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TA BLES: How to Construct Effective Table s

1. Int r odu ction

Ta ble s are a com mon met hod of pre senting dat a; famili arity wit h tables from an early age makes it easy to for get that con -
st ructing ef fec tive tables is an on erous task. Dis cus sio n of how to achieve effective nes s is provi ded in the fol low ing referenc e.

Jo urnal of the Roy al Statist ical Societ y A 140, Par t 3, pp. 277-297, 1977. [DC Lib r ary call number: PER QA276.R8]

Rudiments of Numer acy
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London Busin ess School

SUMMARY

Ma ny table s of dat a are badly pre sent e d. It is as if their produ c e rs did not know what the data were sayi ng
or were not letting on. Some pre c epts for improve d data pre sent ation are dis cus s ed.

Ke ywords: NUMERACY, TABLES, GRAPHS, DAT A PRESENTATION, ROUNDING

PEOPLE who say they are not nume r ate usually do not mean that
they cannot do arithmeti c. No r sh oul d they mean that they cannot
do mat hem ati cs. Ins tea d, they are really sayi ng that they cannot
co pe wit h nume rical data – tables, graphs, percent age s , and so on..
Bu t si nce such dat a are often badly pre sent e d – requi ring much ef-
fo rt eve n fo r so phis ti c ated use rs to unde rst and – the fau lt is that of
the pr oducers of the data . This is the star ting-poin t of this paper.

Num eracy has two facet s – rea ding and writing, or extra cting nu -
me rical infor mation and prese nting it. The skills of dat a pres entation
may at first seem ad hoc and judgement al, a matt e r of style rat her
than technol ogy, but certain aspects can be for mulat e d in t o ex pli cit
rule s , the equ ivalent of ele ment ary syn tax. Such pre c epts have
largely been ign ore d in statis ti c a l practi ce and teaching.

This paper rais es for dis cus sio n so m e rule s or guideli nes for im-
prov ed dat a pres entation. In doi ng so, the immediat e conc e rn is not
with the gen eral pub lic but with sup pos edly num erate people like
st atis ti cia ns – produ c e rs and more or les s regular use rs of num erical
infor mation. The re is les s conc e rn about the les s nume r ate fring e
(e.g., challenge d school-chil dre n or apocryphal company chairpeo -
ple) ; they als o ne e d help but will not do much wit h nume rical infor-
mation howeve r wel l it is pre sent e d.

This paper is in five section s. Se ction 1 giv es two exa mples of how
the pre sent ation of dat a can be improve d. Speci fi c rule s fo r doing so
are then set out in Section 2, fol lowe d by a brief assessment of the
relevant lit e r ature in Section 3. Pos sib le obj ectio ns and problems of
im p lem e n ting the rules are dis cus s ed in Section s 4 and 5.

Interest e d re ade rs can con sul t Ehrenberg’s paper for det ails; the rem ain d er of this Highlig ht #103 are illust r ation s of usi ng his
id e as. Illust r ation 1 arose from the fol low ing newsp aper article EM900 4 and is the work of the writer’s col le ag ue, Prof. R.W.
Ol dford; this wor k wa s in clu ded in an early versio n (m aybe 1995) of the STAT 231 Cou rse Not es but was gon e by 200 4.

EM9004: The Globe and Mail, Janu ary 16, 1990, page s A1 and A2

Plant, animal life damage d by acid rain in
19,000 lakes in Ont ario, report reve als

BY CRAIG McINNES
The Glo be and Mail______________________

Acid rain is damag ing pla n t and anima l
li fe in about 19,000 Ontario lakes, says a
study relea s ed yest e r day by the provi nci al
Envi ron ment Min is try.

The repor t, whi c h is the first to estim ate
with any accur acy the ext ent of aci d rain
damag e to lakes in Ont ario, fou nd that the re
are more than 7,000 ver y acid i c la kes in
which mos t of the com mon fish hav e died,
according to Ber nie Neary, super vis or of
Lake Management Studies at Dorset, Ont.

The other 12,000 lakes are aci dic enou gh
to damag e ot he r fo rms of pla n t and anima l
li fe, said the repor t, whi c h is a statis ti c a l ex-
trapola t ion of dat a collected bet ween 1978
and 1989 from 6,000 of Ont ario’s more
than 250,000 lakes.

Re c ent res earch is showing that biologi c a l
damag e is occur ring in lakes that wou ld not
be con sid ere d acid ified unde r the old defin i-

tion, Mr. Neary said.

"The tradit ion a l yardstick was whether or
not the re are fish in a lake. We find that
they are among the more tole r ant organisms
in a lake," Mr. Neary said.

"The take-home message here ... is that
there are many par ts of an aqu ati c food chain
and the re are var ying lev els of sensit ivity".

Mi c h ael Perley of the Canadian Coa lit ion
on Acid Rain said yest e r day that he was not
surpris ed by the hig h number of damag ed
la kes. The study confi rms rou gh estim ates
ma de five years ago by the department of
Fish eries and Oceans.

"I don’t think it wil l surpris e ve ry many
people when they hear that order of mag n i-
tude, unfor tun ately".

Abou t 7, 300 of the lakes are in the Sud -
bury regio n, whe re aci dific ation has been
caus ed primarily by emissio ns from local
Inco and Falconb ridge smelt e rs.

An othe r 11 ,000 are in are as affected by the
long-rang e transport of sulphu r pollutio n and

delive red in the for m of aci d rain and snow.

The U.S. Congres s will star t ag ain nex t we ek
consid ering the cle a n-air bil l spon s ore d by the
administ r ation of Pre sid e n t George Bush.
The bil l is desig ned to cut sulphu r diox ide
em issio ns by 10 mil lio n tonnes a year by the
ye ar 2000 or, at the lat est, 200 4.

The Cana dian gov ernment is cou nting on
that legisla t ion to cut U.S. aci d rain emis-
si ons whi c h damag e Cana dian lakes.

Last week, howeve r, sev eral gov ernors from
we s ter n st ates called a news conferenc e to
say that they did not want to have to pay for
what they perceiv ed to be a problem cau sed
by east e rn states.

