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Abstract

A study comparing the learning support facilitated by interactive worked examples and
scaffolding questions was made using the Assistments.org System. The problems used were
chosen from questions from past examinations in the 8™ grade Mathematics MCAS. After
analyzing the data it was conclusive that learning occurred by using either interactive worked
examples or scaffolding questions. It was inconclusive, however, that there is a difference

between the two learning methods.



Acknowledgments

This project could not have existed without the support and guidance of Professor Neil
Heffernan, the ASSISTment.org project and the ASSISTment team who worked on the system
while this study was conducted. A special thank you also goes towards the students and teachers

at Burncoat Middle School, Worcester, MA who used our experiment.



Introduction

This Interdisciplinary Qualifying Project had as goal the development of an experiment
that would compare the learning effect of interactive worked examples versus the original system
used by the ASSISTment.org project - scaffolding questions. The experiment was targeted
towards students in 8’th grade, who represented the sole users of the ASSISTment.org project at

the time of the experiment.

The Mathematical problems used were taken from MCAS past examinations. For each
problem two different inputs into the Assistment system were constructed — one breaking down
the problem into sub-questions, the “scaffolding strategy” that would guide the student towards
the answer of the original question and another would guide the student through the step by step
solution of the problem, adding at the end a very similar problem such that the student feels

compelled to go through and read the interactive worked example.

Both strategies had as goal teaching the students how to solve similar problems that they
were likely to encounter while taking the Massachusetts Comprehensive Assessment System

examination (MCAS), a required exam at the end of 8th grade.

In order to test the difference between the teaching capability of scaffolding questions
versus interactive worked examples, separate curriculums including the two strategies but the

same problem sets were created. We performed a pretest and a posttest on the students who used



the curriculums and concluded from the gathered data that there was no conclusive difference

between the two methods, but in both cases there was evidence that learning took place.



Background

1.1. The Assistment Project Now

The Assistment Project is a program designed to both assist learning of examination
material and to asses the progress of the students while they are learning. This program
belonging to Worcester Polytechnic Institute was founded by Professor Neil Heffernan. It is an
interactive tutoring system capable of instructing students while assessing the progress that they
make. A typical ‘Assistment’ consists of a problem which the student may attempt to solve. If
the student fails to submit the correct answer for the problem, they are then taken through a
series of ‘scaffolding’ problems that attempt to break down the problem into simpler steps. The
students can attempt to solve scaffolds on their own, or they can request as many hints as
necessary to complete the step. Finally, after completing all of the scaffolds the student returns to

the initial problem and attempts to answer it again

The system has had several upgrades and has gone through multiple upgrades during the
years. This IQP project took place from 2005 to 2006 and used one of the first versions of the
software. Since then many other tools have been added, aiding Analysis of Experiments,

Curriculum Building, etc.

Now, the system contains tools for professors like periodically reporting to the teachers

the progress of the students, analysis tools to better evaluate the improvement of the class, better



tools for adding new problems, tools for creating new experiments that test teaching methods and

a new tool for curriculum building(a curriculum is a collection of problems).

1.2. The MCAS

The Massachusetts Comprehensive Assessment System (MCAS) is a standardized test
produced by the state of Massachusetts, designed to test and measure all public school students
in Massachusetts. Satisfactory completion is required as a condition for eligibility for a high
school diploma. The MCAS program is also used as a gage to see how well individual schools

and districts are transferring knowledge to the students.

The MCAS program uses a series of tests in English Language arts, Mathematics,
Science and Technology/Engineering, and History and Social Science. The Assistment system is
primarily aimed at helping students learn the skills necessary to do well on the mathematical
portion of the MCAS. Recently, the Assistment system has been experimenting with branching
out to cover the other topics involved in the MCAS. Many of the problems used in the
Assistment program are taken directly from previous tests, thus ensuring that the material

covered in the program is relevant to the MCAS test.



1.3. The Old Assistment System

As mentioned above, this IQP was done in the old system, from 2005 to 2006. At the
time curriculums were done by writing by hand XML files containing the names of the items and

there was no Analysis tool.

The first encounter with the system was done through the intro page, which would
include the login screen, the links towards new account creation for both new students and new
teachers or towards pages that would provide more details about the system — Press releases,
papers associated with the project, the entities founding the project or the people who work for

the project or have done so in the past.

O Assistments

The ASSISTments system assists students in leaming mathematics and gives teachers "assessment” of their students' progress. The National Science Foundation is funding us to cover
secondary mathematics.

Please tell us what you think. Do the Student Survey on ASSISTments.

ASSISTments Login
School Identifier:
Screen Name:

Password:

Login

New Student Account
New Teacher Account

FAQI Abuutl Peoplel Pressl Fundingl Papersl Contactl

WPI CarnegieMellon

Privacy Policy] Patentsl
© Copyright 2004-2006. All Rights Reserved.

Fig 1. First Contact with the Assistment Project



In order to better assess students and to be able to use the Assistment Program in schools,
each student needs to enroll in his own school and choose his teacher. . This is what the School
Identifier in the above picture is used for. This would provide her with access to the assignments
posted by the teacher and would facilitate the possibility of using the system as a school aid in
both teaching and grading students. Having access to her own students, a teacher can keep track

of their performance over time.

As a student, after signing up for an account, the next task is to join a class by looking up
their teacher’s name in the list of teachers from their school and then choose the period they

belong to.

Join A Class

Select Teacher- (please select ateacher) V

Select Class: b

Ahuutl PE-DI]|EI Pre;.r.l Fundingl Faper.r.l Cuntal:tl

Fig 2. Choosing a class

The next step would be to start work by choosing out of the list of curriculums posted by

the teacher whatever one you want or need to start.
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ﬂl Your Assignments for class 'Period 1' =il
g emadh

You are currently at: Home > Assignments for class Perod 1

Please tell us what vou think. Do the Student Survev on ASSISTments.

1) Default Curriculum 1326 Start Work

2.) Default Curriculum 723 Start Work

Class Statistics
Completed Curriculums: 0

Fig3. First time student curriculum choice.
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1.4. Structures of Problems

The main content of the system consists of Mathematical problems that are created under
different styles — they support different type of input for answers (multiple choice or text box, for
example) and different methods of helping students who are having trouble finding the answers.
These methods are chosen by the person who built the specific problem - the problem can have
hints, can have scaffoldings (a collection of sub-problems related to the original question) that
lead the student to the right result. A combination of the strategies can be used as well. There are
problems that contain hints for questions within the scaffolding. Pictures are supported and often
used as aid for explaining problems. To better exemplify the notions of scaffolding questions and
hints, an example of a problem on the Assistment system is presented below. This is a problem
using only the Hints strategy. One can see the Hint button, that helps provide students with clues

if they get stuck.
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Assistment: (£190) Number Sense and Operations. Computing the square root{2003 Retest 10g 11)

Problem #8190

A=72

The formula, & = «(14), gives the length of the diagonal of a square television screen in terms of A, its area.

What is the length of the diagonal of a square television screen that has an area of 72 square inches?

O 6 inches
(12 inches
17 inches
O 8 inches

Fig4. Typical Hints Problem in the Assistment System

Students can click on the Hint button several times, each time getting a new hint. For the
above problem, these are the hints provided. Each new hint is delimited from the previous ones
by a line.

This problem is straightforward. You need to replace A with 72 and then find 4.
2A=2%72=144

Y144 =12
The final answer 1s 12 inches.

Fig 5. Hint Sequence for the Given Example
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To exemplify the scaffolding strategy, another problem will be used as example. This
problem has both hints and scaffolding questions. If a student does not get the initial question

correctly or uses hints in this initial situation, a set of questions guiding him towards the answer

will appear.

The number 2 + 5 is between:

A 2and3
B. 4and6
C.6and9
D.9and 12

Fig 6. Problem Using Scaffolding Questions and Hints

By getting the answer wrong, a new set of questions will appear one at a time, each one

with access to hints. The following figure shows the entire scaffolding tree of this example:

14



The number 2 v 5 is between:
A 2and3
B.4and 6
C.6and9
D.9and 12

Hmm. no.

Let me break this down for you.

