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AP Computer Science A

An introductory course in computer
science (CS) that corresponds to a first
CS course at colleges/universities

Curriculum and examinations are developed and
maintained by the College Board through the
AP Computer Science Development Committee

Examinations are administered and scored on behalf
of the College Board by Educational Testing Service



AP Computer Science A
The Essentials

® Provide students with college credit and placement
® Reflect content of college introductory CS courses
® Teach more than just writing code

- Problem solving, algorithms, logic, ...

- Introduce a way of thinking and means of expression
® Object-Orientation & Java

- For the foreseeable future



AP CS “History”
1984 First Examination (Pascal)

988 Exam split into A and AB (A subscore)

992 A subscore eliminated
1995 First Case Study
1999 C++
2004 Java
2008 GridWorld Case Study

2009 Last year of AB exam



2012 Exam Reading




Reading (Process & More)

Prior to the pre-reading ...

» The Chief Reader & CRD developed the scoring
guidelines, rubrics, canonicals, processes

» Exam Leaders review and help refine them
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Reading (Process & More)

At the pre-reading ...

» Question Leaders vet the rubrics and develop I
reader training SE e
» Table Leaders vet the training and prepare .
mentoring support for readers co0
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Reading (Process & More)
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At the reading ...
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» Training & Reading
» Table Leaders mentor readers and help in applying the rubric

» Readers work 8am — 5pm for 7 days
(7.5 hours reading exams, 2x15-minute break, 1-hour lunch)
» Consistency checks built into the process to support readers

- Training packs, “Swap” packs, Buddy system, Check-
reading, Intra-question (re)calibration, RMS metrics, ...
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e Social Lounge (Hyatt Hotel)

¢ Opening Night Shmooze

o Meelt the DC & CB Forum

¢ Professional Night

© ij Night (Pedagoqical Practices)

o Dine Out & Reds Raseball Grame
¢ Puzzle Night by Scott Weiss!

o APCS Closing Night Social
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2012 exam in Java

Questions desighed with the APCS
“testable” Java subset in mind

Appendix A: AP Computer Science Java Subset

The AP Java subset is intended to outline the
features of Java that may appear on the AP

Computer Science A Exam. < ’
The AP Java subset is NOT intended as an -

overall prescription for computer science N
courses — the subset itself will need tog_——//
be supplemented in order to address all

topics in a typical introductory curriculum.



2012 exam in Java

Questions desighed with the APCS
“testable” Java subset in mind

No question or solution required any constructs
or classes outside that subset

Solutions not restricted to that subset

All correct solutions earn full credit

)

Solutions may utilize any standard Java constructs & .

or classes (inside or outside the subset) c )

As in previous years, some minor errors are ignored when scoring

For example, a few missing semicolons, unambiguous case discrepancies, ...



CS A Exam

2012 AP®° COMPUTER SCIENCE A FREE-RESPONSE QUESTIONS

COMPUTER SCIENCE A
26 minutes per question SECTION II
(13 minutes per part if a / b) Time—1 hour and 45 minutes
to read, understand, Number of questions—4
design/solve, code, check Percent of total score—50

Directions: SHOW ALL YOUR WORK. REMEMBER THAT PROGRAM SEGMENTS ARE TO BE
WRITTEN IN JAVA.

Notes:
e Assume that the classes listed in the appendices have been imported where appropriate.

e Unless otherwise noted in the question, assume that parameters in method calls are not null and that methods
are called only when their preconditions are satisfied.

e In writing solutions for each question, you may use any of the accessible methods that are listed in classes
defined in that question. Writing significant amounts of code that can be replaced by a call to one of these
methods may not receive full credit.



AP CS A 2012 Exam

Q1: CimbingClub
List manipulation, design analysi

Q2: RetroBug o
Extend Bug in GridWorld #«ﬁ

Q3: HorseBarn

Manipulation of 1D array of objects

Q4: Graylmage

Manipulation of 2D array of primitives

uestions




Q3: HorseBarn — Preface

3. Consider a software system that models a horse barn. Classes that represent horses implement the following
interface.

public interface Horse

{
/** @return the horse's name */
String getName () ;

/** @return the horse's weight */
int getWeight () ;

// There may be methods that are not shown.
}

A horse barn consists of N numbered spaces. Each space can hold at most one horse. The spaces are indexed
starting from 0; the index of the last space is N — 1. No two horses in the barn have the same name.

