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Odabrane teme iz biostatistike

Lessons in biostatistics
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What we need to know when calculating the coefficient of correlation?
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SaZetak

Korelacija je statisticki postupak za izracunavanje povezanosti dviju varijab-
li. Vrijednost korelacije brojcano se iskazuje koeficijentom korelacije, najcesce
Pearsonovim ili Spearmanovim, dok se znacajnost koeficijenta iskazuje vrijed-
noscu P. Koeficijent korelacije pokazuje u kojoj su mjeri promjene vrijednosti
jedne varijable povezane s promjenama vrijednosti druge varijable. Predznak
koeficijenta korelacije (+ ili =) govori nam o smjeru povezanosti. Prilikom izra-
Cunavanja korelacije najce3ce se pogrjeske odnose na uvjete za izraCunavanje
korelacije, tumacenje koeficijenta i znacajnost korelacije, visoke koeficijente
korelacije, pretpostavljanje uzrocno-posljedicne veze, jalinu povezanosti
(koeficijent determinacije), te usporedbu dva koeficijenta korelacije.

Kljucne rijeci: korelacija, Pearsonov koeficijent korelacije, Spearmanov koefi-
djent korelacije, koeficijent determinacije, pogrjeska, statistika

Pristiglo: 6. ozujka 2007.

Abstract

Correlation is a statistical procedure applied to calculate association between
two variables. The value of correlation is numerically shown by a coefficient
of correlation, most often by Pearson’s or Spearman’s coefficient, while the
significance of the coefficient is expressed by P value. The coefficient of corre-
lation shows the extent to which changes in the value of one variable are cor-
related to changes in the value of the other. A sign preceding the coefficient
of correlation (+ or -) indicates the direction of correlation. The most frequent
errors in calculating correlation are related to conditions for calculation, inter-
pretation of the coefficient and correlation significance, high correlation coef-
ficients, assumption of causal relationship, the strength of correlation (coeffi-
cient of determination), and comparison of two correlation coefficients.

Key words: correlation, Pearson’s correlation coefficient, Spearman’s correla-
tion coefficient, coefficient of determination, error, statistics
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Uvod

Statisticki postupak izracunavanja korelacije jedan je od
najcesce koristenih u biomedicini. Korelacija je sukladno-
st vrijednosti dviju skupina podataka, a iskazuje stupanj
povezanostiispitivanih pojava. Biomedicinska istrazivanja
Cesto ispituju povezanosti dviju skupina podataka, kao
npr. povezanost koncentracije glukoze u krvi s koncentra-
cijom glikiranog hemoglobinaili povezanost bioloske do-
bi i koncentracije kolesterola. Uporaba koeficijenta korela-
cije ovisi o vrsti podataka, odnosno o ljestvici koju slijede
podatci. Najc¢esce se koriste Pearsonov i Spearmanov koe-
ficijent korelacije (1).
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Introduction

The statistical procedure of calculating correlation is one
of the most frequently used procedures in biomedicine.
Correlation is agreement of values from two data sets,
and it expresses the degree of association between inves-
tigated phenomena. Biomedical studies often examine
the correlation between two data sets as, e.g. the correla-
tion between concentrations of blood glucose and glyca-
ted hemoglobin, or between biological age and choleste-
rol level. The use of the coefficient of correlation depends
on the type of data, i.e. on the scale where the data are
available. The Pearson’s and Spearman’s coefficients of
correlation are used most frequently (1).
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Pearsonov koeficijent korelacije koristi se za varijable na
intervalnoj ili omjernoj ljestvici (broj¢ani podatci) koje su
u linearnom odnosu. Linearni odnos varijabli moze se oci-
tati s toc¢kastog dijagrama (engl. scatter diagram) i podra-
zumijeva kako tocke slijede i rasipaju se oko ravne crte,
tj. pravca. Ponekad podatci mogu biti medusobno pove-
zani, ali nisu u linernom odnosu i tada ne mozemo izra-
Cunavati Pearsonov koeficijent korelacije (1). Primjerice,
promatramo li, sukladno Michaelis-Mentenovom modelu
enzimske kinetike, povezanost brzine enzimske reakcije i
koncentracije supstrata u otopini, uvidamo kako je ta po-
vezanost vrlo visoka no nije linearna, ve¢ se odnos dviju
varijabli opisuje krivuljom.