Electr ical utilit ies oppos ed to the bil l have
been exp l oit i ng the differenc es between states
in an effor t to scu ttle the legisla t ion, Mr. Per-
le y said.

"I think what you are seeing is the battle
li nes for ming up and the war ning shots bei ng
fired across the bow s," Mr. Perley said.

"We’re really dow n to the ver y, ver y roug h
and rea dy str ugg le now".
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2. Illustr ation 1: Ac id Sensitivity Sample Sur vey of Lakes in Ont ario, 1989

The article EM900 4 reprint e d ov erleaf on pag e HL103.1 appears to be base d on a 1989 Gove rnm e n t of Ont ario repor t,
which used availa ble dat a fr om more than one sou rce – for exa mple:

* Ontario Min is try of the Env ironm e n t, Acid sen sitivity of lak es in Ontario, 27 pag es, pub lication dat e Ja n.1, 1988, annou ncement
date, May 13, 2001, Repor t no. OME-APIOS-1988; MICROLOG-89 -02261, Referenc e no. CANM-89 -002694; EDB -89 -134099.

* Ne ary, B.P., Dil lon, P. J., Munro, J.R. and B.J. Clark. The Aci difi cation of Ontario Lak es: As Asses sment of Their Sen sitiv-
ity and Cur ren t St atus wit h Resp ect to Biologi cal Dam age. Li mnology Sectio n, Dorset Res earch Cent re, Janu ary, 1990,
ISBN 0-7729 -6550-1.

Info rmation abou t how the dat a we re col lect e d is:

• Lake s we re selected haphazardly, not probabilis ti c a l ly, pos sib ly on the basis of criter ia like acces sability and degree of (ap parent)
damag e; this (of cou rse) inc rea s es the lim itation s on answe rs about the popula t ion (ca .262,000 lakes) base d on sa m p le estim ates.

• The inv estig a t ion was not a ‘sn apshot’ in tim e, becau se the data were col lect e d ov er a per iod of years – the secon d refe renc e
abov e refe rs to 1976 to 1989; this means that a hig her number of lakes in a damag e catego ry in the table s which fol low
li kely reflects on-go ing dat a accumulation mo re than inc rea sing damag e ov er tim e – see als o the la st sent enc e in the last
paragr aph in the left-hand colum n on the facing pag e HL103. 3, The Minis try of the Environment, ......

• The secon d refe renc e abov e mentio ns 6,467 lakes inv estig a ted; the table s which fol low in this Illust r ation 1 show (suppos -
edly) 6,722 lakes; this wou ld sugge s t abou t a year’s more lakes inv estig a ted here than in the secon d refe renc e.

Back gro und

One of the mos t pres sing env ironm e n tal problems facing large ar-
ea s of Nor th Amer ica is aci dic pre cipit ation. All of sou t her n On -
tario receiv es a steady bombardm e n t of aci ds, aci d-for ming gases
and associat e d pollutants. The aci ds come down with rain, snow,
fo g and sma l l particle s in the air.

Hum an activ ities are respon sib le for the large maj ority of thes e
acid s. Sm elt e rs and coa l-fire d electr ic gen erating station s, bot h in
Cana da and the United States, spew mil lio ns of tonnes of sulphu r
diox ide into the atmosphere annually. Cars, truck s and train s con-
tr ibute more mil lio ns of tonnes of nit rog en dioxi des. Thes e ga s es
re act wit h sunlig ht, oxyge n, ozone, wat e r and othe r ga s es to for m
sulphu ric and nitr ic aci d – strong, cor rosiv e acid s.

In unpolluted are as, rain and snow are natur ally slig htly aci dic
si nce carbon dioxi de, whi c h is a natur al component of the atmos-
phere, dis sol ves in wat e r to for m we a k carbon i c acid . Wa ter quali ty
of lakes has dev elo ped in respons e to weather ing processes induced
by this weak aci d. Rocks and mine r als react wit h carbon i c acid to
fo rm bicarbon ate, whi c h is fou nd in natur al wat e rs eve ryw here.

The complex biologi c a l co mmu nit ies in lakes, stre a ms and forests
have adapt e d and evolved in equ ili brium wit h thes e natural con d i-
tion s and processes. Howeve r, aci d rain has seriou sly dis tur bed this
equili brium .

Leve ls of Acidity

The aci dity of a solutio n is mea s ure d on a logarithmic pH scale.
This logarithmic scale means that a one -un it change on the pH scale
co rre sponds to a ten -fo ld inc rea s e or decre ase in aci dity. Thu s , a
solu tio n with a pH of 4.0 is ten tim e s mo re acid i c than a solutio n of
pH 5.0 and one hun dre d times more aci dic than a solutio n of pH 6.0.

Distil led wat e r is con sid ere d to be neit her aci dic nor alk alin e, and
ha s a pH of 7.0. The carbon dioxi de in the atmosphere wil l caus e
rain to hav e a pH of sbout 5.6 if no other facto rs are affecting the pH.

Rainfall wit h a pH of les s than 5.6 is ter med "acid rain," but sig n ifi-
cant amou nts of aci d are als o deposit e d as gases and par ticle s
throug h proces s es called "dr y deposit ion." Ove r mos t of sou t her n
Ontario, the ave r age pH of the rain is about 4.2. In the rem ote
no rthwe s t, the ave r age pH is above 5.0. Becau se aci d deposit ion is
higher in sou t her n Ontario than in the nor ther n parts, more aci d
la kes are fou nd in the sou t h.

Samp le Sur vey of Lakes

There are about 262,000 lakes in Ont ario. Of thes e, a recent
study indicates at lea st 19,000 hav e been affe cted by aci d rain, many
of them in the Muskoka -Halib urton regio n, whe re the re is a sub-
st antia l co ttage and tour ist indust ry.

