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Chi-Square

Y . . .
O How do you know if your data is the result of random chance or environmental factors?

Why?

Biologists and other scientists use relationships they have discovered in the lab to predict events that might
happen under more real-life circumstances. At some point those predictions are either supported or not by
real data. It would be nice if the two sets of data matched exactly, but more often than not they don’t. This
could be attributed to random fluctuations in the variables, or it could be due to a factor that the scientists
overlooked. How does the scientist know? There are many statistical calculations that help answer this
question. One that is commonly used by biologists is Chi-Square.

Model 1 - Calculating Chi-Square ()?)

Hypothesis: There is an equal chance of flipping heads or tails on a coin.

Coin A

data (o) €
Hads | /oF | /oo |/ 022 g% oyl f5rc oy |
Tails e /00 | 9% 10 mgea iy

Observed Expected (e})| (o —e) (0 —¢)? —l-(_o —¢)f X" = Zlo=cf - e)?

( Yy Total 200 200
Coin B
A v 2
Odg::r(voe)d Expected (¢)| (o—¢) {o—e)? g - ) % = Z(o ; e)?
Heads / 2.0 /0O / 2-02‘5100—- zo*= Yool 40O,
Tails ‘8 O /o0 go:fzc.:g = | ~20%= g
Total 200 200

1. Whar is the hypothesis that has been tested in Model 1? .
Theve S an equal Chance of Qh’ppl\r\j heads or Fail

2. Describe in one or two completé sentences the experiment being performed in Model 1, ;
Fiie a coin 200 +imes. Retovd Numioeyv ok heads s number of ails.
Compare. 0DoStved +o txpecked resuttr. Repedt with o o C6erepd

O
3. How many flips of the coin will be conducted in each trial for the experiment in Model 1?

9] 200
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4. How many of the 200 flips would you expect to be heads and how many would you expect to be
tails? Fill in the expected (¢) column of Model 1 for both coin A and coin B.

5. Assume the experiment for coin A resulted in 108 heads and 92 tails. Fill in the data table for
coin A under observed (o).

6. The experiment was repeated with a different coin. coin B resulted in 120 heads and 80 tails. Fill
in the data table for coin B under observed (o).

7. If you were told that one of the coins used in the experiments in Model 1 was a “trick” coin,
which coin would you predict was rigged? Explain your reasoning.

Con B.

Read This!

The experiments in Model 1 did not give the expected outcome, so the question becomes: Is this due to
random chance, or does the coin being flipped favor heads for some reason? The statistical calculation of
chi-square (x*) will help determine if there is a significant difference between the expected outcome and
the observed outcome. In statistics a “significant” difference means there is less than 5% chance that the
variation in the data is due to random events. Therefore, the variation is most likely due to an environ-
mental factor. '

8. What symbol represents chi-square?

0(2_

9. Use the equations in Model 1 to complete the calculations of %2 for coin A and coin B.

10. Circle the correct phrase to complete the sentence.

A larger chi-square value means the observed data is (very different fromyvery similar to) the

expected dara,

11. One hundred heterozygous (Bb} males mate with one hundred heterozygous (Bb) fernales.

a. Draw a Punnetr square to show the possible genotypes of the offspring from each pairing.

B b
B |86 [6b
b Bl [ob

6. Predict the number of offspring from the 100 mating pairs that will be each genotype.
BB = /4 Bb= /o bb = |/gl_
Q5 ole 5

2 POGIL™ Activities for AP* Biology

N




¢. 'The observed outcome from this experiment is 28 BB offspring, 56 Bb offspring and 16 bb
offspring. Use a table similar to that in Model 1 to calculate chi-square for this experiment,

RCHOLR = (ee)?

<

<
519) @%‘ééyzegb .36+ Ta+3.a4= 432

iR
it

&b (5(0“5‘9)01 = .74

50 %Q:-‘ %3&
o .
oo L5225 oy

d. In your opinion, is the observed data significantly different from the expected data in this
mating experiment? Justify your answer,

( * Read This!
To determine if the chi-square value is large enough to be “significant,” researchers need one more thing—
degrees of freedom. If an experiment has five possible equivalent outcomes, then in reality there is one

result and four additional possible results, making a total of five. The degrees of freedom are always calcu-
lated as the number of possible outcomes minus one.

12, Consider the coin flip experiments in Model 1 where you could get heads or tails.
4. How many outcomes were possible in the coin flip experiments?

s

6. How many degrees of freedom were there in the coin flip experiments?

DF= # outcomes = 2z - | -—-@

13. Consider the mating organisms in Question 11,

a. How many genotype outcomes were possible in that experiment?

3

. How many degrees of freedom were there in that experimenc?

DF=3-1 =
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Model 2 — % Analysis

Eiﬁﬁie; of <x’ Values Not Sir\g m€icaly B S @vx{'@mau‘l’-\?

