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C.1 CIS 315 Syllabus for Study I83
Class meetings

Mon, Wed, Fri, 10:00-10:50 111 Foo

Instructor

John Lane, 100 Deschutes
Office hours: to be announced

Teaching Assistant

Tom Maly, 200 Deschutes
Office hours: to be announced

Teaching Assistant for algorithm animation

Chris Hundhausen, 231 Deschutes

Prerequisites

CIS 313, Math 233

Text

Cormen, Leiserson, Rivest
Introduction to Algorithms

Newsgroup

uo.classes.cis.315
for assignments, announcements,
hints, etc.

Assignments

Homework problems assigned regularly.
Three algorithm animation assignments
Optional programming assignment
as alternative to final exam

Grading

Homework
Algorithm animation
First project
Second project
Third project
First midterm
Second midterm
Final
Extra credit problems

Important dates

First animation due
First midterm
Second animation due
Second midterm
Third animation due
Final exam

19%
1%
5%
15%
20%
20%
20%
variable
credit
Wed, Jan 22
Wed, Jan 29
Wed, Feb 12
Fri, Feb 28
Mon, Mar 10
Mon, Mar 17

Homework
Most of the homework problems will require the description of algorithms for specified problems.
Pseudocode may be useful for such descriptions but is neither necessary nor sufficient. That is, you
should explain your algorithm, justifying both the correctness and the timing.
The homework assignments will carry equal weight in determining your final homework grade.
In computing your final homework grade, the lowest assignment-grade will be dropped. If, for any
83Certain

items in this syllabus have been changed or omitted in order to preserve anonymity.
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reason, you do not turn in one homework assignment, your grade will be determined by the
remaining assignments.
Homework is due at classtime on the assigned dates. Late assignments lose 25% of their original
value per (MWF) class period. If you are confident that you have a pressing argument for an
emergency exemption for these rules, you should resolve the matter with the instructor before the
due time.
Appeals of homework grades should be discussed first with the GTF. The most effective
procedure is to submit you comments in writing and allow time for a careful reconsideration. In
contesting a grade, be aware that it is unlikely that you will make any headway based upon the
number of points lost for a particular type of error. The grading will have followed uniform criteria
for the entire class; you may not agree with the emphasis but all submissions will have been treated
equitably. Thus, expect that changes will be made only if there was an actual mistake in grading.
Examples: scores were incorrectly added; or a solution was obviously misread; or you had a
different, but justifiable, interpretation of a problem that was missed by the grader.
Homework submissions must consist entirely of your own work. Substantive discussion of the
homework with other students is inappropriate. If any sources are consulted, they must be fully
cited.
Exams
Problems on exams are likely to resemble homework problems. In particular, you need not be
prepared to parrot definitions or proofs. Of course, familiarity with specific algorithms, sometimes
by name, and the techniques underlying their design, verification, and analysis, are intrinsic to the
course.
The midterms and final will be closed-book exams. However, two 8½ by 11 pages (or four sides) of
notes will be permitted. These are to be stapled to and turned in with the exam. It is permissible to
exchange ideas prior to the exam on the content of these pages, but you must prepare your own set of
notes and these must be written or typed by you (not photo-copied or electronically transferred from
the notes of another student and not photocopied from the text or other source). Write, or use a font,
as small as you like.
Extra-credit
Challenges will be posed, from time to tome, either in class or with the homework assignment. Do
not, however, turn them in with regular homework. Give them separately to the instructor or
teaching assistant. Typically, extra-credit problems should be turned in within two weeks of their
proposal. It is possible you may find that ideas for solutions, or even full solutions, in other texts or
reference materials. Again, you are obliged to cite any
Extra credit may also be assigned for superior contribution to class discussions.
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Lectures
Lectures are intended to supplement rather than duplicate the text. Material may be discussed
in class that is not in the text. This is particularly true for the algorithm animation component of
the course. In addition, exam and homework problems may be based upon material presented in
lectures. It is strongly advised that you regularly attend, take notes, and review them.
Tentative syllabus for first exam
Chapters 10, 16, 17.
Useful review material
Chapters 1–5.

Future announcements will appear in the newsgroup uo.cs.cis.315
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C.2 CIS 315 Syllabus for Study II84
Class meetings

Mon, Wed, Fri, 9:00-9:50 161 Bar

Instructor

John Lane, 100 Deschutes
Office hours: to be announced

Teaching Assistant

Tom Maly, 200 Deschutes
Office hours: to be announced

Teaching Assistant for algorithm animation

Chris Hundhausen, 231 Deschutes

Prerequisites

CIS 313, Math 233

Text

Cormen, Leiserson, Rivest
Introduction to Algorithms

Newsgroup

uo.classes.cis.315
for assignments, announcements,
hints, etc.

Assignments

Homework problems assigned regularly.
One algorithm animation project
Optional programming assignment
As alternative to final exam

Grading

Homework
Algorithm animation
First midterm
Second midterm
Final
Extra credit problems

Important dates

First midterm
Second midterm
Animation due
Final exam

21%
16%
21%
21%
20%
variable
credit
Wed, Apr 23
Mon, May 19
Mon, Jun 2
Mon, Jun 9

—The rest of the syllabus was identical to that used in Study I—

84Certain

items in this syllabus have been changed or omitted in order to preserve anonymity.
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C.3 Study I Animation Assignments
All of the assignments during Study I were posted to the newsgroup.

C.3.1 Assignment 1
Subject: Animation Assignment #1:

Due:

Flying Logos

Wednesday, January 22

The purpose of this assignment is to familiarize you with the Samba
language. Create an animation in which your name (a text string), along
with other geometric shapes, flies around in one or more animation
windows. Don't be afraid to experiment with lots of different Samba
commands, in order to gain familiarity with the language. Try out various
X Windows colors and fonts as well.
In order to become comfortable with the idea of annotating a program, you
are encouraged to create your flying logo by annotating a simple program
with Samba commands. Your program might use iteration to create
objects and move them around.
The assignment is worth 1% of your grade. Particularly creative logos may
earn extra credit. In addition, particularly creative logos may earn
a place in a virtual gallery of animations we'll be setting up.
Please copy your executable Samba file (with your name as a comment on the
first line of the file) by the due date to the
/cs/classes/cis315/assignments/flogo
directory, which is world-writable, but which may only be read by your
instructor.
:-)Chris

C.3.2 Assignment 2
Subject: Algorithm Animation Assignment #2, due Wed., Feb. 12
ANIMATION OF A DIVIDE-AND-CONQUER OR DYNAMIC PROGRAMMING ALGORITHM
DUE WED, FEBRUARY 12, 1996 BY 11:59 P.M.
WORTH 5% OF YOUR GRADE
For this animation assignment, pick a favorite divide-and-conquer (DAC) or
dynamic programming (DP) algorithm. You are free to choose any algorithm
that (a) we've talked about in class, (b) appears in the Cormen text, (c)
is published somewhere else, or (d) you've written yourself. The only
restrictions are (a) that it _not_ be a sorting algorithm, and (b) that it
employ either the DAC or DP strategy.
Candidate algorithms for the assignment include (but by no means are
restricted to)
(a) quickselect;
(b) the Skyline problem (please e-mail me if you would like a xerox of the
three-page description of the algorithm, which appears in
"Introduction to Algorithms: A Creative Approach," by Udi Manber);
(c) the DAC convex hull algorithm; and
(d) the knapsack problem.
Once you've chosen an algorithm, create an animation for the algorithm in
Samba. Acting as the narrator, you will present the animation to your

182

classmates on a later date. Thus, your goal, in creating the animation,
should be to communicate the fundamental aspects of the algorithm to your
classmates, keeping in mind that you will be able to provide the
play-by-play for the animation when you ultimately present it. Be
creative! Use multiple views, if you feel that they would add to your
presentation.
You are encouraged to find partners and work in pairs; keep in mind that
more will be expected from pairs than from individuals. For the final
assignment, you will be allowed to work in larger groups.
By the deadline, please do the following:
(1) Create your own subdirectory in the
/cs/classes/cis315/assignments/a2 directory. Please give that
subdirectory the same name as your login name. If you're working in
a pair, then name the directory a string containing your login name,
an underscore, and your partner's login name (e.g., foo_bar).
(2) In your subdirectory, place (a) your algorithm's source code, (b)
an executable of your algorithm, (c) a sample samba trace of your
algorithm running on a sample data set, and (d) a README file
indicating how to run the algorithm to produce a samba trace. Set
your algorithm up so that it will take an input data file as a
parameter on the command line. You can define whatever input data
file format you want, but please document that format in your README
file. Keep in mind that your instructor and GTF may experiment with
running your algorithm on alternative data sets. Hence, you should
design the algorithm animation so that it will run on an arbitrary
input data set.
Your animation's grade will be based on the following criteria (listed
roughly in order of importance):
(a) creativity,
(b) effectiveness in communicating the algorithm,
(c) correctness (not in the formal sense, but your instructor and
GTF will be checking to make sure that you haven't rigged it so that
it only works on a certain data set)
If you have any questions regarding the feasibility of a particular
algorithm, or if you are having trouble coming up with a way to illustrate
your chosen algorithm, please contact Professor Lane, Tom
or me for a consultation.

C.3.3 Assignment 3
Date: Sat, 1 Mar 1997 09:33:29 -0800
From: Christopher David Hundhausen <chundhau@cs.uoregon.edu>
Newsgroups: uo.classes.cis.315
Subject: Animation Assignment #3 -- Clarification
Many of you have already started this assignment; here's the official
posting:
FINAL ALGORITHM ANIMATION ASSIGNMENT
DUE (check the syllabus)
WORTH 15% OF YOUR GRADE
Pick one or more non-sorting algorithms that employ one of the general
problem-solving strategies covered in the course (dynamic programming,
divide-and-conquer, greedy, etc.). Create a Samba animation of the
algorithm(s). Given that this assignment is worth three times as much as
the second animation assignment, your animations should go beyond the
animations you programmed for the last assignment. For example, you might
* illustrate a proof of an algorithm's correctness (e.g., Kruskal, Prim);
* create side-by-side races of two algorithms that solve the same
problem, emphasizing the ways in which the algorithms are similar and
different;
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* provide multiple perspectives on an algorithm by showing, for example,
the call stack, tree of recursive calls, or other important
information; or
* animate a _real world application_ of an algorithm, as opposed to the
algorithm itself.
Acting as narrators, your group will present the animation to your
classmates on a later date. (Note: Due to schedule conflicts with rooms
containing projection devices, you will not be asked to present your
second animation assignment; however, all or most of you will be asked to
present your third animation assignment.) Thus, your goal, in creating the
animation, should be to communicate the fundamental aspects of the
algorithm to your classmates, keeping in mind that you will be able to
provide the should be to communicate the fundamental aspects of the
algorithm to your classmates, keeping in mind that you will be able to
provide the play-by-play for the animation when you ultimately present it.
You are encouraged to work in groups for this assignment; there is no
limit to group size. The larger the group, the more that will be
expected of the group.
By the deadline, please do the following:
(1) Create your own subdirectory in the
/cs/classes/cis315/assignments/a3 directory. Please give that
subdirectory the same name as your login name. If you're working in
a group, then name the directory a string containing your login
name, an underscore, and your first partner's login name, an
underscore, your second partner's name, . . ., an underscore,
your nth partner's name. (e.g., foo_bar_bye).