Mo st lakes have the ability to neutrali ze a cer tain amoun t of aci d.
This neutrali zing cap acity of a lake is mea s ure d by the lev el of bi-
carbon ate alk alin ity in the wat e r. If a la ke has a hig h alk alin ity lev el,
it can resis t pH change s caus ed by aci d inputs. Lakes wit h low al-
kali nit ies can exper ienc e pH depre ssi ons dur ing spring snowmel t or
after heavy rain, tim e s when large aci d lo ads ent e r the lakes.

A lake wit h zero or les s alk alin ity is an aci d la ke. A negative
re ading of alk alin ity means that the lake con tains min eral aci dity.
Thes e la kes usually hav e a pH les s than 5.0, and if they hav e any
fis h at all, it wil l be a hardy, aci d-tole r ant specie s li ke yel low perch.
As a lake aci difie s , sensit ive specie s su ch as bass and trout will
probably not reprodu c e, alt hou gh some adult fish may stil l surviv e
un til they die of old age or other cau ses.

The neutrali zing cap acity of a lake is dependent on a number of
fact ors. Lakes in lim e s t one regio ns usually hav e a ver y high alk alin-
ity, sin ce bicarbon ate alk alin ity res ult s as lim e s t one slowly dis sol ves.
Alkali nity can also be gen erated in soi l s, so that groun dwat e r and
soil run off inputs to some lakes can be an impor tant sup ply of neu -
trali zing cap acity. In some cases, alkalin ity lev els can be reduced by
naturally occur ring aci ds. Thes e acid s are for med dur ing the de-
co mposit ion of leave s and othe r or ganic mat e ria l. The pre senc e of
thes e acid s is usually obs erved as a brown col our ation in wat e r, and
can be quite noticable in are as wit h ex tensive swa mps or bog s.

While lakes and stre a ms var y with respect to their pH, effects on
aquati c li fe begin at aroun d pH 6.0. Sma l ler orga n isms such a phy-
to pla nkton (mic r oscopis plants), zooplankton (mic r oscopic anima ls) ,
in sects and their larvae are affected not far below this lev el. As the
pH of the lakes falls gradually ove r time wit h in cre ase d acid load-
ings, large r li fe for ms are affected . Crayfis h are damag ed at about
pH 5.7. Spott e d salamande rs can los e 65% of their emb ryos at pH
5.0, and bul lfr ogs may los e all their egg s at pH 4.1. Mos t fis h
specie s cannot reprodu c e below pH 5.0. Some minnow specie s
(e.g., fat hea d minnow, com mon shin er and pearl dace) dis ap pear be-
low pH 6.

Certain specie s may inc rea s e in number and size. For some, this
will be due to the eli min ation of their competition or pre dat ors.
Othe rs wil l flour ish becau se they actually prefe r mo re acid i c condi-
tion s. Bo th are pos sib le exp lanation s fo r the exc essiv e gr owth of
acid -tole r ant fila m e n t ou s alge a in many lakes affe cted by aci dific a-
tion. This type of growth can affe ct fish and pla n t li fe by reducing
the swimming quali ty of the lake, as wel l as block ing sunlig ht and
cons uming oxyge n in the wat e r.

Bu t the pH doesn’t need to dro p to let hal lev els to affect or eve n
elim inate many aqu ati c popula t ion s. Disr uptio ns in the food web
au tomati c a l ly affect the hig her orga n isms whi c h depend on the ex-
tin ct popula t ion s fo r food and younge r or ganisms tend to be more
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TA BLES: How to Construct Effective Table s (c o ntinue d 1)

acid -sensit ive than adult s. Eggs, emb ryos and young-of-the -ye ar
(n ewborn) fish are especia l ly at risk at lowe r pH lev els , and some
fis h specie s have been complet ely or all-but ele min ated from lakes
due to repeated los s of recruit i ng popula t ion s.

The relea s e, in unprecedent e d numbers, of met al ion s, previously
part of the unde r lyi ng soi l or rock, into wat e r or soi l solu tio n is an
ef fect of aci d rain whi c h ha s majo r im p lication s fo r the env ironm e n t.
Ma ny fish die of suf focation due to the clogg ing of their gil ls with ex-
cess alu min um io ns or alu min um hy droxi de relea s ed into the wat e r.

Finally, spring shock occurs when sulphu ric and nitr ic aci ds ret ain ed
in snow are suddenly relea s ed into riv er and lake sys tems dur ing the
spring thaw, res ulting simul tan eou sly in a sudden dro p in pH and an
in cre ase of alu min um io ns. This tox ic shock has sometimes res ult e d
in mass kil ls of adult fish, but more com monly had drastic effects on
the success of the spring hat ching, wit h which it often coi nci des.

Examples of lakes wit h large anoun t s of neurtrali zing cap acity are
the Gre at Lakes, the Kaw artha s, and lakes aroun d the Rid e au sys-
tem. Lakes on the Canadian Shiel d typi c a l ly hav e low aci d neutral-
izing cap acity. This regio n is unde r lain by granite, and has many ex-
pose d rock outcro ps. Granite is insolu ble and can sup ply lit tle alk a-
li nity. The soi l s are usually shallow and sandy or aci dic. Thes e
acid i c soils are not the res ult of aci d deposit ion, but are for med by
the decomposit ion of organic mat e ria l su ch as forest lit ter. Run off
fr om thes e soils cannot con tribute neutrali zing cap acity to lakes, so
that mos t la kes on the Shiel d have low alk alin ity lev els.

The Min is try of the Env ironm e n t, in co-operation wit h the Min-
is try of Natur al Resou rces, con duct s la ke sur veys to det e rmine the
sensit ivity of Ont ario lakes to aci dic pre cipit ation. This sixth sum -
mary of the res ult s of this sur vey in-
cludes infor mation on 6,722 lakes
throug hou t the provi nce, and is is-
sued by the Min is try of the Env i-
ronm e n t as part of its Aci dic Pre cip-
it ation in Ont ario Study (APIOS).
This lis t is cumulative, so change s in
the number of aci dic lakes from
prev i ous brochure s refle ct new lakes
that hav e been identifie d, rat her than
la kes tur ning aci dic sin ce the last
li sting was pub lis hed .

