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Activity Overview

In this activity, students first compare the chi-square distribution to the standard normal
distribution (for five degrees of freedom). They will also determine how the Chi-Square distribution
changes as they increase the degrees of freedom. Students then confirm critical values of »* and
finish the activity by constructing confidence intervals for real-life scenarios.

Topic: Continuous Distributions and their Properties
e Graph the probability density function of the 4 distribution
e Calculate probabilities
e Calculate a confidence interval

Teacher Preparation and Notes
e Students should already be familiar with the normal distribution and it characteristics, as
well as finding and interpreting confidence intervals for normal distributions (with known
population standard deviation or sample size larger than 30).

e Using a confidence interval to make a decision, as done in Problem 3, is a precursor to
hypothesis testing.

e To download the student and solution TI-Nspire documents (.tns files) and student
worksheet, go to education.ti.com/exchange and enter “9738” in the keyword
search box.

Associated Materials
e Chi_Square_Distributions_Student.doc

o Chi_Square_Distributions.tns
e Chi_Square_Distributions_Soln.tns

Suggested Related Activities
To download any activity listed, go to education.ti.com/exchange and enter the number in the
keyword search box.

e F Distribution (TI-Nspire technology) — 9781

e Is it Rare? (TI-Nspire technology) — 9095

o Candy Pieces (TI-Nspire technology) — 9997

e Cancer Clusters (TI-Nspire technology) — 9996
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Problem 1 — Characteristics of the Chi-Square Distribution

Step 1: Discuss the basics of the chi-square distribution ‘EEEEMEE)’ chrisquare_.ion< {6
(describes variance) and that the degrees of The chi-square () distribution is a
freedom (d.f.) for this distribution are one less than |distribution of sample variances (s%). It has
the sample size. two critical values which are used when

constructing confidence intervals to estimate
Point out that the chi-square distribution requires the population variance (c®) or standard

that samples be taken from a normally distributed | deviation @]

population.

Step 2: Students are to advance to page 1.4 to view the g 121 > Chi_Square_..ion <
chi-square distribution for n = 6 in bold. They can 05 [y Degrees of Freedom
discuss how this distribution is different from the 1" il

o X H \"-‘ 2(x)=normPdf{x,0,1)
standard normal distribution. ot 3
The chi-square distribution is skewed to the right

. f1{x)=xpdf{x af)
and none of the values are negative. .

0'0s x
3.9/ 1 " 16.5

Step 3: Students are to click the df arrows to change the ‘EEIEENEEY’ ‘chisaae.ionw (A
degrees of freedom to 10, 25, and 50 and observe 05 [y Degrees of Freedom
how the distribution changes. o

," "-‘ 2 ’ J=norm Pdf‘:ﬁ-:_ 0,1)

£1(x)=x?Pdflx, df)

0'0s x
39/ P Toms—

Students will need to adjust their viewing window g 121 > *Chi_Square..ion <

to see the distributions for the greater degrees of 0.5 Dégrees of Freedom

freedom. They will see that as the number of i il Tormzaiiiih .15 .~ e
degrees of freedom increases, the distribution : ' o

becomes less skewed and more symmetric. They i
may also conjecture that the mean equals the £1(x)=xPat(x, af)
number of degrees of freedom (this is true). i

i R
}9] /\ 88
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Problem 2 — Critical Values for a Chi-Square Distribution

Step 1. Students are to advance to page 2.1. Explain that
the L and R notation in the critical values
represent left and right.

Step 2: Students can use the Integral tool ([menu] >
Analyze Graph > Integral) to find the area

between the critical values.

(Note: They should first select the Graph
application on the screen.)

They need to select the left critical point and then
the right critical point. (Going from right to left will
show a negative area, although the absolute value
of the area will be correct.)

Students will see that 95% of the area lies
between the critical values, so the graph
represents a 95% confidence interval. If desired,
you can have students confirm that the remaining
5% is distributed equally between both tails.
(Students may need to change the window to
extend far enough out the right.)

Step 3: Instruct students to use the Calculator application
on page 2.3 to confirm the critical values for a

95% confidence interval when n = 11 (d.f. = 10).

The Inverse y> command can be selected from
the menu ([menu] > Statistics > Distributions >
Inverse y*) or typed as invchi2. Either way, first

enter the area to the left of the critical value and
then the degrees of freedom.

el <)

*Chi_Square..ion <=

The two critical values x? and x*r are each
used in constructing a confidence interval.

 f1lx)=xPaflx, 10)

(3.24697,0)

-3.5% 2

The two critical values x?. and x’r are each
used in constructing a confidence interval.

