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GRAPHICAL ATTR IBUTES: Scatt er Diagrams

To answe r a Que s tion abou t an X−-Y− rela t ion s hip between qu ant ita tive variat es, it is alw ays useful to lo ok at relev a n t data
sh own as a scatt er diagram – Car tesia n axes wit h dots (or other symbols), the coordin ates of whose cent re are the X− and
Y− value s of each biv ariat e obs ervation. Howeve r, when exa m ining such diagr ams, it is easy to ove r look the lim itation on an
Answe r abou t the X−-Y− rela t ion s hip im pos ed by different poi nts on the scatt e r diag ram havi ng di ffering value s of a lur king vari-
at e Z−. This matt e r is illu s trated by the two versi ons of the sa m e scatt e r diag ram at the rig ht bel ow:

* in the left-hand versi on in whi c h Z− value s are ig nored, we see an X−-Y− rela t ion s hip that cou ld rea son ably be model led by a
st r aight lin e with a nega tive sl ope.

* in the rig ht-hand versi on, whe re different symbols for the poi nts denot e fo ur different value s of some (non-focal) ex pla n a-
to ry variat e Z−, the straig ht-lin e X−-Y− rela t ion s hip can have a slo pe whi c h is (cl ose to) zero (when Z− is 0), posit ive (when Z−
is 1 or 2) or negative (when Z− is 3).
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NO TES: 1. When looking at a  scatt e r diag ram of bi-
variat e data to assess an X−-Y− rela t ion s hip,
we aga in re cognize that exper ienc e ou tsi de
st atis ti cs wit h diag rams inv olv ing Car tesia n
axes provi des poor prep aration for statis ti cs
– it is diffic ult for lat e r st atis ti c a l train ing to
ov ercome a mindset (unconc e rne d with
lu rking variat es) that arises from more for-
mative earli er exper ienc e with such dia -
gr ams, star ting in ele ment ary school , with
on -go ing expos ure in the media, and con tin uing up to pos t-secon d ary lev el cou rses, inclu ding calculu s and algebra .

2. Looking at mul t ivariat e data to try to det e ct pa tterns which answe r Questio ns about rela t ion s hips can be aid ed by
st atis ti c a l software that shows a poi nt cloud in three dim e nsi ons on a computer scre en wit h option s li ke:

• rotating the poi nt cloud in real tim e; • using col our to dis tinguis h subs ets of the poi nts;

• li nking poi nts (e.g., by usi ng colour) across scatt e r diag rams whi c h sh ow poi nt clouds for different sub set s of
the variat es – see Progr am 10 , Mu lti dimensional Data Analysi s in Ag a inst All Odds: Inside Sta tis tics.

3. The foregoi ng dis cus sio n and scatt e r diag rams in this Statis ti c a l Highlig ht #29 draw att entio n to the distin ction be-
tween condit i oning on Z− and ig nor ing Z− when inv estig a t i ng rela t ion s hips.

* Condition ing is subdividing, as dis cus s ed at the upper left of pag e HL51. 3 in Section 2 of Statis ti c a l Highlig ht #51.

* A marginal (probability) dis tributio n, refer red to in Section 6 on pag e HL51.4 of Statis ti c a l Highlig ht #51 and
il lust r ated in Table s HL 51.1 0 to HL51.1 3, is an exa mple of ‘ig nor ing’ the variat e which is abs ent from the mar-
gi nal dist rib u tio n – for ins tanc e, in Table HL51.11, X−2 is absent, in Table HL51.1 2, X−1 is absent, and in Table
HL 51.1 3, Y− is absent.

The scatt e r diag ram at the rig ht above shows the margi nal dist rib u tio n of X− and Y− if we think of the Z− direction
as coming ver tically up from the pag e. Wit h the Z− value s as giv en at the upper rig ht of the rig ht-hand versi on of
the diagr am and thinking of the pag e as the pla ne Z− = 0, the first five poi nts of the cloud wou ld lie on the pag e;
the rem ain ing 14 poi nts woul d then lie progres siv ely fur the r above the pag e in groups as one mov es to the rig ht
across the diag ram . This dis cus sio n reminds us that a margi nal dist rib u tio n is a pr oje ction – we se e the margi nal
dist rib u tio n of X− and Y− if we look ver tically do wn on the diag ram (i.e., we look along the Z− axis) to proje ct the
thre e-dim e nsi onal poi nt cloud on to the (two-dim e nsi onal) plan e of the pag e.

• It is int e resting to specula te on the ext ent to whi c h the idea s of con d ition ing and margi nalizing (or proje cting)
prov ide a basis for unde rst anding the ways in whi c h mathem ati c a l models appr oximate re a lity (se e the maxim
quot e d near the middle of pag e HL6.3 in Statis ti c a l Highlig ht #6 – All model s are wrong, som e are use ful).

4. Other statis ti c a l is s ues inv olv ing scatt e r diag rams are dis cus s ed in Statis ti c a l Highlig ht #53.

Ap pendix – Lu r king Var iat es and Con founding [o ption a l re ading]

As backg rou nd to managi ng the lim itation s arising from lur king variat es
when answe ring Que s tion(s) about an X−-Y− rela t ion s hip between a focal vari-
at e X− and a respons e variat e Y−, Z−1, Z−2, ....., Z− k in the schema at the rig ht are
called lu r king var iat es, a phrase that means lur king explanator y variat es in
that each Z− accou nts, at lea st in par t, fo r change s fr om ele ment to ele ment in
the value of the respons e variat e. As illust r ated above, the impor tanc e of lur k-
ing variat es is that, if the dist rib u tio ns of their value s di ffer between groups of
elem e n t s [li ke popula t ion s or samples] wit h different value s of the focal variat e,

X−-Y− Re l ationship? (ex ist enc e, association, cau s ation)
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an Answe r abou t the X−-Y− rela t ion s hip may differ from the true state of affairs unles s the differenc es in the value s of the relev a n t
Z−s are taken into accou nt.

Three relev a n t defin ition s are:

* Lu r king var iat e: a non -focal exp lanato ry variat e (Z−) whos e differ ing dis tributio ns of value s ov er groups of ele ments or units
with different value s of the focal variat e, if taken into accou nt, wou ld meaning ful ly change an Answe r abou t an X−-Y− rela t ion s hip.

* Con founding: differ ing dis tributio ns of value s of one or more non-focal exp lanato ry variat e(s) among two (or more) groups
of ele ments or uin t s [li ke (sub)popula t ion s or samples] wit h different value s of the focal variat e.

* Comparison error: fo r an Answe r abou t an X−-Y− rela t ion s hip that is base d on comparing att rib u t es of groups of ele ments or units
with different value s of the focal variat e(s), comparison error is the differenc e fr om the in ten ded (o r true) state of affairs arisi ng fr om:

−− differ ing dis tributio ns of lur king variat e value s between (or among) the groups of ele ments or units OR −− confou nding.

The alt e rnate wording of the last phrase of the defin ition of comparison error accom modat es the equ ivalent ter min ologie s
of lur king variat es and confou nding ; in a par ticular con tex t, we use the versi on of the defin ition appropriat e to that con tex t:

‘l urking variat es’ can more rea dily accom modat e phen omena li ke Sim pson’s Paradox – see Statis ti c a l Highlig ht #51;

‘c onfou nding’ is more com mon in the con tex t of comparative Pla ns (se e St atis ti c a l Highlig ht #63), but the varie ty of usage
of ‘confou nding’can be a sou rce of diffic ulty (se e St atis ti c a l Highlig ht #3).
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