WeBWorK Homework Problems with
Embedded Flash Applets

Day 1 Handout

1 Introduction

1.1 What is WeBWorK?

WeBWorK is a free Perl-based system for delivering individualized homework
problems over the web. It was originally developed in 1995 by Profs. Arnold
Pizer and Michael Gage at the University of Rochester Department of Mathe-
matics, for use in mathematics instruction. It is now supported by a team of
developers from several institutions and is used for a variety of subjects.

WeBWorK enhances the educational process in several ways. By provid-
ing students with immediate feedback as to the correctness of their answers,
students are encouraged to make multiple attempts until they succeed. By in-
dividualizing problems, cheating is discouraged. By providing instructors with
real-time statistics, lesson plans can be customized to better serve students.

The major way in which WeBWorK differs from other web-based homework
systems is in the way problems are written. The PG (“problem generation”)
language allows the inclusion of both Perl and LaTeX code, allowing problem au-
thors to take advantage of the syntactic efficiency of Perl and the typographical
flexibility of LaTeX (which is pretty much necessary for rendering mathematics
expressions).

The process of defining a problem is highly modular, with various pluggable
display macros, answer evaluators, and graders. This allows for a high degree
of freedom in defining how problems behave.

A library of ready to use problems is provided, with over 25,000 problems
contributed to the National Problem Library (or NPL) at last count. A large
collection of macro files which simplify writing new problems is also available.
(Use the MathObjects macros provided by Davide Cervone wherever possible
to simplify the writing of the problem and to make it easier to maintain.)

http://webwork.maa.org/wiki/Introductionhttp://webwork.maa.org/
http://webwork.maa.org/wiki/Main_Page

1.2 A brief tour of the WeBWorK interface

e Classlist Editor — The Classlist editor is where the list of students enrolled
in the class is maintained.

Instructor Tools — This link provides access to a variety of instructor tools

e Homework Sets Editor

Library Browser


http://webwork.maa.org/wiki/Introduction
http://webwork.maa.org/
http://webwork.maa.org/wiki/Main_Page

e Student Progress
e File Manager

1.3 WeBWorK is built from Perl

We will not be discussing much about Perl in this minicourse though it is un-
doubtedly true that an understanding of Perl is sometimes helpful in program-
ming in the PG language which we will use for writing WeBWorK homework
problems. There are many excellent resources for learning more about Perl:
http://www.perl.org/, http://perldoc.perl.org/perlintro.html. These
include resources particular to WeBWorK and Perl: http://webwork.maa.org/
w/images/7/7a/Webwork-PREP-2011-Webconferencel-Slides.pdf, http://
webwork.maa.org/wiki/Basic_Perl_syntax#.

About PG
e PG is built on Perl

e PG provides macros (prewritten, re-usable code)

PG displays questions in two modes: HTML and PDF output

MathObjects is an extension of PG written by Davide Cervone(Union
College)

1.4 Overview

2 Basic setup

These instructions are designed to be step-by-step instructions on how to create
problems in the WeBWorK MathFest Minicourse 2012. The outline of the steps
is here, and each step is explained in greater detail below. In the first lesson we
will log in to the WeBWorK MathFest Minicourse 2012 course,
https://hosted2.webwork.rochester.edu/webwork2/mathfest2012/) use the
Homework set editor to create a problem set for the homework problems you
will create, generate 10 blank problems for your homework set, and create a file
to edit using WeBWorK’s editor.

Lesson 1 Logging in and Creating a Really Boring Problem
Set

1. Log in to the WeBWorK MathFest Minicourse 2012 course.
This should be straightforward. The URL ishttps://hosted?2.
webwork.rochester.edu/webwork2/mathfest2012/, and your
username and password were provided to you.

2. On the left hand-side of your screen under Main Menu you will
see “Instructor Tools”. Under “Instructor Tools” select “Hmwk
Sets Editor”.


http://www.perl.org/
http://perldoc.perl.org/perlintro.html
http://webwork.maa.org/w/images/7/7a/Webwork-PREP-2011-Webconference1-Slides.pdf
http://webwork.maa.org/w/images/7/7a/Webwork-PREP-2011-Webconference1-Slides.pdf
http://webwork.maa.org/wiki/Basic_Perl_syntax#
http://webwork.maa.org/wiki/Basic_Perl_syntax#
https://hosted2.webwork.rochester.edu/webwork2/mathfest2012/
https://hosted2.webwork.rochester.edu/webwork2/mathfest2012/
https://hosted2.webwork.rochester.edu/webwork2/mathfest2012/

Gek O Y..M Inboz: k;.-’ E WeBY: mWeB\u\ * ‘ WeBY K@Searcl | Other = '

5 https://test.webwork, maa.org/webuork 2/

E WeBWork BB The Birth-Death Chain € ) Fun Python At Home |... E Orline Encyclopedia of .. | | Cus

maallZ_spanish
maall3

maal1032 french
maalld_english
maalld_foobar
maal10_turkish
maads

mat101

matha 10jy
mathfest2012
meccuny mth202_thomas
metu-mat101
metu-mat119
metu-matz19
model_Calculus_1
model_Finite
Model _multivariable calc
model_trig
MOWers_course
myTestCourse
ncsu_ma341_007
piFer-test

pizer course

LI I I D N TR R R I O N IR I N I D DN DN NN R I N

Figure 1: Select the mathfest2012 course from the list.

=] https: //test.webwork. maa.org/webwork 2/mathfest2012/

[ weswork BB The Birth-Death Chain () Run Python At Home |... 9§ Online Encyclopedia of .. () Customize Links () Suggested Sttes () Web Slice

44 WeBWorK

Main Menu Wi — mathf

mathfest2012

Please enter your username and password for mathfest2012 below

Usemame: |bmargolius |

Password: -

Page generated at 07/24/2012 at 12:02pm EDT
WeBWark @ 1996-2012 | version: 2.5.1 | The WeBWorl Project

Figure 2: Enter your login information.
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Figure 3: Select “Hmwk Sets Editor”.

