific evidence. But that is not
science.science.

 Crime varies markedly due to a variety of uncontrolledCrime varies markedly due to a variety of uncontrolled
causes.causes.

 Unconvinced of the claimed effect.Unconvinced of the claimed effect.
 Lighting Lighting maymay be good at reducing crime but we need to be good at reducing crime but we need to

see good scientific evidence to accept the claim.see good scientific evidence to accept the claim.
 More information is needed from good quality studies.More information is needed from good quality studies.
 (Note a number of the original study reports are grey(Note a number of the original study reports are grey

literature.)literature.)

2020

Lack of Equivalence between AreasLack of Equivalence between Areas
Invariably it is the most crime-ridden areaInvariably it is the most crime-ridden area

that gets the lighting, whereas thethat gets the lighting, whereas the
relatively crime-free relatively crime-free ‘‘controlcontrol’’ area is not area is not
re-lit. So there is lack of equivalence atre-lit. So there is lack of equivalence at
the start. One effect of this is to allowthe start. One effect of this is to allow
‘‘regression towards the meanregression towards the mean’’ to to
operate.operate.

The name The name ‘‘ControlControl Area Area’’ is a misnomer. is a misnomer.
‘‘ComparisonComparison Area Area’’ is a better name. is a better name.
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Regression towards the meanRegression towards the mean
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The response given to the lack ofThe response given to the lack of
equivalence between the 2 areas. (RTM)equivalence between the 2 areas. (RTM)

 Farrington and Welsh (2006) claim that RTM is a notFarrington and Welsh (2006) claim that RTM is a not
problem because the effect in counted crimes in 250problem because the effect in counted crimes in 250
Police Police ‘‘Basic Command UnitsBasic Command Units’’  going from 2002/3 to  going from 2002/3 to
2003/4 showed only small effect (a few %). This is2003/4 showed only small effect (a few %). This is
hardly surprising as the areas and hence the number ofhardly surprising as the areas and hence the number of
crimes counted are an order of magnitude larger than incrimes counted are an order of magnitude larger than in
HORS251 so the year to year correlation is expected toHORS251 so the year to year correlation is expected to
be higher than for the  small lighting study areas.be higher than for the  small lighting study areas.

 Note Wrigley (1995) Note Wrigley (1995) ““This tendency for correlationThis tendency for correlation
coefficients to increase in magnitude as the size of thecoefficients to increase in magnitude as the size of the
arealareal unit involved increases has been known since the unit involved increases has been known since the
work of work of GehlkeGehlke and  and BiehlBiehl (1934) (1934)””..
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Estimation of the effect of RTMEstimation of the effect of RTM
 A simple model of crime rates suggests that the highA simple model of crime rates suggests that the high

year to year correlation typically 0.95 for the BCU data,year to year correlation typically 0.95 for the BCU data,
would indeed give an effect of a few %.would indeed give an effect of a few %.

 However the smaller areas used in CRI evaluation wouldHowever the smaller areas used in CRI evaluation would
be expected to have lower correlationbe expected to have lower correlation

 Burglary data from a study of 124 areas has correlationBurglary data from a study of 124 areas has correlation
of about 0.8 giving, all else equal, an effect 4 timesof about 0.8 giving, all else equal, an effect 4 times
larger comparable to the claimed lighting effect.larger comparable to the claimed lighting effect.

 Note: in general we donNote: in general we don’’t know the correlation nor ratest know the correlation nor rates
being compared for the lighting studies. However, we dobeing compared for the lighting studies. However, we do
know, whereas the crime rate ratio at the start is 1.40know, whereas the crime rate ratio at the start is 1.40
for Dudley, that for Stoke is 2.51 giving a much largerfor Dudley, that for Stoke is 2.51 giving a much larger
expected RTM effect.expected RTM effect.

 Without better knowledge we canWithout better knowledge we can’’t judge the impact oft judge the impact of
RTM but the indications are that it could be serious.RTM but the indications are that it could be serious.

2424

Dissemination Bias 1Dissemination Bias 1

 One the problems of synthesising researchOne the problems of synthesising research
findings is that findings is that ‘‘positive resultspositive results’’ tend to be more tend to be more
visible than those that arenvisible than those that aren’’t.t.

 Gives a distorted view of reality and suggestsGives a distorted view of reality and suggests
that more interventions are more effective thanthat more interventions are more effective than
they actually are. (This has been studiedthey actually are. (This has been studied
particularly in the health field.)particularly in the health field.)