The declaration of the HorseBarn class is shown below. You will write two unrelated methods of the
HorseBarn class.



Q3: HorseBarn — Preface

public class HorseBarn
{
/** The spaces in the barn. Each array element holds a reference to the horse
*  that is currently occupying the space. A null value indicates an empty space.
*/
private Horse[] spaces;

/** Returns the index of the space that contains the horse with the specified name.
*  Precondition: No two horses in the barn have the same name.
*  @param name the name of the horse to find
* @return the index of the space containing the horse with the specified name;

* -1 1if no horse with the specified name is in the barn.

*/
public int findHorseSpace(String name)
{ &  to be implemented in part (a) % }

S .

/** Consolidates the barn by moving horses so that the horses are in adjacent spaces,
*  starting at index 0, with no empty space between any two horses.
*  Postcondition: The order of the horses is the same as before the consolidation.
*/

public void consolidate ()

{ €* to be implemented in part (b) ¥ }

el

// There may be instance variables, constructors, and methods that are not shown.



Q3: HorseBarn — Part a

(a) Write the HorseBarn method findHorseSpace. This method returns the index of the space in
which the horse with the specified name is located. If there is no horse with the specified name in the barn,
the method returns -1.

For example, assume a HorseBarn object called sweetHome has horses in the following spaces.

0 1 2 3 4 5 6
"Trigger" ~ null "Silver" "Lady" null N "Patches" "Duke"
1340 1210 1575 1350 1410

The following table shows the results of several calls to the findHorseSpace method.

Method Call Value Returned Reason
sweetHome. findHorseSpace ("Trigger") 0 A horse named Trigger is in space O.
sweetHome. findHorseSpace ("Silver") 2 A horse named Silver is in space 2.
sweetHome. findHorseSpace ("Coco") -1 A horse named Coco is not in the barn.




Q3: HorseBarn — Part b

(b) Write the HorseBarn method consolidate. This method consolidates the barn by moving horses so

that the horses are in adjacent spaces, starting at index 0, with no empty spaces between any two horses.

After the barn is consolidated, the horses are in the same order as they were before the consolidation.

For example, assume a barn has horses in the following spaces.

0 | 2 3 4 5 6
"Trigger" null "Silver" null null "Patches" "Duke"
1340 1210 1350 1410
The following table shows t}fe arrangement of the horses after nsolidat
0 | 2 5 6
"Trigger" "Silver" "Patches" null null
1340 1210 1350




Q3: HorseBarn — Example Solution

Part a.
public int findHorseSpace (String name) {
for (int i = 0; i < this.spaces.length; i++} {

if (this.spaces[i]!=null && name.equals(this.spaces([i] .getName(}})
return i ;
}
}

return -1;

}

Part b.

public void consolidate()
Horse [l newSpaces = new Horse{this.spaces.length];
int nextSpot = 0;

for (Horse nextHorse : this.spaces) ({
if (nextHorse != null) {
newSpaces [nextSpot] = nextHorgse;
nextsSpot+4;

}
}

thia.spaces = newSpaces;



Q3: HorseBarn — Student Solution

public int findHorseSpace (String name)%
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Q3: HorseBarn — Scoring Rubric

2312 AP Compauter Science A Question 3: Horse Barn Assessment Rubric
IPart A:  findHorseSpace

Intent: Return index of space containing horse with specified name.

4 pls

+1 Accesscs all entries in snaces (No bounds errors.)

+1  Checks for null reference in array and avolds dereferencing it (in context of loop}

+1 Checks for name equality between array element and parameter (Must use String equality check,}

+1 Retorns correct index if present; -1 if not

l&a_rt B: consolidate

Intent: Repopulate si
are found cons.