3. Create a new Homework set.

@ ittps /test webwork.maa org/webwork 2/mathfest20 12/t

Hmwk Sets Editor
Please select action to be performed
Select an action to perform:
O ShOW [gtg vith matehing set 0s: ] (separate multiple IDs with commas)

© Primary SOt [pue Date | Secondary SOft: [ gpen Date v

O Edit [ seicted sets ]

je ] for students

g fie(e) ] Wit setname(s): assigning this Setto [aniy bmargalus, V1

© Create a new set

Report bugs =
(o] [no sets. v
Showing 2 out of 2 sets;
Edit Edit Edit Reduced Credit] ‘
Select‘ SR iarad Users|VIEIBI® |~ Erepied L Open Date Due Date J Answer Date
O [sampleProblems 7 [15 [u [res [no |o7/31/2012 at 11:04am EDT|08/07/2012 at 11.04am EDT|08/07/2012 at 11.04am EDT)
O fiashProblems 7 |0 [z fes [No [07/31/2012 at 12.04pm EDT|08/07/2012 a1 12.04pm EDT|08/07/2012 at 12.04pm EDT,

Please select action to be performed.
Pase generted st 07/2412012 at 12:08pm EOT
WeBWark © 19962012 | versions 251 | The WeBWark Profect

4. Enter a name for your set in the space beside “Create a new set
named:”. I called my set “Margolius”. Ordinarily you would
name your set something like “Homework set 1”7 or “SeriesCon-

vergence”. Once you have chosen and entered a name, press
the “Take Action” button.

5. Click the “0” under “Edit Problems” and next to your set to
enter the problem set and edit it.

6. Add 10 blank problems. Press the “Save Changes” button to
complete this action.
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Figure 4: Enter a name for your homework set.

Showing 3 out of 2 sets.

Select Edit Edit CEdit el R

Set Data Problems||/Assigned Users B
[ sampleProblems & |15 17 Yes E
[ flashProblems #  ||0 495 Yes E
[ Margolius & 0 1T Yes E

Fesults of last action performed:
Set Margolius was assigned to bmargolius.
Successiully created new set Margolius
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Set Detail for set Margolius

This set Margolius is assigned to 1 student.

Edit individual wersions of set Margolius.

Any changes made below will be reflected in the set for ALL students.

[ Save Changes ] [ Reset Form ]

General Information

Opens

|o7/31/2012 at 12:12pm EDT |

Answers Due

0372012 &t 12:12pm EDT |

Answers Available

|08/07/2012 at 12:12pm EDT |

Visible to Students [es v]
Reduced Credit Enabled |nNo v

Assignment type [ hormewark

|
28|

Headers Display Mode: [nane v | [ Refrash Display |
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Editit
View it | Use Default Header File v|
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This set doesn't contain any problems yet.

O Add)1 |blank problermn template(s) to end of homework set

[ Save Changes | [ Reorder problams only | (Any unsaved changes will be lost )

Figure 5: Add 10 blank problems.




7. You have just created your first PG file. A copy of the file
“blankProblem.pg” has been placed in a subdirectory called
“set(+your homework set name)”.

8. Under “Instructor Tools” go to “File Manager”.

8 htips://test webwork. maa.org webork 2/mathfest20 12 insirLictor fsets Margolius/ w aq0
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_ Main Menu :
[2 4 "
Hz:,f;:,k Sets Set Detail for set Margolius

Margolius Added setMargolius/blankProblem pg to Margolius as problem 1

Password/Email Added setMargalius/blankFroblem pg to Margolius as problem 2
Grades

Instructor Tools

web — mathfest2012 — | - set Margolius

Added setMargolius/blankProblem.pg to Margolius as problem 3

Added setilargolius/blankProblem pg to Margolius as problem 4

E{:iiﬂi{ Ejﬁﬁz Added setivargolius/blankFroblern pg to Margolius as problem 5
Classlist Editord Added sethargolius/blankProblem.pg to Margolius as problem 6
Hac sets Editor Added setMargalius/blankProblem pg to Margolius as problem 7
Himal( Sets Editor2 Added setMargolius/blankProblem.pg to Margolius as problem 8

Margolius
i — Added setivargolius/blankProblem.pg to Margolius as problem 9
Library Browser 2 Added setMargolius/blankProblem pg to Margolius as problem 10
Library Browser 3
Statistics -

Margolius This set Margelius is assigned to 1 student. | Edit individual versions of set Margolius
Student Progress

Whargolius
Searing Tools Any changes made below will be reflected in the set for ALL students.
Email

File Manager
Course Configuration Save Changes
Lo

9. Select your folder. In my case, it is “setMargolius”. In gen-
eral you will be looking for a folder called “set” plus the name
you chose. I chose “Margolius” so my folder is “setMargolius”.
Double click on your folder.

[templates v [Show Date & Size

>

View
Edit
Download
Rename
Copy.
Delete

Make Archive

New File

New Folder

Ll

1= |

Refresh

Choose File ] No fle chosen

Format:  OText OBinary  © Automatic

[l overwrite existing files silently
[ Unpack archives automatically [ then delete them

10. There is the file I created.

11. To see the actual problem, click on “Homework Sets”, then
your problem set.

12. Then click one of the problems. Admittedly, this one is a bore.
Adding the blank problems though gives us a starting point.
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soargais v o e &5

blankProblen. pg

[ NewFomer )
Refresh
‘Main Menu
Courses
Homewaork Sets
| Margolius
Passwor d/Email Download a hardcopy of this homework set.
Grades
Instructor. Tooks: Name  Attempts Remaining Worth Status
Classlist Editor o
Hmwhk Sets Editor Problem 1 0 unlimited 1 0%
i Margolius
s e Preblem2 0 udlimied 1 0%
Statistics Dreblem3 0 ualiited 1 0%
Margolius o
. Problemd 0 ualimied 1 0%
| | Margels ProblemS 0 udlimited 1 0%
Scoring Tools
Email Problem6 0 udlimited 1 0%
jHleManager Problem? 0 udlimited 1 0%
Caurse Configuration
el @ Problem® 0 udlimited 1 0%
Report bugs Droblem 0 udlimited 1 0%
—_ Drcblem10 0 ulmited 1 0%
e
e s Ernail instructor
sampleProblems .
This set iz visible to students

13. We can also add problems in several other ways. We can select
problems from the National Problem Library and add them.
We can edit the source file line in the homework sets editor
to point to another PG file. We can copy problems from the
large number of examples on the wiki or we can write our own.
Usually if we want to write our own problems, we will want to
start with problems from somewhere else.