Pearsonov koeficijent korelacije oznacava se malim slo-
vom rili r,te moze poprimati vrijednosti od -1 do +1. Vri-
jednost koeficijenta korelacije od 0 do 1 je pozitivna ko-
relacija i oznacava sukladan rast vrijednosti obje skupine
podataka. Primjer pozitivne korelacije jest duljina trajanja
$ecerne bolesti i stupanj odtecenja kapilara u oku. Sto je
trajanje bolesti duze, to je vedi stupanj ostecenja kapila-
ra. Vrijednost koeficijenta korelacije od 0 do -1 oznacava
negativnu korelaciju, odnosno sukladan porast vrijednos-
ti jedne varijable, a pad vrijednosti druge varijable, npr. s
porastom nadmorske visine opada koncentracija kisika u
zraku. Potpune povezanosti tj. vrijednosti koeficijenta ko-
relacije r = 1 nisu svojstvene bioloskim sustavima i naj-
Cesce se odnose na teoretske modele. Kada koeficijent
korelacije ima vrijednost 0, tada on oznacava nepostoja-
nje linearne povezanosti, $to upucuje na Cinjenicu kako
poznavajuci vrijednosti jedne varijable ne mozemo nista
zakljuciti o vrijednostima druge. Primjerice, ukoliko bi pro-
matrali povezanost veli¢ine zjenice oka i koncentracije kal-
cijevih iona u krvi, mogli bismo zakljuciti kako nema po-
vezanosti, tj. svakoj veli¢ini zjenice oka moze se pridruziti
bilo koja koncentracija kalcijevih iona (jasno, u fizioloskim
granicama) (2).

Spearmanov koeficijent korelacije (rho, r ) ili korelacija ran-
gaizraCunava se kada jedan od skupa podataka slijedi or-
dinalnu ljestvicu ili kada raspodjela podataka znacajno
odstupa od normalne raspodjele te postoje podatci koji
znacajno odstupaju od vecine izmjerenih (engl. outliers)
(3). Za razliku od Pearsonovog koeficijenta korelacije koji
podrazumijeva linearnu povezanost, za Spearmanov koe-
ficijent korelacije to nije uvjet, a moze se racunati i na ma-
njim uzorcima (N < 35). U slu¢aju dobivenog r_= 0 moZe
se zakljuciti da povezanosti medu varijablama zaista ne-
ma (1).

Postupak izraCunavanja korelacije ¢esto se koristi nei-
spravno te je stoga potrebno prije izra¢unavanja razumje-
ti pojam i vrste korelacije, uvjete za izraCunavanje korela-
cije te tumacenje povezanosti kako bi se izbjeglo pogrjes-
no zakljucivanje.

U nastavku su navedene neke od najcescih pogrjesaka pri-
likom izra¢unavanja korelacija i njhova tumacenja.

What we need to know when calculating the coefficient of correlation?

The Pearson’s coefficient of correlation is employed for va-
riables on an interval or ratio scale (numerical data) that
are in linear relation. The linear relation of variables may
be read from a scatterplot and it implies that the points
follow and scatter around the straight line. The data may
sometimes be interconnected without being in linear rela-
tion and then the Pearson’s correlation coefficient cannot
be calculated (1). For instance, if we observe - in accordan-
ce with the Michaelis Menten model of enzyme kinetics,
- the correlation between enzyme reaction velocity and
substrate concentration in a solution, we can conclude
that this correlation is very high but not linear, and the re-
lation between the two variables is described by a curve.
Pearson'’s coefficient of correlation is denoted by a small
letter r or ry and its values may range from -1 to +1. The
value of the correlation coefficient from 0 to 1 is positi-
ve correlation and it designates proportional growth of
values in both data sets. An example of positive correla-
tion is the duration of diabetes mellitus and the degree
of damage of eye capillaries. The longer the duration of
the disease, the higher the damage to eye capillaries. The
correlation coefficient value from 0 to -1 indicates negati-
ve correlation, i.e. a rise in the value of one variable that
is proportional to a decline in the value of the other; e.g.
oxygen concentration in the air drops with the rise in alti-
tude above sea level. Perfect correlations, i.e. the values
of the coefficient of correlation r = + 1 are not characte-
ristical for biological systems and most frequently refer
to theoretical models. The zero value of the coefficient
of correlation indicates absence of linear correlation, i.e.
by knowing the values of one variable, we can conclude
nothing on the values of the other. Thus, for instance, if
we observe the correlation between the size of the pupil
of the eye and calcium ion concentration in the blood, we
can conclude that there is no correlation, i.e. each size of
the pupil could be associated to any calcium ion concen-
tration (understandably, within physiological limits) (2).
Spearman's coefficient of correlation (rho, r) or rank cor-
relation is calculated when one of the data sets is on ordi-
nal scale, or when data distribution significantly deviates
from normal distribution and data are available that con-
siderably diverge from most of those measured (outliers)
(3). Linear correlation, implied by the Pearson’s coefficient
of correlation, is not required for the Spearman'’s corre-
lation coefficient which can also be calculated for small
samples (N<35). In case of r =0, it may be concluded that
there is no actual correlation between variables (1).