+1 Accesses all entrie. I
l I I| c E agnts in array

+1 Identities and provides

°
+1  Assigns element POI n ' " non-rull or destination as

niell)

)
+1 On exit: Lioe ... s COI I n g e 1 gPACES 1% proserved

and the number of nulls is pr

~k that the ord U entries {s re- od all null entries

~irrgr

+1  Onexit: All non-null elems s ;ations beginning at index 0
(ne destruction of data)

{Question-Specific Penalties
=1 (z) Attemnpt to return a value from consclidare

-2 (v) Consislently nses incorrect array name instead of spaces



Q3: HorseBarn — Scoring Rubric
Applied

IPart A:  findHorseSpace 4 pls ]

Intent: Return index of space containing horse with specified name.

+1 Acccsscs all entries in spaces (No bounds errors.)
+1  Checks for null reference in array and avolds dereferencing it (in context of loop}
+1 Checks for name equality between array element and parameter (Must use String equality check,}

+1 Retorns correct index if present; -1 if not

public int findHorseSpace (String name)%

1
Co C o cow . lonatt Pt
(int =@ ;v € spaces lengtn _

. - Lo ‘L / - i
2 A Coraces Lk g C}E"_E f‘.;iﬁ“ac(J. f:’..CL’-JﬂJ ERfal=Nay 5))

e Earns 1 point for accessing all entries of the spaces array [no bounds errors]

e Earns 1 point for preventing null dereference of array [in context of loop]

e Earns 1 point for checking name equality between array element and parameter
e Earns 1 point for returning correct index and -1 if not present



General Scoring Guidelines

2012 AP Computer Scicnce A General Seoring Guidelines

Aoply the question assessment rubric first, which always takes preecdence. Penally points can only be
deducted in a part of the question that has earned credit via the question rubrie. Na part of a guestion (a, b, ¢}
may have a nagative point total, A given penalty can be assessed only ones for & gquestion, even if tocours
mudtiple dmes ar in mulliple parts of that question,

1-Point Penalty

{w) Extransous code that causes side-sffect or pr te earning points in rubric
fe.gn, writing fo owtpet failiee fo compils, vuntin !

{2} Local variables used bu: none declared

{yi Destructlor  © nersistent data ez, changis vghced by paramarse]
{z} Void methos <tructor that relurns a

No Penalty
o Zxfransous con ~ side-e

L#l

= Extransous code

o Spallinglease disc

¢ Local varfable not de art
o privste qualifisren

cweer SiAPlified
L General

o - instead o .
o Amrayicolectian 2ie S co rl n g
o Arrayfeollectiop

G lmngthdsa-

[ e Guidelines

R
o Ev oy uecl W lhi,
_ag ¢ Provided fine brea it
= Missing { }where indentation e slsewhare
o Missing () on pararmeter-las: structor
o Miss'ng () around 22 ur whi H
o Use of loeal variables outsid 4 goope {rMust be wi, method budy)
o Failurs to cast oblact retrieve nen-generic collaction

“Sprelling and case discrepancies for inontifiers falf under the “No Penally® catogory only i the corrzetion
ran fe unambiguously inforred from corntext. Far example, "ArayList” instead of *ArrayList’. As a
counfer cxampie, nole that if the code declares “Bug bug;®, then uses “Bug.move()" stead of
“bug.movii), the context doeg not allow for ihe reader to assume the obiect instead of the clags.

Onsile Scoring Standards — otice sandaes will be svasable o he Sollegs Foard wabs il by mid-Jaly DRAFT
Wersion: 1.1 &73012 524 P



2. This question involves reasoning about the GridWorld case study. Reference materials are provided in the

Appendix.

Question Readability 201 |

from the same grid of actors.

An attractive critter is a critter that proces
grid, including other attractive critters. Tt

closer to itself in the direction specified b Read a bi I ity i n d ex ca I cu I ato r

location into which it would be relocated
After trying to move all other actors, the ¢

The following series of figures represents * Text: This question involves reasoning about the O

the grid.

GridWorld case study. Reference materials are

provided in the Appendix.
An attractive critter is a critter that processes other

™

actors by attempting to relocate all of the other S
actors in the grid, including other attractive critters.

The attractive critter attempts to move each other

Method: | Flesch-Kincaid (English) $)

y - o
. Calculate score

Result

Method used: Flesch-Kincaid (English).

Flesch-Kincaid Grade level: 14.

Flesch-Kincaid Reading Ease score: 29.

The Flesch-Kincaid Reading Ease score indicates how easy a text is to

read. A high score implies an easy text. In comparison comics typically
A | score around 90 while legalese can get a score below 10.

