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Question 3

Intent of Question

The primary goals of this question were to assess students’ ability to (1) compare two distributions
presented with histograms; (2) comment on the appropriateness of using a two-sample t-procedure in a
given setting.

Solution
Part (a):

Household size tended to be larger in 1950 than in 2000. The histograms reveal a much larger proportion of
small (1-, 2-, and 3-person) households in 2000 than in 1950. Similarly, the histograms reveal a much
smaller proportion of large (5-person and larger) households in 2000 than in 1950. Also, the median
household sizes can be calculated to be b people per household in 1950 compared with 3 or 4 people per
household in 2000. The year 1950 displayed slightly more variability in household sizes than the year 2000.
Although the interquartile ranges for both years are the same (3 people), the standard deviation (1950:
about 2.6 people; 2000: about 2.1 people) and the range (1950: 13 people; 2000: 11 people) are larger for
1950 than for 2000. Both distributions of household size are skewed to the right. In both years, there are a
few households with very large families, as large as 14 people in 1950 and 12 people in 2000.

Part (b):

The conditions for applying a two-sample t-procedure are:
1. The data come from independent random samples or from random assignment to two groups;
2. The populations are normally distributed, or both sample sizes are large;
3. The population sizes are at least 10 (or 20) times the sample sizes.

The first condition is satisfied because independent random samples were selected for the years 1950
and 2000. The second condition is satisfied because the sample sizes (500 in each group) are quite
large, despite the right skewness of the distributions of household sizes in the sample data. The third
condition is satisfied because the number of households in the large metropolitan area in both 1950
and 2000 would easily exceed 10 X 500 = 5,000.

Scoring

This question is scored in four sections. Part (a) has three components: (1) comparing the centers of the
two distributions; (2) comparing variability for the two distributions; (3) identifying the shapes of both
distributions and including context related to the variable of interest. Section 1 consists of part (a),
component 1; section 2 consists of part (a), component 2; section 3 consists of part (a), component 3.
Section 4 consists of part (b). Sections 1 and 2 are scored as essentially correct (E) or incorrect (I).
Sections 3 and 4 are scored as essentially correct (E), partially correct (P), or incorrect (I).

Section 1 is scored as follows:
Essentially correct (E) if the response correctly compares center (or location) for both distributions.

Incorrect (I) otherwise.
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Question 3 (continued)
Section 2 is scored as follows:
Essentially correct (E) if the response correctly compares variability for both distributions.
Incorrect (I) otherwise.
Section 3 is scored as follows:

Essentially correct (E) if the response includes context related to the variable of interest (household
size) AND the response correctly identifies the shapes of both distributions.

Partially correct (P) if the response correctly identifies the shapes of both distributions BUT does NOT
include context related to the variable of interest (household size),

OR
if the response correctly identifies the shape of only one distribution AND includes context related to
the variable of interest (household size).

Incorrect (I) otherwise.
Section 4 is scored as follows:
Essentially correct (E) if the response correctly states and checks the following two conditions.
1. The data come from independent random samples
2. Normality/sample size conditions.
Partially correct (P) if the response correctly states and checks only one of the two conditions listed
above,
OR
if the response correctly refers to random samples and large sample size, BUT does NOT state and
check either condition correctly.

Incorrect (I) otherwise.

Note: The population size condition does not need to be checked to earn E or P.

Each essentially correct (E) section counts as 1 point. Each partially correct (P) section counts as % point.

4 Complete Response

3 Substantial Response
2 Developing Response
1 Minimal Response

If a response is between two scores (for example, 2%z points), use a holistic approach to decide whether to
score up or down, depending on the overall strength of the response and communication.
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(b) A researcher wants to use these data to construct a confidence interval to estimate the change in mean
household size in the metropolitan area from the year 1950 to the year 2000. State the conditions for using a
two-sample r-procedure, and explain whether the conditions for inference are met.
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(b) A researcher wants to use these data to construct a confidence interval to estimate the change in mean
household size in the metropolitan area from the year 1950 to the year 2000. State the conditions for using a
two-sample z-procedure, and explain whether the conditions for inference are met.

e cond’( e €

. ageiro (el
( v J 1o on <OAN 5 pssuned tast b ang Mont than 5eoo he

M Al Uited Srate S
WEV Al Alstviateel > twece digtriat !
S‘xsqmiﬁc_amtt\j seensed . cnd et W et et -

. WA N W CLW"‘:LM (ot\p\cqu.(,mclw/\-{-—‘ vaungkenin

) g alr
( X )2. Abvoxmat ety

2. pandom Campe 7 G .
ga,m!ﬁ‘i‘QS‘ {500 houge o lels - - .)

Unauthorized copying or reuse of

any part of this page Is lllegal. . GO ON TO TH EI NEXT PAGE.
-11-

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



\
' (a) Compare the distributions of household size in the metropolitan area for the years 1950 and 2000.

G

™ dismiounon of NOUSTEN old size in

1aso s sligntly Sxewed 4 e figine

YUF dpes 0oF Show OO eXrremne  OMIWRLS,
I+ QSO INCIUIES houselonds vt S
berwe L and L4,

TN STToUAion of housev-olad S e i
,LDOQ 1S Cxaremned kj Ske € < h A,
CloNY ond households ok 10-1N pEOpLe
MaY be  COOS QRred O AINErs T3
AT I0URAn (nCludes NOUSEN il wivn
St2es berween | and \2%, whatlh v |
gdifferen+ Ynan e iacos d i Srrrounon,

(b) A researcher wants to use these data to construct a confidence interval to estimate the change in mean
household size in the metropolitan area from the year 1950 to the year 2000. State the conditions for using a
two-sample #-procedure, and explain whether the conditions for inference are met.
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Question 3
Overview

The primary goals of this question were to assess students’ ability to (1) compare two distributions
presented with histograms; (2) comment on the appropriateness of using a two-sample t-procedure in a
given setting.

Sample: 3A
Score: 4

In part (a) the student effectively compares the center and variability of the two distributions, with
appropriate numerical support. As a result, sections 1 and 2 were scored as essentially correct. The student
also provides a thorough, accurate description of the shapes of the two distributions, with clear reference to
household size. Consequently, section 3 was scored as essentially correct. In part (b) the student eloquently
states and correctly verifies the random samples and normality/large sample size conditions, and section 4
was scored as essentially correct. With all four sections scored as essentially correct, the response earned a
score of 4.

Sample: 3B
Score: 3

In part (a) the student begins by correctly identifying the shapes of the two distributions. However, the
student never mentions the variable of interest (household size). As a result, section 3 was scored as partially
correct. The student provides an accurate comparison of both center and variability based on the two
histograms, so sections 1 and 2 were each scored as essentially correct. In part (b) the student correctly states
and checks the random samples condition. However, the student does not address the normality/large
sample size condition correctly, suggesting that the condition is not met in spite of the large sample sizes.
Consequently, section 4 was scored as partially correct. With two sections scored as essentially correct and
two sections scored as partially correct, the response earned a score of 3.

Sample: 3C
Score: 2

In part (a) the student separately describes the household size distributions in 1950 and 2000 but never
compares their centers and spreads. As a result, sections 1 and 2 were each scored as incorrect. However,
the student does correctly describe the shapes of the distributions and includes the context (household size),
5o section 3 was scored as essentially correct. In part (b) the student accurately states and checks both the
independent random samples and normality/large sample size conditions. Consequently, section 4 was
scored as essentially correct. With two sections scored as essentially correct and two sections scored as
incorrect, the response earned a score of 2.
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