The procedure of calculating correlation is frequently ap-
plied incorrectly. Prior to calculation, it is therefore neces-
sary to understand the concept and types of correlation,
conditions for calculating correlation and interpreting
association in order to avoid wrong conclusions.

What follows are some of the most frequent mistakes ma-
de while calculating correlations, and their explanations.

Biochemia Medica 2007;17(1):1-138
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Uvjeti za izracunavanje korelacije

Pitanje: Je li ispravno racunati Pearsonov koeficijent ko-
relacije za stupanj opeklina na tijelu i trajanje bolnickog
lijecenja izrazeno u danima?

Odgovor: Nije ispravno.

Tumacenje: Prvi korak u izracunavanju korelacije jest
provjeriti zadovoljavaju li izmjereni podatci uvjete za iz-
raCunavanje Pearsonove korelacije. Stupanj opeklina na
tijelu oznacava se na ljestvici od 1 do 4 i takvi su podat-
ci kategoricki (svrstavaju ispitanike u unaprijed utvrdene
“razrede”) te slijede ordinalnu mjernu ljestvicu. Duljina
bolnic¢kog lije¢enja izrazena u danima slijedi omjernu ljes-
tvicu i bila bi pogodna za ra¢unanje Pearsonovog koefici-
jenta korelacije, ali samo onda kada bi i druga varijabla
sljedila intervalnu ili omjernu ljestvicu. Pearsonov koefici-
jent korelacije racuna se samo ako su zadovoljeni sljedeci
uvjeti: podatci obje ispitivane varijable slijede intervalnu
iliomjernu ljestvicu, podatci barem jedne varijable su nor-
malno, tj. simetri¢no raspodijeljeni, ispitivani uzorak je ve-
lik (N > 35) i zadovoljen je uvjet linearne povezanosti, $to
treba ocitati iz to¢kastog grafikona (1).

Ukoliko uvjeti za izracunavanje Pearsonovog koeficijenta
korelacije nisu zadovoljeni, moze se koristiti Spearmanov
koeficijent korelacije. U opisanom primjeru stupanj opek-
lina slijedi ordinalnu ljestvicu pa stoga nije zadovoljen uv-
jet za Pearsonovu korelaciju, ve¢ je potrebno izracunati
Spearmanov koeficijent korelacije.

Tumacenje i znacajnost koeficijenta
korelacije

Pitanje: U istrazivanju povezanosti raspolozenja i kolici-
ne tekucine unesene pijenjem tijekom dana dobivena je
povezanost r = 0,12; P = 0,003. Je li ispravno zakljuciti ka-
ko postoji znacajna povezanost raspolozenja i koli¢ine po-
pijene tekucine?

Odgovor: Nije ispravno.