(2) In your subdirectory, place (a) your algorithm's source code, (b)
an executable of your algorithm, (c) a sample samba trace of your
algorithm running on a sample data set, and (d) a README file
indicating how to run the algorithm to produce a samba trace. Set
your algorithm up so that it will take an input data file as a
parameter on the command line. You can define whatever input data
file format you want, but please document that format in your README
file. Keep in mind that your instructor and GTF may experiment with
running your algorithm on alternative data sets. Hence, you should
design the algorithm animation so that it will run on an arbitrary
input data set.
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C.4 Calls for Participation

From: Christopher David Hundhausen <chundhau@cs.uoregon.edu>
Newsgroups: uo.classes.cis.315
Subject: Invitation to join the algorithm animation mailing list
For those of you who weren't at the Thursday morning session this week,
I'd like to invite you to join the algorithm animation mailing list. I'm
interested in your experiences with algorithm animation. I'll
occasionally be posting brief surveys or requests for volunteers to the
list. If you wouldn't mind helping me out, please send me you're e-mail
address and I'll add you to the list.
Thanks,
:-)Chris

From: Christopher David Hundhausen <chundhau@cs.uoregon.edu>
To: "Algorithm Animation List
Subject: I'd like to hang out with your group!

Thanks again for your interest in my algorithm animation
mailing list. As I mentioned earlier, I may send requests and surveys to
the list from time to time.
As you know, the second algorithm animation assignment is due next
Wednesday (Feb. 12). I'm interested in how you're going about the
assignment. Would any of you be willing to let me work with your group?
If you think you might be interested, please send me e-mail or
talk to me after class ASAP.
Thanks in advance,
:-)Chris
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C.5 Informed Consent Agreements
INFORMED CONSENT AGREEMENT: ALGORITHM VISUALIZATION STUDY

You are invited to participate in a research study being conducted by Christopher Hundhausen, a
Ph.D. student in the University of Oregon’s Department of Computer and Information Science. For
my dissertation research, I am studying the use of algorithm visualization in undergraduate
algorithms courses. The goal of the research is to develop a theory of effectiveness that addresses
the use of algorithm visualization artifacts within this context. Because you are presently enrolled in
Computer and Information Science 315 (Introduction to Algorithms), you were selected as a possible
participant in this study.
You may elect to participate in the study in at least five ways:
1.

You may volunteer to allow me to videotape your storyboard presentation and/or animation presentation. If
you elect to allow me to videotape your animation sessions, you will be asked to sign a separate form
(Consent Agreement for Algorithm Animation Presentations).

2.

You may volunteer to allow me to observe and/or participate in either your development of a storyboard
presentation, your development of a Samba animation, or both. As I observe and participate, I may take
notes, and I may ask permission to audiotape interviews or group conversations. If you elect to allow me to
audiotape interviews or conversations during my participant observation sessions, you will be asked to sign
a separate form (Consent Agreement for Audiotaping).

3.

You may volunteer to allow me to audiotape an interview with you about your experiences in developing
either your storyboard presentation, or your Samba animation. Such interviews will usually take from 5 –
45 minutes. If you elect to allow me to audiotape an interview with you, you will be asked to sign a separate
form (Consent Agreement for Audiotaping)

4.

You may volunteer to allow me to photograph (or keep) your storyboard, or to keep a copy of your Samba
animation (including all source code files used to generate it). If you consent to either of these, you will be
asked to sign a separate form (Consent Agreement for Release of Storyboard or Samba Animation).

5.

You may volunteer to allow me to maintain copies of the diary you kept, and the test you developed, for the
course Algorithm Animation Assignment. If you elect to allow me to maintain copies of these, you will be
asked to sign a separate form (Consent Agreement for Release of Animation Assignment Diaries and Tests).

Because (1), (4), and (5) do not require you to engage in activities beyond those required for course
assignments, they do not involve any risks beyond the minimal risks associated with participating in
any university course. The risks associated with (2) and (3) are deemed to be minimal; you will not
be subjected to any pain or stress beyond that normally encountered in everyday life. This research
aims to improve the effectiveness of course activities involving algorithm visualization. However, I
cannot guarantee that you personally will receive any benefits from this research.
Any information that (a) is obtained in connection with this study, and that (b) can be identified with
you, will remain confidential and will be disclosed only with your permission or as required by law.
Within all published written reports and oral presentations of this study’s results, participant
identities will be kept confidential by assigning each participant a code. All data will be marked and
identified using this code. During the present academic term, a separate list that associates names
with codes will be maintained for the purposes of contacting participants for follow-up interviews;
however, this list will be destroyed within six months of the end of the academic term. All
audiotapes, videotapes, and copies of your assignments will be kept in a secure location at all times
during and after the study. Only members of the Interactive Systems Group and other researchers
associated with this study shall be allowed access to them.
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Your participation is voluntary. Your decision whether or not to participate will not affect your
grade in the CIS 315 course in which you are presently enrolled, nor will it involve a penalty or loss
of benefits to which you are otherwise entitled. If you decide to participate, you are free to withdraw
your consent and discontinue participation at any time without penalty.
If you have any questions, please feel free to contact me, Christopher Hundhausen (346–4425), or my
dissertation advisor, Professor Sarah Douglas (346–3974) in the University of Oregon’s Computer
and Information Science Department. If you have questions regarding your rights as a research
participant, contact Human Subjects Compliance, University of Oregon, Eugene, OR 97403, (541)
346-2510. You will be given a copy of this form to keep.
Your signature indicates that you have read and understand the information provided above, that
you willingly agree to participate, that you may withdraw your consent at any time and discontinue
participation without penalty, that you will receive a copy of this form, and that you are not waiving
any legal claims, rights or remedies.

Signature

Date
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CONSENT AGREEMENT FOR VIDEOTAPING OF ALGORITHM ANIMATION
PRESENTATIONS
I have received an adequate description of the purpose of, and procedures for, videotaping the
storyboard presentations and Samba animation presentations sessions during the course of the
proposed research study. I give my consent to be videotaped during (initial all that apply)
)

my storyboard presentation (Date:
my Samba animation presentation (Date:

)

at other times during the session in which I present my storyboard
(Date:

)

at other times during the session in which I present my Samba animation
(Date:

)

Further, I agree to allow the videotape(s) to be viewed by members of the Interactive Systems Group
in the University of Oregon’s Department of Computer and Information Science. (If you agree to
allow Christopher Hundhausen to show excerpts of your presentation(s) at professional conferences
and academic colloquia, for the express purpose of reporting the results of the research project
described in the attached Informed Consent Agreement, please initial here:
.) I understand
that all information will be kept confidential and will be reported in an anonymous fashion, and that
the videotapes will be kept on file for several years, in order that they may be available for further
analysis in the future. I further understand that I may withdraw my consent at any time.

Signature

Date
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INFORMED CONSENT AGREEMENT FOR AUDIOTAPING

I have received an adequate description of the purpose of, and procedures for, audiotaping interviews
and conversations during the course of the proposed research study. First, I give my consent to be
audiotaped. Second, I agree to allow the audiotape to be reviewed by members of the Interactive
Systems Group in the University of Oregon’s Department of Computer and Information Science.
Third, I agree to allow the audiotapes to be transcribed for possible use in any published reports on
the research described in the attached Informed Consent Agreement. Fourth, I understand that all
information will be kept confidential and will be reported in an anonymous fashion, and that the
audiotapes will be erased after an appropriate period of time after the completion of the study.
Finally, I understand that I may withdraw my consent at any time.

Signature

Date
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CONSENT AGREEMENT FOR RELEASE OF ALGORITHM ANIMATION ASSIGNMENT

I have received an adequate description of the purpose of allowing Christopher Hundhausen to
maintain copies of the various components of my algorithm animation assignment (storyboard,
Samba animation, assignment diary, assignment test). I give my consent (please initial all that
apply)

1.

to allow Christopher Hundhausen to photograph and/or digitize the storyboard I developed for the algorithm
animation assignment in CIS 315 (Spring term, 1997) and to allow Christopher Hundhausen and members of the
Interactive Systems Group in the University of Oregon’s Department of Computer and Information Science to
review the reproductions.

2.

to allow Christopher Hundhausen to maintain a copy of the Samba animation (including all source code used to
generate it) I developed for the algorithm animation assignment in CIS 315 (Spring term, 1997), and to allow
Christopher Hundhausen and members of the Interactive Systems Group in the University of Oregon’s
Department of Computer and Information Science to review your animation.

3.

to allow Christopher Hundhausen to maintain a copy of the assignment diary that I developed for the algorithm
animation assignment in CIS 315 (Spring term, 1997), and to allow Christopher Hundhausen and members of the
Interactive Systems Group in the University of Oregon’s Department of Computer and Information Science to
review the diary.

4.

to allow Christopher Hundhausen to maintain a copy of the assignment test that I developed for the algorithm
animation assignment in CIS 315 (Spring term, 1997), and to allow Christopher Hundhausen and members of the
Interactive Systems Group in the University of Oregon’s Department of Computer and Information Science to
review the test.

5.

to allow Christopher Hundhausen to associate my name with (a) digitized representations of my storyboard and
(b) my Samba animation in any published reports, professional conference presentations, or academic colloquia on
the study described in the attached Informed Consent Agreement.

First, I understand that those components of my algorithm animation assignment that I release to
Christopher Hundhausen will be kept in a secure place, so that only those parties whom I have
granted access to them may access them. Second, I agree to allow digital representations of my
storyboard, still frames of my Samba animation, and/or excerpts of my algorithm animation
assignment diary and algorithm animation assignment test to be reproduced in published reports of
the study described in the attached Informed Consent Agreement. Third, if I have initialed (2), I also
agree to allow my Samba animation, or excerpts thereof, to be presented at professional conferences
or academic colloquia for the purpose of reporting the results of the study described in the attached
Informed Consent Agreement. Fourth, I understand that all information will be kept confidential,
and that, unless I have initialed (3), all information will be reported in an anonymous fashion. Fifth,
I understand that photographs of my storyboard, digital representations of my storyboard, my
Samba animation, my algorithm animation assignment diary, and/or my algorithm animation
assignment test will be kept on file for several years, in order that they may be available for further
analysis in the future. Finally, I understand that I may withdraw my consent at any time.

Signature

Date
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C.6 Study I E-Mail Surveys
From: Christopher David Hundhausen <chundhau@cs.uoregon.edu>
To: "Algorithm Animation List”
I would appreciate your assistance with my dissertation research on the use of algorithm
visualization in undergraduate algorithms courses. This research will help me to assess the
value of algorithm visualization, and to develop more effective uses of it, in undergraduate
algorithms courses.
To help me, all you need to do is complete this short survey, which should take approximately 5 –
10 minutes. If you do not wish to participate, simply delete the survey. Responses will be
completely anonymous; your name will not appear anywhere on the survey. Completing and returning
the questionnaire constitutes your consent to participate.
Keep this message for your records. If you have any questions regarding the research, contact
me, Christopher Hundhausen (chundhau@cs.uoregon.edu) or my dissertation advisor, Sarah Douglas
(douglas@cs.uoregon.edu). If you have any questions regarding your rights as a research
participant, please contact Human Subjects Compliance at the University of Oregon, (541) 3462510. Thank you again for your help.
**************************************************************************
ALGORITHM ANIMATION SURVEY #1
1) What was your overall impression of this assignment?
about it, and what didn't you like about it?

What did you like

2) If you had to break up the activities you performed for this assignment
into distinct phases, what would those phases be, and what did you do
during each of the phases?
3) About how much time did you spend on the assignment? Please break your
time estimate down further by indicating the amount of time you spent on
each of the phases you listed in (2).
4) What do you feel you learned from developing an algorithm animation, if
anything?

5) Do you have any suggestions for future algorithm animation assignments?

THANK YOU FOR YOUR TIME! If you have any other comments, feel free to
attach them to the end of this survey.
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To: "Algorithm Animation List”
Subject: A quick survey on the final animation assignment
Hi all,
If you have some time, I'd appreciate it if you could take a few minutes
to respond to this brief survey regarding the final animation assignment.
This will most likely be the last posting to this group. Thanks so much
for volunteering to help me out; your responses to the first survey were
really helpful.
Once again, I will not associate any of your responses with your name;
that is, you can answer the survey anonymously.
:-)Chris
============================================================================
ALGORITHM ANIMATION SURVEY #2
1) Now that you have gained a fair bit of experience with algorithm
animation, what do you like about it? What don't you like? Do you feel
that you've benefited from the assignments, or have they been a nuisance?

