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AP® Statistics 2022 Scoring Guidelines

Question 1: Focus on Exploring Data

General Scoring Notes

4 points

Each part of the question (indicated by a letter) is initially scored by determining if it meets the criteria for

essentially correct (E), partially correct (P), or incorrect (I). The response is then categorized based on the
scores assigned to each letter part and awarded an integer score between 0 and 4 (see the table at the end
of the question).

The model solution represents an ideal response to each part of the question, and the scoring criteria

identify the specific components of the model solution that are used to determine the score.

(@

Model Solution

The scatterplot reveals a strong, positive, roughly
linear association between the mass and length of
bullfrogs. There are no points that seriously
deviate from the straight-line pattern of the points
in the plot.

Scoring

Essentially correct (E) if the response provides
a description that includes at least three of
components 1-4 and component 5:

1. Direction of association (positive or
increasing)

2. Strength of association (strong)

3. Form of association (linear or approximately
linear)

4. Unusual features (no points with large
discrepancies from the pattern (straight line)
exhibited by most of the points on the plot)

5. Context (association between length and mass
of bullfrogs)

Partially correct (P) if the response satisfies
only one or two components out of components
1-4 and component 5

OR

if the response satisfies at least three out of
components 1-4 but does not satisfy
component 5.

Incorrect (1) if the response does not meet the
criteria for E or P.

Additional Notes:

To satisfy component 4, it is sufficient to simply indicate that there are no unusual features.

To satisfy component 5, it is minimally sufficient for the response to refer to the association or

relationship between mass and length without explicitly mentioning bullfrogs.

The strength of the response in part (a) may be considered if holistic scoring is needed.
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Model Solution

Scoring

(b)  The value of the slope of the least-squares Essentially correct (E) if the response satisfies
regression line is 6.086. This value indicates that  the following three components:
the predicted mass of a bullfrog increases by 1. Identifies the value of the slope as 6.086
6.086 grams for each additional millimeter of 2. Provides an interpretation that references an
length. increase of a number of grams of mass for
each one-millimeter increase in length
3. Indicates that the slope represents a change in
a prediction using non-deterministic
language such as “predicted,” “estimated,”
“expected,” or “average”
Partially correct (P) if the response satisfies
only two of the three components.
Incorrect (I) if the response does not meet the
criteria for E or P.
Additional Notes:

The value of the slope, 6.086, may be rounded to 6.09 or 6.1, but not to 6, to satisfy the numerical
requirement in component 1.

A response that only contains 6.086 in the interpretation satisfies component 1.

A calculation of slope may satisfy component 1, provided that two points from the line are used in the

calculation.

Units of measurements must be correctly specified for both mass and length to satisfy component 2.

It is not required to refer specifically to the “least-squares regression line.”
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Model Solution

Scoring

(¢)  The coefficient of determination is > ~ 0.819. Essentially correct (E) if the response provides

This value indicates that 81.9% of the variation a correct interpretation of #? in context.

in bullfrog mass can be explained by variation in

bullfrog length as described by the least-squares ~ Partially correct (P) if the response provides a

line. generic interpretation (no context)
OR
if the response provides a reasonable but
incorrect interpretation of * in context.
Incorrect (I) if the response does not satisfy the
criteria for E or P.

Additional Notes:

e Correct interpretations of 7> include the concept that part of the variation in the response (dependent or y)
variable is explained by the linear relationship with the explanatory (independent or x) variable. The
response can take any of several equivalent forms, such as:

o The proportion of the total variability in the dependent (response) variable y that is explained by the
independent (explanatory) variable x.

o The proportion of variation in y that is accounted for by the linear model.

o The proportionate reduction of the total variation of the y-values that is associated with the use of the
independent variable x.

o The proportionate reduction in the sum of the squares of vertical deviations obtained by using the
least-squares line instead of the sample mean to predict values of y.