Tumacenje: Nakon izrac¢una koeficijenta korelacije vazno
je znati kako rezultat protumaciti, odnosno objasniti Sto
vrijednosti koeficijenta korelacije zaista znace. U prikazu
rezultata korelacija obvezno se navode koeficijent pove-
zanosti (korelacije) “r" i to brojem s dva decimalna mjes-
ta, te znacajnost koeficijenta korelacije “P” brojem s tri
decimalna mjesta (4). Ukoliko je koeficijent korelacije zna-
¢ajan s obzirom na postavljenu granicu znacajnosti (uobi-
¢ajeno P < 0,05), zakljucujemo da je koeficijent korelacije
znacajan i da se smije tumaciti. Ukoliko je vrijednost P >
0,05 zakljuc¢ujemo da koeficijent korelacije nije znacajan
i tada se bez obzira na njegovu vrijednost ne smije tuma-
¢iti. Prilikom tumacenja vrijednosti koeficijenta korelacije
vrijede ista pravila i za Pearsonov i Spearmanov koeficije-
nt te se uobicajeno smatra kako vrijednostir od 0 do 0,25
ili od 0 do -0,25 upucuju kako nema povezanosti, dok vri-

Biochemia Medica 2007;17(1):1-138
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Conditions for calculating correlation

Question: Is it correct to calculate the Pearson’s correla-
tion coefficient for the degree of burns on the body and
the duration of hospitalization expressed by the number
of days?

Answer: It is not correct.

Explanation: Initial step in calculating correlation is to
check if the measured data meet the conditions for calcu-
lating the Pearson’s correlation. The degree of burns on
the body can be ranked on a scale from 1 to 4; such da-
ta are categorical (classifying subjects in predefined “clas-
ses”) and they follow an ordinal scale. The duration of
hospital therapy expressed in the number of days is on a
ratio scale and is suitable for calculating the Pearson'’s cor-
relation coefficient if the other variable is on an interval
or ratio scale. The Pearson’s coefficient of correlation can
be calculated only if the following conditions are met: the
data for both examined variables are on an interval or ra-
tio scale, the data for at least one variable have normal, i.e
symmetrical distribution, the examined sample is large (N
> 35), and the condition of linear correlation is met, which
may be read from a scatterplot (1).

Unless the conditions for calculation of the Pearson’s coef-
ficient of correlation are met, the Spearman’s correlation
coefficient can be applied. In the example described abo-
ve, the degree of burns is measured on an ordinal scale,
and therefore the condition for Pearson’s correlation is
not fulfilled but rather the Spearman’s rank coefficient of
correlation should be calculated.

Interpretation and significance of the
coefficient of correlation

Question: In a study of correlation between the mood
and the amount of liquid consumed by daily drinking, the
correlation r = 0.12; P = 0.003 was obtained. Is it correct to
conclude that there is a significant correlation between
the mood and the amount of the consumed liquid?
Answer: It is not correct.

Explanation: After calculating the coefficient of correla-
tion, it is important to know how to interpret the result,
that is, the real meaning of the correlation coefficient. In
presenting the results of correlation, the coefficient of cor-
relation “r” should be expressed by a number with two
decimal places, and the significance of the coefficient of
correlation “P” in a number with three decimal places (4).
If the coefficient of correlation is significant in regard to
the set limit of significance (commonly P < 0.05), we may
conclude that the coefficient of correlation is significant
and may be interpreted. If the value is P > 0.05, we can
conclude that the coefficient of correlation is not significa-
nt and in this case it may not be interpreted regardless of
its value. When interpreting the value of the corrrelation
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jednosti r od 0,25 do 0,50 ili od -0,25 do -0,50 upucuju
na slabu povezanost medu varijablama. Vrijednosti r od
0,50 do 0,75 ili od -0,50 do -0,75 upucuju na umjerenu
do dobru povezanost, te vrijednosti r od 0,75 do 1 ili od
-0,75 do -1 upucuju na vrlo dobru do izvrsnu povezanost
medu varijablama (1).

Sukladno navedenome, pogrjesno je zakljuciti kako pos-
toji znacajna povezanost raspolozenja i koli¢ine popijene
tekudine tijekom dana. Ispravno zakljucivanje glasi: nema
povezanosti izmedu ispitivanih varijabli (r = 0,12) i to smi-
jemo tvrditi jer je koeficijent korelacije znacajan (P=0,003)
(5,6).

Visoka vrijednost koeficijenta korelacije

Pitanje: U istrazivanju povezanosti visine tijela i bioloske
dobi dobivena je korelacija r = 0,97. Mozemo li zakljuditi
kako su visina i dob nesumnjivo izvrsno povezani?
Odgovor: Ne, barem ne nesumnjivo.