2) How does your experience with the final animation assignment compare
with your experience with the second animation assignment? Did you
approach the problem in a similar way? Did you do anything different?
Why?
3) What aspects of the animation assignments do you feel are most
beneficial? What aspects of the assigment could you do without?
4) Do you have any comments on Samba that I could pass along to its
developer? Are there any features that you wish you'd had? Was Samba
easy to use? What could be improved upon? Now's your chance to speak
your mind!
***THANKS FOR YOUR PARTICIPATION!***
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C.7 Study II Animation Assignment
CIS 315

Algorithm Animation Assignment

Spring, 1997

Note: For this assignment, you are encouraged to work in pairs, but groups of one and three are
also permissible. The larger the group, the more that will be expected of the group.

PHASE 1: ANIMATION PROSPECTUS
Choose an algorithm. Begin by picking an algorithm or group of algorithms that you would like to
present to your classmates in the form of a graphical animation. With the exception of sorting
algorithms, you may choose any algorithm(s) covered in class, or any algorithms related to those
covered in class. Candidate algorithms include any divide-and-conquer, dynamic programming,
greedy, and graph searching algorithms.
Choose a focus. Next, choose a focus for your presentation. To earn a C, your presentation should
minimally illustrate your algorithm’s behavior—that is, how it works. To do so, you will need to
choose carefully not only what aspects of the algorithm are important, but also what input data will
illuminate those aspects.
To earn more than a C, your presentation should take on one or more issues that go beyond your
algorithm’s procedural behavior, such as
•

correctness (Why does it work?),

•

efficiency (How quickly does it work?), and

•

applicability (How can it be applied to a real-world problem?).

For example, you might
•

compare a naïve algorithm to a clever algorithm (e.g., the naïve recursive approach to computing the
nth Fibonacci number versus the dynamic programming approach), in order to illustrate the superiority
of the clever algorithm;

•

present an animated "proof" of an algorithm’s correctness;

•

present an algorithm’s efficiency graphically;

•

compare two algorithms that solve the same problem (e.g., Kruskal’s vs. Prim’s minimum spanning tree
algorithms); or

•

illustrate the application of an algorithm to a real-world problem (e.g., show how one can apply the
topological sort to a real-world scheduling problem).

Develop a storyboard presentation. Now, develop an interactive storyboard presentation with
your chosen focus (see Guidelines for Developing a Storyboard Presentation; a PostScript version is
available in /cs/classes/cis315/assignments/storyboard_guidelines.ps). You will present your
storyboard to your instructor, and to a small group of your classmates, during one of the prospectus
presentation sessions to be scheduled during the two week period from May 5th to 16th, with a
possible weekend session on May 10th or 11th. The target length of your presentation is ten minutes.
Note that, while it will certainly be possible to produce your storyboard “on the fly” during the course
of your presentation (on a whiteboard, for example), it is highly recommended that you come to your
presentation with at least a partially-constructed storyboard, which will help you to structure your
presentation, and which you will be able to mark up based on the feedback you receive from your
instructor and audience.
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Keep a diary. During the course of developing your storyboard presentation, each member of your
group should keep a separate diary of her or his experiences. To structure your entries, you are
encouraged to use the diary form available (as PostScript) in
/cs/classes/cis315/assignments/diary_form.ps. (Print out as many copies as needed). Since the
purpose of the diary is not only to help us improve future animation assignments, but also to help
you keep track of and reflect on your own development efforts, it is highly recommended that you
attempt to log your activities as you go along—not as an afterthought before you hand in the
assignment! If you are working in a group of two or three, also explain in your diary (on an
attached sheet) how your group members’ efforts were divided (Who did what?), and provide a brief
critique of your group members (Did they carry their weight?). Note that, while your diary cannot
hurt your grade, a thoughtful diary may help it.
Develop a mock test. Along with your diary, please develop a brief test (around 5 questions) that
you would expect people who view your presentation to do well on. One test per group is sufficient.

PHASE 2: SAMBA ANIMATION
Now implement your storyboard as a Samba animation, taking into consideration the suggestions
and feedback you received on the storyboard presentation you developed during Phase 1. Acting as
narrators, you and your group members will present the animation to the class during the week of
June 2 – 6. For your presentation, be prepared to explain your animation as you step through it,
and to answer questions from the audience. A device that projects a Sun Sparcstation screen onto a
large screen will be provided for your presentation.
As before, each member of your group should keep a separate diary according to the guidelines
stated above. Also, please revisit the test that you developed for Phase 1 of the assignment, and
make any modifications necessary to bring it up to date with your Samba animation.
In addition, by midnight on June 2, you should do the following:
•

Create your own subdirectory in the/cs/classes/cis315/assignments/a1 directory. Please give
that subdirectory the same name as your login name. If you're working in a group, then separate your
group members’ login names with underscores (e.g., you_me_her).

•

In your subdirectory, place (1) one or more Samba trace files (each of which should have a .samba file
extension) containing sample animations, (2) all C++ (or whatever programming language you used)
source code used to generate the Samba traces, and (3) a README file indicating (a) what algorithm
you’re illustrating, (b) what each sample trace file illustrates; (c) how to arrange the windows of your
animation for optimal viewing, and (d) the optimal speed at which to view the sample files.
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C.8 Study II: Guidelines for Developing a Storyboard Presentation
CIS 315

Spring, 1997

Guidelines for Developing a Storyboard Presentation
What is a storyboard? Introduced by the cartoon animation industry in the 1930s, a storyboard presents just
the key frames of the animation—that is, the snapshots that capture the main events. With your help, the
audience can then fill in the rest of the details. For example, if you were to storyboard a scene in which the
Roadrunner slyly leads the Coyote off a cliff, you might include four snapshots:
•

one in which the Coyote is chasing the Roadrunner atop a mountain;

•

one in which the Roadrunner ducks behind a rock wall just before a steep cliff;

•

one in which the Coyote has just run off the cliff and is temporarily suspended in mid-air; and

•

one in which the Coyote lands flat on his face in the canyon below.

Using a storyboard containing these four key snapshots, you could explain to your colleagues how the scene
would unfold, and your colleagues could provide feedback and suggestions. Likewise, your algorithm animation
storyboard should assist you in communicating to your instructor and audience the manner in which your
algorithm animation will unfold. Your storyboard presentation is your chance to discuss your ideas, to ask
questions or advice, and to receive useful feedback that you can incorporate into your final animation.
Suggestions for constructing storyboard presentations. To construct your storyboard, you are free to use
any resources you deem appropriate, including (but not limited to)

paperboard
construction paper cut-outs
colored markers
colored pencils
transparencies (an overhead projector will be available)
watercolor paint
whiteboard markers (a whiteboard will be available)
Be creative! For example, you might come to your presentation with a large piece of paperboard partitioned into
several sections (for example, one reserved for each iteration of your algorithm’s loop), and with paper cut-outs
of the key objects in your animation. For each phase of your animation, you could place a set of cut-outs on the
storyboard, and demonstrate the animation by sliding the cut-outs across the paperboard. Alternatively, you
might choose to build a storyboard out of overhead transparencies, on which you could actually draw (or which
you could slide cut-outs across) to demonstrate movement. In any case, make sure that your storyboard is
sufficiently large for a medium-size group (5 – 15 people) to view comfortably.
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C.9 Study II Diary Form
CIS 315

Algorithm Animation Diary Form

Name:
DATE:

Page

Spring, 1997

of

START
TIME:

FINISH
TIME:

ELAPSED
TIME:

START
TIME:

FINISH
TIME:

ELAPSED
TIME:

START
TIME:

FINISH
TIME:

ELAPSED
TIME:

DESCRIBE ACTIVITIES:

PROBLEMS ENCOUNTERED:

COMMENTS:

DATE:
DESCRIBE ACTIVITIES:

PROBLEMS ENCOUNTERED:

COMMENTS:

DATE:
DESCRIBE ACTIVITIES:

PROBLEMS ENCOUNTERED:

COMMENTS:

(If you need more space, feel free to use the reverse side.)
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APPENDIX D
EXPERIMENT MATERIALS
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D.1 Preliminary Interest Questionnaire

Algorithm Animation Study: Preliminary Interest Questionnaire

Chris Hundhausen, a Ph.D. student in the CIS department, will be conducting a research study in
conjunction with the winter term, 1998 offering of CIS 315 (Algorithms). If you decide to participate
in the study, you would use algorithm animation to explore an algorithm, and do a series of exercises
designed to assess your understanding of the algorithm. You would spend around 5 hours on the
study, and be paid $50. In addition, since you would be learning about an algorithm covered in CIS
315, your participation may help you with CIS 315.
I intend to enroll in CIS 315 for winter term, 1998 (circle one):
DEFINITELY

MAYBE

NO

If you chose Definitely or Maybe, please answer the following two questions:
Please rate your level of interest in participating in this study (circle one):
NO INTEREST

LITTLE

NEUTRAL

INTERESTED

INTEREST

VERY
INTERESTED

Please estimate the likelihood that you will participate in this study (circle one):
NO CHANCE

REMOTE

50-50 CHANCE

GOOD CHANCE

POSSIBILITY

DEFINITELY
WILL

If you wish to be contacted further regarding this study, please provide the following contact
information:
Name:

E-mail:
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D.2 Background Information Questionnaire

ALGORITHM ANIMATION STUDY: BACKGROUND INFORMATION

For Experimenter Use Only
Participant Code:
Name:

Major:

E-mail:

Class standing: Fr So Jr Sr Other:

CIS Courses taken (list 300-level and above only):

Exact Overall GPA (to two decimal places, as of 1/99):

Have you ever used algorithm visualization before?

YES

If you answered "YES" above, briefly describe your use(s) of it:

NO
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D.3 Informed Consent Agreement

INFORMED CONSENT AGREEMENT: ALGORITHM ANIMATION STUDY
You are invited to participate in a research study being conducted by Christopher Hundhausen, a
Ph.D. student in the University of Oregon’s Department of Computer and Information Science. For
my dissertation research, I am studying the use of algorithm animation in undergraduate algorithms
courses. The goal of the research is to develop a theory that accounts for the learning benefits of
algorithm animation within this context. Because you filled out a preliminary interest questionnaire
that I handed out in a CIS 313 or CIS 315 lecture, you were selected as a possible participant in this
study.
Your participation in this study will involve using visualization technology to explore a computer
algorithm, and completing a series of exercises designed to evaluate your understanding of the
algorithm. The study will last around five hours. So that I can better understand your activities, I
may observe you and take notes as you engage in some of these activities.
Because none of these activities differs from those in which you would engage in a typical course on
algorithms, they do not incur any risks beyond the minimal risks associated with participating in a
university course. You will receive $50 for completing all of the activities in this study. In addition,
your participation in these activities could help you with the CIS 315 course in which you are
presently enrolled.
Any information that (a) is obtained in connection with this study, and that (b) can be identified with
you, will remain confidential and will be disclosed only with your permission or as required by law.
Confidentiality will be safeguarded by assigning each participant a code. All data will be marked
and identified using this code. During the present academic term, a separate list that associates
names with codes will be maintained for the purposes of contacting participants; however, this list
will be destroyed within on year of the end of the academic term. All paperwork and computer files
associated with this study will be kept in a secure location at all times during and after the study.
Only members of the Interactive Systems Group and other researchers associated with this study
shall be allowed access to them.
Written manuscripts and oral presentations of this study’s results will most often report only
aggregate data. In cases in which individual data are reported, participant identities will be kept
confidential through the use of pseudonyms.
Your participation is voluntary. Your decision whether or not to participate will not affect your
grade in the CIS 315 course in which you are presently enrolled, or in any other university course.
In addition, your decision whether or not to participate will not involve a penalty or loss of benefits
to which you are otherwise entitled. If you decide to participate, you are free to withdraw your
consent and discontinue participation at any time. If you discontinue participation prior to
completing all of the study activities, you will still be compensated at the rate of $10 per hour of
participation, not to exceed $50 total. (Time spent attending preliminary orientation and screening
meetings, along with time spent filling out preliminary paperwork, is not subject to compensation.)
If you have any questions, please feel free to contact me, Christopher Hundhausen (346–4425), or my
dissertation advisor, Professor Sarah Douglas (346–3974) in the University of Oregon’s Computer
and Information Science Department. If you have questions regarding your rights as a research

200
participant, contact Human Subjects Compliance, University of Oregon, Eugene, OR 97403, (541)
346-2510. You will be given a copy of this form to keep.
Your signature indicates that you have read and understand the information provided above, that
you willingly agree to participate, that you may withdraw your consent at any time and discontinue
participation without penalty, that you will receive a copy of this form, and that you are not waiving
any legal claims, rights or remedies.