What are the two numbers closest to 5 that you know the square root of?

A land3
B.4and 9
C.4and5
D.3and9

The square roots of these two numbers will give you a range in which the v 5 will be in. What are the square roots of 4 and 97
A land3
B.2and3
C.2and 4
D.4and9

Problem #4096

Because the W 5 is between 2 and 3. 2 ' 5 is must be between:

©2and3
O4and 6
O6and9
©9and 12

Fig 7. Example of Scaffolding Questions Structure
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1.5. Other Systems

There are other available web based software systems designed to teach students how to
solve mathematical problems. A lot of the problem types used by them are similar to the ones
implemented in the Assistment System — scaffolding questions, examples, hints, use of similar
problems to teach a certain concepts. Most of the software available is not free so it is more

difficult to use them on a large scale, like the Assistmentcom Project.
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2 Content

2.1 Background

There has been much research done in the field of worked examples in the past. Some of it
varies greatly from the topics and format investigated here, while some is very similar. The
effectiveness of worked examples has been demonstrated in a study that showed that this method
shortened the time it took students to complete a three year mathematics course to only two years
(Zhu and Simon, 1987). It has also been shown that worked examples can be more effective then
conventional problem solving for teaching both algebra (Sweller and Cooper, 1985) and

geometry (Paas, 1992).

There are some drawbacks to the use of worked examples as an instructional tool. It’s
been shown that when worked examples are used in combination with conventional problems
students will often ignore the worked examples and only refer back to them when they encounter
difficulty solving the conventional problems (van Merrionboer and Paas, 1990). There are two

main schools of thought on ways to solve this problem.

One strategy for ensuring that learners read and think about worked examples is the use of
“completion problems” (van Merrionboer and Kramer, 1990). Completion problems are worked
examples with sections left blank that the learners need to fill in. This forces the learners to read

and try to comprehend the examples. Our research does not make use of this method.

17



Another strategy for combating example skipping is the asking of questions about the
example itself (Sweller, Jeroen, van Merrienboer and Pass 1998). This is not to be confused
with the use of worked examples and conventional problems in combination, as the questions

asked in this case are about the specific example.

18



2.2 Problems with the traditional format

It has been observed that given a normally structured Assistment some students will have a
tendency to “game” the problem (Feng et al, 2005). That is, they will request hints in rapid
succession until they receive a “bottom-out hint”, which reveals the correct answer to the
student. This results in a quick progression through the Assistments with minimal knowledge

retention.

We keep the students focus on the worked example and the steps necessary to complete it
by asking comprehension questions about the steps themselves. It is fairly common practice in
worked example studies to group worked examples with relevant conventional problems. We felt
that this was unnecessary, and that students should have the specific steps stressed, as opposed to
simply presented. In our experiment we aim to prove that students retain enough from the
worked examples to provide adequate knowledge to solve similar problems about the same

topics.
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2.3 Designing the Interactive Worked Examples

In this study we have proposed an alternative model that will we refer to as the Interactive
Worked Example method. The format for this model is as follows: The student is first given a
completely worked out problem, broken down into steps leading up to the solution. The student
IS instructed to study this problem and its solution until they feel they understand it. The student
is then given a series (generally about equal in number to the number of steps that the problem is
broken down into) of “comprehension questions” about the process of finding the solution to

problem. An example of a question in the Worked Example format is shown in the figure below.

An example of such a question would be, “According to step 2, what does it mean when
M is less than 0 in the slope-intercept form of the equation of a line?”. These questions stress the
general skills needed to solve the problem, and help to ensure that the students are fully reading
and understanding the Interactive Worked Examples. This method of ensuring student
participation varies from the “Completion Strategy” described by van Merrionboer and Kramer
(1990) in which sections of the example are left blank for the learner to fill in. We felt that giving
the full example and asking comprehension questions was the best way to ensure a complete

understanding of the principles involved and the steps needed to solve a problem.

20



Assistment: (9003)

Lines m and n are parallel, what is the measure of angle 47

Step 1) Since lines m and n are parallel and intersected by the same line, the corresponding angles are equal.

This mcans that angle 2 is also 125 degrees.

Step 2) Angles 2 and 4 are supplementary angles because they are seperated by a single line. This means that
they add up to 180 degrees.

Step 3) Since we know that angle 2 is 125 degrees. and that angles 2 and 4 add up to 180 degrees, we can solve
for angle 4 like so:

Angle 2 + Angle 4 = 180

We now substitute 125 degrees for angle 2 and get:

125 + Angle 4 = 180

We now subtract 125 degrees from cach side of the equation so that Angle 4 is all alone on one side. This gives
us:

Angle 4 = 180 - 125

When we do the subtraction we see that angle 4 is equal 1o 55 degrees.

Figure 1
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2.4 Benefits of the Interactive Worked Example System

Our worked example method combated gaming, at least to some degree, since we did not
provide “bottom-out hints” but instead referred students back to the steps given for solving the
problem. Students seemed to learn rather quickly that the gaming methods that may have worked
for them in previous Assistments would not be applicable to this new format. In sessions that we
observed, a large portion of students would take what seemed an appropriate amount of time

reading the example steps before attempting to complete the comprehension questions.

There is some evidence (Mayer and Clark, 2002b) that Worked Examples can be more
effective when broken into clearly labeled sub-goals. Our worked example model does exactly
that, breaking problems into 3 — 5 clearly stated steps. Each step is numbered and has a very
specific objective. These objectives are further stressed by the step-specific comprehension

problems that follow.

The figure below shows a typical worked example problem that was included in our
experiment. The original problem context is stated and then is followed by a series of steps
which explain the typical way to solve this specific problem. We chose to work through a
specific example over a general example to teach students how to apply the general principals to
solving problems. The answer to the original problem is given to the student at the end of the
steps. After the student has finished reading through the steps they are given a series of
comprehension questions which will ask them about the general concepts behind each step of

solving the original problem.
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2.5 Benefits of comprehension questions

One strategy for ensuring that learners read and think about worked examples is the use
of “completion problems” (van Merrionboer and Kramer, 1990). We have chosen to take a
similar approach to this; after reading through the worked example, the student is asked

questions about the general topics discussed in the problem.

This approach has two distinct benefits. The first is to combat skipping the problem, since
the answers to these questions can be found in the steps of the worked examples, the student is
encouraged to go back and reread the problem if they do not have a firm grasp of the subject
matter. The second advantage applies to students who already understand the material. They are
able to answer the comprehension questions easily, thus providing them with a brief review of
the topic without forcing them to slowly step through a problem that they have already have a
complete understanding of. Some example comprehension questions are shown in the figure

below.
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(Problem ID: 4750)

Which of the following statements are true about a regular hexagon?
Answers: (Interface Type: RADIO_BUTTON)

X None of the interior angles are equal

X All of the interior angles are less than 90 degrees

+ All of the interior angles are equal

(Problem ID: 4757)

What does supplementary mean for angles?
Answers: (Interface Type: RADIO_BUTTON)

+ The angles add up to 180 degrees

X The angles add up to 90 degrees
X The angles are both less than 90 degrees

Sample Comprehension Questions

24



2.6 Content Walkthrough

Here are some Interactive Worked Example problems explained step by step.

2.6.1 Assistment #8703

The following Assistment demonstrates a typical Interactive Worked Example.

"Beta IWE 2004 - 2" (Problem ID: 8703)

Fa s
\_/ O

Gear A Gear B

The circles above represent the gears of a bicycle. The diameter of Gear A is 30 centimeters. The ratio of the diameter of gear A to the
diameter of gear B is 3:1. What is the circumference, in centimeters of gear B?

Step 1) Since the ratio of Gear A’s diameter to Gear B’s diameter is 3:1, The diameter of Gear B is 1/3 of the Diameter of Gear A.
This means the diameter of Gear B is 10 cm.

Step 2) The formula for circumference is Pi times the diameter. Since we now know the diameter of Gear B is 10 cm, we can
calculate the circumference as 10*pi.

Please click "Hint" after you have finished reading the problem.