e Correct interpretation of #? must explicitly relate to the dependent variable. Mention of the data,
predicted values, or no mention of the dependent variable are incorrect interpretations. Common incorrect
interpretations include:

o The percent (or proportion or part of the total) variability in the predicted y-values that is explained by
the linear relationship between y and x.

o  The percent (or proportion or part of the total) variability in the data that is explained by the linear
relationship between y and x.

o The percent (or proportion or part of the total) variability that is explained by the linear relationship
between y and x.

o The percent (or proportion or part of the total) variability in y that is on average explained by the
linear relationship between y and x.

e A reasonable but incorrect interpretation of * with context might include the following responses:
o 81.9% of the variation in mass and length can be accounted for by the least-squares regression line.
o 81.9% of the variability in predicted mass is accounted for by the length.

e For context, the response variable (y) must be identified as mass, and the explanatory variable (x) must be
identified as length.

e An interpretation of the correlation between mass and length, r = J0.819 = 0.905, is not considered a

reasonable interpretation of P

e The value of the percentage (81.9%) or proportion (0.819) of variation does not need to be specified, but
if an incorrect value is specified, the score is lowered by one level, from E to P or from P to I.

e The strength of the response in part (c) may be considered if holistic scoring is needed.
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Model Solution Scoring

(d) () The largest residual in absolute value belongs Essentially correct (E) if the response satisfies the

to the bullfrog with length 162 millimeters and  following two components:

mass 356 grams. 1. The response to part (d-i) identifies the correct
bullfrog (Iength between 160 and 165 millimeters,
(i) The least-squares regression line overestimates mass between 350 and 375 grams)
the mass of the bullfrog with length 162 2. The response to part (d-ii) explicitly indicates
millimeters. Plot 2 shows that the point for the whether the linear model overestimates or
bullfrog with length 162 millimeters is below underestimates mass for the bullfrog identified in
the least-squares regression line. part (d-1) and provides a correct justification based

on a comparison of the identified observation to
the least-squares regression line

Partially correct (P) if the response satisfies only
one of the two components.

Incorrect (I) if the response does not satisfy the
criteria for E or P.

Additional Notes:

The comparison of the observation to the regression line in the response to part (d-ii) is satisfied if the response

does one of the following:

o Correctly indicates if the observation is below (above) the least-squares regression line in Plot 2.

o Notes that observed mass is smaller (larger) than the mass predicted by the least-squares regression line.

o Marks the observation selected in part (d-i) on Plot 2 with an indication of the vertical distance from the
least-squares regression line.

o Notes the correct sign of the residual.

Numerical values are not required in the response to part (d-ii). If a numerical value is given for the predicted

mass, however, it must be reasonable. A numerical value for the predicted mass could be computed with the

formula given in the stem, e.g., —546 + (6.086)(162) = 439.9 grams, for a bullfrog of length 162 millimeters,

or a value can be read from the line shown in Plot 2. Any value between 425 and 450 should be considered a

reasonable value. Showing work is not required.

The word overestimate with the calculated predicted value of mass is enough to satisfy component 2.

If the wrong observation is identified in part (d-i), the response to part (d) may be scored P if the response to

part (d-ii) correctly compares that observation to the least-squares regression line and states the correct

conclusion about overestimating or underestimating mass with justification.

It is not required to refer specifically to the “least-squares regression line.”
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Scoring for Question 1
Each essentially correct (E) part counts as 1 point, and each partially correct (P) part counts as %2 point.

Score
Complete Response 4
Substantial Response 3
Developing Response 2
Minimal Response 1

If a response is between two scores (for example, 2 2 points), use a holistic approach to decide whether to
score up or down, depending on the strength of the response and quality of the communication.
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1 of 2 _ Sample 1A

Question 1

Begin your response to QUESTION 1 on this page.

STATISTICS
SECTIONII

Total Time—1 hour and 30 minutes
6 Questions

PartA
Suggested Time—1 hour and 5 minutes
5 Questions :
Directions: Show all your work. Indicate clearly the methods you use, because you will be scored on the correctpess
of your methods as well as on the accuracy and completeness of your results and explanations.