 It is hard to know the effect of this in the studyIt is hard to know the effect of this in the study
of crime. Statistical detection of such bias isof crime. Statistical detection of such bias is
possible given a sufficient sample of studies.possible given a sufficient sample of studies.

 Note: the authors of HORS251 could not obtainNote: the authors of HORS251 could not obtain
5 reports of lighting trials.5 reports of lighting trials.
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Dissemination bias 2Dissemination bias 2
 It is important to obtain all relevant research,It is important to obtain all relevant research,

e.g. including the e.g. including the ‘‘grey literaturegrey literature’’..
 Need have detailed protocols for research Need have detailed protocols for research andand

register of protocols, so it is easier to know theregister of protocols, so it is easier to know the
outcome of research. Need public access to this.outcome of research. Need public access to this.

 Note the WHO is setting up the InternationalNote the WHO is setting up the International
Clinical Trials Registry. We need to know keyClinical Trials Registry. We need to know key
information including interests and funding.information including interests and funding.

2626

Cost benefit analysesCost benefit analyses

 Cost benefit analysis has been done based on very fewCost benefit analysis has been done based on very few
studies by lighting and crime researchers (and gives astudies by lighting and crime researchers (and gives a
highly favourable result for lighting). However doing thishighly favourable result for lighting). However doing this
only increases the problem. As an unknown, unprovenonly increases the problem. As an unknown, unproven
benefit/harm is being compounded with uncertain costs.benefit/harm is being compounded with uncertain costs.

 We need to get much better information to do such anWe need to get much better information to do such an
exercise properly otherwise it tends to look exercise properly otherwise it tends to look ‘‘scientificscientific’’ to to
the eye of a novice, when in fact it isnthe eye of a novice, when in fact it isn’’t, because oft, because of
flimsy data and method.flimsy data and method.
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“…“…Paul Marchant, statistician at Leeds Metropolitan University whoPaul Marchant, statistician at Leeds Metropolitan University who
argues that statistics used in the Home Office Study 251 couldargues that statistics used in the Home Office Study 251 could
equally be used to show that street lighting actually increasesequally be used to show that street lighting actually increases
levels of crime. This is an argument which the APPLG, alongsidelevels of crime. This is an argument which the APPLG, alongside
the ILE, would hope to show as utterly absurd. Of course it isthe ILE, would hope to show as utterly absurd. Of course it is
worth noting that Paul Marchant is also an astronomer as well asworth noting that Paul Marchant is also an astronomer as well as
being a statistician, and that this may lead to some bias in hisbeing a statistician, and that this may lead to some bias in his
interpretation of the statistics he refers to.interpretation of the statistics he refers to.””

P56 of the March/April 2004 issue of the Lighting JournalP56 of the March/April 2004 issue of the Lighting Journal,,
the magazine of the Institution of Lighting Engineers.the magazine of the Institution of Lighting Engineers.

APPLG = The All-Party Parliamentary Lighting GroupAPPLG = The All-Party Parliamentary Lighting Group
ILE = The Institution of Lighting EngineersILE = The Institution of Lighting Engineers

My My ‘‘InterestInterest’’

2828

My take on lighting and crimeMy take on lighting and crime

 It may be that lighting reduces crime, or may be it increasesIt may be that lighting reduces crime, or may be it increases
crime. We have to look at the evidence as given. Thecrime. We have to look at the evidence as given. The
conclusion, at present, is: We do not know....yet we ought toconclusion, at present, is: We do not know....yet we ought to
know in order to spend money rationallyknow in order to spend money rationally

 Note, I know of no scientific trials of exterior 'Security'Note, I know of no scientific trials of exterior 'Security'
lighting. So it is not known if these work.lighting. So it is not known if these work.

 We ought to take a We ought to take a ‘‘PopperianPopperian’’ view and entertain the view and entertain the
possibility of light being ineffective or worse, against crime.possibility of light being ineffective or worse, against crime.

 Of course we all need light at night, to see by. (ThoseOf course we all need light at night, to see by. (Those
concerned about light pollution are basically talking concerned about light pollution are basically talking ‘‘lamp-lamp-
shadesshades’’). However there is no sound evidence we need light). However there is no sound evidence we need light
to protect us from crime, in spite of claims.to protect us from crime, in spite of claims.
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Wider problems of inappropriate methodsWider problems of inappropriate methods

 The costs of crime and attempts at its reduction areThe costs of crime and attempts at its reduction are
large.large.