The question is asked in the same manner that a normal problem in the Assistment
system is, however, it is directly followed by the steps one would take to solve the problem. The
student is encouraged to read the problem, and then click on the “Hint” button to continue. When

this button is clicked, the student is presented with the first comprehension question.
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(Problem 1D: 8704)

What does the ratio A:B mean?

Answers: (Interface Type: RADIO_BUTTON)

+ A divided by B

X A minus B You should read Step 1 more closely
X A plus B You should read Step 1 more closely

X B divided by A Not quite, you've got it backwards

This comprehension question ensures that the student understands what the symbol for a
ratio implies. There are also buggy messages that appear when the student selects the incorrect
answer. This question is meant to correspond to step 1 of the solution process. When the student

answers this question correctly, they move on to the next comprehension problem.

(Problem ID: 8705)

What is the formula for the circumference of a circle?
Answers: (Interface Type: RADIO_BUTTON)

X 2 Pi times diameter Nor guire

X 2 times Pi The answer should involve the diameter
X 2 times diameter 2 is not the correct constant

+ Pi times diameter

This comprehension question asks the student for the formula of the circumference of a
circle. The formula is also stated in the second step of the walkthrough. Buggy messages are
again included to help the student if they select the incorrect answer. This is the final

comprehension guestion, and when the student submits the correct answer they are allowed to

move on to the next problem.

26



2.6.2 Assistment #4751

The following Assistment was a prototype for color based visual cues in the

comprehension questions, in order to encourage the students to go back and reread the process to

obtain the solution.

"IWE 21 2000 (regular hex)" (Problem ID: 4751)

C D
120°
B E
A F G

This is a regular hexagon. How many degrees are in angle EFG?

Step 1) Regular indicates that all of the interior angles of this pentagon are equal. Since we know that one interior angle is 120

degrees, we know that all of them are 120 degrees.
Step 2) Since AFE is adjacent to EFG, it is supplementary. This means that AFE + EFG = 180 degrees. To find EFG, we simply

subtract AFE from 180. So 180 - 120 = 60 degrees.

The keywords “regular” and “supplementary” and highlighted to show importance. These

are the key concepts that a student needs to master to solve this problem.

(Problem ID: 4750)
Which of the following statements are true about a regular hexagon?
Answers: (Interface Type: RADIO_BUTTON)

X None of the interior angles are equal
X All of the interior angles are less than 90 degrees

+ All of the interior angles are equal

27



The first comprehension question asks the student about the concept of a regular polygon,
in this case, a hexagon. The word “regular” is highlighted again in the same color to encourage
the student to look back at the original steps to find the solution to this problem. When they

answer correctly they move onto the next comprehension question.

(Problem 1D: 4757)

What does supplementary mean for angles?
Answers: (Interface Type: RADIO_BUTTON)

v The angles add up to 180 degrees

X The angles add up to 90 degrees
X The angles are both less than 90 degrees

The second comprehension question asks the student about the meaning of
supplementary. The word “supplementary” is again highlighted in the same color to encourage
the student to look back at the original steps to find the solution to this problem. This is the final

comprehension question and when answered correctly the student is allowed to move on to the

next problem.
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2.6.3 Assistment #4749
This Assistment uses the color based cues as well, to help the student learn about

perimeters, and congruent triangles. This problem also includes algebraic equation solving.

"IWE- Item 19 G-2003" (Problem ID: 4749)

8 inches

C D F

2x

Triangles ABC and DEF are congruent.The perimeter of triangle ABC is 23 inches. What is the length of side DF in triangle DEF?

In the main question the terms “congruent” and “perimeter” are highlighted, since these
are the main concepts that this problem is testing. This Asisstment uses incremental
comprehension based questioning. Instead of reading how to solve the entire problem at first,

each step in solving it is broken down and then a question is asked after each part.

(Problem ID: 4745)

Step 1) The first step to solving this problem is to understand the meaning of the word congruent.
The length of each side of a congruent triangles has the same length as a corresponding side in the other triangle.

What are congruent triangles?

Answers: (Interface Type: RADIO_BUTTON)

X Triangles that have the different size sides
X Triangles that have the same size angles
¥ Triangles that have the same size sides

The first comprehension question provides an explanation of the term congruent, and
then asks the student to select the answer which corresponds to this definition. When the student

selects the correct answer they move on to the next part.
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(Problem ID: 4746)

Step 2) The second step in this problem is to understand the meaning of the word perimeter.
The perimeter of a shape is the total length of all the sides of that shape.

What is the perimeter of a shape?

Answers: (Interface Type: RADIO_BUTTON)

X The total length of each side and angle

+ The total length of each side of a shape

X The total number of degrees that the shape has in each angle

This comprehension question is similar to the first. It defines perimeter, and then asks the

student to select the correct definition of the term.

(Problem 1D: 4747)
Step 3)The perimeter of triangle ABC is 23. Since we know that the perimeter of a triangle is the total length of all of its sides,

we can set up an equation.

The length of side AB =X
The length of side AC =2X
The length of side BC =8

By adding these values together we have the equation:

X+2X+8=23

By adding the like terms we get 3X+8=23

To get the variable on a side by itself we can subtract 8 from both sides of the equation leaving us with 3X+8-8=23-8 or 3X=15

To solve for X we divide both sides of the equation by 3, which gives us X=5

What geometry term did we learn that allowed us to set up and solve this equation?
Answers: (Interface Type: RADIO_BUTTON)

X Congruent

¥ Perimeter

X Perpendicular

This step of the problem solving process explains how to set up and solve an algebraic
equation. It uses the definition of the term perimeter to show how to set up this equation, and
then breaks down solving it into atomic steps. At the end the student is asked to idenitify which

geometry term was used to set up the equation.
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(Problem ID: 4748)

5 inches 8 inches

C D F

10 inches

Step 4) Now that we know the value of X, we can plug it into our diagram.

We know that congruent triangles have sides that have equal lengths that correspond to each other. The length of side DF
corresponds to the length of side AC.

The length of side DF is 10 inches.

What geometry term did we learn that we used to solve this problem?
Answers: (Interface Type: RADIO_BUTTON)

v Congruent

X Parallel

X Perimeter

The final step in this problem involves using the definition of the term congruent, which
we learned in the previous questions. It also provides another rendering of the initial figure, but it
substitutes in the value of X determined in the previous step. This shows the student a visual
example of what the process is. The gquestion then follows with an explanation of how to apply
our knowledge of the term congruent to solve the problem. The student is then asked which term

was used in this step, to ensure that they are reading the problem.
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2.6.4 Assistment #4744

This Assistment is an example of an Interactive Worked Example. It provides a step by
step process to solve this specific problem, then asks the students comprehension questions to

ensure that they read and understood the material.

"IWE 33 G-2002 (Isosceles Angles)” (Problem ID: 4744)
A

¥ 3

F'y

In the figure shown, lines | and m are parallel, and triangle ABC is isosceles. What is the measure of angle ACB?

Step 1) You first must use the fact that parallel lines that intersect the same line, intersect it at the same angles. This means that angle 1
is equal angle 6, which is 110 degrees.
Step 2) By the definition of an isosceles triangle two of the angles are equal. The unkown angle and angle | must be the same since

they are both on sides that are equal (indicated by the perpendicular marks on the lines). This means that the unknown angle has the
same measure, 110 degrees.

The concepts introduced here involve parallel lines, isosceles triangles, corresponding
angles, and supplementary angles. When the student is finished reading the explanation of how

to solve the problem, they move onto the first comprehension question.
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(Problem ID: 4742)
Which of the following statements about parallel lines intersecting the same line are true?

Answers: (Interface Type: RADIO_BUTTON)
X They angles they form with the line are always 90 degrees

X They cannot intersect the same line
v The angles that they form with the line are equal

This question asks the student the same question that was answered in step one of the
walkthrough solution. If the student had read the question, or if they had previous knowledge

about parallel lines, this question is simple and reinforces the knowledge.

(Problem ID: 4743)
Which of the following statements about isosceles triangles are true?