Lesson 2 Finding Problem Examples in the Wiki and In-
corporating Them into Problem Sets

1. Let’s create a homework problem with a dropdown list of choices
for the correct answer. A good way to do this is to search the
WeBWorK MAA wiki for a template. Go to http://webwork.
maa.org/wiki/.

2. Find the list of problem techniques http://webwork.maa.org/
wiki/Category:Problem_Techniques#. There are several ways
to get there. One way is to select documentation for problem
authors, http://webwork.maa.org/wiki/Category:Authors#
and then click on “Problem Techniques”.

3. Now choose “Pop-up lists” and navigate to this page.


http://webwork.maa.org/wiki/
http://webwork.maa.org/wiki/
http://webwork.maa.org/wiki/Category:Problem_Techniques#
http://webwork.maa.org/wiki/Category:Problem_Techniques#
http://webwork.maa.org/wiki/Category:Authors#
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Pop-Up Lists (and Solutions)

= Main Page
» Introduction ‘ This is the PG code to use a pop-up list (2.k.a. drop down memu) for answers. 1t also has the proper syntax for including solutions for students,
= Download WeBiork.
e Below we cansider twa ways of including pop-up lists in a problem. The first is simpler, and simply introduces a pop-up somewhere in the text of the problem. The second uses ald-style answer evaluators,
Gy and is more sophisticated in that it allows us to define multiple questions that use the pop-ups 1o define possible answers, and then allows selection of a random subset of thase to display in the problem
= Forums Problem Technigues Index
= Datshases .
PG problem file Explanation
= Site map
= Recent changes We don' need any additions to the tagging and description section of the WeBWork problem, but we do need to include the
= Random page DOCUMENT () ; B
e parserPoplp. p1 macts file in the initialization section
v Vikibep "PGstandard.pl”,
;paxsexl’up”p—lﬂl”,
u Studerts TEXT (beginproblent)
= nstructors
Then, in the set-up section of the file we define the pop-up object, which will display as a single pop-up selector
= Authors # the arguments of Poplp are [list of answers], b ERBsR s LY BRIERCE
# rect ansus
fpopup = one "two three'], "thres");
= Developer Docs
= Download from S
= View code changes In the text saction of the file, wa then include the memw for the pop-up in the text as part of our problem text
BEGIN_TEXT
= Browss SN Thersis/are
= Bug tracker 11{ $popup->menui) )
word(s] written below.
= View Bug Reports $PAR
there $BR
are 3BR
chres
= Categories END_TEXT
= Using WieBl¥ark
= Assessment
= Accesshity | And then we can check the answer for the pop-up list as we'd expect
> ANS{ §popup-=cmpl) )5
printexpart Note that if we want to include the answer to the pop-up list in the salution (o somewhere else), we can do that by using the
| Comsexs()-roexstrings:
® Creste a book SOLUTION (BV3({<<'EMD_SOLUTION'}) ; eorrect_ans () method of the popup object, as suggested here. The text block between soLUTIoN (Evz (<<’ END_SOLUTION'}); and
= Download as POF ERRR S LD Lo RAT END_sonuTIon i3 what students will see when solutions are made available.
The correct answer is \{ fpopup-rcorrect_ans() 1} =
= Prirtable version wards.
END_SOLUTION
e Confext (1->normalStrings;
= Vhat links here

= Related changes
= Special pages
= Permanert ik

Using pop-up lists with the old-style answer evaluators is somewhat more complicated, because the code is trying to do more than the new MathObjects based pop-p object is. In particular, it is designed to
flexibly allow multiple pop-up questions fiom which a subset is selected

PG problem file Explanation

follow us

To include a pop-up list we need make no changes to the first two sections of the WeBWork PG file (documentation and tagging, and problem
initialization). In the set-up section, we have to define the list. Note that because we'e allowing ourselves to create several pop-up questions

W Twitter
‘fouTuhe

$popup = new_select_listil;
ipopup-rre prine q{=-Gpop up list print )

4. In WeBWorK, go to your homework set and open problem 1.
Click “Edit1”. This will open the blank problem. Notice that
the Edit1 link opens the editor in a new window (or tab). This
will allow you to navigate between the editor window and the
view of the problem as the student will see it. We are going to
replace it with the popup problem from the wiki.

5. First let’s save it to another file. I have called it “mypopup”.
I deleted the “local” subdirectory at the front of the file name
so it will save “mypopup.pg” in the “setMargolius” directory.
I checked the radio buttons to save it and replace the first
problem in my set. Now I'll click the “Take Action!” button.
So far I have not changed the file itself, only its name.

