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Class - Observed ‘Expected Deviation (o~ a)®
{0 ! (&) (o — a) {0 ~ &)t e
Femnales 85 75 10 100 : 100/75
Males 85 - . 75 —10 E 100 - 100/75
- 1

THE CHI-SQUARE TEST

The chi-square statistic is & mathematical comparison
of the data obtained with the data expected according
to the rules of probabiiity. A chi-square (¥ value rep-
resents the degree to which the data fit the hypothesis
on which the experiment was based. If chi-square is
small, the data fit the hypothesis well; a large chi-square
value represents a large deviation and throws doubt on
the hypothesis, The actual formuia for chi-sguare need
not conderns us here. In all problems where we wish to
compare the frequencies in an observed sampie with an
expected frequency distibution we calculate a value
known as x?, whrcb for our pujposes may be regarded
as identical to x*

Let us apply this to a congrete example,

Problem: A genetics student crosses two fruit flies and
obtains 150 offspring. He or she sorts the offspring ac-
cording to sex and finds 85 femalss and 65 males. s
this ciose enough to the expected 75 of each sex so that
the observed sex distribution can be regarded as due to
chance? (An alternative hypothesis might be that males
die as embryos more often than females.)

Solution: The experimenter obtained 150 offspring of
which 85 were female and 65 male where you wou:d
have expected 75 of each sex. To calculate the x* vaiue
for these results we can conveniently make a table like
the one abpve. The observed and expected numbers of
each sex of offspring are entered in the two left columns
of the table. Now we subtract the expected from the
observed offspring in each class to get the deviation for

TABLE 8-2 CHI-SQUARE VALUES

gach class {o — e). in the next column we square =ach
dessiation. Finally we divide the squared deviation for
eacch class by the expacted number in each class and
2dd up all the results to obtain 23, which in this case is
26 (T = xt= 26 o
To deiermine whather this x? value, which we treat
as ‘chi-square, is significant, we look at a able of chi-
square values (Table B-2), You will see that there is one
itern in the table that 'wa have not vet mentioned and
that we need before we can read off the probabilitys
degrees of freedom, The degreas of freedom in a system
are usually defined as the number of classes minus one,
in this case, with two classes of offspring {male and
fermalel, there is only 1 degree of freedom. One way o
ook at degrees of freedom is to see that it represents the
numnber of choices you can make in assigning an indi-
viddual to a class, In this case, you have only one deci-
sion to make, If you decide that a particular fruit fly is
not male, 1t must be female. If degrees of freedom are
thought of as a number of decisions to be made, vou
cary. make one less decision than the number of classes,
because after that number of decisions, the last class has
been determined automatically. in our fuit fly problem
we have an x? vaiue of 2.6 and 1 degree of freecom.
From the table we see that this value falls between 1.6
in the 0.2 120%) cotumn and 2.7 in the 0.10 column
00%). This means that we would obtain a chi-square
value of 2.6 slightly more than 10% of the time if we
performed numearous crosses and counted the sex of the
offspring. We say that the chi-square value is not-sig-
nificant, The hypothesis that hzlf the offspring ofa fruit
fly aré male and half are fermale need nat be guestioned,
if we obtained 2 chi-souare value which feli in the 5%
or 1% columns, we would suspect that another hypoth-

. esis would explain our results better than the one we

usech. A value in the 5% column would be significant,
and a value in the 1% cciumn would be highly signif-
icant,

Degrees of
Freedom {n)

DEVIATION FROM HYPOTHESIS NOT SlGNlF!C:ANT
Probability Values (P)

DEVIATI
DEVIATION HIGHL?N

SIGNIFICANT |giGNIFICANT

095 090 0.80 070 0.50  0.30 020 0.10 0.05 0.61
: 0.004 0.016 006 015 046 1.1 1.6 2.7 3.8 £.6
o 0.1 0.2 0.4 Q.7 1.4 2.4 3.2 4.6 . 6.0 9.2
3 0.4 0.6 1.0 1.4 2.4 3.7 4.6 6.3 7.8 11.3

Chi-square value consistent with hy pothesis

Not consistent

Modifted from Table 1V in R. A Fisher and . Yates, Satistica! Tables for Binlogical, Agricultural, and Medical Research thth ed,, 1974), Published by
Longman Group Ltd,, London. Previousiy published hy Ofiver and Bayd, Lid,, Edinburgh, Reprinted by permission of the authers and publishers,)




GENETIC DATA SHEET

1 2 3 4 Total
wenotype Class
umber of individuals a. & 8, B
ciual count)
¢pected number ie‘ . e; &4
(a - e {a.- et (2. - 84* {a.-e?
N = + & . TABLE
=X =1 €: e,
dﬁ.\ P= o5 90 8 70 50 .30 .15 05 01
1 004 016 0B4 .14B 455 107 271 384 664
2 103 211 446 713 138 241 4860 598 9.2
3] 3527 584 1.00 142 237 366 625 782 118
d.f. = degreas of treedom = numbar of classes - 1
f_‘ ::_plrgbabii‘zxyl
%
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Chi-Squared Practice

"*udcm sets up & menchybrid cross to study the ;emmo inheritance of cuiy flightless
wings in fruit ﬂvs Thus, a pure strain of curly winged flys is bred against a pure strain of wid,
normal winged flys. 240 F1 offspring were counted, consisting of 101 males and 138

females. Calculate a Chi-squared probabiiity (Xz) to determine ii the variation between the
actual and expected gender ratios can be explained by random chance alone.

