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190 APPENDIX 2
Aot feasible with human subjects. Treatment, perhaps better called
quasi-treatment, variables are thus measures of alcohol consumption
and other matters, such as diet, necessary to define the treatment
effect under study, whereas intrinsic variables are mother’s age and
parity, socio-economic class, etc. If the study were replicated in a
number of centres, centres would form a non-specific variable.

A second classification of explanatory variables, relevant in ana-
lytical formulation, is by their mathematical structure, according to
whether they take

I. anumber of qualitatively different levels, such as one of a number
of regions of residence,

a number of ordered levels, such as the description of the seventy
of some condition as slight, moderate, severe and very severs;
1. values specified by a reasonably well-defined guantitative scale.

[

A third classification is into

. directly measured variables;

2. derived variables, by which we mean both composite variables
obtained by taking combinations of measurements or variables
such as squares and products of more directly observed

quantities.

A2.3 Formation of explanatory variables

In some situations explanatory variables may be entered mto a
multiple regression equation either in exactly the form in which they
are measiired or after rescaling; a simple change of units to make all
variables have approximately the same standard deviation in the
data, and in some cases a change of origin to produce means that are
not too large may help avoid numerical instability (Example 2.1L}
For essentially positive variables a log transformation may be wise
{Examples 2.10,2.11). Care is, however, necded with variables that
have a very wide range, especially where very non-linear effects are
likely. Thus if in a clinical study age at entry ranged from 60 to 70
years, direct mtroduction of, say, age — 65 as a quantitative variable
would be reasonable, and non-linearity could, if necessary, be checked
via a squared term. But if age ranged from 20 to 80 years some
arouping of age into a fairly small aumber of groups and their
treatment initially as qualitatively different, as explained helow,
would protect against strong non-linearity. Again for alcohaol con-

FORMATION OF EXPLANATORY VARIABLES o

.m:.:._m_:cz._n htres per week it would usvally be better ¢ k
initially _.c._:._ none, slight, moderate, heavy E_mnﬂ than m_qnnw_cimﬂr
the mzmn:__ua{m measurement; later analysis could refine .._Ma. H.aﬂ.nw. MH_ '
arbitrary subdivision, if that seemed likely to be fruitful . i
For qualitative variables at | levels, the n_uaﬂEﬁ:w_a of —1
nuu._mumﬁnw variables will be needed if the main effect of s _&.
variable is to be represented without prior constraint ﬁ.mum,.: E:...r:m
The methed of construction is in one sense arbitrary so _ow m...ﬁ ,mw.
make the |—1 variables linearly independent but the F%E..,.,_. :
considerations are helpful. ; 5

I The marginal [requencies of the different levels should be
inspected, in particular to avoid giving prominence to levels that
ocecur with very low frequency. 3 :

2. AF En_.ﬂn is a Jevel, say |, with a very low frequency and its possible
merging with another level, say 2, appears possibly sensible, it
will be useful to define one variable, say H.H =] :ﬂ_n_ L] , 1
flevel 2), 0 (all other levels), so that the resulting nm:n“m_”mn_
parameter provides a test of the reasonableness of the proposed
mergng. In defining the other [ — 2 variabies, the two lavels |
and 2 can then be treated identically.

3. Il ome level, say 1, is a control, or other natural reference level,
or oceurs with especially high frequency, it may be sensible to
define all the xs relative to 1, ie. to define x, . H by x; = |
(evel CF 1 (level i) 0 (bheraitey, Lo

4, .: the levels are ordered and are aﬁ..‘.m.«u_“ roughly equal frequency,

it may be sensible to define x's via the standard orthogonal

pelynomials (Pearson and Hartley, 1966, Table 47) for | Ercmu:._

spaced points, using thus for thees levels — 1,0, 1, — 2.1 1o

define respectively x|, x,. .

