5.4.2. Chi-squared test for association when
there is only one degree of freedom

EXAMPLE 5.5. Frequency of Cepea nemoralis and Cepea hortensis in a
hedge and wood

BOX 5.6. How to calculate a 2 x 2 chi-squared test for association

Step 1. Enter the data into the Worksheet window of Minitab.

+ 1T 2 3 !
hahitat |C. nemoralis (o) C. hortensis (o)
hedgerow 89 59
2 |woodland 16 g
3

Step 2. Calculate the totals for the columns and rows.

Click in the session window, and go to ‘Editor’. Select ‘Enable
Commands’.
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At the ‘MTB >’ prompt, type ‘let c2(4) =sum(c2)’ and press the ‘return’

key. This will add all the entries in column 3, and place the result in cell 4
of that column.
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Welcome to Minitab, press Fl for help.

WTE > let c2id)=sum(cZ)
MTE > |

orksheet 1 ¥+

s 1T 2 G
habitat |C. nemoralis (0) C. hortensis (o)

1 | hedgerow g9 59

2 |woodland 16 g

3 *

4 105

Repeat for column 3.
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Welcome to Minitab, press Fl for help.

WTE > let c2id)=sum(ci)
WTE > let c3(4)=sum(c3)
MTE > |

orksheet 1 ¥+

+ 1T 2 3
hahitat |C. nemoralis (0} C. hortensis (o)

1 | hedgerow g9 59

2 |woodland 16 8

3 *

4 105 67
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Now add the rows. Go to ‘Calc’, ‘Calculator’, put ‘total’ in the ‘Store
result as variable’ window, and type ‘c2 + ¢3’ in the ‘Expression’ window.

xi
C1 habitat Store result in variable: |tatal
c2 . nemoral
C3 C. hortens Expression:
c2+c ;I
Functions:
7| 8|49 + | =| < IAll functions L‘
i ol s e — | Pl I~ Ab=olute walue ﬂ
= Antilog
112]3 *| <=| >=| [Aresine C
5 rocosine
' | Arctangent
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Cosine
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Select | (1 | Not Select |

Help | 0K I Cancel |

Click on ‘OK’.
[s]ar] e | a | a | c
habitat |C. nemoralis (0)|C. hortensis (0)| total

1 |hedgerow g9 59 148
2 |woodland 16 8 24
3 * * *
4 105 67 172
5

Step 3. Calculate the expected values. Go to ‘Calc’, Calculator’. Enter
‘C. nemoralis (e)’ in the ‘Store result as variable’ window; and type
‘c4*c2(4)/c4(4) in the ‘Expression” window.
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x
C1 habitat Store result in variable: | nemoralis (e)
c2 . nemoral
C3 C. hortens Expression:
C4 total
cdxc2(4) cd(4)] =
Functions:
¥fl8)]89 +| =| ¢<»| |211 functions L‘
i 4 [ [ _| < > Ab=olute walue ﬂ
= Antilog
==l | e C
I ArClgDSlnet
rctangen
2 v : -*l And | feoiring
Cosine
ﬁl Or Current time ﬂ
Select | (] | Not Select |

Help | 0K I Cancel |

Click on ‘OK’.

i C1.T 2 (85} o} 5 Ct
habhitat |C. nemoralis {0} C. hortensis (0)| total [C. nemoralis (e)

1 hedgerow 89 59 148 90.349

2 |woodland 16 g 24 14.651

3 * * * *

4 105 &7 172 105.000

A

Repeat the process for C. hortensis, remembering that the source data here
are in column 3 instead of column 2.

+ c1.T 2 a3 Cc4 c5 C6

habhitat |C. nemoralis {0} C. hortensis {(o})| total |C. nemoralis {e}|C. hortensis (e)
1 |hedgerow 89 59 148 90345 57.6512
2 |woodland 16 g 24 14.651 9.34858
3 - * - - *
4 108 67 172 105.000 67.0000
5

Step 4. Calculate the individual values of chi-squared. Because we have a
2 x 2 table, we will only have one degree of freedom, so we need to
incorporate Yates’ correction. This involves the use of the ‘Absolute’
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operator, which calculates the absolute value of a number (the value
ignoring any minus signs).
Go to ‘Cale’, ‘Calculator’, and enter ‘chi-sq. (nem.)’ in the ‘Store results as
variable’ window. Type ‘(absolute(c2—¢c5)-0.5)**2/c5’ in the expression

wind

OW.
for help.
zn
c1 habitat Store result in variable: |chi—sq. (nem. )
C2 C. nemoral
C3 C. hortens Expression:
C4 total
E5 C. nemoral |(absolute(ci-cb)-0.5)==2-cf =]
CE C. hortens
Functions:
7l 8|9 +| = [ lAll functions j
i 4 L 6 _| < > Absolute wvalues ﬂ I~
|- Antilog L
1 2 3 *l =] 3= Arcsine n
_I Arccosine —
. Arctangent
m ) -*l And | lcoiTing -
Cosine
ﬁl Or Current tinme =l
Select | []l Not Select |
Help 0K I Cancel |

Click on ‘OK.