Answers: (Interface Type: RADIO_BUTTON)

X They have no equal angles
X They have interior angles that sum to 270 degrees

v They have two equal angles

The second and final comprehension question asks the students about isosceles triangles.
This was explained in step 2 of the solution, so if the student has a problem with this question,

they can always refer back to the original problem to find the answer. When they select the

correct answer they are allowed to move onto the next problem.
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3 Experiment

3.1 Hypothesis

We hypothesized that by presenting students with a completely worked out example they
will learn more from it, instead of presenting the students with a problem to solve. We believe
this for several reasons. Firstly, as described in Mayer and Clark (2002a) “Working memory has
a limited capacity that becomes inefficient when having to retain even a few items, If the only
way to build job relevant skills is to perform many practice exercises, working memory can
become overloaded...Worked examples are more efficient for learning new tasks because they

reduce the load in working memory”.
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3.2 Overview

To test our hypothesis we built a curriculum for students where each student was randomly
chosen to either work through four worked examples of problems, or given four normal
Assistment versions of the same problems. After the students were done with the first four
problems they would move on to the transfer section, where all of them were given the same four

problems presented in the standard Assistment format.

A randomly assigned curriculum was used to ensure that an unbiased population of
students was either given the worked example problems or the standard Assistments. In our
experiment 151 of the 309 students were randomly assigned to work on the worked examples,
and 158 students were assigned to the normal Assistments. Since the experiment did not include
a pretest before the random section, there was no data to show if the worked examples improved
learning for each individual student, however, by not including a pretest, it eliminates the
possibility of creating less accurate data due to overexposure of a single concept to the limited

number of concepts covered by this experiment.

The items that each student were given were all taken directly from previous MCAS
mathematics exams. Each student received the exact same eight problems; however,
approximately half of the students received worked example versions of the first four problems,
while the rest of the students received the standard version of the Assistments. This type of
experiment allows us to receive data based on how well the students perform on the transfer

section. By analyzing how well students who received worked example problems did on the
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transfer section compared to students who did not receive the worked example problems we can
determine if there is a statistical significance in the ability to perform better on the concepts

covered in our curriculum.

3.3 Realization of experiment

Our experiment was conducted in many different public schools in the Worcester region
of Massachusetts. The curriculum was given to over three hundred students in the public school
system. The students that were selected to be involved in our experiment we felt were a good
representation of the public school system population. The ability of these students ranged from

those in special education classes to those in honors classes.

The problems used were all take directly from previous 8th grade MCAS tests. All students
should have been taught or at least exposed to these concepts before. Therefore this was not
meant to be an introduction to new concepts, but a reinforcement of skills and techniques that the

students’ teachers should have taught them.

Many similar experiments are structured in such a way that each problem in the
experimental conditions has one and only one matching problem in the post-test, or transfer
section. We felt that such an organization tends to test for repetition of an identical series of steps
with different number values being the only variation. In an attempt to determine what actual
skills were retained well enough for students to apply them whenever necessary, we opted for a

less direct problem mapping. In our format, each worked example taught one or more skills,

36



which were present in one or more transfer items. This skill-based post-test mapping forced
students to apply the skills in new combinations, which we felt were a more accurate gage of
skill retention then identically formatted morphs. The skill mappings are shown in the figure

below..

Skills

Supplementary
Angles

Sum of Interior

Angles

> - Ratio

Geometry And
Measurement

Process of
Elimination

Algebraic
Equations

Figure 2

Skill Mappings
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4 Results

Our experiment was run on over 300 8th grade students in the Worcester Massachusetts
public school system over slightly more then a month. The curriculum was short enough that
most students that participated in our study completed it in the single class session that it was
assigned for. This class length varied from school to school and day to day, but was generally

somewhere between 30 minutes to an hour.

4.1 Analysis

For this analysis, correct problems were scored with a 1, and incorrect problems were
assigned a 0. Problems were deemed correct only if the student managed to choose the correct
answer completely on their own, and without using the scaffolding questions. This amounted to

questions only being counted as correct if students got them correct on their first try.

One hindrance in the analysis of the data collected was the inability to asses students’ prior
knowledge or ability because of the format that we chose, which included no pretest. An
alternative approach to prior skill assessment might be to use date from the two experimental
conditions themselves. This, however, is not applicable to our model, since the worked examples
gather little to no information about the students knowledge of the topic that they are attempting
to teach. therefore, instead of comparing gain in score between the experimental and control

groups, we compared only the scores in the post-test section.
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Interaction Bar Plot for Transfer Resull
Effect:condition

Cell Mean
T T

T

Cell

Figeure 3

ANOVA analysis of Transfer Results

ANOVA analysis of the data, using the the experimental condition that each student had
participated in as the factor and the transfer section scores as the dependent variable results in bar

graph in the figure above.

In this graph, Cell 1 is the experimental worked example condition, and Cell 2 is the
control condition consisting of standard Assistments. While the mean transfer score of students
from the worked example condition is slightly higher, it is not a statistically significant

difference.

The ANOVA table for the analysis is given below. The p-value of 0.3518 that is listed
clearly indicates that there is no statistical significance to the post-test performance differences

of students from the two conditions. This indicates that, at least in a test group this size, worked
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examples in the format that we have examined here provide no real advantage to learning over

the conventional scaffolding model used by the Assistments project.

Due to the nature of the condition to post-test mapping (as illustrated in the figure below)
that was used, learning can not be clearly evaluated on a skill-specific level. Since specific in-
condition items are not directly matched with post-test items, but instead the two groups involve
the same skill set, no evaluation can be made in more detail then a comparison of the post test

scores from students in both conditions.

ANOVA Table for Transler Result
DF Sumof Scwaras  Mesn Square FValue P-Vala Llamdds  Power

. - AL an ez - ae |
corcifon ! 217 217 BB 3518 A6l 145 |
Rescual | 1238 309,050 250 !

ANOVA Conditional Analysis
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4.2 Limitations and Future Work

During our research the group observed several external variables that could have
affected the results of the experiment. These variables could be, in future experiments, prevented

or eliminated.

For example, some students were inclined to disregard the worked example, jump straight
to the comprehension questions and, by trial and error, get to the right answers. Other students,
after disregarding the given steps, would just skim the example for the answer and stop after
finding it, without reading the step by step explanations. Both of these approaches resulted in a
decrease in learning. This could be avoided in the future by changing the format of the answers

from multiple choice to text / number field input, making trial and error a less effective strategy.

Another approach would be avoiding comprehension questions containing words that can
be found in the worked example. For instance, if one of the steps contains “the sum of the
interior angles in a triangle is 180 degrees”, none of the comprehension questions should contain
“sum of interior angles” in its text, as students might be tempted to skim the worked example and

read only the part containing this phrase to get the answer.

Another limitation we encountered was the fact that some students lacked the basic
knowledge necessary to understand the steps of the worked example. As an illustration, a worked
example explaining how to find the circumference of a circle will result in little to no increase in

learning if the student does not know what a radius is. This obstacle is impossible to eliminate,
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but its impact could be reduced by introducing more in-depth hints that explain basic notions

needed to understand the worked example.

Another encountered problem was the lack of application in our approach. Worked
examples have as result learning the steps necessary to solve certain problems and getting the
students more and more familiar with mathematical notions. Without applying these learnt skills
they have a great chance of being forgotten, so the overall increase in learning is low. What

could be done is adding after worked examples conventional problems related in skills required.

The low number of students who took part in the experiment could be a reason why the
data we have shows very little increase in learning by using worked examples versus
conventional problems. Additionally, the 300 students who took part in the experiment were
pupils from a very low number of schools. Many of them share the same teachers, have the same
degree of knowledge. As the subjects are not randomly chosen, the results of the analysis only
reflect the population of the involved schools and do not reflect how worked examples would
affect learning of students in general. When the Assistments System becomes more widely

spread, the experiment should be repeated on randomly chosen larger sample of students.