Signature

Date
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D.4 Instructions: Active Viewing Group
INSTRUCTIONS: ALGORITHM ANIMATION LEARNING EXERCISE
Learning QUICKSELECT. In the first part of the study, you’ll spend two and a half hours learning
about how the QUICKSELECT algorithm works. The QUICKSELECT algorithm, as you may recall from
a recent CIS 315 lecture, uses the same divide-and-conquer strategy used by QUICKSORT. However,
instead of sorting a list of elements, QUICKSELECT finds the ith smallest element in a list. (Your CIS
315 textbook calls this the ith order statistic.) Attached you’ll find the pages from your textbook that
explain the algorithm, as well as a pseudocode description of the algorithm.
A note on the PARTITION procedure. It is important to note that the Partition procedure
presented in the attached pseudocode differs from the version of Partition presented in your
textbook. The biggest difference is that the Partition that you’ll be exploring in this study always
selects as the pivot element the first element in the array to be partitioned. In contrast, your
textbook’s version of PARTITION chooses a random pivot element. Therefore, even if you feel you
know the Partition procedure already, make sure that you study the Partition procedure presented
in the attached pseudocode. It is likely to differ, at least slightly, from the versions of Partition that
you have seen before.
The QUICKSELECT Animation. This two-and-a-half hour study session does not just involve
reading pseudocode and textbook pages, however. Rather, you are also asked to explore the
QUICKSELECT algorithm by viewing and interacting with a computer-based animation.
The animation you’ll be exploring explains the QUICKSELECT algorithm through the Story of the
Forest Rangers. Head Ranger Rhonda has just been notified by her bosses at the National Forest
Service that a stand of trees is to be chopped down. However, Rhonda is also told that ith shortest
tree in the stand will be spared. With the help of her trusty assistants, Junior Rangers Rodham and
Rachel, Rhonda proceeds to apply the QUICKSELECT algorithm to the stand of trees in order to find
the tree to be spared. Before the animation begins, you are asked to input the number of elements
(trees) to select from, as well as to input the individual values (heights) of the elements (trees). You
are then asked to input the rank of the tree to select—that is, the rank of the tree to spare from the
clear-cut. You can then run the animation and watch Rhonda, Rodham, and Rachel execute the
QUICKSELECT algorithm on your input data set.
Elements of the QUICKSELECT Animation. The QUICKSELECT animation consists of five
windows, each of which is illustrated and explained on the following pages.
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The Console window. Each time you start the animation, the first thing you’ll do is enter the input
data through the Console window. You’ll be prompted for the number of elements in the array, the
values of the actual array elements, and the rank of the element to select. Once you’ve entered
these values, the console window will report that you are now free to use the Polka Control Panel to
execute the animation. (Polka, by the way, is the name of the animation package used to implement
the animation.)

Press this button
to Start or pause
the animation

Press this button to
step through the
animation, one frame
at a time

Adjust this slider
to set the speed
of the animation.

Press this button
at any point to
quit the
animation

The Polka Control Panel. Use the Polka Control Panel to control the execution of the animation.
The window presents a “tape recorder” style interface, through which you can start, pause, and step
through the animation, as well as adjust the animation’s execution speed.
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Zoom out

Pan left
Pan right

Pan up

Zoom in

Close window

Pan down

The Forest Rangers window. In this window, the main action of the animation unfolds. Rhonda
introduces the plot of the story, and, with the help of her assistants, Rodham and Rachel, walks you
through the execution of the QUICKSELECT algorithm for the input data that you specified. Each
ranger has a speaking bubble; you know that a ranger is talking when her or his bubble flashes. As
you watch the animation, pay close attention, especially at first, to what the rangers are saying; the
animation won’t make much sense otherwise. In addition, an explanatory caption across the top of
the window summarizes each key step of the algorithm as it unfolds; refer to this caption for help in
coordinating the action of the animation with the pseudocode.
Note: All view windows provide buttons at the bottom of the view that you can use to zoom and pan
the view. See the labels above for descriptions of each of the important buttons.
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Indicates subarray of trees passed to this
recursive call to Q UICKSELECT

Indicates subarray of trees to consider in
next recursive call to QUICKSELECT; rank
of tree to select in next recursive call is
shaded blue
Green outline contains subarray of trees that will be passed
to subsequent recrusive call to QUICKSELECT
Position of tree outlined in red corresponds to mid in the
pseudocode (i.e., the value returned by PARTITION in this
recursive call to PARTITION)
Trees shaded gray have been eliminated from consideration

The History window. Whereas the Forest Rangers window presents a “play-by-play” of the
algorithm’s key events, the History window presents a summary of all of the key algorithm steps that
have happened so far. Thus, if it turns out that you miss some action, you can consult the History
window for a summary of what you missed.
Each row in the History window summarizes the key data values of, and decisions made within, one
recursive call to the QUICKSELECT algorithm. The arrangement of the trees within the row indicates
the state of the array after the call to Partition within that recursive call. The annotated window
presented above summarizes the notation and shading conventions used by the History window.
Note: For larger array sizes, some tree rows will be initially out of view. Use the D (pan Down)
button to scroll downwards, and the U (pan Up) button to scroll upwards.
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The History Legend window. This window furnishes a legend of the color scheme and notation used
in the History view. In conjunction with the description of the History window discussed above, the
History Legend window will help you interpret the notation used in the History window.
How to use the QUICKSELECT Animation. To launch the QUICKSELECT animation, double-click on
the “QuickSelect Animation” icon, which appears on the desktop of your computer:

Now walk through the following four steps:
Specify your input data. Think carefully about what kinds of input data will help you to understand
the subtleties of how the algorithm works. Use the Console window to input a set of data, keeping in
mind the following two constraints:
You may only run the animation on arrays of at most 15 elements.
The values of the array elements must fall between 1 and 100.
Slowly step through the animation. Now minimize the Console window, making sure that the Forest
Rangers window is fully visible. Set the speed slider on the Polka Control Panel to an appropriate
speed, and click the Start button to begin the animation. Especially the first time you watch the
animation, make sure that the speed of the animation is slow enough to enable you to read all of
what the rangers are saying; if the action moves by too quickly and you can’t read the speaking
bubbles, the animation will make little sense. (Note that when the outline of a ranger’s speaking
bubble flashes, you know that the ranger is speaking.) If the animation is going by too quickly, hit
the Pause button and readjust the speed. Alternatively, you may hit the Pause button and then use
the Step button to slowly step through the animation, one frame at a time.
Study the History view. When the animation is done, click on the History window, which is initially
obscured by the Forest Rangers window. (To view the History window, you may want to minimize the
Forest Rangers window.) Now take a few minutes to study the “History” view, which summarizes
and explains the algorithm’s key steps. By studying the series of tree rows, you can obtain a global
picture of the way the algorithm operated on the input data.
To interpret the History view, see the documentation above, which explains how the History view
represents the algorithm's key steps. In addition, you may find the History Legend window
(obscured behind the History window) helpful as you study the History window.
Quit the animation. When the Forest Rangers view has run to completion, and when you are done
studying the History view, you may close the animation by clicking on the Quit button in the Polka
Control Panel. At this point, you can start the animation again as you did before—by double-clicking
on the “QUICKSELECT Animation” icon.
Using the QuickSelect Animation as a learning aid. Keep in mind that, in this part of the study,
your main objective is to develop a solid understanding of how the QuickSelect algorithm, including
the Partition procedure, works. Upon completing this part of the study, you should be able to
perform a detailed trace of the QUICKSELECT algorithm (including the PARTITION procedure)
operating on any input data set; and
remember the QUICKSELECT algorithm (including the PARTITION procedure) well enough to
implement it in a programming language, if you had to.
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To refine your understanding of how the QUICKSELECT algorithm works, follow the four steps
outlined above to study the algorithm’s behavior for at least five input data sets. (Feel free to run
the animation on additional input data sets if you have time.) As you become more familiar with the
animation, you will probably be able to increase the animation speed, since you may not have to read
the speaking bubbles as carefully; however, be sure that you understand what’s going on. Also,
make sure to choose your input data sets carefully, so that you cover a broad range of possible cases.
Taking a break, and asking questions. Feel free to take a break at any time. (Note that you will be
given a half hour lunch break two hours into this session.) If you have questions, raise your hand
and I’ll come around to help you. When time is called, immediately quit the execution of the
animation that you are presently studying, and await further instruction.
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D.5 Instructions: Self-Construction Group

INSTRUCTIONS: ALGORITHM ANIMATION CONSTRUCTION EXERCISE
Learning QuickSelect. In the first part of the study, you’ll spend two and a half hours learning
about how the QuickSelect algorithm works. The QUICKSELECT algorithm, as you may recall from a
recent CIS 315 lecture, uses the same divide-and-conquer strategy used by QUICKSORT. However,
instead of sorting a list of elements, QUICKSELECT finds the ith smallest element in a list. (Your CIS
315 textbook calls this the ith order statistic.) Attached you’ll find the pages from your textbook that
explain the algorithm, as well as a pseudocode description of the algorithm.
A note on the PARTITION procedure. It is important to note that the PARTITION procedure
presented in the attached pseudocode differs from the version of PARTITION presented in your
textbook. The biggest difference is that the PARTITION procedure that you’ll be exploring in this
study always selects as the pivot element the first element in the array to be partitioned. In
contrast, your textbook’s version of PARTITION chooses a random pivot element. Therefore, even if
you feel you know the PARTITION procedure already, make sure that you study the PARTITION
procedure presented in the attached pseudocode. It is likely to differ, at least slightly, from the
versions of PARTITION that you have seen before.
Create a homemade animation. This two-and-a-half hour study session does not just involve
reading pseudocode and textbook pages, however. Rather, as you study the pseudocode and
textbook pages, you should design and ultimately construct your own homemade animation of the
algorithm. The raw materials for your homemade animation are the art supplies in front of you—
construction paper, scissors, glue, and colored pens. The overall goal of your homemade animation
is to illustrate, as clearly as possible, how the QUICKSELECT algorithm works. The following
questions should help you to get started with this exercise:
1. What is important about QUICKSELECT? In designing your homemade animation, first think
carefully about what is important to understanding how the QUICKSELECT algorithm works.
What are the fundamental operations of the algorithm? How do they alter the algorithm’s data?
In the case of the QUICKSELECT algorithm, you’ll need to consider not only the QUICKSELECT
algorithm itself, but also the PARTITION algorithm on which it relies.
2. What to draw? What to say? Often, when we explain how an algorithm works, we pick a sample
set of input data, and then we simulate the algorithm’s procedural behavior on that sample input
data. We often do so by drawing and modifying sketches , providing a “play-by-play” narrative
along the way. For example, if we had to explain a sorting algorithm to someone else, we might
sketch out the array after each pass of the algorithm, and we might use narration, gestures, and
additional marks on the array to explain how the algorithm gradually places the array elements
in order.
3. What story to tell? We might also come up with a story to explain the algorithm. The story might
help us to remember how the algorithm works. Events in the stories might map to significant
operations in the algorithm. In addition, the story might create a backdrop that motivates the
use of the algorithm. For example, if we wanted to explain a graph searching algorithm, we
might construct a story in which a parent is attempting systematically to find a lost child in
supermarket aisles. Recursive calls to the algorithm might correspond with looking down a
different supermarket aisle.
In summary, if you had to explain to someone else how the QUICKSELECT and PARTITION algorithms
work, what pictures would you sketch, and what would be your play-by-play narrative? What
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personally-meaningful story or scenario might you use to help yourself and others remember and
understand the algorithm’s steps? Finally, for what input data sets would you choose to demonstrate
your animation? These are the key questions that you’ll need to address in this exercise.
Learning objectives and deliverables. Keep in mind that, in this part of the study, your main
objective is to develop a solid understanding of the QUICKSELECT algorithm, including the PARTITION
procedure, works. Upon completing this part of the study, you should be able to
•

perform a detailed trace of the QUICKSELECT algorithm (including the PARTITION procedure)
operating on any input data set; and

•

remember the QUICKSELECT algorithm (including the PARTITION procedure) well enough to
implement it in a programming language, if you had to.