1. A biologist gathered data on the length, in millimeters (mm), and the mass, in grams (g), for 11 bullfrogs. The
data are shown in Plot 1.

PLOT |
5504 .
500+ .
4504 *
Mass (g) 400 ®
350+ .
300 * .
250+ = L]
200

120 130 140 150 160 170 180
Length (mm)

(a) Based on the scatterplot, describe the relationship between mass and length, in context.
Teve  Jppeavs o e 3 modevately WGB \wmieay  velahenshyip

erweEYV'  aass and '»cna-th for 4he W b\,n-?maS. ™eve ave nNo
gbVIOVS  o\AlvevS.

Unauthorized copying or reuse of this page is illegal. Page 2 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 1

Continue your response to QUESTION 1 on this page.

From the data, the biologist calculated the least-squares regression line for predicting mass from length. The
least-squares regression line is shown in Plot 2.

PLOT 2
550 =
500 S
» /4-\
_ 3 predicted mass =
Mass (g) 400 2 ~546 + 6.086 (length)
350 <
300 oy =
250 5
200
120 130 140 150 160 170 180
Length (mm})

(b) Identify and interpret the slope of the least-squares regression line in context.

e pvidicted mass w grams of 3 ’ou\lfﬁ S expecred . 1C \neovease
\75 .0tk for Cucy:j ¥ mm AnCreast w lcnﬁ‘ﬂ’a of a bun-‘?rog

(c) Interpret the coefficient of determination of the least-squares regression line, r? = 0.819, in context.

%1.9% of the uvaviatiecn v He wass@ ol 3 vildvog 1s gccounted
fov e least oquaves vegvessicn |k on e S-t‘h(m»m) A 3
‘nu\\'n‘ .

(d) From Plot 2, consider the residuals of the 11 bullfrogs.

(i) Based on the plot, approximately what is the length and mass of the bullfrog with the largest absolute value
residual?
™e punfvoq wrm e ravgest absolate  ygilue vestdugl
has 3\ o approxim 915 bZwmm and g mass of
I ppvoNIMTIEYy 35?5‘;.
(ii) Does the least-squares regression line overgstimate or underestimate the mass of the bullfrog identified in part
(d-1)? Explain your answer.

The least squaves regression Ve would  oerestimate
e wmass of the bylWvoq ‘occause e bun?mf) hWas 3

T we veswdual wiiw the“Oosevwed value bm':ﬁ egs than
e expected.
Unauthorized copying or reuse of this page is illegal. Page 3 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 1 !

Begin your response to QUESTION 1 on this page. ' . s ;
STATISTICS
SECTION I

Total Time—1 hour and 30 minutes

6 Questions

Part A
Suggested Time—1 hour and 5 minutes
5 Questions
Directions: Show all your work. Indicate clearly the methods you use, because you will be scored on the correctness
of your methods as well as on the accuracy and completeness of your results and explanations,

1. A biologist gathered data on the length, in millimeters (mm ), and the mass, in grams (g), for 11 bullfrogs. The
data are shown in Plot 1.

300
250 . 0
200

120 130 140 150 160 170 180
Length (mm)

(a) Based on the scatterplot, describe the relationship between mass and length, in context.
The Mage  and kmth of hxu\moaj hove o linear gesitive
telodioach'p Thet l's,- &S |r-n’“1 in MM Atrkexs, Mass in
inCrease as well. Therg geewn 10 be  ne exivaue oullias

|I ||:_I'
‘.‘
i -

Unauthorized copying or reuse of this page is illegal. Page 2 GO ON TO THE NEXT PAGE.
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] Question 1

Continue your response to QUESTION 1 on this page.

From the data, the biologist calculated the least-squares regression line for predicting mass from length, The
least-squares regression line is shown in Plot 2.