6. If I go to the homework editor, I can see my “mypopup.pg” file

10
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Classlist Editor3 | Problem Technigues | Math Objects | POD | PGLab | PGML | AuthorInfo | report bugs inthis problem |
Hmuk Sets Editar
Himwk Sets Editar2 §HDESCRIPTION =
".'“j'g”““s ## Algebra problem: true or false for inequality
H #H#ENDDESCRIPTICN
Library Browssr HH#RETUORDS (' algebra', 'ineguality', 'fraction')
Library Browser 2 il
Library Browser 3 ## DBsubject('lilgebra')
Statistics ## DBehapter (' Fundamentals')
Mareails ## DEsection('Real Numbers')
Student Progress g Date | 673720021
Hargoiius ## Author('')
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(o]
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© AdA 10 56t | yargaiive

~| @5 [proplem |
© Save AS [TMPLI jocalisetMargalius/blankPrablem. pg |

©and replace set Margolius/problem 1, © and append to end of set Margolius O as a new independent problem

Select above then in another wincow

Page generated at 07/24/2012 at 12:56pm EDT
WeBWork © 1996-2012 | version: 2.5.1 | The WeBWork Proiect

Figure 6: blankProblem PG code.

O View using seed ;35 | and display mode [jmages v
O Addto set | Margalius

~| 85 [problem v
® Save AS D—MPL]fisetMargoIiusImypopup.pg E

@ and replace set Margoliusipreblem 1, C and append to end of set Margolius © as a new independent problem

Select above then: O in another window

Figure 7: Rename the blankProblem file.
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is the source for problem 1. If I go to the homework set itself,

Problems Data Display Mode: | Nons ~ | | Refresh Display

Edit it Welight 7 ) i
Tryit Source File |sethargalivs/mypopup.pg

ODelete it? Maxt attempts |unlimited
CMark Correct?

Ediit Weight 1
Tryit - Source File |setMargolius/blankProblem. pg

ODelete it? MWax attempts unlimited
OMark Correct?

w

diti
t
ODelete it?

m

Wyeight 1 Source File |setMargolivs/blankProblem pg

E

Max atternpts |unlimited

I'll see it is the same boring problem.

7. Return to editing the problem. Inside the problem editor, select
the source code (ctrl or cmd A will do this), then click delete.

8. Copy and paste the code portion of the example from the wiki
into your blank problem file.

A complete version of this example is in the “setsampleProblems”
directory in the file “popupSimple.pg”. It is problem number 2 in
the sampleProblems homework set.

A second popup example is given below (this is “mypopup2.pg”
in the Margolius problem set).

DOCUMENT () ;
loadMacros(
"PGstandard.pl",
"parserPopUp.pl",
)

TEXT (beginproblem()) ;

# generate a random number between 2 and 6 with a step size of 1
$a = random(2,6,1);
$m = random(2,6,1);

# the arguments of PopUp are [list of answers],

12
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Sy Below we cansider two ways of including pop-up lists in a problem. The first is simpler, and simply introduces a pop-up somewhere in the text of the prablem. The second uses old-style answer evaluators,
roey and is mors sophisticated in that it allows us to define multiple questions that uss the pop-ups tu define possible answers, and then allows selection of a random subsst of those to display in the problem
= Forums Prablem Techniques Index
= Databases .
PG problem file Explanation
= Site map

Recent changes
Feandom page
= Vi hely

e dont need any additions to the tagging and description section of the WeBVYork problam, but we do need to include the
parsarpoptp. p1 macro file in the initialization section

= Studerts
= Instructors

.
Then, in the set-up section of the file we define the pop-up object, which will display as a single pop-up selectar.

= Audhors # the arquuents of PopUp are [list of answersl, L ke Bk pRlont By, g'e pop-up

#  correct answer

$popup = PopUp ("1

“one", "twe", "three'l, "three"l;

= Developer Docs
= Download fram SN

= View code changes In the text section of the file, we then include the e for the pop-up in the text as part of our problem text
BEGIN_TEXT

= Browss SVN Thers isfare

= Bugiracker \{ $popup-rmenual} \}
word{s) written below

= Yiew Bug Reports §PAR
there sBR
are $ER
hres

= Catzgories END_TEXT

w Using WeBWark.

.

= pecessibity And then we can check the answer for the pop-up list as we'd expect
ANZ{ §popup: ply 3

Note thet if we want 1o include the answer to the pop-up list in the solution (or somewhere else), we can do that by using the
Context () -rtexStrings;

Creats & book s correct._ansty method of the popup object, as suggested her, The text black between soLUTION (EV3 <<’ BHD. SOLUTION' 14 ; and
ERARIEOLUTTONTY PAT END_goLUTIoN i what students will see when solutions are made available.

The correct answer is { $popup-rcorrect_ans(] \}

= Downioad as POF
= Printable version 3
END_SOLUTION

toolbax Context () - normalStrings;

= Wit links here

Figure 8: Copy from the wiki.

# correct answer
$popup = PopUp(["?", "converges", "diverges"], "converges");

BEGIN_TEXT

Consider the series

\[\sum_{n=$a}~"\infty \frac{(n!) " {$m}} {($m n)!}\]
This series \{ $popup->menu() \}

END_TEXT

ANS( $popup—>cmp() );

Context () ->texStrings;
BEGIN_SOLUTION
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$PAR SOLUTION $PAR

Using the ratio test, we can show that
\[\lim_{n\to\infty}\left|\frac{a_{n+1}}{a_n}\right|
=\1lim_{n\to\infty}\left|\frac{\frac{((n+1)!) "{$m}}

{($n (@+1)) '} \frac{(n!) " {$m}}{($m n) !} \right|
=$m~{-$m}<1,\]

therefore the given series \{ $popup->correct_ans() \}.
END_SOLUTION

Context () ->normalStrings;

ENDDOCUMENT () ;

Here is a screenshot of what this problem looks like in WeBWorK.
It is problem 2 in the set Margolius.

(1 pt) setMargoliusimypopup2.pg

Consider the series

3
This series | ¢ v

( Show the JENNEEN O ofter due date )
SOLUTION comerass

| diverges

SOLUTION

Using the ratio test, we can show that

{{n+1)1)?
o . 2+ 1)) =
lim |2 = fim |00 —9-2 o9
n—o0 | (i, n—+o0 'l_ﬂ-]' :
(Zn)!

therefore the given series converges.

Figure 9: How the student sees the problem.