This brochure pre sents an alphabetical lis t by cou nty or dis trict of
the lakes sampled to dat e, wit h an indication of the rela t ive sensit ivity
of each of the lakes to the aci dific ation process. The table provi des
a sum mar y of the number and percent age of lakes in each alk alin ity
cl ass organized by cou nty or dis trict.

Fo r ex ample, 24.7% or 1,660 of the lakes were fou nd to be not
sensit ive to aci dific ation, and a fur the r 17.6% or 1,1 85 lakes had low
sensit ivity. 37.8% or 2,539 of the lakes had moderate sensit ivity, and
14 .9% or 1,002 lakes were ext rem ely sensit ive. Fiv e per cent or 336
la kes were cla s sifie d as aci dic.

Leve l 1 lakes have zero or negative alk alin ity; they hav e alrea dy
beco m e acid i c. Ma ny or all fish specie s may be abs ent from such
la kes. Cla m, snail and many amphibia n specie s may als o be abs ent.
Leve l 1 lakes, unles s naturally hig h in organic col our, are exc eptio n-
ally cle ar. Clouds of alg ae may accumulat e in insh ore are as.

Leve l 2 lakes have very low alk alin ity and are ext rem ely sensit ive
to heavy acid loadings. Depre ssi ons in pH may occur dur ing spring
runoff, and algae clouds are als o co mmon in thes e la kes. Thes e
la kes are aroun d pH 6 and the refore are biologi c a l ly damag ed.

Leve l 3 lakes are mode r ater y sensit ive to heavy acid loadings.
Fish and othe r biot a are gen erally les s at risk in comparison to lev el
2 lakes.

Leve l 4 lakes are of low sensit ivity and have likely exper ienc e d no
biol ogical damag e due to aci d precipit ation.

Leve l 5 lakes are not sensit ive to aci d lo ading s and are cap able of
withst anding heavy acid loading dur ing spring run off withou t bio-
logi c a l damag e. Such lakes con tain suf fi cie n t buffer ing cap acity to
neutrali ze aci d rain for an indefin ite per iod of tim e.

Fo r the table s at the rig ht and
on pag es HL103.4 and HL103.5:

−− tables are numbere d fo r this
Highlig ht #103;

−− Ta ble HL103.1 is likely mis sing
so m e ent rie s becaus e the col-
um n tot als all exc e e d the sum
of their colum n ent rie s (s how n
in sma l l prin t below the table);
row tot als add cor rectly, ex-
cept for occasio nal rou nde d
perc ent age s. Howeve r, some
missing dat a does not mat e-
rially affect the purpose for
which Table HL103.1 is use d
in this Highlig ht #103;

−− to reduce table widt h and so
faci lit ate comparisons among
tables, colum n hea ding s ov er-
le a f us e the fol low ing abbrevi a t io ns:

Ta ble HL103.1 . . . Number and per c e ntage of lakes in five alkalinity classes . . .

Co unt y Extr e m e Mo der ate Low No Tot al
or Acidic sensitivity sensitivity sensitivity sensitivity no. of

district No. % No. %  No. % No. %  No. % lakes

Algo ma 68 6.3 162 15.0 425 39.2 194 17.9 234 21.6 1,083
Br uce 0 0.0 0 0.0 0 0.0 0 0.0 7 100.0 7
Cochran e 2 0.7 6 2.1 10 3.5 27 9.6 237 84.0 282
Durham 0 0.0 0 0.0 0 0.0 0 0.0 1 100.0 1
Fron tenac 0 0.0 0 0.0 2 2. 5 12 15.0 66 82. 5 80

Grey 0 0.0 0 0.0 0 0.0 0 0.0 3 100.0 3
Halib urton 9 2.4 124 32.5 167 43.7 46 12.0 36 9.4 382
Ha stings 0 0.0 7 4. 5 68 43.6 27 17.3 54 34.6 156
Hu ron 0 0.0 0 0.0 0 0.0 0 0.0 1 100.0 1
Keno r a 0 0.0 1 0. 3 106 27. 7 128 33. 5 14 7 38.5 382

Lanark 0 0.0 0 0.0 0 0.0 1 2. 5 39 97.5 40
Leeds 0 0.0 0 0.0 0 0.0 0 0.0 32 100.0 32
Lennox & Add. 0 0.0 4 4.4 26 28.6 21 23.1 40 44.0 91
Ma n it ouli n 27 49.1 21 38. 2 2 3.6 1 1.8 4 7. 3 55
Mi ddles ex 0 0.0 0 0.0 0 0.0 0 0.0 1 100.0 1

Musk oka 11 3.4 91 28. 5 193 60. 5 13 4.1 11 3.4 319
Nipi ssi ng 23 2.8 187 22. 5 506 60.8 103 12.4 13 1.6 832
No rthumberland 0 0.0 0 0.0 0 0.0 0 0.0 1 100.0 1
Parry Sou nd 18 4.2 147 34.1 233 54.1 27 6.3 6 1.4 431
Pe el 0 0.0 0 0.0 0 0.0 0 0.0 1 100.0 1

Peterborou gh 0 0.0 3 4. 5 10 14.9 9 13.4 45 67. 2 67
Prin ce Edward 0 0.0 0 0.0 0 0.0 0 0.0 9 100.0 9
Rainy Riv er 0 0.0 15 5.4 159 57.4 67 24.2 36 13.0 277
Re nfrew 2 0. 5 29 8.0 174 47.8 98 26.9 61 16.8 364
Si mcoe 0 0.0 0 0.0 8 38.1 2 9. 5 11 52.4 21

St ormon t 0 0.0 0 0.0 0 0.0 0 0.0 1 100.0 1
Thun d er Bay 2 0. 3 29 4.1 166 23.2 218 30. 5 299 41.9 714
Timisk aming 20 9.5 20 9.5 45 21. 3 66 31. 3 60 28.4 211
Vi cto ria 0 0.0 1 2.6 22 56.4 2 5.1 14 35.9 39
Yo rk 0 0.0 0 0.0 0 0.0 0 0.0 2 100.0 2

336 5.0 1,002 14.9 2,539 37.8 1,1 85 17.6 1,660 24.7 6,722
182 847 2,322 1,062 1,472 5,885
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Ac. Acid i c
Ex. Ext rem e
Mo. Moderate
Lo. Low
sen. sensit ivity
alk. alk alin ity

Apply ing
Ehrenberg’s
precepts to
Ta ble HL103.1
re sul ts in the
fo llowing
succes sion of
modific ation s:

• In Table
HL103. 2, the
fiv e colu mns
of number s of
la kes have
been omitt e d.