Tumacenje: Ukoliko je izracunat koeficijent korelacije za
bioloske varijable r > 0,95, treba posumnjati na pogrjesku
umjerenju, uzorkovanjuispitanikailimogucem prepravlja-
nju izmjerenih rezultata. Zbog prirodne raznolikosti u bio-
loskim sustavima upravo je nemoguce dobiti tako visoki
koeficijent korelacije ukoliko su mjerenja ucinjena isprav-
no (reprezentativan uzorak, dovoljno osjetljiv instrument
i sl.) (1). Uvijek je potrebno voditi ra¢una o vrsti podataka
koji se mjerenjem prikupljaju i statisticki obraduju. Primje-
rice, ukoliko usporedujemo vrijednosti glukoze izmjerene
u seriji uzoraka krvi s pomocu dva razli¢ita instrumenta,
tj. biokemijska analizatora, za ocekivati je kako ce koefici-
jent korelacije biti vrlo visok (pa i do r = 0,99), $to je tada
znak dobre uskladenosti dvaju instrumenata.

Povezanost i uzro¢no posljedi¢na veza

Pitanje: U istraZivanju povezanosti koncentracije alkohola
u krvi i prometnih nesreca utvrdeni su r = 0,78 i P=0,002.
Mozemo li zakljuciti kako uzimanje alkohola uzrokuje pro-
metne nesrece, tj. promatrane prometne nesrece su pos-
lijedica uzimanja alkohola?

Odgovor: Ne, ne mozemo.

Tumacenje: Korelacija govori o povezanosti, a ne o uz-
ro¢no posljedi¢noj vezi medu varijablama. Dakle, ukoliko
postoji visoka povezanostizmedu uzimanjaalkoholaipro-
metnih nesreca ne mozemo zakljuciti da jedna varijabla
utjece na drugu, odnosno da uzimanje alkohola uzrokuje
nesrece u prometu. Moguce je da veca koli¢ina alkohola
uzorkuje vise prometnih nesreca, no postoji mogucnost
znacajnog utjecaja ostalih neispitivanih ¢imbenika ili rijet-
kih dogadaja (7,8). U opisanom primjeru to bi moglo biti
stanje na cesti, ispravnost vozila, moguca bolest vozaca
nevezana za alkohol, djelovanje drugih farmakoloski ak-
tivnih tvarii sl.

What we need to know when calculating the coefficient of correlation?

coefficient, the same rules are valid for both Pearson’s
and Spearman’s coefficient, and r values from 0 to 0.25 or
from 0 to-0.25 are commonly regarded to indicate the ab-
sence of correlation, whereas r values from 0.25 to 0.50 or
from -0.25 to -0.50 point to poor correlation between va-
riables. r values ranging from 0.50 to 0.75 or -0.50 to -0.75
indicate moderate to good correlation, and r values from
0.75 to 1 or from -0.75 to -1 point to very good to excelle-
nt correlation between the variables (1).

Accordingly, it is wrong to conclude that there is a signi-
ficant correlation between the mood and the amount of
liquid taken during a day. Correct conclusion is as follows:
there is no correlation between the examined variables
(r = 0.12), which may be claimed because the correlation
coefficient is significant (P = 0.003) (5,6).

High value of the correlation coefficient

Question: The correlation value obtained in a study of
correlation between body height and biological age was
r=0.97. May we conclude that height and age are definite-
ly excellently correlated?

Answer: No, at least not beyond doubt.

Interpretation: If the correlation coefficient calculated
for biological variables is r > 0.95, an error in measureme-
nt and sampling or possible alteration of measured resul-
ts should be suspected. Due to natural variety of biologi-
cal systems, it is virtually impossible to obtain such a high
correlation coefficient if measurements have been done
correctly (representative sample, sufficiently sensitive in-
strument, etc.) (1). The type of data collected by measure-
ments and processed statistically should always be taken
into account. For example, if comparison is made of the
values of glucose measured in a series of blood samples
by two different instruments, i.e. biochemical analyzers,
the coefficient of correlation may be expected to be ve-
ry high (even up to r = 0.99), which in this case indicates
good agreement between the two instruments.

Correlation and causal relationship

Question: r=0.78 and P=0.002 were determined in a stu-
dy of correlation between blood alcohol level and traffic
accidents. Are we allowed to conclude that alcohol con-
sumption is the cause of traffic accidents, i.e. that the ob-
served traffic accidents are the consequence of alcohol
consumption?

Answer: No, we are not.