42



4.3 Conclusion

In conclusion, we have learned that Interactive Worked Examples did not have a
statistically significant impact on knowledge retention for short term tests. These results do not
prove that Interactive Worked Examples provide no merit over standard problems. Many of the
students responded positively to the worked examples, some saying that they preferred having
the material presented and “taught” to them, instead of feeling like they are taking a test. We
recommend that further testing be done in this field, as there were many external factors involved

that may have skewed our results.
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IWE-2000-Spring-7

Lines m and 5 are parallel what i the measure of angle 47

< eoeregransling soghes see couad. This mazons o anghe 2 iy sl 125 digrees

Steep 1) Samee Tows v sl ooz pao@el sed inkemsocted by e s T

Step 20 Angles 2 and 4 are } v angles b they are seperaed by a single line. This means thae Sy odd up o 180 degrees,

L

Step 3) Snce we know that asghe 2 s 125 cegrees. and that sngles 2 and < 2dd up w0 180 degrees, we can sobve tor angle 1 Like so:
Angle 2 + Angle 4 = (80

We new substivaae 125 degroes fn snghe 2 und get

(290 Angle 4 = 18V

We now suberact 125 degrees roe each side of the equaticn so that Angle & is all alene on one side. Thes gives us:

Anigle 4 = 180 . 125

When we do the subtraction we see that angle 4 Is equal to 33 degrees.

When two paralk! bnes are both mbtersected by the same line, which anghes are equal?
™ Adocent mghs
AT ol the anplis
 Camplimestary angles
™ Correspoading Angles

Whart Is the name for two angles that sum |80 degrees?
¢ Alemase Interior
© Complementary
© Supplementary
¢ vercal

Terselve st cquation for a varichie, how sheald yoo try o re-srmnge it?
™ Qe everyihing vo oo suk

Gt thie variadle alone on ane sade

When you do scmething to cne side of a equation, what should you do to the other side’!
¢ Nothing
" I'he oppashie of what you 2 10 the first side
€ T saomee thing

Cm
rx
-y

What dees it mean for the b value in the cquation y = my 4+ B o be egaal e 47
0 s s o of 4
© Nimercepes e yaxs aty = &
7 The x-value is 4

© The: yovalue i< =



IWE-2004-14

r v
A 13 C T
\: |
4‘: 3 o x
/'J
I v
n - D.
3 ! 3 e
\ |
4 Le 34| FEE ERAY I
A ¥

Wihich geapl sy bed rguosenls y =<3n = <7

Step 1 The equution for a line can be generaled as y = my 4+ b (this is Knowa as the shope-intercep fommn) where m s the slope and b i e peant £ iscooepts the y avic. In this case, n =
<A aml b =4

Step 2) Since m (the slope) is negatve we Keow the lne will go dowi 35 it goes night. Thes laonies possible correct selutsons 10 A and D.

Step 39 Saee B (e yenberecpt) is=, e e st eooss e vesnie of v =3 Since wae've afnsady rostosal possibbe ot seoners oA aml T snd T s iz anly oo Gl i this e

crimrii, D o b carreet msmer,

Wit o the slope-miereept egushion for o lioe?
M m=bx
Cmyreh
Cxemyid
Cy=mx+hb

o (e eguation ¥ = mx + b, What cepresenty the slope of the line?
b
T
©x
Cy

Wit dees it mean for the b value in the cquartion y = ma + b o be ogeal o 47
™ 1t has a slope of 4
T N ik In pasaal y ==
 The x-valoe is £
™ The y-value Is ¢
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IWE-Control-2004-15

110 i
y o o
Trnangle ABC Is shown above. Pents I8, C and L are collinear. Whar s the measure of anghe 87
120 degrees
30 degrees
0 dugroos
0 degrees

What &s @ meassre of gk ACE!
130 degrees
™ 30 degrees
60 depries
70 degrees

Subme

Augles ACE il ACT sres soqpbaasentany.
Angles thae we supplementary have a sum of 180 degrees.

140 deg: 11U degrees — 70 3

Angle ACE has a measore of 70 degroes,

What = e memsure of mgh U7
120 degroes
1 20 degrees
™ 60 degroes
30 deprins

Subme

The sum of the mtenoe angles of o trimmgh » 190 degroes.

W b T afl ihe

vior g bes (70 degroes smd S0 degrened
This mes e st asghe, B, s 1HO - (50 - 70

1he measure of angle 13 s 60 Cegrees.
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IWE-2004-15

/ s .
o f o] o

Trimgk ABC 15 shown above. Ponts B, € and D are colliness, What & the measure of anghe B?
Step 13 Anghs ACR amd ACT sre supplementary. This smeens thal 180 = ACTY = ACR. Swee ACD = [ legrass, ACE = 70 dopres.

Step 20 The s of the sienioe woghes of w tranple i 130 deprovs. We knoo 2 of the inkeror angles (70 degrees snd 50 deproes, This meams the kot anghe, B is TR0 = (50 4 700, This equals
6l degrees,

Whah i< it iz i o anpliss o supplasentany®
7 The: diffennee: etwees Swcir mesnres is 180 digrees
 The dittevence their measares them is 90 degrees
™ The sum of their measures is 180 degroes
 The sum of their metsures is ¥ degroes.

Whaat i the sum o thee meures of tha indersor angles of o g ?
120 dogrees
180 degrees
360 degrees
00 degrene
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IWE-Control-2004-2

" I0em >
Gear A Cear B

‘Iz circles above represent the gears of 2 bicyck. Ihe diameter ot Gear A (s 3U centumeters. ‘I 'he ratio of the diameree of gear A to the dameter of gear B s 521, What is the cocumterence, in
centimeters of gear B

C 1S Piem

30" Piem

€5+ Picm

10" Piem

Wit = the dismcter of Geae RY
T 15¢m
©30em
Cacm
T 1em

Sutnit I

Sizce the rativ of Gear A's dismmeter 0 Gear By diameter i 3:3, The diameter of Gear B is 103 of the Dismeter of Gear A

This ez B alzonader o G R i Mam

Wit o e Sl of e csmemn o of weiek?
™ Pi * diameter /2
P lieeten 2
P diameter
2 Pi* diameter

Sutent I

[PI ¢ dismneter

Sc what is the cucumtecesce ot gear I3
15 Piem

3 Piem

€ 50 Piem

€10 Piem

bedll

Se the disocter of gear B s 10 cm asd the o the il S = PPt DI

LR (VR -/
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IWE-2004-2

Py

./ O

Gear A GexD

The circles above represent the gears of a bicycle. The diameter of Gear A s M0 centimeters. The ratie of the diameer of gear A to the dieneter of gear B s 21 Whart is the circumnference,
wentilins ol gese B?

Step 1} Since the rane of Gear A7 i wlear B's d is 3:1. The di of Giear B is 183 of the Diwmcter of Gear AL This mezns the disncter of Gear B is [0 cm.

Step 23 Tha: formmals S concmminzme: is Pisioes the disenctir. Sace we now koo Secabzomcter of Guear B 100 we can ealiolste the cimsamferonce o 100

Please cluk "Himt® a0 you buve fsbed realmg the peeldem.

Wt howes the rsin AR omene ©
© A divided by B
€ A minus B
CAaplusy
C B dvaded by A

Whst is the tor e © ot 2circke?

© 2 Pyvmes diameter
€ 2 times Vi
€ 2 limes dimenr

© P nmes disneter
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IWE-Control-2000-19

T the firs abows, the 3 of the agakataral e ie 24 mches What in the aveas of the souen?

24
32
&4
e

Let sue toealk thas Jown for you

Whaot 19 the lengi: of ene sde of the wsmge?
o112
©24
ce
OR

An sqalaternl mangie 15 & mangie where the lengths of all the esdes are equal
The panmeter of a palygon we the tum of the length of all the sdes

Dowacde the perzneter by the surber of mdes 1o got the lengd of cae nide
2Ar3=8

The lergeh of ane side of the mangle = &

Wikt 19 thee length of coe side oL the squane?
o112
@24
e
oe

o sida of the cquare is the same 3¢ one side of the tiangle
Sice they are the same line Sagpment they hove the zaane eayth
The lerggh of caie side of the squase 33 2.

Wl v the aca of the squase?
©2q
©32
eq
o8

“The forusla for the area of & square is the lengh of a wde squared
8 squared ir 64
The area of the squase ix 64,

d | THn ] | M

© Copynght 2000-2005. All Rights Reserved
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IWE-Control-2000-21

DAssistmenss

[ Home |

Assistment: (9334) Reqilar Hexagon

A Ff

The hexagon depocted dbove 15 regulsr. Whiat i the measure of angje EFG?