• In Table
HL103. 3, the
perc ent age s
have been
roun d ed to
in tege rs.

• In Table
HL103.4, the
rows hav e
been ordered
by aci dity and
then by ext rem e
sensit ivity.

• In Table
HL103. 5, the row s
have been grouped
in five lev els of aci-
dity and ext rem e
sensit ivity.

• In Table HL103.6 (on
the facing pag e
HL103. 5), the last
alk alin ity lev el ‘No
sensit ivity’ has been
omitt e d.

• In Table HL103.7, the
fo ur sensit ivity cla s s es
have been reduced
to two br oader
cl asses.

• In Table HL103.8,
only the more ex-
trem e of the two
broa d sensit ivity
cl asses has been
ret ain ed.

Footnotes hav e been
adde d to Table s
HL103.7 and
HL103.8 to show
which cou nties
have sm elter s
located in them.

There are min or dis agreements
among the percent age s

Ta ble HL103.2 . . . Per c e ntage of lakes in five . . .
alkalinity classes

Co unt y Ex. Mo. Lo. No Tot al
or Ac. sen. sen. sen. sen. no. of

district % % %  % % lakes

Algo ma 6.3 15.0 39. 2 17.9 21.6 1,083
Br uce 0.0 0.0 0.0 0.0 100.0 7
Cochran e 0.7 2.1 3.5 9.6 84.0 282
Durham 0.0 0.0 0.0 0.0 100.0 1
Fron tenac 0.0 0.0 2.5 15.0 82. 5 80

Grey 0.0 0.0 0.0 0.0 100.0 3
Halib urton 2.4 32.5 43.7 12.0 9.4 382
Ha stings 0.0 4.5 43.6 17. 3 34.6 156
Hu ron 0.0 0.0 0.0 0.0 100.0 1
Keno r a 0.0 0.3 27. 7 33.5 38. 5 382

Lanark 0.0 0.0 0.0 2.5 97. 5 40
Leeds 0.0 0.0 0.0 0.0 100.0 32
Lennox & Add. 0.0 4.4 28.6 23.1 44.0 91
Ma n it ouli n 49.1 38. 2 3.6 1.8 7.3 55
Mi ddles ex 0.0 0.0 0.0 0.0 100.0 1

Musk oka 3.4 28.5 60. 5 4.1 3.4 319
Nipi ssi ng 2.8 22.5 60.8 12.4 1.6 832
No rthumberland 0.0 0.0 0.0 0.0 100.0 1
Parry Sou nd 4.2 34.1 54.1 6.3 1.4 431
Pe el 0.0 0.0 0.0 0.0 100.0 1

Peterborou gh 0.0 4.5 14.9 13.4 67. 2 67
Prin ce Edward 0.0 0.0 0.0 0.0 100.0 9
Rainy Riv er 0.0 5.4 57.4 24.2 13.0 277
Re nfrew 0.5 8.0 47.8 26.9 16.8 364
Si mcoe 0.0 0.0 38.1 9.5 52.4 21

St ormon t 0.0 0.0 0.0 0.0 100.0 1
Thun d er Bay 0.3 4.1 23. 2 30.5 41.9 714
Timisk aming 9.5 9.5 21. 3 31.3 28.4 211
Vi cto ria 0.0 2.6 56.4 5.1 35.9 39
Yo rk 0.0 0.0 0.0 0.0 100.0 2

5.0 14.9 37.8 17.6 24.7 6,722

Ta ble HL103.3 . . Per c e ntage of lakes in . .
five alkalinity classes

Co unt y Ex. Mo. Lo. No Tot al
or Ac. sen. sen. sen. sen. no. of

district % % % % % lakes

Algo ma 6 15 39 18 22 1,083
Br uce 0 0 0 0 100 7
Cochran e 1 2  4 10 84 282
Durham 0 0 0 0 100 1
Fron tenac 0 0 3 15 82 80

Grey 0 0 0 0 100 3
Halib urton 2 32 44 12 9 382
Ha stings 0 4 44 17 35 156
Hu ron 0 0 0 0 100 1
Keno r a 0 0 28 34 38 382

Lanark 0 0 0 2 98 40
Leeds 0 0 0 0 100 32
Lennox & Add. 0 4 29 23 44 91
Ma n it ouli n 49 38 4 2  7 55
Mi ddles ex 0 0 0 0 100 1

Musk oka 3 29 61 4  3 31 9
Nipi ssi ng 3 22 61 12 2 832
No rthumberland 0 0 0 0 100 1
Parry Sou nd 4 34 54 6 1 431
Pe el 0 0 0 0 100 1

Peterborou gh 0 4 15 13 67 67
Prin ce Edward 0 0 0 0 100 9
Rainy Riv er 0 5 57 24 13 277
Re nfrew 1 8 48 27 17 364
Si mcoe 0 0 38 10 52 21

St ormon t 0 0  0 0 100 1
Thun d er Bay 0 4 23 31 42 714
Timisk aming 9 9 21 31 28 211
Vi cto ria 0 3 56 5 36 39
Yo rk 0 0 0 0 100 2

5 15 38 18 25 6,722

Ta ble HL103.4 . . Per c e ntage of lakes in . .
five alkalinity classes

Co unt y Ex. Mo. Lo. No Tot al
or Ac. sen. sen. sen. sen. no. of

district % % % % % lakes

Ma n it ouli n 49 38 4 2  7 55
Timisk aming 9 9 21 31 28 211
Algo ma 6 15 39 18 22 1,083
Parry Sou nd 4 34 54 6 1 431
Musk oka 3 29 61 4  3 31 9