Explanation: Correlation providesinformationonassocia-
tion rather than a cause- and-effect relationship between
variables. Thus, if there is a high correlation between al-
cohol consumption and traffic accidents, we may not con-
clude that one variable affects the other, i.e. that alcohol
consumption causes traffic accidents. It is possible that in-

Biochemia Medica 2007;17(1):1-138
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U istrazivanjima se korelacija treba ponajprije koristiti za
postavljanje hipoteza, a ne za njihovo testiranje kao $to
se to ¢esto sasvim pogrjesno koristi (9). Primjerice, utvr-
di li se povezanost izmedu varijabli, uzro¢no posljedi¢na
veza dokazuje se znanstvenim pokusom. Jedini pokus ko-
jim se dokazuje uzro¢no posljedi¢na veza u biomedicini
jest randomizirani kontrolirani klini¢ki pokus (10).

Jacina (udio) povezanosti

Pitanje: Usporedbom kataliticke koncentracije dvaju enzi-
ma u krvi ispitanika dobivena je povezanost r = 0,52; P =
0,002. Mozemo li zakljuciti kako vrijednosti enzima imaju
52% zajednickih vrijednosti kataliticke koncentracije?
Odgovor: Ne, ne mozemo.

Tumacdenje: Koeficijent korelacije nije mjera jacine pove-
zanosti. Vrijednost koeficijenta korelacije r = 0,52 ne mo-
Ze se tumacditi kao povezanost od 52%, tj. 52% zajednickih
vrijednosti dviju katalitickih koncentracija enzima. Udio
zajednickih vrijednosti, tj. jacina linearne povezanosti iz-
razava se koeficijentom determinacije. Koeficijent deter-
minacije rac¢una se jednostavno, tj. kvadriranjem koefici-
jenta korelacije i oznacava kao r%. Moze se racunati samo
za Pearsonovu korelaciju (3). Stoga je jacina povezanosti
(koeficijent determinacije) u ovom primjeru r>= 0,52 x
0,52 = 0,27, tj. kataliticke koncentracije dva enzima imaju
27% zajednickih vrijednosti. Dvostruko veca povezano-
st ne znaci i dvostruko vecu jacinu povezanosti, npr. ako
povezanost iznosi r, = 0,26, jacina povezanosti biti ¢e r12=
0,07 (7%) dok za dvostruko vecu povezanost r,= 0,52 jadi-
na povezanosti iznosi r22= 0,27 (27%).

Usporedba dvaju koeficijenata korelacije
istih obiljezja u dva uzorka ispitanika

Pitanje: Ispitana je povezanost vremena provedenog u
radu s racunalom i brzine pisanja teksta na racunalu u Ze-
na (N, = 60) i muskaraca (N, = 40). Koeficijent korelacije za
Zene iznosir, = 0,70, a za muskarce r, = 0,50; oba su statis-
ticki znacajna. MoZemo li zakljuditi da je r, > r,, odnosno
da je u Zena veca povezanost vremena provedenog u ra-
du s racunalom i brzine pisanja teksta na racunalu?
Odgovor: Ne, ne mozemo.

Tumacenje: Dva se koeficijenta korelacije nikako ne smi-
ju izravno usporedivati vec je potrebno posebno ispitati
znacajnost razlike izmedu korelacija dviju skupina poda-
taka. Postupak utvrdivanja znacajnosti razlike dvaju koe-
ficijenata korelacije uzima u obzir vrijednost koeficijenata
korelacije i veli¢ine oba uzorka (8).

Usporedbom dvaju koeficijenta korelacije u opisanom
primjeru utvrdeno je da povezanost vremena provede-
nog u radu s ra¢unalom i brzine pisanja teksta na racuna-
lu u Zena nije znacajno veca od povezanosti istih varijabli
u muskaraca (P =0,132) (11).
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creased amount of alcohol causes the increased number
of accidents, yet there is a possibility of a considerable ef-
fect of other uninvestigated factors or rare events (7,8). In
the example described above, these factors or events cou-
Id be road condition, proper operation of a vehicle, poten-
tial illness of a driver unrelated to alcohol, action of other
pharmacologically active substances, and the like.