90 deprees
40 dapreas
120 dagresz
180 dagress

Let me beeak this down for you

What i3 the measwre of angle AFE?
© 60 degrees

120 degrees

© 180 degrees

Q720 degrees

The hexagon is regular

Regular shapes harve equal size argies

All of the angles in the hexagoa are the same sze
The mensure of angle AFG 3¢ 120 degrees

VWhat 15 the measare of sege EFGT
O 120 degroes
O 6D degress
O 18D Jegroes
O 90 degrees

Angle EFGis supplecentary to Angls AFG.
Supplementay mges kave a totd measure of 180 degrese.
180 degrees - 120 dogrone = 60 degroes
The mensure of angle EFG & 60 degrees.

lon= | Hin!  Moe=

@ Copyright 2000-2005 A Right= Reserved
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IWE-Control-2000-Spring-7

Lines m and o are parallel, what i the measure of angle 47
120 degrees
180 degrees
55 degrees
75 degrees

Lot me break thus down for you

Whit 12 the messre of iwgle 21
Q1123
Q180
Q55
awn

Lanes m and n are parallel and ntersected by the same e, therefore the correspondng angles are equal

Triz means that angle 2 & alzo 125 dagrees.

Enowing that asgles 2 sad 4 are suppliventary, and that the measure of angle 2 15 125 degrees, what 15 the measare of angle 47

Q120
Q180
055
Q75

Soppamentary angles add up to 180 degrees
Thar means angle 2 + smgle &= 180

substtueng vabses this oves vou ange 4+ 125 # 180
Tris means aegie 4 = 180 - 125

Asghs 4 13 55 degrees Choose 55

Tona | Hm) Mo |

© Coppright 2000-2005. All Rights Resmrsed
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IWE-Control-2004-14

DA ismmanee
Haxe |
Aszistreeze (V07
X L L L4
. /!
= bl jod-t- 0
y |
i
¥l
» ¥
'8 &)
4
\
o - I3 % ‘s
Y A G
O
H H PN
Wihach @epd beirw byt ropresente 3 & B +47
oh
>
(=14
oD

Lat ouz bmerd 1y comne For wns

e & the dopa of the e dorcried by the sopation”
) Moasve
O Negatae
ezl
Tlec bae v ol finliwny e b b
Bt cquiion y = 1z = b 3 ieprcacts dw e <ite e
Ay Fae i epaasdant oy v m + b, and o i e depe, thae wninl s 01k e gt w3
Eite thope u -3, ez dhe fope i seganme. Saleet Negwawe’

Sazce you knew the deps U sexatore, which aragke can wou ekvaane A2 posntis e’
apD

oD

ook

QA

|§h-n|

Vors com chamneds scey oplr welt » poxtas depe
CHIIE G i o Ve P A L G g

Crapiz 5 and C go op aed to e nghe

Crugdn B sl © con ke SR andel Thed i Bl ©

Wt s the ¥ rdeniept o e desidiad by s sy arbon®
Q-3

4

F

a

Thow aqpamrcan g™ <5 1 A e saqawalece 35 7 = rex th
s cgation p < te = b oo b yadoogd.
Wys T4 oqdndoc oy = x4 b, thet v =4 Sode ywin gt s 4 Chooe 4

Smec wesvs rornctod M ponbis mrees 00 @apks A @9 U, sed we sow krow s yemorocpt wisck ggh mut o as comrect sex
oD
Qn

Fabve t

e ysbercept & tha posd whare the Low e i teng wapbed croses (ks y xas
T b T tle G crumes tas puwds iy A
D b the cocmact dumwas Chodes D

|
- ol Mo

© Copymigt 02002 A Pages Nesened

56



IWE-Control-2004-25

DAssistments
| Homs |

Assistment: (9352)

7N
b

The figre above shows a circle mscnbed m 2 square. Which of the followmg is the best approxmmation of the cacumference of the cacle?

028 em
C10em
Olem
O2em

What 1s the dsametes of the cucle?
Oldem
O 10em
Odem
O7em

The ckameter of the crrcle 1o the came as the length of one sde of the square.
The squire has & sde-length of 7 em
The diameter of the circle 1z 7 e Choose 7 cm

Since you know the dianster of the circle, what is #'s cecundference?
O 10em
O28em
Ol4em
Qe

The formela for crcumference of a cacle 1s p1 * diameter.
Substinting walues o the above equation, you get: Circumference =7 %3 14
7 *3.14 15 approsamately 22 So the answer = 22 em Choose 22 em

@ Copyright 2000-2005. Al Rights Resarred
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Appendix B — Captures of Assistments Used
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Problem ID: 4751

"IWE 21 2000 (regular hex)" (Problem ID: 4751)

C D
120°
B E
A F G

This is a regular hexagon. How many degrees are in angle EFG?

Step 1) Regular indicates that all of the interior angles of this pentagon are equal. Since we know
that one interior angle is 120 degrees, we know that all of them are 120 degrees.

Step 2) Since AFE is adjacent to EFG, it is supplementary. This means that AFE + EFG = 180
degrees. To find EFG, we simply subtract AFE from 180. So 180 - 120 = 60 degrees.

Answers: (Interface Type: RADIO_BUTTON)

(Problem ID: 4750)

Which of the following statements are true about a regular hexagon?
Answers: (Interface Type: RADIO BUTTON)

X None of the interior angles are equal

X All of the interior angles are less than 90 degrees

+ All of the interior angles are equal

(Problem ID: 4757)

What does supplementary mean for angles?
Answers: (Interface Type: RADIO_BUTTON)

¢ The angles add up to 180 degrees

X The angles add up to 90 degrees No, that is called
X The angles are both less than 90 degrees
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Problem I1D: 4744

"IWE 33 G-2002 (Isosceles Angles)" (Problem ID: 4744)
A

B

R p
3

P = » !

In the figure shown, lines | and m are parallel, and triangle ABC is isosceles. What is the measure of
angle ACB?

Step 1) You first must use the fact that parallel lines that intersect the same line, intersect it at the
same angles. This means that angle 1 is equal angle 6, which is 110 degrees.

Step 2) By the definition of an isosceles triangle two of the angles are equal. The unkown angle and
angle 1 must be the same since they are both on sides that are equal (indicated by the perpendicular
marks on the lines). This means that the unknown angle has the same measure, 110 degrees.
Answers: (Interface Type: RADIO BUTTON)

(Problem ID: 4742)

Which of the following statements about parallel lines intersecting the same line are true?
Answers: (Interface Type: RADIO_BUTTON)

X They angles they form with the line are always 90 degrees

X They cannot intersect the same line

¢ The angles that they form with the line are equal

(Problem ID: 4743)

Which of the following statements about isosceles triangles are true?
Answers: (Interface Type: RADIO_BUTTON)

X They have no equal angles

X They have interior angles that sum to 270 degrees

« They have two equal angles
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Problem ID: 3730

"IWE 28 2001" (Problem ID: 3730)

Example Probability Question: How many different ways can 4 dominos be lined up?
Answers: (Interface Type: TEXT FIELD)
v no answer

(Problem ID: 3728)

Step 1) The way to determine in how many different orders things can be arranged is by using
something called factorial. When you take the factorial of a number you multiply it by all of
the numbers before it. This means that 3 factorial is 1x2x3=6, and 5 factorial is
1x2x3x4x5=120. We will be able to use factorial to solve this type of problem.

Before proceeding, let's make sure you understood this step. Which of the following is equal to
4 factorial?

Answers: (Interface Type: RADIO BUTTON)

X 1+2+3+4 That's incorrect. Please try again.

X 3x4 That's incorrect. Please try again.

X 4x5x6 That's incorrect. Please try again.

v 1x2x3x4

(Problem ID: 3729)

Step 2) Now that we know about factorial, we can use it to find the number of ways things can
be arranged. The factorial of the number of objects you are arranging is the number of ways
they can be organized. Since we are organizing 4 dominos in this example, 4 factorial, or
1x2x3x4 = 24 is the number of ways they can be organized.