To prepare yourself to meet these goals, and to fulfill the requirements of this exercise, please
“deliver” the following:
•

Walk through your animation for five input data sets. Choose at least five input data sets on
which to instantiate your graphical simulation. Each input data set should include a
maximum of 15 data elements, and data element sizes should only range from 1 to 100. Use
the art supplies to construct homemade animations for each of these input data sets. (Note
that if you use cut-outs for your data elements, creating five different animations might be as
simple as creating some general animation elements that can be used for all input data sets,
and then creating five alternative sets of cut-outs—one for each input data sets.) Now
carefully walk through your animation, step-by-step, with these input data sets. As you do
so, think to yourself (or say aloud, if you’d like) the play-by-play narrative you’d use to
explain how the algorithm works.

•

Construct and hand-in a history view of your animation for those input data sets. The second
deliverable actually documents that you have instantiated your animation on five different
input data sets. For each of your five input data sets, use an 8½” by 11” sheet of paper to
create a “history view” of your animation executing on the input data set. The history view
should simply summarize your animation by including “snapshots” of your animation at key
points in its execution. For example, if you were animating a sorting algorithm, you might
summarize your animation by depicting the state of the array and key variables after each
pass of the algorithm’s loop; each row in your history view could correspond to one pass of the
algorithm’s loop.

In sum, think of the homemade animation you’ll be developing as an exercise in “implementing” a
general-purpose graphical simulation. Your animation is general-purpose because you should be
able to walk through the animation for any input data set you choose. However, for this exercise,
you will only be focusing on a few input data sets, which you should choose carefully so as to cover a
wide range of possible cases.
A word on the story component of the exercise. Coming up with a story to illustrate any
algorithm is challenging! Please don’t get hung up for too long trying to come up with a personallymeaningful story that illustrates the algorithm. If, after a few minutes, you still haven’t come up
with a story. then just go with whatever visual representation of the algorithm comes to mind. If you
can come up with a story, then great! But for this exercise, actually constructing a homemade
animation, even if it is not based on a story, is more important.
Taking a break, and asking questions. Feel free to take a break at any time. (Note that you will
be given a half hour lunch break two hours into the session.) If you have questions, raise your hand
and I’ll come around to help you. If you haven’t finished when time is called, please stop what you’re
doing and hand in what you have finished.
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The QuickSelect Algorithm: Selection in Expected Linear
Time85

The Problem
The ith order statistic of a set of n elements is the ith smallest element. For example, the minimum
of a set of elements is the first order statistic (i = 1), and the maximum is the nth order statistic (i =
n).
The selection problem—that of selecting the ith order statistic from a set of n numbers—can be solved
in O(n lg n) time, since we can sort the numbers using heapsort or merge sort and then simply index
the ith element in the output array. There are faster algorithms, however; the algorithm described
below solves the selection problem in linear time in the average case.

The Algorithm
QUICKSELECT is a divide-and-conquer algorithm modeled after the well-known QUICKSORT sorting
algorithm. As in QUICKSORT, the idea is to partition the input array recursively. But unlike
QuickSort, which recursively processes both sides of the partition, QUICKSELECT only works on one
side of the partition. This difference shows up in the analysis: whereas QUICKSORT has an expected
running time of Θ(n lg n), the expected time of QUICKSELECT is Θ (n).

How QuickSelect Works
QUICKSELECT makes use of the same PARTITION procedure used by the QUICKSORT algorithm.
(PARTITION is described in detail on the next page.) The following pseudocode for QUICKSELECT
returns the ith smallest element in the array A[left. .right]:
QUICKSELECT(A,left,right,i)
1
2
3
4
5
6
7
8
9

if left = right
then return A[left]
mid ← PARTITION(A,left,right)
k ← mid – left + 1
if i ≤ k
then return QUICKSELECT(A,left,mid,i)
else return QUICKSELECT(A,mid+1,right,i – k)
endif
end QUICKSELECT

After PARTITION is executed in line 3 of the algorithm, the array A[left. .right] is partitioned into two
nonempty subarrays A[left. .mid] and A[mid+1. .right] such that each element of A[left. .mid] is less
than each element of A[mid+1. .right]. Line 4 of the algorithm computes the number k of elements in
the subarray A[left. .mid]. The algorithm now determines in which of the two subarrays A[left. .mid]
and A[mid+1. .right] the ith smallest element lies. If i ≤ k, then the desired element lies on the low
side of the partition, and it is recursively selected from the subarray in line 6. If i > k, however, then
85Excerpted

and adapted from Cormen, T. H., Leiserson, C. E., & Rivest, R. L. (1990). Introduction to
Algorithms. Cambridge, MA: The MIT Press, pp. 153–155, 185, 187–188.
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the desired element lies on the high side of the partition. Since we already know k values that are
smaller than the ith smallest element of A[left. .right]—namely, the elements A[left. .mid]—the
desired element is the (i – k)th smallest element of A[mid+1. .right], which is found recursively in
line 7.

How PARTITION works
The key to the QUICKSELECT algorithm is the PARTITION procedure, which rearranges the subarray
A[left. .right] in place. The following pseudocode describes the procedure:
PARTITION(A,left,right)
1
2
3
4
5
6
7
8
9
10
11
12
13

piv ← A[left]
l ← left
r ← right
while l < r do
while A[l] ≤ piv and l < right do l ← l + 1 endwhile
while A[r] > piv and r > left do r ← r – 1 endwhile
if (l < r)
then exchange A[l] ↔ A[r] endif
endwhile
mid ← r
exchange A[left] ↔ A[mid]
return mid
end PARTITION

Figure 1 shows how PARTITION works. It first selects an element piv = A[left] from A[left. .right] as
the “pivot” element around which to partition A[left. .right]. It then grows two regions A[left. .l] and
A[r. .right] from the left and right of A[left. .right] respectively, such that every element in A[left. .l]
is less than or equal to piv, and every element in A[r. .right] is greater than piv.
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A [left. .right]
4

3

5

6

2

1

3

↑
l

7

4

3

↑
r

5

6

2

1

↑
l

(a)

3

7

4

3

3

↑
r

6

2

3

3

6

(b)

↑
l
(d)

2

1

↑
r

5

7

4

3

3

1

↑
r
(e)

5

7

↑
r
(c)

A[left. .mid]
4

1

↑
l

2

6

↑
l

5

7

2

3

3

1

A[mid+1..right]
4

6

5

7

↑
mid
(f)

Figure 1 The operation of PARTITION on a sample array. Unshaded array elements have been placed into the correct
partitions, and shaded elements are not yet in their partitions. (a) The input array, with the initial values of l and r. We
partition around pivot = A[l] = 4. (b) The positions of l and r at line 7 of the first iteration of the main while loop. (c) The
result of exchanging the elements pointed to by l and r in line 8. (d) The positions of l and r at line 7 of the second iteration of
the main while loop. (e) The positions of l and r at line 7 of the third and last iteration of the main while loop. The loop
terminates because now l ≥ r. (f) The final state of A, after A[mid] is swapped with A[left] (line 11). The procedure returns
the altered array A, and mid = 5. ). Notice that A has been altered such that array elements up to and including A[mid] are
less than or equal to A[mid], and array elements after A[mid] are greater than A[mid].

Within the body of the while loop, the index l is incremented (line 5), and the index r is decremented
(line 6), until A[l] > piv ≥ A[r]. At this point, we know that A[l] is too large to belong to the left-hand
region, and A[r] is too small to belong to the right-hand region. Thus, by exchanging A[l] and A[r], we
can extend the two regions.
The body of the while loop (lines 5 – 8) repeats until l ≥ r, at which point the entire array
A[left. .right] has been partitioned into two subarrays A[left. .r] and A[r+1. .right] such that all
elements in the left-hand partition A[left. .r] are less than or equal to pivot, and all elements in the
right-hand partition A[r+1. .right] are greater than the pivot. As a final step (line 10), the procedure
swaps A[left] and A[mid] (mid = r; see line 11), so that A[mid] actually contains the pivot element.
Thus, at the end of the procedure, we have that A[left. .mid] ≤ A[mid] < A[mid+1. .right]. If we were
sorting the array A into ascending order, note that the pivot element would now be in its rightful
place in the array A.
Conceptually, the PARTITION procedure performs a simple function: It puts elements smaller than or
equal to the pivot element into the left-hand region of the array, and elements larger than the pivot
element into the right-hand region. It then places the pivot element between the two regions, so that
all elements to the left of the pivot element are less than or equal to the pivot, and all elements to
the right of the pivot element are greater than the pivot.
n
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D.6 Tracing Task Instructions

INSTRUCTIONS: TRACING TASKS
Your Participant Code:
You are about to begin a series of five tracing tasks. For each tracing task, you will be asked to trace
through the QuickSelect algorithm for a particular set of input data. Using Microsoft Word, you will
document your trace by filling in a predefined table that has the following form (see boxes for
explanations of what to fill in for each entry):
VALUE
OF LOW

VALUE
OF
HIGH

RANK OF
ELEMENT
TO
SELECT

The values of low and high,
which define the subarray
to process in the current
call to QUICKSELECT. Assume
that the array indices start at
1.

VALUE
RETURNED
BY
PARTITION

the rank of the
element to select
within current
subarray (e.g., the
third-smallest
element would have
rank 3)

STATE OF ARRAY AFTER PARTITION

the value returned by
the PARTITION
procedure

Values of all array
elements after (not
before) the call to the
PARTITION procedure
(one array value per
box)

Please fill in one row of the table for each recursive call made to the QUICKSELECT algorithm. Be
sure to list the entire array in each row; every box should have a value. (Note: To start a new row
within a Microsoft Word table, position the cursor in the last column of the last row of the table, and
then hit the tab key.) In addition, please determine the final output of the QuickSelect algorithm—
the final position of the selected element within the array, as well as its value. Indicate these values
by filling in the simple table that appears as follows:

FINAL POSITION OF SELECTED ELEMENT:
VALUE OF SELECTED ELEMENT:
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Before you begin the tracing exercises, please note the following:
1. You will work on a total of four tracing exercises. You will have up to 25 minutes to complete
each exercise. Please work as quickly as possible, but do not sacrifice accuracy for speed.
Accuracy is more important.
2. As mentioned above, you will be filling in tables directly on the computer. The tables are
predefined as Microsoft Word templates. When you are instructed begin work on a trace (from
within Microsoft Word), select New... from the File menu. Click on the Task 2 tab, and then
choose the icon labeled
QuickSelect Trace n
where n = 1, 2, 3, or 4. Make sure to choose only the trace number that you are instructed to
work on.
3. Once you have created a new document using one of the QuickSelect Trace templates,
immediately save the document (ctrl-s or Save on the File menu) in the C:\Experiment
directory under the following name:
code Trace n
where code is the special code number assigned to you (see the top of this document for your
code), and n is the number of the trace you are about to perform (1 – 4). For example, “CN#23
Trace 3” might be a valid filename. Because the file timestamps will be used to calculate how
much time you spend on each exercise, it is essential that you save the document before doing
anything else.
4. Please remember to save your document periodically as you work.
5. If you finish a tracing exercise before time is called, first save it (ctrl-s or Save on the File menu),
and then close it (Close on the File menu). Finally, turn your monitor off, to indicate that you are
done. Do not go on to another exercise until you are instructed to do so.
If you have questions at any point, please raise your hand, and I will come around to help you.
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D.7 Tracing Tasks

QUICKSELECT TRACING EXERCISE #1
Please trace through the execution of the QuickSelect algorithm for the following input data:

Select the 4th smallest element from [12,6,9,24,3,12,4,11,15,8]
Refer to the handout labeled “Tracing Exercise Instructions” for detailed instructions, and for
detailed explanations of the trace values to fill in below.