We will talk more formally about the structure of a WeBWorK
problem shortly. Right now, let’s look at the parts of this problem.

DOCUMENT(); - - - ENDDOCUMENT(); Begins and ends the problem. DOCUMENT();

and ENDDOCUMENT(); must appear in every PG problem.
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loadMacros(
"PGstandard.pl",
"parserPopUp.pl",
)

The loadMacros function loads a set of helper files called macros.
We will need “PGstandard.pl” most of the time. “parserPopUp.pl”
is just for problems with popups.

TEXT(beginproblem()); Starts the initialization section of the
problem. Lines that begin with ‘#’ are comments.

$a and $m are Perl (and therefore PG) variables. All Perl/PG
scalar variables begin with a dollar sign.

$a = random(2,6,1);
assigns a random integer between 2 and 6 to the parameter $a.
$popup = PopUp(["?", "converges", "diverges"], "converges");

sets up the dropdown list. The possible choices are listed in square
brackets. The correct choice (“converges”) follows the square brack-
ets but is inside the parens.

BEGIN_TEXT - -- END_TEXT Begin and end the text of the problem
itself. The text in here is what the student will see.

The text between the delimiters \[ and \] is LaTeX display
mode. LaTeX inline mode uses the delimiters \( and \). You can
learn more about LaTeX here: http://tobi.oetiker.ch/lshort/
1short.pdf. So the code

\[\sum_{n=$a}"\infty \frac{(n!) " {$m}}{($m n) !}\]

generates

= (1)
nz_; (5n)!

when $a = 2 and $m = 5.
ANS( $popup—>cmp() );

evaluates the answer and the text between BEGIN_SOLUTION and
END_SOLUTION gives the solution to the problem. The solution is
visible to the student after the homework deadline. The solution
section can be omitted.


http://tobi.oetiker.ch/lshort/lshort.pdf
http://tobi.oetiker.ch/lshort/lshort.pdf

A more detailed solution is given in the “mypopup3.pg” file in
the Margolius problem set. The “mypopup3.pg” sample problem
illustrates the use of string concatenation and for-loops in generating
a more informative solution for the student.

Exercises

1. Create your own drop-down list homework problem in your
problem set.

2. Copy another example problem type from the wiki. Get it to
function, then modify it. Several sample problem types copied
from the wiki are also available in the sampleProblems home-
work set.

3. Some of the wiki example problems are in convenient files that
you can just click on and download. This Riemann sums prob-
lem is an example of that: http://webwork.maa.org/wiki/
RiemannSums1#. Download this problem and place it in your
problem set or go to the Subject Area templates and choose an-
other template to download: http://webwork.maa.org/wiki/
SubjectAreaTemplates#.

3 Using the Library Browser

Lesson 3 Using the Library Browser
You can also find both your own problems and problems from
the National Problem Library using the Library Browser.

1. Click the Library Browser link on the left side bar, in the Main
Menu. This brings up the browser that lets you look at prob-
lems in this course, or in the National Problem Library (NPL).

2. In the Browse row, under the first bold black horizontal line,
click the “Local Problems” link to view the problems in this
course.

3. Then click the “Select a Problem Collection” selector in the sec-
tion below the Browse area, and select “setsampleProblems” to
see the problems in the sampleProblem problem set. Repeat
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these steps and select your problem set instead of “setsam-
pleProblems” to see the problems you have copied or created.

4. Note that you can edit the problems from the Library Browser
and you can try them. We won’t edit a problem right now.

5. Click on the Library Browser under instructor tools. Note
that the National Problem Library button at the top left is

8 https//testwebwork.maa.org/webwork2/mathfest2012/instructor/setmaker/?effectiveUser=margolius&user=marcty | B & =0 Q
3 WeBWork BB The Birth-Death Cha.. () Run Python At Hom... 9§ Online Encyclopedian. () Customize Links Suggested Sites ‘Web Slice Gallery » (] Other bookma

W NorK
D WeBWorkK ! MAA MATHEMATICAL ASSOCIATION OF AMERICA

m webwork — mathfest2012 — instructor tools — Library Browser

Courses 4
Homework Sets Library Browser
Password/Email =
Grades -
Instructor Tools. |Add problems to Target Set: | Select a Set from this Course [+] [ Edit Target Set
Classlist Editor
Classlist Editor2
e [ (Create a New Set in This Course: | |Name for new sat here
Hamwk Sets Edit
Hmwk Sets Editor2 Browse | National Problem Library | [ Logal Problems | [ FromThis Course | [ Set Definition Files |
Library Browser
Library Browser 2 or Problems from [ NPL Directary
Library Browser 3
Salistics, Subject: Update Chapter/Section Lists
Student Progress d Al Sabjects [=] pd ol
Scoring Tools [
= Chapter: All Chapters [«] Advanced Search
File Manager
Course Configuration Section Al Sections [r]
G
Hey Qb View Problems | Display Mode: |images Max. Shown: [20[=] [IHints [T Solutions
Report bugs
P e There are 25778 matching WeBWorK problem files
[ Mark All For Adding | [ Clear All Marks | [__Clear Problem Display |
Update Set Rerandomize

Page gencrated at 07/28/2012 at 10:05am EDT
WeBWork © 1996-2012 | version: 2.5.1 | The WeBWork Project

Figure 10: Inside the Library Browser.

6. In basic search, under “Subject” choose “Calculus”; under “Chap-
ter” choose “Infinite sequences and series” and under “Section”
choose “The Integral Test and Estimates of Sums”. Then click
“View Problems”.

7. Notice that many of the problems have a turquoise bar across
the screen that says “MathObjects version”. Select the first
MathObjects version probem and any other MathObjects prob-
lems that interest you and add them to your problem set. To
do this, go to “Add problems to Target Set:” at the top of the
screen. Select your set and then scroll through the problems
until you see a MathObjects version problem that interests you
and check “Add this problem to the target set on the next up-
date”. You may select multiple problems if you wish, but pease
include the first one shown (Library/mal23DB/set10/s11_3_2.pg).