PLOT 2

550 .
[ ]

500
450 2 —; <

J'/ c-predictedt;mss=

Mass (g) 400 —546 + 6.086 (length)
350 J/ -
300 oy -
250 " /
200 Al
120 130 140 150 160 170 180
Length (mm)

(b) ldenufy and interpret the slope of the least-squares regression line in context.
¢ is 6.086. This Maass that for cvayont jum Ncreose
h&a’&j\ﬂ\ Mes$ creowse s h\/ G-C’GGJ on Ml'f.

(c) Interpret the coefficient of determination of the least-squares regression line, 72 = 0.819, in context.
8\.9%0 ot 4he wb,b.l;t)/ in pyna.ud MOL3 13 8Lcoundad
for By the least™squaves fegreesion line.

(d) From Plot 2, consider the residuals of the 11 bullfrogs.

(i) Based on the plot, approximately what is the length and mass of the bullfrog with the largest absolute value
residual

The hullf with the lqpq.{ abedute wlue 1261 dual has
approxive®ly & lergthh of 162 mm apd o mes> of B§ lg .

(ii) Does the least-squares regression line overestimate or underestimate the mass of the bullfrog identified in part
(d-i)? Explain your answer.

f‘he 1@5{-M %g,‘.‘l line oveestinadtes Mf wass of ‘il“f

oulkiog because | with & clgin oL about 162 mm, it
Predictcd e wass to be wheul 4vp l'l'*\[‘j)a % 3r¢o-kr
than te  observed wive of aheut 36l g.

Uneuthorized copying or reuse of this page is ilegal. Page 3 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink, Do NOT write your name. Do NOT write outside the box.
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) Sample 1C

Question 1

Begin your response to QUESTION 1 on this page.

STATISTICS
SECTION 1
Total Time—1 hour and 30 minutes
6 Questions

PartA
Suggested Time—1 hour and 5 minutes
5 Questions
Directions: Show all your work. Indicate clearly the methods you use, because you will be scored on the correctness
of your methods as well as on the accuracy and completeness of your results and explanations,

1. A biologist gathered data on the length, in millimeters (mm), and the mass, in grams (g), for 11 bullfrogs. The
data are shown in Plot 1.

PLOT |
550+

4501

Mass (s) 400+ - iF
350+ . .

250' P ™ L
200

120 130 140 150 160 170 180
Length (mm)

(a) Based on the scatterplot, describe the relationship between mass and length, in context.
There s a 3+F0W3,Posi+iw vedaton s\ be tueon

.\Lmjﬂﬂ vl Masy, Ag +ha \wna\'\ﬁ of a Iav\\\‘mj
Nareases, Hhe naage al§o increasers,

3
¥
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|

S Question 1

Continue your response to QUESTION 1 on this page.

Fromthed&tl.ﬂmbiqio;ylcdcﬁlnndﬂnmfiqmammimﬂmfmmdk&ngmﬁmnhnzﬂ:.m
least-squares regression line is shown in Plot 2,

PLOT 2
550 ;
Sm L]
.
450 ,/i
400 C-|Juadichu|'.'mn.s--
Mass (g) /’ ~546 + 6.086 (length)
350
300 o
g >
: 120 130 140 150 160 170 180 - -
1 Length (mm)

{ (b) Identify and in t the slope of the least-squares regression line in context.
- Slepe =L 8 tpﬂfmm

F—Uf-wwu-f 1 ™ increoge (N “"““’T)H" of o Ioul\fra}
M lS

ther s & 6.0Tba ‘Aurease of TV bilitron,
(c) Interpret the coefficient of of the least-squares regression line, r> = 0.819, in context.