Nipi ssi ng 3 22 61 12 2 832
Halib urton 2 32 44 12 9 382
Re nfrew 1 8 48 27 17 364
Cochran e 1 2  4 10 84 282
Rainy Riv er 0 5 57 24 13 277

Peterborou gh 0 4 15 13 67 67
Ha stings 0 4 44 17 35 156
Lennox & Add. 0 4 29 23 44 91
Thun d er Bay 0 4 23 31 42 714
Vi cto ria 0 3 56 5 36 39

Si mcoe 0 0 38 10 52 21
Keno r a 0 0 28 34 38 382
Fron tenac 0 0 3 15 82 80
Lanark 0 0 0 2 98 40
Leeds 0 0 0 0 100 32

Prin ce Edward 0 0 0 0 100 9
Br uce 0 0 0 0 100 7
Grey 0 0 0 0 100 3
Yo rk 0 0 0 0 100 2
Durham 0 0 0 0 100 1

Hu ron 0 0 0 0 100 1
Mi ddles ex 0 0 0 0 100 1
No rthumberland 0 0 0 0 100 1
Pe el 0 0 0 0 100 1
St ormon t 0 0  0 0 100 1

5 15 38 18 25 6,722

Ta ble HL103.5 . . Per c e ntage of lakes in . .
five alkalinity classes

Co unt y Ex. Mo. Lo. No Tot al
or Ac. sen. sen. sen. sen. no. of

district % % % % % lakes

Ma n it ouli n 49 38 4 2  7 55
Timisk aming 9 9 21 31 28 211

Algo ma 6 15 39 18 22 1,083
Parry Sou nd 4 34 54 6 1 431
Musk oka 3 29 61 4  3 31 9
Nipi ssi ng 3 22 61 12 2 832
Halib urton 2 32 44 12 9 382
Re nfrew 1 8 48 27 17 364
Cochran e 1 2  4 10 84 282

Rainy Riv er 0 5 57 24 13 277
Peterborou gh 0 4 15 13 67 67
Ha stings 0 4 44 17 35 156
Lennox & Add. 0 4 29 23 44 91
Thun d er Bay 0 4 23 31 42 714
Vi cto ria 0 3 56 5 36 39

Si mcoe 0 0 38 10 52 21
Keno r a 0 0 28 34 38 382
Fron tenac 0 0 3 15 82 80

Lanark 0 0 0 2 98 40
Leeds 0 0 0 0 100 32
Prin ce Edward 0 0 0 0 100 9
Br uce 0 0 0 0 100 7
Grey 0 0 0 0 100 3
Yo rk 0 0 0 0 100 2
Durham 0 0 0 0 100 1
Hu ron 0 0 0 0 100 1
Mi ddles ex 0 0 0 0 100 1
No rthumberland 0 0 0 0 100 1
Pe el 0 0 0 0 100 1
St ormon t 0 0  0 0 100 1

5 15 38 18 25 6,722
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TA BLES: How to Construct Effective Table s (c o ntinue d 2)

in Table s
HL103.6
and
HL103.7
becaus e
thos e in
the latt e r
have been
re calcula -
ted from
the fre-
qu encies
in Table
HL103.1,
not by
adding
percen-
tage s in
Ta ble
HL103.6.

Ba s ed
on Eh-
re nber g’s
precepts,
a ‘good’
(m nim al)

tabular
pres enta-
tion of
the Illust r ation 1 dat a
woul d be Table HL103.1 and Table HL103.7 or HL103.8.

• There is (unfor tun ately) no easy resolutio n of the
co mpeting advant age s of order ing Table HL103.1
alphabetically and grouping it like Table s HL103.7 and HL103.8.

Ta ble HL103.6 Pe rcentage of lakes in
fo ur alkalinity classes

Co unt y Ex. Mo. Lo. To tal
or Ac. sen. sen. sen. no. of

district % % % % lakes

Ma n it ouli n 49 38 4 2  55
Timisk aming 9 9 21 31 211

Algo ma 6 15 39 18 1,083
Parry Sou nd 4 34 54 6 431
Musk oka 3 29 61 4 31 9
Nipi ssi ng 3 22 61 12 832
Halib urton 2 32 44 12 382
Re nfrew 1 8 48 27 364
Cochran e 1 2  4 10 282

Rainy Riv er 0 5 57 24 277
Peterborou gh 0 4 15 13 67
Ha stings 0 4 44 17 156
Lennox & Add. 0 4 29 23 91
Thun d er Bay 0 4 23 31 714
Vi cto ria 0 3 56 5  39

Si mcoe 0 0 38 10 21
Keno r a 0 0 28 34 382
Fron tenac 0 0 3 15 80

Lanark 0 0 0 2 40
Leeds 0 0 0 0 32
Prin ce Edward 0 0 0 0 9
Br uce 0 0 0 0 7
Grey 0 0 0 0 3
Yo rk 0 0 0 0 2
Durham 0 0 0 0 1
Hu ron 0 0 0 0 1
Mi ddles ex 0 0 0 0 1
No rthumberland 0 0 0 0 1
Pe el 0 0 0 0 1
St ormon t 0 0  0 0 1

5 15 38 18 6,722

Ta ble
HL103.7
Co unt y

or sen. sen. no.of
district % % lakes

Ma n it ouli n3 87 5 55

Parry Sou nd1 38 60 431
Halib urton1 35 56 382
Musk oka1 32 65 31 9
Nipi ssi ng1 25 73 832
Algo ma3 21 57 1,083
Timisk aming2 19 53 211

Re nfrew1 9 75 364
Rainy Riv er 5 82 277
Peterborou gh 4 28 67
Ha stings 4 61 156
Thun d er Bay 4 54 714
Lennox & Add. 4  52 91
Vi cto ria 3 62 39
Cochran e2 4 13 282

Keno r a 0 61 382
Si mcoe 0 48 21
Fron tenac 0 18 80

Lanark 0 2 40
Leeds 0 0 32
Prin ce Edward 0  0 9
Br uce 0 0 7
Grey 0 0 3
Yo rk4 0 0  2
Durham 0 0 1
Hu ron 0 0 1
Mi ddles ex 0 0 1
No rthumberland 0 0 1
Pe el4 0 0  1
St ormon t 0 0  1

30 56 6,722

Pe rcentage of lakes in
two alkalinity classes

Ac./Ex. Mo./Lo. To tal

1. Non -fe rrous smelt e rs in Sudbury

2. Non -fe rrous smelt e r in Tim min s

3. Smelt e rs in Alg oma /Wa wa

4. Smelt e rs in Hamilt on

A smelt e r in Nanticoke is not clo se
to any cou nties sur veyed in the study.