17



Add problems to Target Set: [Select a Set from this Course Edit Target Set

[ Create a New Set in This Course: ] |Name for new set hera

Browse | National Problem Library [ Local Problems ] [ From This Course ] [ Set Definition Files ]

or Problems from | NPL Directory

Subject: | Calculus E Update Chapter/Section Lists
Chapter: | All Chapters - Advanced Search
All Ch -
Section: SpeEs =
Applications of Differentiation .
View Prabl Aﬁzﬁcaﬁong of Integrals r| ClHints £ Solutions
Applications of Integration problem files
e (\Ppolamaling bunciions Using Series —_—
| Calculus of Vector-Valued Function
Calculus of Vector-Valued Functions Clear Problem Display

Complex Variables

Constructing Antiderivatives L4
Differential Equations

Differentiation

:06am EOT | Dyiferentiation in Several Variables

1| The WeBWe Fynctions

Functions and Models

Fundamental Theorems of Vector Analysis

Infinite Sequences and Series

Infinite Series
Infinite Series and Sequences
Integrals %

Figure 11: Select “The Integral Test and Estimates of Sums”.

We are sticking with the MathObjects version problems be-
cause these are coded in the newer style and are the recom-
mended style for problems to code currently and to contribute
to the NPL. We want to learn from problems that represent
best practices.

Il [
File name: Library/ma123DB/set10/s11_3_2.pg Edit it Try it
[1Don't show this problem on the next update

[T1Add this problem to the target set on the next update

(0 pts) Compute the value of the following improper integral_ If it converges, enter its value. Enter infinity if it diverges to oo,
land -infinity if it diverges to —oc. Otherwise, enter diverges.

1wy

20

1
Does the series Z W converge or diverge? ? E{

I[Eila nama- I ihraniima123NRicatinic11 2 123nn Edit it T ifll

Figure 12: Click the radio button to add this problem to your homework set.

8. Once you have added the problem or problems that interest
you, click “Update Set”.
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webwork — mathfest2012 — instructor tools — Library Browser

Library Browser

Add problems to Target Set: | Select a Set from this Course [+ [ Edit Target Set
| Select a Set from this Course |

l Create a New Set in This Course: Iﬂalsh.F'rubIems |

' sampleProblems

I
Browse | National Problem Lib

Exercises

1. Explore the Library Browser. Look at “Advanced Search” and
explore other options in the Library Browser.

2. Choose at least three more MathObjects version problems on
any topic you choose and add them to your problem set.

4 Structure of a PG file

Lesson 4 Structure of a PG file

e Tagging info (for the indexing in the National Problem Library)
e Initialization (loading macros, etc.)

e Setup (define parameters, randomization, etc.)

e Main text (the part that gets displayed to students)

e Answer evaluation (checking the submitted answers)

e Solution (optional) and end document (mandatory)

Consider the problem below (given as a screenshot and also with
PG code), also provided in your sample problems as problem 5.

##KEYWORDS (’integral’, ’substitution’)

## DBsubject(’Calculus’)
## DBchapter(’Integration’)
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a) Determine the volume of the solid obtained by rotating the region bounded
byy = x? — 4x — Handy = T — 5 about the x-axis.

Volume =

b) Determine the volume of the solid obtained by rotating the region bounded
byy = x? — 4r and y = x aboutthe line y = 5.

Volume =

Figure 13: Screenshot of Berney’s volume of revolution problem.

## DBsection(’Integration’’Definite Integrals’
’Area Between Curves’’Volumes of Revolution’)

## Date(’6/18/20107)

## Author (’Berney Montavon’)

## Institution(’Cleveland State University’)

## TitleText1(’Calculus: Early Transcendentals’)

## EditionText1(’2nd’)

## AuthorTextl(’Stewart’)

## Sectionl(’11’)

## Problem1(’1’)

# This should be the first executable line in the problem.
DOCUMENT () ;

loadMacros(
"PGstandard.pl",
"MathObjects.pl",
"contextFraction.pl",

);

TEXT (beginproblem()) ;
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$showPartialCorrectAnswers = 1;
Context ("Fraction");

$a = random(3,5,1);

$al1=$a+1;

$funcal = "x"2-%a x -$al";
$funca2 = "x-$al";

$funcbl = "x"2-%a x ";
$funcb2 = "x";

$con =

Formula("1/30*$a~5+1/3*x$a"~4+$a~3+4/3x$a"~2+5/6*$a+1/5") —>reduce;
$volumea = Compute("pi*$con");
$volumeb = $volumea;

BEGIN_TEXT

a) Determine the volume of the solid obtained by rotating
the region bounded by \(y=$funcall) and \(y=$funca2\)
about the x-axis.

$BR

$BR

Volume = \{ans_rule(45)\}.
$BR
$BR

b) Determine the volume of the solid obtained by rotating
the region bounded by \(y=$funcbll\) and \(y=$funcb2\)
about the line \(y=$all).

$BR

$BR

Volume = \{ans_rule(45)\}.
$BR
$BR

END_TEXT
Context () ->normalStrings;

21



ANS ($volumea->cmp) ;
ANS ($volumeb->cmp) ;

COMMENT (’MathObjectversion’) ;
ENDDOCUMENT () ;

4.1 Tagging info
This portion of the problem is the tagging information:

##KEYWORDS (’ integral’, ’substitution’)

## DBsubject(’Calculus’)

## DBchapter(’Integration’)

## DBsection(’Integration’’Definite Integrals’
’Area Between Curves’’Volumes of Revolution’)

## Date(’6/18/20107)

## Author (’Berney Montavon’)

## Institution(’Cleveland State University’)

## TitleText1(’Calculus: Early Transcendentals’)

## EditionText1(’2nd’)

## AuthorTextl(’Stewart’)

## Sectionl(’11’)

## Problem1(’1’)

The # at the start of a line marks a comment. Also, if a # is
in the middle of a line, the text that follows will be treated as a
comment, that is, it will be ignored. The comments in the tagging
portion of the problem are required to file a problem in the NPL,
specifically DBsubject, DBchapter, DBsection are all required to
file a problem in the NPL. Berney wrote the problem in June, 2010.
He was a CSU student at the time. The problem is adapted from
Stewart’s "Calculus: Early Transcendentals’, 2nd edition, section 11
problem 1.