DIRECTIONS:

1. Fillin the Data Table béiow and fellow the example formula to calculate the Chi-squarsd
value. SHOW YOURWORK !l

2. Use the Chi-squared Probagiliity Table 16 interpret your caiculated X2 vaiue
3. EXPLAIN your resuits: |s the variation in the gender data significant 777

GENETIC DATA SHEET

1 2 3 : 4 Total
Phenotype Class
Nurnber of individuals &, a: 4, =¥
{actual count)
. 2cted number & &: S &
\ ,
(& -@&y)2 {a;- g2 {as- ez . (3-8
- ' 2
Xim—g— + —— t —— * —% X* TABLE
df\ P= 95 .3 80 .70 50 30 .10 05 .00
1 .004 016 .0B4 148 485 1.07 271 3.84 6.64
2 103 211 448 .T13 1.38 241 450 B.8% o2
a 352 584 1.00 1.42 237 3.66 625 7.82 11.3
d! = degrees df Imettiom = humber of classas - §

P = probabilty

This Table was taken from Tabie [t of Fisher: Stalistical Mathoos for Aesaarch
Workers, cuz'thad Oy Ziiver 4 Boyd, Sdinsurgh, and oy nermisginn ~f

the author and publishers,



GENETIC DATA SHEET

1 2 3 4 Total
enotype Class
smber of individualis a. & 8: a.
ctual count)
«pected number & €: 8, By
{a,- ez {az - 32}2 (ﬂz - 93)2 {ag. - e.)?
2 z .
X 5 5 o - X' TABLE
d.f.\ P= 95 90 .80 70 .50 .30 .10 05 0%
1 004 .D16 .0B4 .148 455 1.07 2.71 384 664
2 403 211 446 713 138 241 460 599 9.2
3 350 8B4 100 1.42 237 3.66 6.25 782 113
o .f. = degrees of freedom = number of ciasses - %
F o= probability
%
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- Chi-Squared Practice #2

An Ur“bean"leavably Fun Activity

f ‘Bst You Haven't “Beart” Thereand Sona This Betore I

Boal: To learn about énd practice caiculating and interpreting a Chi-squared statistic by

‘analyzing the actual and expected distribution of var

Practice Rotivity #1-

—h
A

2. After mixing and shaking the ba

{ONE large handful) L | 7 |
3. Count the numbers of red and white beans and record in the data table below,
4. Assume there are 400 total red beans and 200 total white beans in the original bag.
Follow the exampile formula to calculats the Chi-sguared value. SHOW YOUR WORK 1!

5. Use the Chi-squared Tabie to interpret your calculated X2 value.
How many degrees of freedom are there?

jous mixed beans in a sample.

Carsfully pour all of the red and white beans into the-!ér-‘g‘e empty ziplock bag and reseal.
g of beans for 1 full _m_Enute, collect &8 sample of beans

Is the variation in the bean distributions significant or can it be explained by some

acceptable degree of random chance 77 EXPLAIN ?7

GENETIC DATA SHEET
1 . z k! Tota‘
Phenotype Class Ked White
Number of individuals &, R & a,
(actual -count) B8O 3, 12
Expectad number | & o & Ha
= ai-e)2  (B-e)r (mi-er (Bi-e.)" X TABLE
e a8, 8: s 4f\N P=95 90 80 70 86 80 10 85
1 004 016 084 148 455 107 2.
2 103 211 446 743 i 2.4: i.gé ggg
3 62 584 100 142 237 388 @25 rgn -
g.!;:;;g:z;?;! freedom = number of clasney - ¢

This Tabie was takan tram Tassip

i of Fisher: Swtatical Mpthody for Rerearch

Workars, pubtished by Oliver & Boyd. Edinburgh, and by
. 4 ¥ permission o
the author armd publishers, “



Practice Rctivity #2:

S R

Raturn all the red-and white beans to the large ziplock bag.

-Carefu{iy add all the pinto and black beans to-the large ziplock bag with the other beans
After mixing and shaking the bag of beans-for 1 full minute, collect a sample of beans
(ONE large handful) :
Count the numbers.of red, white, pinto, and black beans and record in the data fable balow,
in addition to the 400 red beans and 2 00 white beans, assume there are aiso 20 8 pinto
heans and 100 black beans in the original bag.

Follow the exampie formula to ca lculate the Chi-squared value SHOW YOUR WORK i
5. Use the Chi-squared Table to interpret your caiculated X2 vaiue.

.How many degrees of freedom are there‘? .

&s the variation in the bean distributions sngnmcant or can it be explatned by some
acceptable degree of random chance 77 EXPLAIN 77

GENETIC DATA SHEET

1 2 3 4 Total
Phenotype Cless Ked white, Pinte Blacd
Number of individuals B B as B =
{actual count) Y | 7 ol =7 7
Expacted number 6 8. & 8 19 7
(@ -e)  (Bi-ed  (Ai-et  {ac-8l) x* TABLE
xl ] Y + ﬂg + @, ‘+‘ e‘

'd.i,\ p= 85 90 .80 .0 .50 30 .10 .05

1 004 016 084 148 486 1T 27 84
2 J03 211 448 7130 1088 241 480 540
3 352 .5B4  1.00 1.42 237 aB6 B.25 782

di. = degress of teatom = number of clsess - 1
P = probubnhy

 Thic Tabie was teien trom Tasle H-of Fieher: Stetistice! Hethods for Resaerch

Workere, published by Cliver & Boyd, Edinbuegh, and by permission of
the suthor and publishars,