VALUE
OF LOW

1

VALUE
OF

RANK OF
ELEMENT
TO

VALUE
RETURNED
BY

HIGH

SELECT

PARTITION

10

4

FINAL POSITION OF SELECTED
ELEMENT:
VALUE OF SELECTED ELEMENT:

STATE OF ARRAY AFTER PARTITION

215

QUICKSELECT TRACING EXERCISE #2
Please trace through the execution of the QuickSelect algorithm for the following input data:

Select the smallest element from [7,20,11,13,19,8,14,22,17,16]
Refer to the handout labeled “Tracing Exercise Instructions” for detailed instructions, and for
detailed explanations of the trace values to fill in below.

VALUE
OF LOW

1

VALUE
OF
HIGH

10

RANK OF
ELEMENT
TO
SELECT

VALUE
RETURNED
BY
PARTITION

1

FINAL POSITION OF SELECTED
ELEMENT:
VALUE OF SELECTED ELEMENT:

STATE OF ARRAY AFTER PARTITION
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QUICKSELECT TRACING EXERCISE #3
Please trace through the execution of the QuickSelect algorithm for the following input data:

Select the 7th smallest element from [11,3,19,8,20,15,22,9,19,13]
Refer to the handout labeled “Tracing Exercise Instructions” for detailed instructions, and for
detailed explanations of the trace values to fill in below.
VALUE
OF LOW

1

VALUE
OF
HIGH

10

RANK OF
ELEMENT
TO
SELECT

VALUE
RETURNED
BY
PARTITION

7

FINAL POSITION OF SELECTED
ELEMENT:
VALUE OF SELECTED ELEMENT:

STATE OF ARRAY AFTER PARTITION
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QUICKSELECT TRACING EXERCISE #4
Please trace through the execution of the QuickSelect algorithm for the following input data:

Select the 5th smallest element from [27,23,20,19,16,15,12,9,7,3]
Refer to the handout labeled “Tracing Exercise Instructions” for detailed instructions, and for
detailed explanations of the trace values to fill in below.

VALUE
OF LOW

1

VALUE
OF
HIGH

10

RANK OF
ELEMENT
TO
SELECT

VALUE
RETURNED
BY
PARTITION

5

FINAL POSITION OF SELECTED
ELEMENT:
VALUE OF SELECTED ELEMENT:

STATE OF ARRAY AFTER PARTITION
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D.8 Programming Task Instructions

INSTRUCTIONS: PROGRAMMING TASK
Your Participant Code:
Overview. In the task you’re about to begin, you’ll implement, in a real programming language, the
QUICKSELECT algorithm that you previously studied. Fortunately, you don’t have to write your
implementation from scratch. Instead, you’ll work with a skeleton program written in either Java or
C++ (your choice). The skeleton program
•

defines a QSelectAlg class containing all necessary data and methods;

•

implements for you a method that requests input data from the user and initializes class
data members appropriately;

•

interfaces the class with a main program that reports the algorithm’s output to the user; and

•

stubs out the particular code segments that you are responsible for implementing.

The skeleton program thus provides a solid starting point, enabling you able to focus exclusively on
implementing the QUICKSELECT algorithm. Note that you will have 35 minutes to work on this
exercise.
Steps. To complete the implementation task, follow these steps:
1. Choose a language. Attached you’ll find a complete printout of the skeleton program in both
Java and C++. You might want to take a look at both printouts in order to help you choose a
language.
2. Open the skeleton program for editing. Once you’ve chosen a language, open (or maximize)
Microsoft Word, and choose New... from the File menu. Click on the Task 2 tab, and then doubleclick on the icon corresponding to the programming language you’ve chosen—Java Skeleton if
you’d like to program in Java, or C++ Skeleton if you’d like to program in C++. The
corresponding skeleton program will then come up in a new document. Immediately save the
document by typing ctrl-s or by choosing Save from the File menu. Save the document in the
C:\Experiment directory under the following name:
code Program lang
where code corresponds to your participant code (see top of this page), and lang corresponds to
the programming language you’ve chosen (C++ or Java). For example, “NC53 Program Java”
might be a valid file name. Because the file timestamps will be used to calculate how much time
you spend on each exercise, it is essential that you save the document before doing anything else.
3. Implement the missing code. You’ll notice that the skeleton code is color-coded to enhance its
readability. In particular, comments are shaded green, keywords are shaded blue, and (most
important for you) the places where you must fill in your own code are clearly marked with red
***TO DO*** blocks containing brief instructional message. Your task is to complete the
implementation of the algorithm by filling in the missing code. In essence, you will need to
implement three pieces of code:
•

The recursive select() method;
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•

The partition() method; and

•

The parameter list in the original call to the select method, which is located within the
QSelect() method.

Filling in this code will round out a complete implementation of the version of the QuickSelect
algorithm that you have been exploring in this study. (Note: As you implement code, please do
not worry about color-coding your code according to the conventions established in the file. Also
remember to save the file periodically as you work.
4. Finishing up the task. Work on the task until you are satisfied that your program is free of
syntactic and semantic errors, or until time is called. If you complete the task before time is
called, please close your file, making sure to save it first. Then turn your monitor off in order to
indicate that your are done.
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D.9 Java QuickSelect Skeleton
/************************************************************************
QSELECTALG.JAVA
Your Participant Code:________________
=========================================================================
This file contains the source code for the QSelect class, a Java
implementation of the QuickSelect algorithm you've been learning about
in this study.
Some of the class has already been implemented for you—most significantly,
the GetInputData method, which obtains the input data from the user and
initializes the member data (the array a, the rank kth, and the size of
the array num_elts).
Your task is to complete the implementation of the class by filling in
the missing code. All places where you are to fill in code are clearly
marked with commented red ***TO DO*** blocks. In essence, you will be
implementing two methods--the recursive select procedure and the
partition procedure. These methods will round out a complete
implementation of the version of the QuickSelect algorithm that you have
been exploring in this study.
*************************************************************************/
import java.io.*;
public class QSelectAlg
{
private static DataInputStream input = new DataInputStream (System.in);
private final int MAX_SELECT_ELTS = 50; // Maximum number of elements to select from
private final int MIN_VALUE = 1;
// Minimum value any element can have
private final int MAX_VALUE = 100;
// Maximum value any element can have
private int a []; //The array containing the integers to select from; allocated within
//GetInputData().
private int num_elts; //The number of elements in a;
//initialized within GetInputData()
private int kth;

//The rank of the element to select;
//initialized within GetInputData()

public static void main (String argv [])
//*************************************************************************
// The main program executes a do-while loop in which the GetInputData() method
// is called to initialize the input data; the QSelect() method is called to
// execute the algorithm on those input data; and the user is given the option
// of running the algorithm on a new set of input
//*************************************************************************
{
QSelectAlg Q = new QSelectAlg();
try
{
char ans;
do {
Q.GetInputData();
int result = Q.QSelect();
System.out.println ("The QuickSelect algorithm returned " + result + ".");
System.out.println ("Would you like to run the algorithm on a new input data set
(Y/N)?");
ans = input.readLine ().charAt (0);
} while (ans == 'y' || ans == 'Y');
}
catch (IOException e)
{
// Just end the program
};
}
public QSelectAlg()
//*************************************************************************
// GIVEN : Nothing
// TASK
: Perform preliminary initializations of member data
//*************************************************************************
{
num_elts = 0;
kth = 0;
}
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public void GetInputData()
//*************************************************************************
// GIVEN : Nothing
// TASK
: Request from the user the input data for an execution of the
//
the QuickSelect algorithm. In particular, ask the user to
//
input the size of the array, the array elements, and the rank
//
of the element to select. Perform minimal error-checking to
//
ensure that the input data are valid.
//*************************************************************************
{
System.out.println ("***QUICKSELECT ANIMATION***");
System.out.print ("Please enter number of elements to be selected from (" + 2 + " - " +
MAX_SELECT_ELTS + "):");
num_elts = getInt (2, MAX_SELECT_ELTS);
a = new int[num_elts];
System.out.println ("Enter the integer elements, one per line");
for (int count=0; count<num_elts; ++count)
{
a [count] = getInt (MIN_VALUE, MAX_VALUE);
}
System.out.print ("Enter the rank of the element you wish to select:");
kth = getInt (1, num_elts);
}

public int QSelect()
//*************************************************************************
// GIVEN : Nothing
// TASK
: Execute the QuickSelect algorithm on the input data that have
//
been entered. (You MUST call the GetData() method before
//
calling this method.)
// RETURN : The value of the kth smallest element in a.
//*************************************************************************
{
return select( /* ***TO DO*** FILL IN PROPER PARAMETERS HERE */ );
}
private int partition( /* ***TO DO*** FILL IN PROPER PARAMETERS HERE */ )
//*************************************************************************
// GIVEN : ??? (***TO DO*** FILL IN DOCUMENTATION HERE)
// TASK
: Partition the current subarray a[j..k] into two sections
//
a[j..m] and a[m+1..k], such that all elements a[j..m] are
//
less than or equal to a[m], and all elements a[m+1..k] are
//
greater than m.
// METHOD : ALWAYS CHOOSE A[J] (THE FIRST ELEMENT IN THE CURRENT SUBARRAY)
//
AS THE PIVOT ELEMENT
// RETURN : m, the location of the pivot element after the partitioning
//
is finished.
//***********************************************************************
{
/* ***TO DO*** FILL IN THE CODE FOR THE PARTITION METHOD HERE */
}

private int select( /* ***TO DO***

FILL IN PROPER PARAMETERS HERE */ )