In research, correlation should be primarily employed to
build hypotheses rather than to test them, the latter bei-
ng a frequent and entirely wrong application (9). If, e.g.,
correlation is established between variables, causal rela-
tionship should be demonstrated by scientific experime-
nt (10). The only experiment to demonstrate such relation-
ship in biomedicine is a randomized controlled clinical
trial (10).

The strength of correlation

Question: By comparing catalytic concentration of two
enzymes in the blood, the correlation r = 0.52; P = 0.002
was obtained. Can we conclude that enzyme values share
52% of catalytic concentration values?

Answer: No, we cannot.

Explanation: The coefficient of correlation is not a mea-
sure of the strength of correlation. The correlation coeffi-
cient value r = 0.52 cannot be interpreted as 52% correla-
tion, i.e. 52% of the joint values for the two catalytic en-
zyme concentrations. The proportion of shared values,
i.e. the strength of linear correlation is expressed by the
coefficient of determination. The coefficient of determina-
tion is calculated simply by squaring the correlation coef-
ficient, and is denoted by r2 It can be calculated only for
the Pearson’s correlation (3). Therefore the strength of cor-
relation (coefficient of determination) in this example is
r’= 0.52 x 0.52 = 0.27, ie. the catalytic concentrations of
two enzymes share 27% of common values. Twice as high
correlation does not imply the twofold strength of corre-
lation; e.g., if the correlation was r,=0.26, the strength of
correlation would be r;> = 0.07 (7%); also, it would be r,> =
0.27 (27%) for the twofold higher correlation, r,=0.52.

Comparison of two correlation coefficients
with the same properties on two subject
samples

Question: Correlation between the time spent at compu-
ter work and the speed of typing a text into computer has
been examined for women (N, = 60) and men (N, = 40).
The coefficient of correlation, for women is r. = 0.70 and
for men r, = 0.50: both are statistically significant. Can we
conclude that r, > r,, i.e. that the correlation between the
time spent at computer work and computer typing speed
is higher in women?

Answer: No, we cannot.
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Zakljucak

Utvrdivanje povezanosti, tj. korelacije medu pojavama
(varijablama) vazno je orude u znanstvenom radu. Primi-
jecene povezanosti dviju pojava omogucuju samo postav-
ljanje hipoteze u znanstvenom pokusu kojim ¢e se tek po-
kusati utvrditi i uzro¢no posljedi¢na sveza (koju korelacija
nikad ne dokazuje). Osim u bioloskim sustavima, osobito
u laboratorijskoj medicini, koeficijent korelacije znacajan
jeuproucavanjuiusporedbidvaju analiti¢kih sustava (me-
toda, instrumenata i sl.) kada upravo na temelju njegove
visoke vrijednosti mozemo slozeniju metodu zamijeniti,
primjerice, jednostavnijom ili jeftinijom. Cesto kori$tena u
obradbi podataka u znanstvenim radovima, korelacija se
nerijetko i zlorabi i to uglavnom zbog neznanja ili zanema-
rivanja pravila uporabe testa korelacije. Posljedica su tada
pogrjesni zakljucci o znanstvenim hipotezama koji vode
u zabludu, a ne k novom znanju.
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Explanation: The two coefficients of correlation should
by no means be directly compared but the significance
of difference between the correlations for two data sets
should be examined. The procedure of establishing the
significance of the difference between two coefficients
of correlation takes into account the value of correlation
coefficients and the size of both samples (8).

By comparison of the two correlation coefficients in the
example above, the correlation between the time spent
in computer work and the typing speed of women has
not been found to differ significantly from the correlation
of the same variables in men (P =0.132) (11).

Conclusion

Determination of association, i.e. correlation between
phenomena (variables) is an important tool in scientific
study. The associations observed between two phenome-
na only allow us to pose a hypothesis in a scientific experi-
ment that is, actually, itself an attempt to establish causal
relationship (which is never demonstrated by correlation).
Aside from biological systems (particularly laboratory me-
dicine), the coefficient of correlation is important in the
study and comparison of two analytical systems (metho-
ds, instruments, etc.) when we can, on the basis of its high
value, replace a more complex method by, e.g. an easier
or cheaper one. Being frequently used in data processing
in scientific studies, correlation is also often misused mos-
tly due to ignorance or negligence of the rules for using
a correlation test. The consequence is faulty conclusions
on scientific hypotheses that lead to fallacies rather than
new insights.
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