4.2 Initialization

# This should be the first executable line in the problem.
DOCUMENT () ;

loadMacros(

22



"PGstandard.pl",
"MathObjects.pl",
"contextFraction.pl",

);
TEXT (beginproblem()) ;

PGstandard.pl and MathObjects.pl are Perl macros that should al-
ways be loaded. ”contextFraction.pl”, with Context(”Fraction”);
will improve the formatting of the answer the student sees.
TEXT(beginproblem()); dynamically generates the problem number
in the homework set.

4.3 Setup

There are two answer blanks in the problem. Setting
$showPartialCorrectAnswers to 1 lets the student know if she got
one of the answers correct and which one that was. We set the
MathObjects context to numeric and then define some parameters
used in the problem. $a is a random integer between 3 and 5. $a1 is
one more than $a. We define two functions for the first part of the
problem: 2% —ax—(a+1) and z — (a+1). For the second part of the
problem, we define another two functions: 22 —az and z. $volumea
is the solution to the first part of the problem. The solution to the
second part of the problem is $volumeb which is the same as the
solution to the first part, so we have: $volumeb = $volumea;. The
single = is defining $volumeb as being equal to $volumea.

The Compute() function determines the kind of MathObject from
the Context and from the syntax of its argument. This is usually
a string value that is in the form that a student could type. The
Compute function also sets the correct answer to be the exact string
that it was given, so that if a student were asked to enter a number
that matched $a from above and asked to see the correct answer
(after the due date), then 7w will appear as part of the answer, not
just a decimal number. This gives you more control over the for-
mat of correct answers that are shown to students. For more in-
formation see the Introduction to MathObjects in the wiki: http:
//webwork.maa.org/wiki/Introduction_to_MathObjects#. We
are also providing the Introduction to MathObjects pages to you as
a handout.
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$showPartialCorrectAnswers = 1;
Context ("Fraction");

$a = random(3,5,1);

$al1=$a+1;

$funcal = "x"2-%a x -$al";
$funca2 = "x-$al";

$funcbl = "x"2-%a x ";
$funcb2 = "x";

$con =

Formula("1/30*$a~5+1/3*x$a"~4+$a~3+4/3x$a"~2+5/6*$a+1/5") —>reduce;
$volumea = Compute("pi*$con");
$volumeb = $volumea;

Note that the range of values for $a is pretty narrow. Don’t over
randomize when you write your problems. Choose parameter values
that you would not mind doing by hand when a student brings a
question to you. The code
Formula(”1/30 x $a"5 + 1/3 x $a"4 + $a"3 + 4/3 % $a"" 2+ 5/6 x $a + 1/5”)— > reduce;
simplifies the coefficient on 7 that the student will see as the correct
answer after the problem due date. The correct answer will display
as a fraction times 7, but decimal approximations are still accepted.

4.4 Main text

The main text appears between BEGIN_TEXT --- END_TEXT. In this
block we leave Perl mode and enter TEXT mode. Within TEXT
mode, we can switch to LaTeXmode via \( \) for inline math, or \[ \]
for displaystylemath. $BR represents a linebreak. \ans_rule(45)\
creates an answer blank of length 45. The Perl variables preceded
with a $ sign will be replaced with their values in the display seen
by the student.
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BEGIN_TEXT

a) Determine the volume of the solid obtained by rotating the
region bounded by \(y=$funcall) and \(y=$funca2\)

about the x-axis.

$BR

$BR

Volume = \{ans_rule(45)\}.
$BR

b) Determine the volume of the solid obtained by rotating the
region bounded by \(y=$funcbl\) and \(y=$funcb2\)

about the line \(y=$%all).

$BR

Volume = \{ans_rule(45)\}.
$BR

COMMENT (’MathObjectversion’);
END_TEXT

4.5 Answer Evaluation

When using MathObjects, the answer evaluator usually takes the
simple form shown here. The evaluators are listed in the order of
the answer blanks in the problem (unless we are using a named
answer field).

Context () ->normalStrings;

ANS ($volumea->cmp) ;
ANS ($volumeb->cmp) ;

ENDDOCUMENT () ;

The method — > cmp() is defined for any MathObject. ANS(); re-
turns either a 0 or a 1 and takes that result and records it in the
database of student scores.

The COMMENT(MathObjectversion); only shows up for professors
in the Library Browser.
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Don’t forget ENDDOCUMENT();. This closes the problem file.

4.6 Solution

The solution section is optional and we haven’t included one in this
sample problem. You can see examples of the solution section in
the problem files mypopup2.pg and mypopup3.pg in the Margolius
problem set. Several of the problems in the sampleProblem problem
set also have solutions.

Exercises

Create three WeBWorK problem containing the standard sec-
tions of a WeBWorK problem: Tagging info, Initialization (loading
macros, etc.), Setup (define parameters, randomization, etc.), Main
text (the part that gets displayed to students), Answer evaluation
(checking the submitted answers), and Solution.

1. Problem 1 in the sample set asks the student to find the deriva-
tive of a simple function. Problem 4 asks for the general an-
tiderivative. Choose a simple function and ask the student to
find its derivative and general antiderivative. Include at least
one randomized parameter.

2. Go to the Function Composition problem technique http://
webwork.maa.org/wiki/ComposingFunctions#, copy the prob-
lem and modify it to ask a similar but different function compo-
sition question. Be sure to include the tagging section portion
of the problem.