- f1{x]=xPdrlx, 10}

X

L
w
o

(3.24697,0) ) 120.4832,0)365

*Chi_Square..ion <=

Use Inverse x*to confirm the critical values
for the confidence interval represented on
page 2.1,

)
invy?(0.025,10) 3.24697 5
invy2(0.975,10) T
|
&
2/99
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Step 4.

Let students work independently to find the critical
values for the confidence intervals and sample
sizes listed on page 2.4. Students will need to
enter an " = " sign before entering the invX?
command to obtain a result.

If checking answers against a table in a book, be
aware that some books give the area to the right
of each critical value, rather than to the left.

Students are to compare the critical values for

n = 12 for the 80% and 98% levels and explain
why, at the 98% level, the left value is smaller and
the right value greater.

(greater confidence = more room for error)

Problem 3 — Constructing a Confidence Interval

Step 1:

Step 2:

Introduce the formulas for the confidence intervals
for the population variance and standard deviation
(shown on pages 3.1 and 3.2). Then students are
to read the problem on page 3.3. Ask them what
they need to be able to construct the confidence
interval.

Students can find the sample standard deviation
on page 3.4 by selecting > Statistics > Stat
Calculations > One-Variable Statistics.

The standard deviation of the sample is about
7.106.

Make sure the students set the xList to "weights."

hi_Square..ion = {ﬂﬂ

Find the left and right critical values.

2
o]
confid_intervln lleft_cv lright_cv r

]

08 12| 557778 17.275
09 23| 12338 339204
098 12
099 23

2 | =invxe(0.05,22)

Find the left and right critical values. g
confid_intervln lleft_cv lright_cv E-
0.8 12| s5.57778] 17.275
0.9 23 12338 33.9244
0.98 12| 3.05348 24725
0.88 23| B.64272| 427957 g
c1 | =invief0.1,11) [4]»

*Chi_Square..ion =

*Chi_Square..ion <

L ofl] <

he weights of certain cereal boxes have a |2
mean of 482 grams of cereal with a standard
deviation less than or equal to 6 grams.
Fifteen random samples are taken (p. 3.4).

Construct a 95% C.lI. for the true standard
deviation. Are the differences in weights at
an acceptable level? Assume the distribution
of weights is normal.

*Chi_Square..ion <=

A~
=0OneVar('weights, 1):
480 Title | One-Variable Statis... O
476 % 482.067
482 xx 7231; |
489 zx? 3.48653€e6
477 sx:=. 7.108)
AQC | sy o= £ ogenc [\

c5 | =7.1060001474274 [4]»
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Step 3: On page 3.5, students should find each of the ‘ ‘ > *Chi_Square..ion <
critical values and then use them to construct the ~ |=7 22 02873 W
95% confidence interval. invy*(0.975,14) 26.1189
2 5.2025
We are 95% confident that the true standard 14:(7.106)
deviation lies between 5.2025 and 11.2069. Since 26.1189
6 is in the interval, the weights are considered 14 (7.106)? 11.2009
consistent, that is, the differences are acceptable. 5 62873
Point out that if the standard deviation had to be v
4/99

less than or equal to 5 grams, then the differences
would not be considered acceptable because 5 is
outside the interval.

Problem 4 — Practice

Have students work though the questions in Problem 4 on their own. When everyone is finished,
review the answers and address any questions.

|‘ Chi_Square_..oln <= ol < |

Forty students at a high school are randomly — = : . A
selected and asked how long they spend o . ‘
™

each week on homework. The sample mean 39-(2 4)2 1.85227

and =.d. were 5.6 hours and 2.4 hours, —

respectively. 854758

G 1 i for 2 3.35176
onstruct a 99% confidence interval for 39-(2.4)

the s.d. of time spent on homewaork by all 109959

students at that school.

mm Xl > *Chi_Square..ion <~ L ofll <

Twenty—eight scores are randomly selected 80% C.I. 90% C.I.
from a group of standardized tests. The
g 2 Ses : N INVYTLU.Y, 27} A Qﬂ“!'lﬂgg,_’” A
sample had a standard deviation of 28 points, n n
24.0029 22,9718
2 2
Construct an 80% and 90% confidence 27 28° 27-28“
interval for the standard deviation of all the invy*(0.1,27) invy*(0.05,27)
test scores. 34.1849 36.2022
v v
| 2/99 2/99
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