Let's make sure you understood this step. If you have 12 objects, how would you find the
number of ways they can be arranged?

Answers: (Interface Type: RADIO_BUTTON)

« Take 12 factorial

X Add up all the numbers before 12 That's incorrect. Please try again.

X Square 12 That's incorrect. Please try again.
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Problem ID: 3703

"WorkedExample-Item26-1998" (Problem ID: 3703)
Assistment: MA/Work Example Item26-1998/Work Example Item26-1998-behavior0.zml
Let's try this type of problem:

You have to buy a book which is marked for §51.95. The rate of sales tax is 5%. How much do you have
to pay?

You have to pay the 51.95 and the 5% of that price. 5% of51.951s 51.95 * 5/100=51.95*0.05=
2.5975. Round that to 2.60, as you could never pay $2.5975.

So, in total, you have to pay 51.95 + 2.6 = 54.55

An easier way to calculate the 5% would be by first finding how much 10% of the given sum is and then
dividing this result by 2.

10% of 51.951s 51.95 * 10/100 = 5.195. When rounded, this is 5.2. 5% is half of the previous result,
meaning 1/2*5.2=26

Now try it yourself:

Roberto bought skates marked for $69.95. The rate of sales tax is 5%. How much will Roberto have
to pay to purchase the skates?

Answers: (Interface Type: TEXT FIELD)

7345

X 73.44 Looks like you rounded down when you should have rounded up.

X 73.4975 That is the exact decimal but you need round up the nearest cent. Would a store ever
charge you $73.4975.

(Problem ID: 3701)

Let's break this problem down. Sales tax is 5%. How much will Roberto pay for sales tax for
the skates?

Answers: (Interface Type: TEXT FIELD)

v3.5

v 3.50

X 3.49 That is very close but you rounded wrong. It is true that 5% of $§69.95 equals 3.4975 but
that should be rounded up to 3.50.

X 7 That is 10% but you need to find 5%
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| Hint 1:
5% is half of 10% Find 10% of the price of the skates.
Hint 2: s
To find 10%, you move the decimal point to the left one place.
Hint 3:
10% of $69.99 is $6.995 which rounds to $7.00.
Hint 4:
To find 5%, take half of 10% which was $7.00.Find half of $7.00.
Hint 5:
Half of $7.00 is $3.50.Type 3.50 in the answer box.

(Problem ID: 3702)

Good- the sales tax would be $3.50. So how much in total will Roberto have to pay to purchase
the skates?
Answers: (Interface Type: TEXT FIELD)
+73.45
X 73.44 Looks like you rounded wrong. You are off by only one cent.
Hint 1:
Add $69.95 plus $3.50.
Hint 2:
The change is $0.95 and $0.50. $0.95 + $0.50 = $1.45.
Hint 3:
The dollars are $69 and $3. $69 + $3 = $72.
Hint 4:
Now add up the dollar amount and the change amount.
Hint 5:
The dollar amount is $72 and the change amount was $1.45. $72 + $1.45 = $73.45. Enter
73.45.
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Problem ID: 3722

"WorkedExample-Item9D-2003" (Problem ID: 3722)

Example Venn Diagram Problem:

Dog Traits

Dogs with
Bige St short tails

Dogs with
long hair

In a group of 1000 dogs, the previous diagram shows the percentages of dogs with various traits.
Out of the 1000 dogs, how many don't have a short tail and long hair?

Step 1) First, find the percentage of dogs that do have a short tail and long hair. To do this look at the area that the "short tail" and "long h
circels overlap. The percentage indicated here is the percentage of dogs with both short tails and long hair. This 1s 7%.

Step 2) Now to find the percentage that do x#ot have both a short tail and long hair, we must subtract the percentage that do 7% from
100%. 100 - 7= 93. So the percentage of dogs that do not have short tails and long hair is 93%.

Step 3)Now using this percentage, we need to find out the actual number of dogs out of the total that have a short tail and long hair. The
total number of dogs 1s 1000 so we multiolv it bv 0.93 to get 93% of it. This means that 930 dogs do not have short tails and long hair.

Now try to solve one on your own, using what you've leamed from this example. Refer back to the example whenever you need to.

Student Registration

Biology Algebra

Band
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The diagram above shows a relationship among the percentages of students who chose to take Biology, Algebra or Band. If 900 students
signed up to take courses, how many will not be taking Biology, Algebra or Band?

Answers: (Interface Type: TEXT_FIELD)

) .

v 243

(Problem ID: 3719)
What is the total percentage of people taking Biology, Algebra or Band?
Answers: (Interface Type: TEXT_FIELD)
v 73%
v73
X 38 No- that is the percentage of students that were in 2 or 3 classes.
X 100 No. Add up the numbers and you will see they do not equal 100%. Some percentage of students did not take any of the ihree
classes.

- X 100% No. Add up the numbers and you will see they do not equal 100%. Some percentage of students did not take any of the three
classes.
X 8 No. 8% of students were in all three classes.
X 35 No- that is the percentage of students that were in just one of the three classes. You want to figure out the percentage of
students that were in any of three.
X 27 That is the answer to the next question. Instead type 73.
X 657 You are so close. You have almost solved the whole problem. You figured out that the answer to this question is 73% so type
that in. (By the way- 657 in the number of students that would be taking one of the three classes but the question asked how many
would NOT be).

Hint 1:

Biokogy

Band

Sum up all of the percentages shown in the diagram below.

Hint 2:

The total number of students taking Biology, Algebra or Band is the sum of all of the percentages.What is 15+ 25+ 8 +2+3 + 12
+ 87

Hint 3:

The total number of students taking Biology, Algebra or Band is 73%. Type in 73.

. (Problem ID: 3720)
- Correct. Now you need to find out the percentage of students who did NOT sign up for Biology, Algebra or Band.
- Answers: (Interface Type: TEXT_FIELD)
v27
v27%
X 657 Close but you took 73% of 900 but that will tell the number of number of students that took would not have taken any of the
classes. For this question, type 27.
X 827 Close 100%-73% = 23%. Type 23%
X 8 [ am not sure why you said 8, but it is the case that you can see from the diagram that 8% of students took all three classes.
- X 73 :Looks like you already gave that answer.
Hint 1:

You need to determine what percentage of students is in the shaded part of the diagram given below.
Hint 2:




| The total percent of students is 100%.The percent of students taking Biology, Algebra or Band is 73%.What is the percentage of
| students not taking Biology, Algebra or Band?
| Hint 3:
| What is 100 - 73?
| Hint 4:

| | The percentage of students not taking Biology, Algebra or Band is 27%.Type in 27.

(Problem ID: 3721)

Right. Now you can find the number of students who will NOT be taking Biology, Algebra or Band. The total number of students is
- 900. What is 27% of 900?

Answers: (Interface Type: TEXT_FIELD)
| ¥243.00

/243
| X 873 To take 27% you need to multiply the percentage by 900, not substract.

| X 24300 Very close, you just did the decimal arithmetic wrong. You need to move the decimal point two places to the left.

| Hint 1:
| Turn 27% into a decimal and multiply by 900.
| Hint 2:
| 27% is 0.27 in decimal.
| Hint 3:
| What is 900 * 0.27?
. Hint 4:
1900 * 0.27 = 243. Type in 243
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Problem ID: 4734

"IWE 18 A-2003 (slope chart)" (Problem ID: 4734)
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What is the slop of the line shown above?

Step 1) Choose any two points to find the slope between. Since this is a straight line it doesn't matter
which ones you choose. In this example we'll pick A and B.

Step 2) Since slope is rise over run, or change in y divided by change in x, you must first compute
the rise. This is the difference in y values between the two points you chose. In this example the rise
is6-0=6.

Step 3)Now you must compute run. This is the difference in x values. In this example it is 4.

Step 4)Now divide rise by run. This is the fraction 6/4 which simplifies to 3/2.
Answers: (Interface Type: RADIO_BUTTON)

(Problem ID: 4733)

What is slope defined as?

Answers: (Interface Type: RADIO_BUTTON)
X Run over Rise Close, but not quite.