Ta ble
HL103.8
Co unt y

or sen. no.of
district % lakes

Ma n it ouli n3 87 55

Parry Sou nd1 38 431
Halib urton1 35 382
Musk oka1 32 319
Nipi ssi ng1 25 832
Algo ma3 21 1,083
Timisk aming2 19 211

Re nfrew1 9 364
Rainy Riv er 5 277
Peterborou gh 4  67
Ha stings 4 156
Thun d er Bay 4 71 4
Lennox & Add. 4  91
Vi cto ria 3 39
Cochran e2 4 282

Keno r a 0 382
Fron tenac 0 80
Lanark 0 40
Leeds 0 32
Si mcoe 0 21
Prin ce Edward 0  9
Br uce 0 7
Grey 0 3
Yo rk4 0 2
Durham 0 1
Hu ron 0 1
Mi ddles ex 0 1
No rthumberland 0 1
Pe el4 0 1
St ormon t 0 1

30 6,722

Lake s with
low alk.

Ac./Ex. To tal

1. Non -fe rrous smelt e rs in Sudbury

2. Non -fe rrous smelt e r in Tim min s

3. Smelt e rs in Alg oma /Wa wa

4. Smelt e rs in Hamilt on

A smelt e r in Nanticoke is not clo se
to any cou nties sur veyed in the study.

Ehrenberg als o discus s ed his pre c epts in The America n St atist i cia n, May, 1981, 35(#2). pag es 67-71; his sum mar y is:

1. Giv e margin a l av erage s to provi de a vis u al focus.

2. Orde r the row s or colum ns of the table by the margi nal ave r age s or some othe r mea s ure of size (ke epi ng the same order if
there are many table s).

3. Put figure s to be compare d in t o colu mns rat her than row s (w ith with the large r numbers on top if pos sib le) .

4. Rou nd to two effective dig its.

5. Use lay out to guide the eye and facilit ate comparisons.

6. Giv e br ief verbal sum marie s to lea d the rea de r to the main patt e rns and exc eptio ns.

The fol low ing two illust r ation s us e mater ial from Ehrenberg’s article referenc e d abov e. Illu s tration 2 involves sales data from
the U.K; its three tables are giv en ove r leaf at the top of pag e HL103.6.

* In Ehrenberg’s article, Table HL103.9 (on the left) ha s so m ewhat large r prin t and more white space, so it occupie s the ful l
page widt h and nearly half its heig ht.

* Ta ble HL103.1 0 (o n the middle) is Ehrenberg’s improve d table (so m ewhat compact e d fo r conv enienc e he re) .

* Ta ble HL103.11 is added here to provi de a comparison of white space rather than lin es as sep arato rs wit hin a table (li ke Table
HL103.10 , Ta ble HL103.11 is als o co mpact e d he re – in nor mal con tex ts, thes e tables woul d be pres ented in large r fo rmats).

−− In Table HL103.11, the thi rd dig it of the sales for the three large s t cities has been ret ain ed (roun d ed).

NO TE: To avo id bia s when rou nding a decim al .5, one way is to alw ays rou nd to the even (o r the odd if prefe rre d) preceding dig it.

Rou nding inv olves choic es beyond the ‘ev en (or odd)’ rule. In Table HL103.1 0, the ave r age s fo r the rou nde d data may
differ from the ave r age s that come from Table HL103.9 – for ins tanc e, its ave r age for Bol ton is 28.725 (which does

2025 -06 -20 (cont inued overleaf )



Un ive rsity of Wat e r loo W. H. Che rry

#HL103.6

3. Illustr ation 2: U. K. Sales Dat a

Ta ble HL103.9: Quarterly Sales of Produ ct X in 8 Cit ies

£’000 Quarter 1 Quar ter 2 Quar ter 3 Quar ter 4

Bolt ron 31. 3 29.1 25. 2 29.3
Edin bur gh 135.1 126.9 132.1 208.3
Hull 70.3 81. 3 70.9 84.0
Leeds 276 .8 258.6 223.0 336.2
Luton 23. 5 27.5 22.7 27. 1
Plym outh 41.4 44.0 33. 2 50.2
Sh effield 233.4 220.1 193.6 220.9
Sw ans ea 62. 3 66.4 61.8 76.7

Ta ble HL103.1 0: Cit ies Ordered by Popula t ion Size

(Rou nde d and wit h Av erage s)

Q1 Q2 Q3 Q4 Av.

Sh effield 230 220 190 220 220
Leeds 280 260 220 340 270
Edin bur gh 140 130 130 210 150
Hull 70 81 71 84 76

Sw ans ea 62 66 62 77 67
Plym outh 41 44 33 50 42
Luton 23 27 23 27 25
Bolt ron 31 29 25 29 29

Av erage 110 107 94 130 110

Sa les in £’000

Ta ble HL103.11: Pro duct X Sales in 8 Cit ies
(Rou nde d qu arterly sales;

cities ordered by popula t ion size)

Q1 Q2 Q3 Q4 Av .

Sh effield 233 220 194 221 217
Leeds 277 259 223 336 274
Edin bur gh 135 127 132 208 150
Hull 70 81 71 84 76

Sw ans ea 62 66 62 77 67
Plym outh 41 44 33 50 42
Luton 23 27 23 27 25
Bolt ron 31 29 25 29 29

Av erage 109 107 95 129 110

Sa les in £’000

NO TE:
(c o nt.)

roun d to 29), for Edinb urgh 150.6 (which rou nds to 151) and for Sheffield the ave r age is (co rre ctly) 217.0. By rou nding,
it is assume d that the gain in table int e rpret ability outweights any (ho pef ully min or) dis t ortio ns of the data .