The Flesch-Kincaid Grade level indicates the grade a person will have
to have reached to be able to understand the text. E.g. a grade level

of 7 means that a seventh grader will be able to understand the text.

The order in which the actors in the grid are processed is not specified, making it possible to get different results

astance variables and required methods. Do
not violate the postconditions of the methods
sle changes the state of that object.



Question Readability 2012

2012 AP®* COMPUTER SCIENCE A FREE-RESPONSE QUESTIONS ‘ 2012 AP* COMPUTER SCIENCE A FREE-RESPONSE QUESTIONS
Example 2

2. This question involves reasoning abour the GridWarld cace chidv Reference materiale ane neavided in the
appendices.
T - -ation that the retro bug originally held. The
A retro bug behaves like a regular bug Rea d a bl I Ity I n d ex ca I cu I ato r ion. The retro bug is retumed to its previous
When a retro bug acts, it maintains infi
retrobug hasa » re method th
beginning of its p s act. A retro b After Call to Restore

mothod has o effect I 1 b caled b * Text: This question involves reasoning about the GridWorld | (@ e
Ihe restore methed tskes a0 s case study. Reference materials are provided in the + —
following functionality. appendices. A retro bug behaves like a regular bug. It R
e prevous oction of e e also has the ability to revert to its previous location ) P

Drevent the retzo bug from being ¢ and direction. When a retro bug acts, it maintains i
¢ The restore method dwayse information about its location and direction at the

at the beginning of its most recent beginning of the act. The retro bug has a restore -

The following examples illustrate the b

\ » bug is blocked from moving forward, it
The retro bug acts once and later calls i -

v/ \w staying in its current location (the same as
bug is not replaced as a result of the ca \ C&'CUIate score - N

which, in this case, is the same as the ¢

Method: | Flesch-Kincaid (English) $)

After Call 1o Restore

e e Result o | 1 [ e
Method used: Flesch-Kincaid (English). .
v e IREOC
5 Flesch-Kincaid Grade level: 11. &
Flesch-Kincaid Reading Ease score: 45. i

The Flesch-Kincaid Reading Ease score indicates how easy a text is to
read. A high score implies an easy text. In comparison comics typically

score around 90 while legalese can get a score below 10. VEXTPAGE.
The Flesch-Kincaid Grade level indicates the grade a person will have
Question 2 comimues ca e ne page. . LO NAVE reached to be able to understand the text. E.g. a grade level
of 7 means that a seventh grader will be able to understand the text.
GO ON TO THE NEXT PAGE. GO ON TO THE NEXT PAGE.

-10- -11-
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AP Computer Science A
26,350 Exams
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+18% from 2011 22,250
+30% from 2010 20,200




Number of APCS Exams
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Mean as % of Max Possible

70
” i \\/ / V 4/
30 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
—o—Multiple Choice| 54.6 50.6 55.5 57.3 58.5 48.8 417 43.5 40.9 48.5 48.5 48.8 59.9 57.7
Free Response 39 46.4 42.6 41.6 474 54 499 43.3 43.8 43.5 50.2 594 45.0 49.5
Composite 46.7 48.5 48.9 49.3 52.8 513 45.8 43.5 42.2 459 49.2 53.9 52.4 53.6

APCS A Exam: Mean as % of Max Possible Score




Question Score Distributions

2
20.0 /A\
A K.\
100 =~ = S~ R
0.0

9 8 7 6 ) 4 3 2 1 0 -

——Q1: ClimbingClub| 9.2 [ 6.7 | 123|144 | 99 | 55 | 43 | 41 (107218 | 1.0

Q2: RetroBug 11.2 110.0 | 10.0 | 8.3 7.0 | 6.6 75 [16.0| 96 | 96 | 4.1

A Q3: HorseBarn 6.1 11281108 [ 11.8 |1 10.5 | 7.8 6.4 6.6 53 [18.2 | 3.6

Q4: Graylmage 22.8 | 8.2 96 | 127|102 | 5.8 50 | 48 | 41 | 114 | 5.3

2012 APCS A: % of Exams Receiving Score

Mean Scores: Q14.13 Q24.27 Q34.26 Q4 5.17
Mean no 0/-: Q1 5.35 Q24.95 @35.44 Q4 6.21