//*************************************************************************
// GIVEN : ??? (***TO DO*** FILL IN DOCUMENTATION HERE)
// TASK
: select the kth element from the current subarray
// METHOD : Use the recursive divide-and-conquer QuickSelect algorithm
//
that you have been exploring in this study; call on the
//
paritition routine (which you implemented above) as needed.
// RETURN:
The value of the kth smallest element in a, (remember that
//
kth and a are member data)
//*************************************************************************
{
/* ***TO DO*** FILL IN THE CODE FOR THE SELECT METHOD HERE */
}
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private int getInt (int low, int high)
//*************************************************************************
// GIVEN : low and high, defining the range of valid input data
// TASK
: Read in an integer value, making sure that is within range
// RETURN : The valid integer value that was read in
//*************************************************************************
{
int result = low;
boolean success;
do
{
success = false;
try
{
result = Integer.parseInt (input.readLine ());
if (result < low || result > high)
throw new IOException ("value out of range");
success = true;
}
catch (Exception e)
{
System.out.println ("You must enter an integer between " + low + " and " +
high + ".");
}
} while ( ! success);
return result;
}
}
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D.10 C++ QuickSelect Skeleton
/************************************************************************
QSELECT.CPP
Your Participant Code:________________
=========================================================================
This file contains the source code for the QSelect class, a C++
implementation of the QuickSelect algorithm you've been learning about
in this study.
Some of the class has already been implemented for you--in particular,
the class constructor and destructor, as well as the GetInputData method,
which obtains the input data from the user and initializes the member data
(the array a, the rank kth, and the size of the array num_elts).
Your task is to complete the implementation of the class by filling in
the missing code. All places where you are to fill in code are clearly
marked with red ***TO DO*** blocks. In essence, you will be
implementing two methods--the recursive select procedure and the
partition procedure. These methods will round out a complete
implementation of the version of the QuickSelect algorithm that you have
been exploring in this study.
*************************************************************************/
#include <stdio.h>
const int max_select_elts = 50; // Maximum number of elements to select from
const int min_value = 1;
// Minimum value any element can have
const int max_value = 100;
// Maximum value any element can have
class QSelectAlg {
public:
QSelectAlg() {
//*************************************************************************
// GIVEN : Nothing
// TASK
: Perform preliminary initializations of member data
//*************************************************************************
num_elts = 0;
kth = 0;
a = NULL;
}
void GetInputData()
//*************************************************************************
// GIVEN : Nothing
// TASK
: Request from the user the input data for an execution of the
//
the QuickSelect algorithm. In particular, ask the user to
//
input the size of the array, the array elements, and the rank
//
of the element to select. Perform minimal error-checking to
//
ensure that the input data are valid.
// METHOD : Helper method getInt accepts the actual input
// RETURN : Nothing, but num_elts, a, and kth are properly initialized
//*************************************************************************
{
int count;
printf("***QUICKSELECT ANIMATION***\n");
printf("Please enter number of elements to be selected from (2 - %d):\n",
max_select_elts);
num_elts = getInt(2,max_select_elts);
if (a != NULL) //We need to free up a's heap space before re-allocating a
delete [] a;
a = new int[num_elts];
printf("Enter the integer elements, one per line\n");
for (count = 0; count < num_elts; ++count)
a[count] = getInt(min_value,max_value);
printf("Please enter the rank of the element to select (1 - %d)\n",num_elts);
kth = getInt(1,num_elts);
}

int QSelect()
//***********************************************************************
// GIVEN : Nothing
// TASK
: Execute the QuickSelect algorithm on the input data that have
//
been entered. (You MUST call the GetData() method before
//
calling this method.)
// RETURN:
The value of the kth smallest element in a.
//***********************************************************************
{
return select(/* ***TO DO*** FILL IN PROPER PARAMETERS HERE */);
}

~QSelectAlg() {
//*************************************************************************
// GIVEN : Nothing
// TASK
: Free the array heap space.
//************************************************************************
delete [] a;
}
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private:
int *a; //The array containing the integers to select from;
//dynamically allocated on the heap within GetInputData().
int num_elts; //The number of elements in a;
//initialized within GetInputData()
int kth; //The rank of the element to select;
//initialized within GetInputData()
int getInt(int low, int high)
//*************************************************************************
// GIVEN : low and high, defining the range of valid input data
// TASK
: Read in an integer value, making sure that it is within range
// RETURN : The valid integer value that was read in
//*************************************************************************
{
int success, result;
do {
success = scanf("%d", &result);
if ((!success) || (result < low) || (result > high))
printf("You must enter an integer between %d and %d. Please reenter.\n",
low, high);
} while ((!success) || (result < low) || (result > high));
return result;
}
int partition( /* ***TO DO*** FILL IN PROPER PARAMETERS HERE */ )
//*************************************************************************
// GIVEN : ??? (***TO DO***: FILL IN DOCUMENTATION HERE)
// TASK
: Partition the current subarray a[j..k] into two sections
//
a[j..m] and a[m+1..k], such that all elements a[j..m] are
//
less than or equal to a[m], and all elements a[m+1..k] are
//
greater than m.
// METHOD : ALWAYS CHOOSE A[J] (THE FIRST ELEMENT IN THE CURRENT SUBARRAY)
//
AS THE PIVOT ELEMENT
// RETURN: m, the location of the pivot element after the partitioning
//
is finished.
//*************************************************************************
{
/* ***TO DO*** FILL IN THE CODE FOR THE PARTITION METHOD HERE */
}

int select( /* ***TO DO***

FILL IN PROPER PARAMETERS HERE */ )

//************************************************************************
// GIVEN : ??? (***TO DO***: FILL IN DOCUMENTATION HERE)
// TASK
: select the kth element from the current subarray
// METHOD : Use the recursive divide-and-conquer QuickSelect algorithm
//
that you have been exploring in this study; call on the
//
paritition routine (which you implemented above) as needed.
// RETURN:
The value of the kth smallest element in a, (remember that
//
kth and a are member data)
//***********************************************************************
{
/* ***TO DO*** FILL IN THE CODE FOR THE SELECT METHOD HERE */
}
};
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void main()
//***********************************************************************
// The main program executes a do-while loop in which the GetInputData() method
// is called to initialize the input data; the QSelect() method is called to
// execute the algorithm on those input data; and the user is given the option
// of running the algorithm again on a new set of input data.
//***********************************************************************
{
char ch;
int result;
QSelectAlg *Q = new QSelectAlg();
do {
Q->GetInputData();
result = Q->QSelect();
printf("The QuickSelect algorithm returned %d.\n",result);
printf("Would you like to run the algorithm on a new input data set (Y/N)?\n");
scanf("%1s", &ch);
} while ((ch == 'Y') || (ch == 'y'));
delete Q;
}
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D.11 Instructions for Finishing Up

INSTRUCTIONS: FINISHING UP THE STUDY
Congratulations! you are just about done with this study. Thank you so much for agreeing to
participate. You can leave feeling good that your participation not only has helped me to complete
my dissertation research, but also has contributed to the advancement of science! Before you leave
and receive your check for participating, please do the following:
1. Back up your files to floppy disk. I have given you a floppy disk labeled with your participant
code. Please use My Computer or Windows Explorer in Microsoft Windows to copy (not move!)
all of your files from the C:\Experiment directory to that floppy disk (A:\). If you are
unfamiliar with Microsoft Windows and need help copying the files, raise your hand and I’ll come
around to help you. When you are done copying the files, please remove the floppy disk from the
disk drive and place it with your other materials.
2. Fill out the exit questionnaire. Attached you’ll find a brief exit questionnaire that asks you to
assess your experiences in this study. Please take a few minutes to provide written responses to
the five questions on the questionnaire. If you need more space, feel free to use the back of the
questionnaire or additional sheets of scratch paper.
When you have completed these two things, raise your hand and I’ll come around to give you your
check. Thanks again!
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D.12 Exit Questionnaire: Active Viewing Group
ALGORITHM ANIMATION STUDY: EXIT QUESTIONNAIRE (AV)
(Feel free to use the back of this sheet if you need more space.)
1. Do you feel that studying and interacting with the algorithm animation helped you to learn the
QuickSelect algorithm? Why or why not?

2. What, if anything, did you like about using algorithm animation to learn about how the
QuickSelect algorithm works? What, if anything, did you not like?

3. Do you feel you had sufficient time to study and interact with the QuickSelect animation? If not,
how much more time would you have liked? What would you have done in the extra time?

4. Do you feel you had sufficient time to complete the tracing and programming exercises? If not,
how much more time do you feel you would have needed?

5. If you had known in advance the exact exercises (i.e., the tracing and the programming exercises)
that you would be tested on , would you have done anything differently during the learning
phase of this study? If so, what?

6. In the future, would you use algorithm animation as a study or learning aid? If so, In what
capacity?
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D.13 Exit Questionnaire: Self-Construction Group
ALGORITHM ANIMATION STUDY: EXIT QUESTIONNAIRE (SC)
(Feel free to use the back of this sheet if you need more space.)
1. Do you feel that the homemade algorithm animation construction exercise helped you to learn
how the QUICKSELECT algorithm works? Why or why not?

2. What, if anything, did you like about constructing your own animation as a means of learning
about how the QUICKSELECT algorithm works? What, if anything, did you not like?

3. Do you feel that you had sufficient time to construct your animation, simulate it on input data
sets, and construct history views? If not, how much more time would you have needed? What
would you have done in that extra time?

4. Do you feel you had sufficient time to complete the tracing and programming exercises? If not,
how much more time do you feel you would have needed?

5. If you had known in advance the exact exercises (i.e., the tracing and the programming exercises)
that you would be tested on , would you have done anything differently during the animation
construction phase of this study? If so, what?

6. In the future, would you use algorithm animation construction as a study or learning aid? If so,
In what capacity?
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APPENDIX F
SALSA LANGUAGE SUMMARY
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F.1 Commands

F.1.1 Storyboard Element Creation, Deletion, and Attribute Modification
COMMAND:

Create

SYNTAX:

(1) create <element> <name> [<initial-attribute-settings>]
(2) create <element> <name> as clone of <extant-element> [<overridden
attributes>]
(3) create refpoint <name> of <cutout-ref> at <pos>

DESCRIPTION:

<name> identifies a new <element> (cutout, position, or grid) to be instantiated. <initialattribute-settings> is an optional list of attribute-value pairs of the
following form: -<attribute-name> <value>. For each such pair, <value> is
assigned to the corresponding attribute identified by <attribute-name>. See
the tables below for a complete list of the attributes associated with cutouts and grids.
A new <element> (cutout, position, or grid) called <name> is created, taking on the appearance
of the prototype <extant-entity>. <name> assumes all of the attribute values of <extantentity>, except for those explicitly overridden in <overridden-attributes>, which is a list of
attribute-value pairs as above.
<name> identifies a new refpoint to be associated with the existing cutout <cutout-ref>; the
position <pos> of the refpoint is in relative Cartesian coordinates, but in practice is specified by
direct manipulation. The refpoint <name> may be used like any other attribute of <cutoutref>.

EXAMPLES:

create cutout foo -visible false
create cutout bar as clone of foo -visible true
create refpoint arm of foo at 0.6, 0.7

COMMAND:

Place

SYNTAX:

place <name> at <location>;

DESCRIPTION:

Positions the (previously-created) storyboard element <name> at <location>, which is either
specified by direct-manipulation (e.g., you simply drag the storyboard element into the storyboard
window and drop it where you want), or is specified in terms of its relationship to storyboard
elements that are already in the storyboard.

EXAMPLES:

place player at gridpos 2,2 of mygrid
place bottom-center of arrow at top-border of gridpos 2,2 of mygrid

COMMAND:

Delete

SYNTAX:

delete <entity-ref>

DESCRIPTION:

Destroys <entity-ref>; the entity disappears from the screen and cannot be reclaimed.

EXAMPLES:

delete mygrid
delete mycutout
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COMMAND:

Assign

SYNTAX:

assign <alternative-name> to <entity-ref>

DESCRIPTION:

Gives extant storyboard element <entity-ref> an alternative name
<alternative-name>.

EXAMPLES:

assign current_max to cutout in a left-of cutout at gridpos 1 of a

COMMAND:

Set

SYNTAX:

set <attribute> of <entity-ref> to <value>

DESCRIPTION:

Explicitly sets the attribute <attribute> of the storyboard element <entity-ref> to the new
value <value>. See the tables below for a complete listing of attributes.

EXAMPLES:

set number of rows of my-grid to 5;
set highlighted of my-cutout to true;

F.1.2 Conditionals and Iteration
COMMAND:

If-then-else

SYNTAX:

if <boolean-test> then
<SALSA-command-list>
else
<SALSA-command-list>
endif
Supports conditional branching. <boolean test> can take one of two forms:

DESCRIPTION:

•

A spatial test. Uses one of the 10 spatial relations keywords (p. 2) to compare the
spatiality of two storyboard elements—for example, my-cutout is left-of your-cutout.

•

An attribute test. Tests or compares the non-spatial attributes of storyboard elements—
for example, highlighted of my-cutout is true; height of my-cutout < height of yourcutout.

EXAMPLES:

if my-cutout is below your-cutout
move mycutout up 2.5 * height of my-cutout
else
flash yourcutout for 1.5 sec
endif

COMMAND:

While

SYNTAX:

while <boolean-test> do
<SALSA-command-list>
endwhile
Supports conditional iteration. See description of If-the-else for an explanation of <booleantest>.