There should be some rough check that the xs are not defined

so as to be nearly linearly dependent,

6. Any special arguments-indicating contrasts that are likely to be
particularly important should, of course, be used in defining the
X5 ]

Ln

Interactions are normally best studied in this context by defining
products of the xs defining the main effects in question. In
explaratory work, the principle that large main effects are on the
ﬁ.rﬁ_n more likely to generate appreciable interactions than small
main effects is often helpful. Thus if two qualitative variables have
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I, and I, levels respectively, leading to the definition of [; —1 and
I, — 1 explanatory variables, the set of all products of these variables
defines the two-factor interaction with (I, — 1) (I, — 1) degrees of
freedom. If it is required to extract a few degrees of freedom from
the interaction this can be done via products of component x’s with
especially strong interpretations or, failing that, via components that
happen to be large. ,

In some applications to calculate a priori combinations of the
explanatory variables may be useful. For example: near orthogonality

be achieved by replacing diastolic and systolic blood pressure by

may
if a

the sum and difference of the logs of the two measurements;
particular feature has been measured in several different ways a
composite score may initially be tried. In these cases it will often be
wise to test from the data whether the indicated combination appears
to have sacrificed information about the response variable under

study.

A2.4 Small numbers of explanatory variables

In some applications there may be a reasonably small number of
explanatory variables, corresponding to say at most five or six
parameters. Unless a treatment effect of primary interest is substanti-
ally confounded with variables of no direct interest, there seems little
point in trying to simplify the resulting equation by omitting
explanatory variables merely on grounds of statistical insignificance;
it may be a useful quick check on the potential for improving
precision of treatment effects to compare the standard error under the
full fit with that achieved by omission of all other variables.

The model with all explanatory variables in linear form may be
y adding non-linear functions, e.g. squares of quantitative

mcmam:ﬁmad
variables, and interaction terms (Example 2.11). A simple strategy 1s

to begin by adding such terms one at a time, concentrating on
interactions of the treatment effects of primary interest with intrinsic
and non-specific explanatory variables and on possible non-linearity
of response to important quantitative variables.

In judging statistical significance it is importan
whenever the largest from among many possible contra

for interpretation. One way to do this, when a variable is ch
ut of a block of variables, is to examine the change in 2108

ood) when all the variables in the block are fitted; if

t to make allowance
sts is chosen
osen for

inclusion o
(maximized likelih
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this is not statistic igni

ally significant at an i i ,

: n interesting lev i
danger that the variable selected is an artefact B fevel there is 2

A25 Large numbers of explanatory variables

Am , o .
A _Mmrﬁaoa anc: Situation arises if there are so many potential
n:ﬂﬂ. Mv Manvr «mdmzmm that some reduction from the full fit is essential
leve understandable interpretati
ither \ 10n or reasonable i
! , reci-
M%Mn in the primary comparisons. Now many computer vwomm on~m
RnomE mEoBm.:o &m.oDSBm for variable selection. We mﬁaoam_
re EMHSSQ against reliance on these algorithms except oonmmmo:mﬂw
very restricted context set out bel i i
ow. This is because th i
they force are often of a v i e ofton oy
ery arbitrary character and are off
most appropriate for the pu i ction or of mteorer.
. rpose either of prediction or of i
ation; to end with one set of vari ¢ other quite
tion, variables when th 1
different choices havi . o the dut Tanes
ffe ing virtually as good invi
N yas g a fit to the data invites

We suggest a procedure along broadly the following lines

LU . .
MMH Eco% explanatory variables which it is essential to include
o er because they are treatment variables of primary concern, or
cause it is known from previ i :
. 10
b p us studies that they are
2. 1 .
M%“maoa iwﬂ:ﬂ certain subsets of variables (e.g. measurements
e same feature) should be treated .
1€ 's ) separately or whether some
Ea:BEWQ reduction across subsets, such as by the formation of
, totals, might be fruitful. °
. Mrmmw%wa ﬁw %::mﬂnm of other variables, at first one at a time as
n A24, or by cauti 1 i
Aot y 1ous use of a computerized selection
4. 1 i i
<MMMW_ 55:?089:9 Le. repeat both phases with the initial
var Mm, those ?05‘ the initial list supplemented by and/or
S ﬁﬂmoa by other variables found empirically from the data.
. o M_wnwﬂwvo_, Mm“m wnnwaszw adequate fits have been obtained
¢ addition of further variables, i i
as outlined in Section A2.4. imieractions andso on

If,asis i i i
»aom”wmw _“.Mn_xw Enn.m are different choices in the later phases that give
$ It Is important, as far as is feasible, to give all fits

consistent with the data i
. . , making any choice between i
choices on subject-matter grounds. o eltemative
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