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Chi-Square

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 t.hc lab to .pred ict 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 thar 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
Observed 0—e)? 2 2 S0 —ep
data (o) Expected (¢)| (0 -e) (o —e)? 3 X (e\)
Heads 108 100 8 64 0.64
Tails 92 100 -8 64 0.64
Total 200 200 1.28
Coin B
Observed —e)? 2 _ _e)?
datz (Oe) Expected (¢)| (o - e) (0 —e)? (_oe_e}_ X 2(_0?‘5)_
Heads 120 100 20 400 4
Tails 80 100 —20 400 4
Total 200 200 8

I. What is the hypothesis that is being tested in Model 1?
There is an equal chance of flipping heads or tails with a coin,

2. Describe in one or two complete sentences the experiment being performed in Model 1.
A coin is being Sflipped, and the number of times it lands on heads and tails is recorded.

3. How many flips of the coin will be conducted in each trial for the experiment in Mode] 1?
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 (e) column of Model 1 for both coin A and coin B.

See Model 1.

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). '

See Model 1. -

A

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).

See Model 1.

7. Ifyou 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.

Coin B had a result that was further from the predicted resuls, so it is likely that it is the rigged coin.

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 dara is due to random events. Therefore, the variation is most likely due to an environ-
mental factor.

8. What symbol represents chi-square?

g X

5 9. Use the equations in Model 1 to complete the calculations of x? for coin A and coin B.

See Model 1.

10. Circle the correct phrase to complete the sentence.

A larger chi-square value means the observed data is very different from/very similar to) the
“\‘-‘-‘—-—\_\__‘_'__,_

expected data.
11. One hundred heterozygous (Bb) males mate with one hundred heterozygous (Bb) ferales.

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

B b
B BB Bb
b Bb bb

6. Predict the number of offspring from the 100 mating pairs that will be each genotype.
BB = 25 Bb = 50 bb = 25
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c. 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.

dnty | | 6m0 | o | 022
BB 28 25 3 9 0.36
Bb 56 50 6 36 0.72
e 16 25 -9 81 524 |

Chi-square = 4.32

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

Answers may vary. Some students will say that the observed data varies Jrom the expected data
enough that it cannot be due to chance. Others will say they are close enough 1o be random. The

point to be made here is that they are just making a judgment call and they need the statistical
analysis to know for sure.

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?

Two.

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

One.
13. Consider the mating organisms in Question 11,

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

Three.
4. How many degrees of freedom were there in that experiment?
Two.
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Model 2 - x? Analysis
Degrees of % Values j
Freedom
1 0.004| 0.02 | 0.06 | 0.15 | 0.46 1.07 | 1.64 | 2.71 | 3.84 | 6.64 10.83
2 0.10 0.21, | 0.45 | 0.71 | 1.39 | 2.41 | 3.22 4.60 | 599 | 9.21 |13.82
3 0.35 | 0.58 | 1.01 | 1.42 | 2.37 | 3.66 4.64 | 625 | 7.82 | 11.34 16.27
4 0.71 | 1.06 | 1.65 | 2.20 | 3.36 | 4.88 | 5.99 7.78 | 9.49 | 13.28 | 18.47
5 L14 | 1.61 | 2.34 | 3.00 | 435 | 6.06 | 7.29 9.24 | 11.07 | 15.09 | 20.52
P Value = 095 | 0.9 0.8 0.7 0.5 0.3 0.2 0.1 | 0.05 | 0.01 |0.001
% probability | Not Significant Significant
14. The table in Model 2 has three types of values—yx?, degrees of freedom, and P values or
probabilities.
a. Which of these are along the bottom of the table?
P values or probabilities.
6. Which of these are along the side of the table?
Degrees of freedom.
¢. What chi-square value is needed to have a P value of 0.5 in an experiment with two degrees of
freedom?
1.39
15. 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.
a. Which P Values in the table indicate that the difference between the expected and observed
data was likely due to chance?
P values from 0.95 t0 0.1 are considered “not significant” and therefore only due to chance.
6. Which P Values in the table indicate that the difference between the expected and observed
data was likely due to an environmental factor?
P values less than 0.05 are considered Significant” meaning the data is likely due to an environ-
mental factor,
16. What does a P value of 0.7 mean in terms of percent chance that the data sets are different only
by chance?
1t means there is a 70% chance that the variability in the data is only due to chance. This is not
significant.
182
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y to be significant or not significane?
As the chi-square values get larger, the data is more likely to be significantly different Jrom the expected

values,

18. When an experiment has more degrees of freedom, is a larger chi-square needed for a significant
outcome, or is a smaller chi-square needed for a significant outcome?

With more degrees of freedom, the chi-square value must be larger to achieve the same P value.
19. Which row of x? values in Model 2 should be used for the coin flip experiments?
The 1op row with one degree of freedom.

20. Find the P values for each cojp experiment in Mode] 1 using the %2 values in Mode] 2

Note: If the 2 value falls between two points on the chart, give a range of P values,

a. Coin A = between 0.2 angd 0.3.
6. CoinB = berween 0,07 and 0.001.
N21. Consider your answers in Question 20.

a. Which coin produced a nonsignificant %2 value,
cally different from what was expected?

Coin A.

indicating that the outcome Was not statisti-

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

Coin B.

ip and show
heads more ofsen.

22. Does the mating experiment from Question 11 indicate that an environmental factor was affect.

ing the outcome? Justify your answer using information from Mode] 2

C/yi—:quare 0f 4.32 with two degrees of freedom gives a P value between 0.2 and 0. 1—this ;s nor
significant.
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23. A researcher is investigating a flowering plant. The purple flower allele,
white flower allele, p. A cross was performed between a purple-flowered
flowered plant. The 206 seeds that were produced from the cross matu
flowered plants and 82 white-flowered plants. Construct a table similar
culate chi-square for the null hypothesis that the purple-

P

B is dominant to the
plant and a white-

red into 124 purple-

to those in Model 1 to cal-
flowered parent plant was heterozygous.

. P
P [ Pp | pp
p Pp | pp
Observed | Expected T (0—¢) (0—e)?
data (o) (e) . o-¢
Pp 124 103 21 441
pp 82 103 -21 441

Chi-square = 8.56

This chi-square with one degree of freedom gives a P value
Jore, the hypothesis that the purple-flowered parent was hetero

Jactor affecting the outcome.

184

0.01 t0 0.001, so it is significant. There-
zygous is false. There must be some other
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Extension Questions

24. You have performed a dihybrid cross of plants and got the following dara: 206 purple tall, 65
white tall, 83 purple short, 30 white short.

a. Using your knowledge of genetics determine the expected outcome for this experiment,

216 purple/tall 72 purplelshors 72 white/tall 24 white/tal]
b. What are the degrees of freedom in this experiment?
Three.

¢. Calculate chi-square for your experimental data below:
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