Common Errors

object construction
array array access & modification bounds

length 2D arrays Arraylist
ArrayList manipulation

for, while, loop-based iteration
enhanced for method overriding OOP

String comparison ~ compareTo
instance variables  class design

method invocation  object reference

compound boolean expressions
not just Critter case-study breadth

null null




Grade Setting

The Chief Reader, ETS content assessment specialists,
College Board representatives, and ETS statisticians are

involved in a grade-setting meeting where the data and
analyses are presented, including comparisons with
previous years, and at which the parties establish and

agree to finalized cut—points
(mapping scores to reports of 1,2, 3,4 & 5).

Last year there was no such grade-setting meeting
because the ETS statisticians were overloaded with
addressing the change in scoring of the
multiple choice section.



Score (|...5) Distribution

APCS A Exam
| | | |
2012 ﬁ
201 . L L 1 - No Recommendation
2000 . L I
“ 2 - Possibly Qualified
200 . L —
2008 —_l_— N “ 3 - Qualified
2007 [
| 4 - Well Qualified
2006 —_l._ ——
2005 W5 - Extremely Well Qualified
2004  I—

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

Determined primarily by using a subset of the
multiple-choice questions (““equators”)




Score (I...5) Distribution

AP Computer Science A

Grade| 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
5 |[18.6%(17.7%|21.8% (19.1%|21.7%|23.3% | 26.1% | 24.8% | 23.3%
4 (23.6%|23.1%|22.1%|22.7%|21.7% | 25.6% | 24.8% | 25% |24.2%
3 [15.2%(15.0%|14.4% [14.6%|13.9% [13.1%| 14% |14.2% |15.6%
2 |9.5% |10.0%| 7.7% | 9.6% | 9.0% | 8.1% | 8.0% | 8.0% | 7.8%
1 133.1%|34.2% | 34.0% | 34.0% | 33.7% (29.9% | 27.1% | 28% (29.1%




Recommendations



Recommendations

Address the Common Errors

object construction
array array access & modification bounds

length 2D arrays Arraylist
ArrayList manipulation

for, while, loop-based iteration
enhanced for method overriding OOP

String comparison ~ compareTo
instance variables  class design

method invocation  object reference

comEound boolean expressions

not just Critter ~case-study breadth
null null



JP
Address the Common Errors

JP



Recommendations
Cross-out to “erase”

Cpublic veid consolids

Start reading here




Recommendations

Use AP CS A exam as model

for course assessment
(especially formative)

Questions
both MC & FR
(historical, samples, reviews, student-generated)

Rubrics
(apbplied by students as well as instructor)




Recommendations

Execute solution code

All “solutions” are verifiable!
Applies to MC & FR questions

Write test harnesses as necessary



Recommendations

|68 .0 0 GridWorld
.0 0 O World Location Help
Click on a grid location to construct or manipulate an actor.
Climbinfo
— . ® L
<<unit test>>
ClimbingClubTest
ClimbingClub
@ recording *
End
.8 0 O Blue): Test Results
' J GraylmageTest.countWhitePixels (7ms)

~ GraylmageTest.processimage (1ms)
" RetroBugTest.runRetroBug (1290ms)

< ClimbingClubTest.addClimbPartA (3ms)

< ClimbingClubTest.distinctPeakNamesA (4ms)

" ClimbingClubTest.distinctPeakNamesB (1ms)
< HorseBarnTest.consolidate (1ms)

|

|

|

I 2

" ClimbingClubTest.addClimbPartB (1ms)
|

I

I 2

i HorseBarnTest.findHorse (1ms)

Runs: 9/9 X Errors: 0 % Failures: 0 Total Time: 1309ms

Show Source top Slow ~ Fast



Online Resources

http://apcentral.collegeboard.com
AP Central: AP info, course descriptions, materials, ...

http://www.collegeboard.com

College Board: general info about CB, the AP program, ...

http://apcs.jodypaul.com
Chief Reader Jody Paul’s unofficial APCS site

jody@computer.org

F Ke rilﬁqﬁbﬁa ,ﬁ AP Annual Conference
2 ' July 2012 ¢ Orlando FL