The Yyeicad Hserepency letusen length and mMags

& . )
o bull-{:roj i< WWIM‘MH O?‘Q\ S/mm

(d) From Plot 2, consider the residuals of the 11 bullfrogs.
(i) Based on the plot, approximately what is the length and mass of the bullfrog with the largest absolute value
A Length & 162 mnn
Mass & 3529

(ii) Does the least-squares regression line overestimate or underestimate the mass of the bullfrog identified in part
(d-i)? Explain your answer.
The least-sapares reoyressiorn Lva ovarestimod—=a § H

2%
ass f’; +ha bu\t#-rna bgc,ch, e \ira Vs alave
He oIt on f’l°+ s I
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AP® Statistics 2022 Scoring Commentary

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

The primary goals of this question were to access a student’s ability to (1) use data presented as a scatterplot to
describe a relationship between two variables within the context of a study; (2) identify and interpret the slope of
a least-squares regression line; (3) interpret the coefficient of determination with respect to the proportion of
variation in values of the response variable that can be explained by variation in the values of the explanatory
variable; (4) identify the observation with the largest absolute residual using a scatterplot of the data with the
least-squares regression line inserted; and (5) determine if the least-squares regression line overestimates or
underestimates the value of the response for the identified observation and provide a justification based on a
comparison of the identified observation to the least squares regression line.

This question primarily assesses skills in skill category 2: Data Analysis, and skill category 4: Statistical
Argumentation. Skills required for responding to this question include (2.A) Describe data presented numerically
or graphically, (2.C) Calculate summary statistics, relative positions of points within a distribution, correlation,
and predicted response, and (4.B) Interpret statistical calculations and findings to assign meaning or assess a
claim.

This question covers content from Unit 2: Exploring Two-Variable Data of the course framework in the AP
Statistics Course and Exam Description. Refer to topics 2.4, 2.6, 2.7, and 2.8, and learning objectives DAT-1.A,
DAT-1.D, DAT-1.F, DAT-1.G, and DAT-1.H.

Sample: 1A
Score: 4

The response earned the following: Part (a) — E; Part (b) — E; Part (¢) — E; Part (d) — E.

In part (a) the response includes strength, form, and unusual features, satisfying three of the first four components,
and satisfies component 5, context. Part (a) was scored essentially correct (E).

In part (b) the response identifies the value of the slope by providing interpretation with context and includes
“expected” for non-deterministic language, satisfying both components. Part (b) was scored essentially
correct (E).

In part (c) the response includes a correct interpretation of * in context. Part (c) was scored essentially
correct (E).

In part (d) the response identifies the correct bullfrog and indicates that it will be an overestimate with “negative
residual” for justification, satisfying both components. Part (d) was scored essentially correct (E).

Sample: 1B
Score: 3

The response earned the following: Part (a) — E; Part (b) — E; Part (¢) — I; Part (d) — E.
In part (a) the response includes direction, form, and unusual features, satisfying three of the first four

components, and satisfies component 5, context. The response does not satisfy component 2, strength. Part (a)
was scored essentially correct (E).

© 2022 College Board.
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Question 1 (continued)

In part (b) the response identifies the value of the slope, provides an interpretation with context, and includes “on
average” for non-deterministic language. All three components are satisfied. Part (b) was scored essentially
correct (E).

In part (c) the response does not include a correct interpretation of 7 because it refers to the “predicted mass.”
The response contains mass but does not contain length; therefore, the context is not met. Part (c) was scored
incorrect (I).

In part (d) the response identifies the correct bullfrog and indicates that it will be an overestimate with
justification by calculating the predicted point. All three components are met. Part (d) was scored essentially
correct (E).

Sample: 1C
Score: 2

The response earned the following: Part (a) — P; Part (b) — P; Part (¢) — [; Part (d) — E.

In part (a) the response includes direction and strength, satisfying components 1 and 2. The response includes
context, satisfying component 5. Part (a) was scored partially correct (P).

In part (b) the response identifies the value of the slope, satisfying component 1. The response provides a correct
interpretation with units, satisfying component 2. However, the response does not include any non-deterministic
language, so it does not satisfy component 3. Part (b) was scored partially correct (P).

In part (c) the response does not include a correct interpretation of * and no context is included. Part (c) was
scored incorrect (I).

In part (d) the response identifies the correct bullfrog and indicates that it will be an overestimate with
justification as “the line is above the point.” All three components are satisfied. Part (d) was scored essentially
correct (E).
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