DESCRIPTION:

EXAMPLES:

while mycutout is left-of left-center of mygrid
move cutout right cellwidth of mygrid
flash cutout for 1.5 sec;
flash cutout in mygrid above mycutout out for 1.5 sec;
endwhile
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COMMAND:

Foreach

SYNTAX:

(1) foreach gridpos <pos> of <entity-ref> [from <row>,<col> to
<row>,<col>] do
<SALSA-command-list>
endforeach

DESCRIPTION:

(2) foreach <entity> <iterator> [such that <boolean test involving
iterator>]
<SALSA-command-list>
endforeach
Supports iteration over a set of storyboard elements (cutouts, positions, or grid positions):
(1)

Iterates over a set of positions associated with a grid; the optional from-to clause allows a
specific range of grid positions to be specified.

(2) Iterates over all storyboard elements that satisfy a certain boolean test (see the description
of if-then-else above for an explanation of boolean tests in SALSA).
EXAMPLES:

foreach cutout c such that c is left-of mycutout do
move c right 1.5 * width of mycutout
endforeach
foreach gridpos p of mygrid from 1,1 and 7,1
if p is unoccupied then
move mycutout to pos
endif
endforeach

F.1.3 Animation
COMMAND:

Move

SYNTAX:

(1) move <entity-ref> to <position-ref> [over <time> sec]
[along <path-spec> path]
(2) move <entity-ref> <direction> <distance> [over <time> seconds]
[along <path-spec> path]
Causes a cutout or grid to move from its present location to a new location:

DESCRIPTION:

EXAMPLES:

(1)

Requires a position (possibly relative to the location of an extant object) to be
specified as the destination of the move,

(2)

Uses a distance (as a percentage of the height or width of an extant storyboard
object) and direction (left, right, up, down) to determine the destination of the
move.

(3)

Both (1) and (2) take optional information regarding the duration of the move (in
seconds and fractions thereof, and the shape of the path (straight, jump, clockwise,
counterclockwise, custom). In the case of a custom path, the user specifies the path
via direct manipulation.

move mycutout to top-center of arrow over 2.0 sec along counterclockwise
path
move mycutout down (1.5 * width of mycutout)
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COMMAND:

Resize

SYNTAX:

resize <cutout-ref> to <height-factor>, <width-factor> [over <time> sec]

DESCRIPTION:

Changes the size of cutout <cutout-ref>. The new size of <cutout-ref> is specified by
<height-factor> and <width-factor>, both of which must be expressions involving the
heights and widths of existing objects. The duration of the resizing can be specified using the
optional over <time> sec clause.

EXAMPLE:

resize mycutout to 0.5 * height of mycutout, 0.3 * width of mycutout over
1.0 sec

COMMAND:

Flash

SYNTAX:

flash <cutout-ref> for <time> sec

DESCRIPTION:

Flashes (i.e., rapidly changes from filled to unfilled) cut out <cutout-ref> over a specified
period of time. Note that <cutout-ref>’s fillcolor attribute is used to determine the fill
color.

EXAMPLE:

flash mycutout for 1.5 sec

COMMAND:

Doconcurrent

SYNTAX:

doconcurrent
<animation-command-list>
enddoconcurrent;
Executes multiple animation commands simultaneously. <animation-command-list> is a
sequence of two or more animation commands. Note that doconcurrent statements may not
be nested.

DESCRIPTION:

EXAMPLE:

doconcurrent
move my-cutout up 1.5 * height of my-cutout
move your-cutout down 1.5 * height of your-cutout
enddoconcurrent
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F.2 Attributes of Storyboard Elements
On the following pages are terse summaries of all of the attributes defined on SALSA objects
(cutouts, positions, and grids). The first table lists the attributes that all SALSA object types have in
common. The subsequent three tables include attributes unique to each of the three SALSA object
types. Note that all asterisked (*) attributes may be directly set by the programmer using the set
command (set <attribute> to <value>).
F.2.1 SALSA Object Attributes
The following table lists attributes that are common to all three SALSA object types.
Attribute
name*
id
data*

Possible values
text string
text string
text string

Default Value
null
—
“” (Empty string)

datavisible*

true, false

true

dataposition*

below

visible*
highlighted*

bottom-center, topcenter, center, leftcenter, rightcenter, ur-corner,
lr-corner, ulcorner, ll-corner,
custom
true, false
true, false

height

—

—

width

—

—

viewplane*

integer

1

bottom-center,
top-center, center,
left-center, rightcenter, ur-corner,
lr-corner, ulcorner, ll-corner,
custom
refpoint*

—

—

bottom-center, topcenter, center, leftcenter, rightcenter, ur-corner,
br-corner, ulcorner, bl-corner,
custom

center

true
false

Description
A text identifier for the object
System-defined unique identifier for the object
The data associated with the object, stored as a
string.
Whether or not to display the data associated with
the object.
Where to display the object’s data with respect to the
object

Whether or not the object is visible
Whether or not the cutout is highlighted (using
reverse-video).
Refers to the height of object; may only be changed
through the resize animation command.
Refers to the width of object; may only be changed
through the resize animation command.
The vertical view plane at which the object resides.
The front-most storyboard element resides in plane
1; the further the view plane is from the front, the
higher its number.
Refer to various x,y locations in and around the
object . Custom reference points may also be
associated with an object

The location that is actually referred to whenever
the object is referred to (as in, e.g., if mycutout is leftof yourcutout then. . .). By default, this reference
point is the geometric center of the cutout. It may be
set to a custom refpoint (e.g., elbow) as well.
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F.2.2 Cutout attributes
In addition to the SALSA object attributes listed above, the following attributes are defined on
cutouts:
Attribute
graphicrep*

Possible values
text string

Default Value
—

outlinecolor*

red, green, blue,
purple, black,
white, orange,
gray, brown,
yellow
same as above

black

Description
The name of the file containing the cutout’s graphics;
must be a .cut file
The outline color of the cutout

white

The fill color of the cutout

fillcolor*

F.2.3 Position Attributes
In addition to the SALSA object attributes listed above, the following attributes are defined on
positions:
Attribute
xcoord
ycoord

Possible values
float
float

Default Value
0.5
0.5

Description
The x-coordinate of the position
The y-coordinate of the position

F.2.4 Grid Attributes
In addition to the SALSA object attributes listed above, the following attributes are defined on grids:
Attribute

Possible values

Default Value

Description

rows*
columns*
gridpoints*
externalborder*
internalborder*
cellheight

integer
integer
true, false
true, false
true, false
Expression involving
heights and widths of
cutouts
Expression involving
heights and widths of
cutouts

1
5
false
false
false
—

The number of rows in the grid.
The number of columns in the grid.
Whether or not to show cell grid points.
Whether or not to show the grid’s outer border
Whether or not to show the grid’s outer border
The height of a cell in the grid; all cells in a grid have the
same height, which is determined by the tallest cutout
contained by the grid.
The width of a cell in the grid; all cells in a grid have the
same width, which is determined by the widest cutout
contained by the grid.

cellwidth

—
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The following table lists a number of expressions that provide convenient access to individual grid
positions and local positions around them.
Expression
row of <cutout> of <grid>
column of <cutout> of <grid>
row of <gridpos>
column of <gridpos>
gridpos x,y of <grid>
cutout at <gridpos>
<gridpos> is unoccupied

<gridpos> is occupied
gridpos in <grid> <spatial-kw>
<position-expression>
gridpos in <grid> <spatial-kw>
<object-expression>
top-center of <gridpos>
bottom-center of <gridpos>
right-center of <gridpos>
left-center of <gridpos>
ul-corner of <gridpos>
ur-corner of <gridpos>
ll-corner of <gridpos>
lr-corner of <gridpos>

Description
The numeric row index of a cutout that resides in a grid
The numeric column index of a cutout that resides in a grid
The numeric row index of a grid position
The numeric column index of a grid position
The position in the grid indexed by x and y (grid indices start at 1).
the cutout presently located at a grid position—for example, cutout at
gridpos 1,1 of mygrid
Tests whether a particular grid position is unoccupied—that is, whether
no cutout resides at that position. For example, gridpos 1,1 of a is
unoccupied
Tests whether a particular grid position is occupied—that is, whether a
cutout resides at that position. For example, gridpos 2,2 of a is occupied
Refers to a grid position relative to a position in the storyboard—for
example, gridpos in mygrid left-of 0.3, 0.3
Refers to a grid position relative to an object in the storyboard—for
example, gridpos in mygrid right-of cutout left-of foo
The top-center of the cell border of a grid position
The bottom-center of the cell border of a grid position
the right-center of the cell border of a grid position
The left-center of the cell border of a grid position
The upper left-hand corner of a grid position
The upper right-hand corner of a grid position
The lower left-hand corner of a grid position
The lower right-hand corner of a grid position

The following table lists a couple of expressions that provide a convenient means of referring to
cutouts that presently reside in a grid:
Expression
cutout in <grid> <spatial-kw> <position-expression>

cutout in <grid> <spatial-kw> <object-expression>

Description
Refer to a cutout in a grid relative to a position
expression, e.g., cutout in a left-of left-center of
foo
Refer to a cutout in a grid relative to an object
expression, e.g., cutout in a right-of cutout leftof foo
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APPENDIX G
SAMPLE QUESTIONNAIRE FOR ASSESSING STUDENT
ATTITUDES TOWARD AN ALGORITHMS COURSE
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CIS 315 Attitude Questionnaire
Directions. Each of the statements below reflects a certain feeling toward CIS 315. For each
statement, please assess the extent of agreement between the feeling expressed by the statement,
and your own personal feeling. Then circle the most appropriate level of agreement from the
following five-step scale: strongly disagree, disagree, undecided, agree, and strongly agree.
1. I feel as if I’m under a lot of
stress in CIS 315.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

2. I do not like the theoretical
side of computer science; it
scares me to have to take
CIS 315.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

3. Algorithmic problem solving,
proofs of correctness, and
efficiency analyses are
interesting to me; I enjoy
CIS 315.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

4. Algorithmic problem solving,
correctness proofs, and
efficiency analyses are
fascinating and fun.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

5. I feel secure in doing
algorithmic problem solving,
proofs of correctness, and
efficiency analyses; at the
same time I find these
activities stimulating.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

6. When trying to come up
with an efficient algorithm
to solve a given problem, or
when trying to proof an
algorithm’s correctness or
analyze its efficiency, I find
that my mind goes blank
and I am unable to think
clearly.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

7. I feel insecure when
attempting to design an
algorithm, prove an
algorithm’s correctness, or
analyze an algorithm’s
efficiency.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE
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8. I become uncomfortable,
restless, irritable, and
impatient when working on
CIS 315 problems.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

9. I have a good feeling toward
CIS 315.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

10. When I’m learning about a
new algorithm, or when I’m
trying to follow a correctness
proof or efficiency analysis, I
feel that I get lost in the
details.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

11. I enjoy CIS 315 a great deal.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

12. When I hear words like
“proof of correctness” and
“Big-O efficiency analysis,” I
have a feeling of dislike.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

13. I approach CIS 315 with a
feeling of hesitation,
resulting from a fear of not
being able to do algorithmic
problem solving, proofs of
correctness, and efficiency
analyses.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

14. I really like algorithmic
problem solving, proofs of
correctness, and efficiency
analyses.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

15. I have always enjoyed
studying the theoretical and
mathematical side of
computer science.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

16. It makes me nervous to even
think about having to come
up with an efficient
algorithm, correctness proof,
or Big-O efficiency analysis
in CIS 315.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

17. I have never liked having to
deal with the theoretical or
mathematical side of
computer science; CIS 315 is
something I’ve been
dreading.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE
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18. I am happier in CIS 315
than in any other computer
science class.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

19. I feel at ease with the
material covered in CIS 315,
and I like it very much.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

20. I feel a definite positive
reaction to what’s being
covered in CIS 315; it’s
enjoyable.

STRONGLY
DISAGREE

DISAGREE

UNDECIDED

AGREE

STRONGLY
AGREE