Rou nde d perc ent age s have (of cou rse) the pro per ty that their sum may not be 100.

4. Illustr ation 3: Correlations Among Pro grams For U.K. Telev ision Wat chers

In addit ion to dealing
with fou r de cim al places for
the cor rela t ion s, their hun d-
re d value s in Table HL103.1 2:

−− in clu de the ten diag onal
uninfor mative value s of
1 –  any variat e ha s co r-
rela t ion 1 wit h it self;

−− involve 45 pairs of the
same number – the cor-
rela t ion of X− and Y− is the
sa m e as that of Y− and X−.

Li ke Table HL103.9 at the left above, Table HL103.1 2 occupie s a ful l page -widt h in Ehrenberg’s article.

Ta ble HL103.1 2: Adult s who "Re a l ly Like to Wat ch": Cor rela t ion s to 4 Decim al Places

(Prog rams ordered alphabeti c a l ly wit h channel)

ITV PrB 1.0000 0.1 064 0.0653 0.5054 0.4741 0.0915 0.4732 0.1 681 0.3091 0.1 242
ThW 0.1 064 1.0000 0.2701 0.1 424 0.1 321 0.1 885 0.0815 0.3520 0.0637 0.3946
Tod 0.0653 0.2701 1.0000 0.0926 0.0704 0.1 546 0.0392 0.200 4 0.0512 0.2437
WoS 0.5054 0.1 424 0.0926 1.0000 0.6217 0.0785 0.5806 0.1 867 0.2963 0.1 403

BB C Grs 0.4741 0.1 321 0.0704 0.6217 1.0000 0.0849 0.5932 0.1 8 13 0.341 2 0.1420
LnU 0.0915 0.1 885 0.1 546 0.0785 0.0849 1.0000 0.0 487 0.1973 0.0969 0.2661
MoD 0.4732 0.0815 0.0392 0.5806 0.5932 0.0 487 1.0000 0.1 314 0.3267 0.1 221
Pan 0.1 681 0.3520 0.200 4 0.1867 0.1 8 13 0.1 973 0.1 314 1.0000 0.1 469 0.5237
RgS 0.3091 0.0637 0.0512 0.2963 0.341 2 0.0969 0.3267 0.1 469 1.0000 0.1 212
24H 0.1 242 0.3946 0.2437 0.1 403 0.1 420 0.2661 0.1 211 0.5237 0.1 212 1.0000

Ta ble HL103.1 3 at the rig ht is Ehrenberg’s (greatly)
im prove d ve rsi on of Table HL103.1 2 – the cor rela t ion s
have been rou nde d to one decim al place, the ten cor rela-
tion s of 1 hav e been rem ove d and the re is better label ling
and spaci ng. [Li ne sep arato rs (as in Table HL103.1 0 abov e)
have largely been omitt e d he re.]

Mo re astutely, the progr ams hav e been grouped to show
how the re are clu s ters wit hin five sports progr ams and
fiv e public affa i rs progr ams, as wel l sh owing gradie n t s
within clu s ters and three locally hig h co rrela t ion s of 0.2
between Pan orama and some sports progr ams.

Ta ble HL103.1 3 does not addre ss the (diffic ult) pres enta-
tion dilem ma of half its 90 ent rie s being dup licates – are
the ext r a 45 ent rie s us eful to the vie wer or are they a waste of space and/or a dis tractio n?

Prog rams WoS MoD Grs PrB RgS 24H Pan ThW Tod LnU

Wo r ld of Sport .6 .6 .5 .3 .1 .2 .1 .1 .1
Ma tch of the Day .6 .6 .6 .3 .1 .1 .1 .0 .0
Grandst and .6 .6 .5 .3 .1 .2 .1 .1 .1
Prof. Box ing .5 .5 .5 .3 .1 .2 .1 .1 .1
Rugby Speci al .3 .3 .3 .3 .1 .1 .1 .1 .1

24 Hou rs .1 .1 .1 .1 .1 .5 .4 .2 .2
Pano r ama .2 .1 .2 .2 .1 .5 .4 .2 .2
This Week .1 .1 .1 .1 .1 .4 .4 .3 .2
Today .1 .0 .1 .1 .1 .2 .2 .3 .2
Li ne-up .1 .0 .1 .1 .1 .2 .2 .2 .2

Ta ble HL103.1 3: Cor rela t ion s fo r 10 TV Progr ams Rou nde d and Reordered

5. Other Illustr ations

St atis ti c a l Highlig ht #10 4 sh ows how fou r-figure table s can, wit h li ttle ext r a ef for t, yield one or two more figure s , how to deal
co mpactly wit h de cim al numbers begi nning wit h mu ltiple nin es, and how the ext rem e tails of the nor mal dist rib u tio n behave.

The table in Statis ti c a l Highlig ht #105 dem ons trates how the infor mation needed by mos t us ers of the K dist rib u tio n can be
cont aine d on two sid e s of a she et of U.S. letter paper; secon d arily, is shows how (mu ch) K dist rib u tio n value s change wit h
probabilit ies (area unde r the p.d.f.) and wit h degrees of fre e dom , by looking dow n the colum ns or across the row s .

• The feature s of this table, inclu ding its compactness, are les s av a ila ble when a computer is made the sou rce of statis ti c a l dist ri-
butio n value s , althou gh one she et of paper is more easily los t, dest royed or rende red unus eable than a computer like a lap t op.

To avo id printing single-us e co pie s to att atch to tests and exa m ination s, it shoul d be rou tin e fo r students to bring to thes e task s
thei r own cle a n co pie s of the statis ti c a l tables availa ble in thes e Ma ter ials. Als o, caref ul students cou ld con ser ve by keepi ng
thei r person a l set of table s to use in more than one statis ti cs cou rse.

2025 -06 -20