4 C1.T c2 3 c4 0] Ch cF 1
hahitat |C. nemoralis (0)|C. hortensis (o)) total |C.nemoralis (e) C. hortensis (e) chisqg. (nem.)
1 |hedgerow 89 59 148 90.349 57 6512 0.0079749
2 |woodland 16 g 24 14.651 03488 0.0421787
T * * * * *
| 4 |total 105 67 172 105.000 67.0000 0.0023810
5

Repeat for C. hortensis, remembering that the observed and expected
values are now in columns 3 and 6 respectively.

(The values in row 4 of columns 7 and 8 have no meaning.)

+ c1-T c2 a3 Cc4 Cc5 6 c7 ca
hahitat C. nemoralis (0} C. hortensis (0)| total C. nemoralis (e)|C. hortensis (e} chi-sq. (nem.}| chi-sq. (hort.)
1 |hedgerow a9 =] 143 90.349 a7 6512 0.0079749 0.0124950
2 |woodland 16 g 24 14.651 9.34585 0.0491787 0.0770710
T * * * * = * *
4 total 1058 67 172 106.000 67.0000 0.0023810 0.0037313
5
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Step 5. Calculate the overall value of chi-squared, and work out what it
means in this context.

The overall value of chi-squared is the sum of the four individual values of
chi-squared. Go to ‘Calc’, ‘Calculator’, and enter ‘chi-squared’ in the
‘Store result as variable’ window. In the ‘Expression’ window, enter
‘¢7(1) +c7(2) +c8(1) +c8(2).

lor help.
x
C1 habitat Store result in variable: |chi—squared
c2 C. nemoral
[k} C. hortens Expression:
C4 total
cs C. memoral [E7(1) + e7(2) + cB8(1) + cB(2) =]
Cé C. hortens
c? chi-=q. (n
[o:] chi-=sq. (h Ll
Functions:
7 ﬂﬂj = | o [e1l functions =]
u T4 ==l Absol I i
i ts|ef o] <> |RRemsem=re 5
| B o === [
e i
Cosine
il Or Current time LI
Select LI Not Select |
Help 0K I Cancel |
Click on ‘OK’.
+ 1T c2 o} C4 Ca Ch c7 C8 ca
hahitat |C. nemoralis (0}|C. hortensis (0)| total |C. nemoralis (e)|C. hortensis (e} chisq. (nem.)chisq. (hort.) chi-squared
1 |hedoerow g9 a9 148 90.349 a7 B512 0.0079749 0.01245980 0146723
2 |woodland 16 8 24 14.651 9.3488 0.0491787 0.0770710
3 * * * * + * *
4 |total 105 E7 172 105.000 67.0000 0.0023810 0.0037313
5

Go to ‘Calc’, ‘Probability Distributions’ and select ‘Chi-square’.
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Select ‘Cumulative Probability’, enter ‘1’ in the ‘degrees of freedom’
window; put ‘c9’ (or ‘chi-squared’) in the ‘Input Column’ window, and
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‘CumProb’ in the ‘Optional storage’.

Chi-Square Distribution
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Click on ‘OK’.
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1T 2 3 c4 5 6 or) 8 o) c10
habitat |C. nemoralis {0} |C. hortensis {(o)| total |C. nemoralis (e)|C. hortensis (e)|chi-sq. (nem.) chisq. (hort.) chisquared CumProh
1 |hedgerow a5 55 148 90,349 57.6512 0.0075745 00124530 0146723 0.298313
2 woodland 16 g 2 14.651 2.3485 0.0421787 0.0770710
3 * * * * * *
4 [total 1058 &7 172 105.000 57.0000 0.0023810 0.0037313
5

Next, Calculate the p value. Go to ‘Calc’, ‘Calculator’, and enter ‘pValue’
in the ‘Store result as variable’ window. Type ‘1-CumProb’ in the
‘Expression’” window.

tatal

for help.
x|
[CI  habitat  Store result in variable: IpValT
c2 . nemoral
c3 C. hortens Expression:
C4 total
C5 C. nemoral |l-CumProbf LI
Ch C. hortens
C7 chi—-=g. (n
ca chi—=g. (h
c9 chi—=square ;I
c10 CumnFrob Functions:
78| 9| + | = | <>| |all functions i
i 4 5 [ = | < > fabsolute walue ﬂ
| | Antilog
| *l _| - | |Arcsine
_I ! : 3 Sl Arcocosine 9_
Arctangent Haret
5 o ! | And | lceiling e
= Co=ine a7z
| Or Current time LI
Select | (] | Not Select |
Help | OK I Cancel |
Click on ‘OK’.
+ Cc1-T 2 a C4 6] b CcF (6] (0] Cc10 Cc11
hahbitat |C. nemoralis (o) C. hortensis (o) total |C. nemoralis (e} C. hortensis (e) chisg. (nem.) chisq. (hort)|chisquared CumProb| pValue
1 |hedgerow a9 59 148 90.349 57.6512 0.0079749 0.0124980 0146723 0298313 0701687
2 |woodland 1B g 24 14 651 9.3483 0.0491787 0.0770710
3 * * * * * * *
4 105 67 172 105.000 67.0000 0.0023310 0.0037 313

This p value (p = 0.7) is large and exceeds the threshold of p = 0.05. We do
not reject the null hypothesis. There is no significant association

2
(Xcalculated -

the two habitats.

0.15, p=0.7) between the distribution of snail species and