 Similar problems probably exist for the evaluation ofSimilar problems probably exist for the evaluation of
other area-based crime reduction interventions, too.other area-based crime reduction interventions, too.
E.g. Unit of analysis, RTM.E.g. Unit of analysis, RTM.

 Methods Scales seems to suggest that weakerMethods Scales seems to suggest that weaker
designs than RCTs might suffice, without indicatingdesigns than RCTs might suffice, without indicating
what is lost. This is problematic.what is lost. This is problematic.

 We need to have proper evidence to decide We need to have proper evidence to decide ‘‘whatwhat
worksworks’’ in crime and in all spheres. in crime and in all spheres.

3030

Much can be borrowed from methods inMuch can be borrowed from methods in
health researchhealth research

For example in area-based crime reductionFor example in area-based crime reduction
The Methods of Cluster Randomised Trials are appropriate.The Methods of Cluster Randomised Trials are appropriate.
See e.g.See e.g.
Ukoumunne et al (1999)Ukoumunne et al (1999)
andand
Campbell et al (2004)Campbell et al (2004)…….CONSORT extension for Cluster.CONSORT extension for Cluster
Randomised Trials.Randomised Trials.

Also, post-implementation monitoring is highly desirable for anyAlso, post-implementation monitoring is highly desirable for any
programmeprogramme..

(Note; it is problematic enough to determine What Works in(Note; it is problematic enough to determine What Works in
healthcare where the healthcare where the ‘‘unitunit’’ is  is ‘‘personperson’’, through e.g., through e.g.
dissemination bias.)dissemination bias.)
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Some considerations for evaluation of anythingSome considerations for evaluation of anything

 Interventions are expensive, as are the consequences, soInterventions are expensive, as are the consequences, so
their effects need to be researched to a very hightheir effects need to be researched to a very high
standard ,e.g. the necessity of using randomisation,standard ,e.g. the necessity of using randomisation,
blinding, wherever possible.blinding, wherever possible.

 Also the target population could be depleted throughAlso the target population could be depleted through
poorly conducted studies.poorly conducted studies.

 Statistical issues need to be treated properly.Statistical issues need to be treated properly.
 Caution is needed with systematic reviewing/meta-Caution is needed with systematic reviewing/meta-

analysis as it involves moving away from the primaryanalysis as it involves moving away from the primary
sources.sources.

 It should be possible to do It should be possible to do ‘‘roll outroll out’’ in a way that is in a way that is
amenable to proper scientific evaluation.amenable to proper scientific evaluation.

 ‘‘Foster scepticismFoster scepticism’’ (Gorard). Warrants for research are (Gorard). Warrants for research are
necessary. Can research findings be plausibly explained bynecessary. Can research findings be plausibly explained by
means other than that given by the researcher?means other than that given by the researcher?

3232

High standards are needed for evidenceHigh standards are needed for evidence

Need adequate funding to provide quality research, as theNeed adequate funding to provide quality research, as the
costs of rolling out programmes on a national scale arecosts of rolling out programmes on a national scale are
huge. Need to be aware of the costs of implementinghuge. Need to be aware of the costs of implementing
ineffective or counterproductive programmes.ineffective or counterproductive programmes.

 Pre-publication of protocols. Register of protocols andPre-publication of protocols. Register of protocols and
trials.trials.

 Open-access in order to check any work.Open-access in order to check any work.
(As, for example, reports/papers may confuse standard(As, for example, reports/papers may confuse standard
deviations and standard errors or not recognisedeviations and standard errors or not recognise
correlated data.)correlated data.)

 LetLet’’s have the raw data.s have the raw data.
 Sound use of statistical methods needed. EngageSound use of statistical methods needed. Engage

statisticians.statisticians.
 Need longer-term monitoring of interventions to see howNeed longer-term monitoring of interventions to see how

things work out in practice. High scientific standards arethings work out in practice. High scientific standards are
needed here too.needed here too.
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Final QuotesFinal Quotes

Stephen Senn Stephen Senn ““Trust nobody, checkTrust nobody, check
everythingeverything””  from   from ‘‘Fear and Loathing inFear and Loathing in
Pharmaceutical StatisticsPharmaceutical Statistics’’, Royal Statistical, Royal Statistical
Society Conference 2002Society Conference 2002

HG Wells HG Wells ““Statistical thinking will one day beStatistical thinking will one day be
as necessary for efficient citizenship as theas necessary for efficient citizenship as the
ability to read and writeability to read and write””..
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