1

0.004 | 0.02 | 0.06 | 0.15 | 0.46 | 1.07 | 1.64 | 2.71 | 3.84 | q_js"éj-_f@-;i_o;sa__'-

2

0.10 | 021 | 045 | 071 | 139 | 2.41 | 322 | 460 | 5.99 | 921 | 13.82

3

0.35 [ 058 | 101 | 142 | 2.37 | 3.66 | 464 | 625 | 7.82 | 1134 | 1627

4

071 | 1.06 | 165 | 220 | 3.36 | 4.88 | 5.99 | 7.78 | 9.49 | 13.28 1847

5

114 | 161 | 2.34 | 3.00 | 435 | 606 | 7.20 | 9.24 |11.07] 15.09| 2052

P Value = 095 09 | 08 | 0.7 | 05 | 03 | 02 | 0.1 005 001 .:,'_0;001

% probability Eot Significant } Slgmﬁcant >

14,

15.

16.

The table in Model 2 has three types of values—y?, degrees of freedom, and P values or
probabilities.

a. Which of these are along the bottom of the table?
P yolnes } pyolo alry\teie s

6. Which of these are along the side of the rable?
ch \reeu; of Freectoma

¢. What chi-square value is needed to have a P value of 0. 5 in an experiment with two degrees of
freedom? Iwo degrees
/ . 3 C? ( Sce +able at fop of page)

The table in Model 2 is a reference table used by scientists to interpret the calculated chi-square
value for their experiment. It converts the chi-square value into a probability that the differences
in the data are only due to chance.

4. Which P Values in the table indicate that the difference between the expected and observed

data was likely due to chance? e % X & Volme  tna S 1ess 'Hna Wi
“{,}\e‘;;;@\hw Viskdtwthe, O5 P va e Columan

. Which P Values in the table indicate that the difference between the expected and observed
data was likely due to an environmental factor?
veater than Fhe 1yunabas

Any X% yvalue Prat
ﬁid N the O5P V?bmﬁ 2ot |

What does a P value of 0.7 mean in terms of percent chance that the data sets are different only

bychancc?‘
Thee & q /0% chance. Varioton 1§ due 40 randon

Cvents.
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17. As the chi-square values get larger, is the data more likely to be r not significant?

N Y
- ng\m fcant

18. When an experiment has more degrees of freedom, is allarger dhi-square necded for a significant

outcome, or is a smaller chi-square needed for a significant outcome?
Lacge
19, Which row of % values in Model 2 should be used for the coin flip experiments?
| deayee of Preedom

I

20. Find the P values for each coin experiment in Model 1 using the %? values in Model 2.

Note: If the x* value falls between two points on the chart, give a range of P values, , )
_ z P otLignicant ChERe oy
a CoinA = "=, Q8 20-30% thance due 1O vandom Vo aki o

: 2 .
b CoinB = Y%= 8  o/=/7 chance due o vandon vanad
é’ﬁ‘%rS—H(‘ﬂx“\\j Saﬁn\?{c’avﬁ* G\i?@fmm ol
4. Which coin produced a nonsignificant 2 value, indicating that the outcome was not statisti-
cally different from what was expected? £ value » £

A Y result 5 >.,05

6. Which coin produced a significant ? value, indicating that the outcome was statistically dif-
ferent from what was expected and therefore due to an environmental factor?

B Afresultis & f value R.05

. Consider your answers in Question 20,

¢. With your group propose an explanation for why the results of either coin were statistically
significant,

oM not plrpped CO&'vzcj-;j
ek cown — [ Side s@mf@‘amﬂ\j hoawiey

22. Does the mating experiment from Question 11 indicate that an environmental factor was affect-
ing the outcome? Justify your answer using information from Model 2,

Z .
j( B 5/3& /0 "ZO?'OcMa,ch, due Fo rand om
OF = Z Vawation =

Not Siqnifrean +
dit&N¥YAce.
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23. A researcher is investigating a flowering plant. The purple flower allele, B, is dominant to the

white flower allele, p. A cross

was performed between a purple-flowered plant and a white-

flowered plant. The 206 seeds that were produced from the cross matured into 124 purple-

flowered plants and 82 white-flowered plants. Construct a table similar to those in Model T to cal-
culate chi-square for the null hypothesis that the purple-owered parent plant was heterozygous.

Jp =udntre, T ffepee

£

P@ {f'z.im}b&; RN

[f36

oy /2P 2103 plank
I} ‘/a_{&f_ /O3 planty

an
E@ ;_:_)a = o &%*ﬁ‘?‘iQﬁ = 8 5@3

g B Ly e

I
E=3.0b
NE=2-1=)

P vawe = - [ -/7o Chanee nLé due 10
Cand o Vaviohon =

Sigwi€ 1’!:@%“%5 d1€Geveit.
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