3. Modify the MathObjects library problem you copied:
Library/mal23DB/set10/s11.3 2.pg. First, give the problem
anew name. I have called mine setMargolius/myIntegralTest.pg.
Select the “ Save as” and “Replace set(your set name)/problem
(your problem number)” radio buttons and then press the “Take
Action!” button. Now you can edit the problem. Change the
integral test example. One possibility is to randomize the prob-
lem so that it converges in some cases and diverges in others.
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5 MathObjects

See MathObjects handout. http://webwork.maa.org/wiki/Introduction_
to_MathObjects#

Exercises

1. Both Library/maCalcDB/setSeries8Power/eva8_5a 9.pg and
Library/Michigan/Chap9Sec5/Q23.pg are library problems in-
volving the interval of convergence of a power series. The sec-
ond of these two problems is written in the MathObjects style.
Modify Library/maCalcDB/setSeries8Power/eva8_5a 9.pg so
it is also a MathObjects problem. Begin by saving the problem
to a new file.

2. Add a solution to your MathObjects version of
Library/maCalcDB/setSeries8Power/eva8_5a 9.pg.

3. Write your own power series question using MathObjects.

4. The previous three problems involve the interval context. Ear-
lier in the course, we worked on problems involving the Fraction
context. Write a problem that involves one of the other con-
texts. There are many examples in the NPL that you can use
as a starting point.

6 Custom answer checkers

At times, you want WeBWorK to check a student answer with a
method different from those available through the default — > cmp()
method of a MathObject. You can write your own answer checking
subroutine to override the answer checker routine for the MathOb-
ject that is used to check the answer.

Here is a simple example which checks to see if a student’s answer
is smaller than a given value. The example can be modified to
accept answers depending on whatever criteria you wish to apply.
The complete code is below. First we have the usual initialization
section:

DOCUMENT () ;
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loadMacros(

"PGstandard.pl",
"MathObjects.pl",
)
TEXT (beginproblem()) ;

While setting the Context to "Numeric", we also set the tolerance
to zero. We do this because we are basing the correctness of a stu-
dent’s answer on a comparison, and want the full decimal accuracy
available in WeBWorK to be used. If we do not do this, the de-
fault tolerance in WeBWorK will cause a comparison like z < 4 to
evaluate to false if © = 3.999.

$context = Context("Numeric");
$context->flags->set(tolerance=>0);

We set an upper bound numerical variable, as a MathObject:
$upperBound = Compute(’4’);

We type the problem text and include an answer box for the student

to fill:

Context () ->texStrings;

BEGIN_TEXT

Enter a number which is smaller than \$upperBound: \{ ans_rule(25) \}
END_TEXT

Context () ->normalStrings;

(We didn’t use any TEX above, but you may wish to use it in your
own examples.) We end the problem with answer evaluation, with
the custom answer checker set as follows:

ANS ($upperBound->cmp ( checker=>sub {
my ($correct, $student, $ansHash) = @_;
return $student < $correct;

} ),

ENDDOCUMENT () ;

Here is what is happening in this code. First, we call ->cmp() on
the MathObject $upperBound, while including a custom checker to
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override the default behavior of ->cmp(). The checker routine is
a Perl subroutine that takes as its arguments the correct answer,
student answer, and answer hash that is being processed in the
answer comparison (we are not making use of the answer hash in
this example). The return value should be 1 if the student’s answer
is correct, and 0 otherwise. Because the ->cmp () method was called
on the MathObject $upperBound, the value of $correct within the
subroutine will be set to the value of $upperBound. Also, $student
will be set according to the number input into the answer box by the
student. The subroutine returns a value of zero or one depending
on the logical comparison $student < $correct.

Exercises

1. Create a problem with two answer fields, where the student
must input a number smaller than 5 in the first box, and a
number greater than 10 in the second box. Check each answer
with a separate custom answer checker.

2. Create a problem where a student must input a single value
which lies between two given numbers $lowerBound and $upperBound.
[Hint: the answer checker can be called on a numeric MathOb-
ject $ans with a completely arbitrary value that is not used in
the checker subroutine.]

7 Where to Find Things

e http://webwork.maa.org/wiki/Main_Page

e Tutorial by Paul Pearson, Fort Lewis College
http://webwork.maa.org/w/images/a/ab/WeBWorK_Problem_
Authoring_ Tutorial.pdf
http://webwork.maa.org/w/images/7/7a/Webwork-PREP-2011-Webconferencel-S1ic
pdf

e Problem templates by subject area http://webwork.maa.org/
wiki/SubjectAreaTemplates

e Index of Problem Techniques
http://webwork.maa.org/wiki/Index0fProblemTechniques

29


http://webwork.maa.org/wiki/Main_Page
http://webwork.maa.org/w/images/a/ab/WeBWorK_Problem_Authoring_Tutorial.pdf
http://webwork.maa.org/w/images/a/ab/WeBWorK_Problem_Authoring_Tutorial.pdf
http://webwork.maa.org/w/images/7/7a/Webwork-PREP-2011-Webconference1-Slides.pdf
http://webwork.maa.org/w/images/7/7a/Webwork-PREP-2011-Webconference1-Slides.pdf
http://webwork.maa.org/wiki/SubjectAreaTemplates
http://webwork.maa.org/wiki/SubjectAreaTemplates
http://webwork.maa.org/wiki/IndexOfProblemTechniques

e WeBWorK documentation http://webwork.maa.org/pod/pg_
TRUNK/

e Introduction to LaTeX http://tobi.oetiker.ch/lshort/lshort.
pdf

e https://courses.webwork.maa.org/webwork2/gage_course/
Knoxsville_MAA_2006_cervone/7login_practice_user=true

e https://courses.webwork.maa.org/webwork2/cervone_course/
setAIM-Talk/?login_practice_user=true

e http://webwork.maa.org/wiki/Category:MathObjects
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