X Rise times Run That's the wrong operation.
+ Rise over Run
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(Problem ID: 4735)

What is meant by "run"?

Answers: (Interface Type: RADIO BUTTON)

X The difference in y values of points on a line Nof guite.

+ The difference in x values of two points on the line

X The product of the x and y values of a point Perhaps you should look at the steps worked out
above.

(Problem ID: 4736)

What is meant by "rise"?

Answers: (Interface Type: RADIO BUTTON)

X The difference in x values of two points on the line Close, but not quite.

¢ The difference in y values of two points on the line
- X The sum of the y values of two points on a line Maybe you should read the steps as they are
- worked out above.
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Problem ID: 3705

"IWE Item 20 2003" (Problem ID: 3705)
Let?s first work through an example, and then move on to the actual problem. What is 2/3 of 2 2/5?

Step 1) We first must make 2 2/5 into an improper fraction so that we can work with it more easily.
To do this, we rewrite the whole number as a fraction with the same denominator as the fractional
part. Thus, 2 becomes 10/5, because there are 10 1/57s in the whole number 2. We now add this to
the fractional part and get 12/5.

Step 2) Now, we must multiply the two fractions ( 2/3 and 12/5 ) together, because ?0f? means
multiply. To do this, we multiply the top by the top and the bottom by the bottom. This gives us
(2*12)/(3*5) = 24/15. This is our final answer.

Now, let?s see if you understood why we took the steps we did, and what purpose each one served.

What's the first step in making 2 2/5 into an improper fraction?
Answers: (Interface Type: TEXT FIELD)
+ make 2 into a fraction of the form 10/5

(Problem ID: 3704)

What does ?0f? mean in the above problem?
Answers: (Interface Type: TEXT FIELD)
+ multiply
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Problem ID: 4890

Substitution and Order of Operations Example

Let's take this equation for, example:

3(-42y +x) - y))
Find the value of this expression fx =6 and y = -2.

To do a complicated expression easily, you need to break it down into simple steps according to
the order of operations.

Some of you may remember the phrase:

‘Please 'E'xcuse M'y "D’ear "A'unt "S’ally

This 15 a usefull tool for rememberning the order of operations: The first letter of each word stands
for a mathematical operation in the order that they should be calculated.

'P'arenthesis "E'xponents "M ultiplication 'D'ivision 'A'ddition 'S*ubtraction

Step 1: "P'arenthesis The first step to simplifinng an equation is to do the expressions mside of
any parenthesis.

In this equation there are two sets of parenthesis; when this happens, you have to do all of the
work in the innermost set of parenthesis before moving on to the next set of parenthesis.

The first step to solve this equation is to simplify the inner most parenthesis:
3(-4Qy +x) -y)

Substitute x = 6 and v = -2 into the expression in the parenthesis.
2y +x) --» (2%-2+6) --> (-4 + 6) --> (2)

Now you have this equation: 3(-4(2) - ¥))

There are still more parenthesis in the problem, so you must do the work inside them before doing
any work on the outside.

Looking only at the parenthesis you have (-4(2) - ¥)
-Notice that when you have a number directly outside of a set of parenthesis, like -4(2), it indicates
multiplication. -4(2) means -4*2.

Using the order of operations we learned above, we know that we must multiply before we do
addition.

(-4*2 - y) First we must multiply: (-4*2 -y)=(-8 - ¥)

We now have to substitute in y = -2 into the expression.

(-8 -y) --> (-8 --2) --> (-10)

All we have left now 15 3(-10)
Once again, numbers directly outside of parenthesis indicate multiplication: 3(-10) =3 * -10

The final step is just 3 ¥ -10=30
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Answers: (Interface Type: ALGEBRA_FIELD)

v
v

v -1%34
X 34 Make sure you check your signs.

(Problem ID: 4886)

According to the correct order of operations, you need to compute whatever is in the innermost
parentheses first. What do you get when you substitute -3 for x and 7 for y in (x - y)?
Answers: (Interface Type: ALGEBRA _FIELD)
+-10
X 4 No. You need to go to the left on the number line when you subtract.
X 10 No. You need to go to the left on the number line when you subtract.
X -3-7 You have to simplify your answer.
Hint 1:
What is (-3 - 7)?
Hint 2:

YV NN

i 1 L :
T T T T T T T T T T T T

16 8876 5432101 2

w +
oo
e
o A
~ 4+
fa's
0 -
a 2l

Start on -3 and go 7 spaces to the left on the number line
Hint 3:
The answer is -10. Type in -10.

(Problem ID: 4887)

Good. Now the problem looks like this:

-2(x-2(-10))

Let's get rid of the innermost parentheses by doing the next operation. What is -2(-10)?
Answers: (Interface Type: TEXT FIELD)

v 20

X -8 Remember that when a number is on the outside of parenthesis you need to multiply it by
the inside number.

X -20 Remember that a negative number multiplied by a negative number gives a positive
number.

X -12 Remember that when a number is on the outside of parenthesis you need to multiply it by
the inside number.

Hint 1:

The -2(-10) means you should multiply what is inside the parentheses by whatever is outside
the parentheses.

Hint 2:

What is -2 * -10?

Hint 3:

The answer is 20.

(Problem ID: 4888)

Right. Now the problem looks like this:-2(x + 20). Compute what is inside the parentheses, by
substituting x = -3 into (x + 20).



- Answers: (Interface Type: TEXT_FIELD)
v 17

X 23 Remember thal the 3 is negative.
- X 34 Great, that's the whole thing. But we are looking only for the number that has to be mwde

| the parenthesis.

Hint 1:

What is (-3 + 20)?

Hint 2:

This can be rewritten as (20 - 3). What is (20 - 3)?
Hint 3:

| The answer is 17 Type in 17

| (Problem ID: 4889)

- Now you can do the last operation. What is -2(17)?
- Answers: (Interface Type: TEXT_FIELD)

| negative number.

e S S TR

v -34 1
X 15 Remember that when a number is on the outside of parenthesis you need to multiply it by
the inside number. j
X 34 Remember that the 2 is negative. A negative number times a positive number gives you a

Hint 1:
-2(17) means that you should multiply what is inside the parentheses by what is outside the
parentheses.

' Hint 2:
What is -2 * 17?

Hint 3:
The answer is -34. Type in -34.
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Problem ID: 4714

"IWE 7-G-2000 (Alt Ext Angles)" (Problem ID: 4714)

125° o

N2 LI

Use the figure above to answer the following questions. Lines m and n are parallel. What is the
measure of angle 4?

Step 1) Find angle s using the fact that it is supplementary to the 125 degree angle. Supplementary
angles add up to 180. So, if we subtract 125 from 180, we get s.

Step 2) Since m and n are parallel, they intersect the third line at the same angles. This means that

angle 4 has the same value as angle s.
Answers: (Interface Type: RADIO BUTTON)

(Problem ID: 4713)

What does it mean for two angles to be supplimentary?

Answers: (Interface Type: RADIO_BUTTON)
X They add up to 125 degrees No, just because 125 happens to be an angle in this figure does

not mean that it is a reasonable answer-.

+ They add up to 180 degrees
X They add up to 90 degrees No, angles that add up to 90 degrees are called complimentary

angles.

(Problem ID: 4715)
If two parallel lines intersect the same line, what can be said about the angles that they
intersect it at?
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Answers: (Interface Type: RADIO BUTTON)
X They are right angles

X They are supplementary

¢ They are the same

(Problem ID: 4737)

If two parallel lines intersect the same line, what can be said about the angles that they intersect
it at?

Answers: (Interface Type: RADIO BUTTON)

X They are right angles

¥ They are equal

X They are supplementary
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"Worked Example-Probability 37 - 2002 Morph" (Problem ID: 4885) [MA - 2002 - Spring - 37]
Let's work through a probability example together now:

'Number of Children Number of Families with this many children
| 0 7
1 - 147
2 245
3 125
4 57
5 36
6 or more 28

Now lets find out the probability if we pick a random family that they willl have at least 3 or more
children.

The fisrt step in solving this problem is to determine which groups qualify for the situation of having
3 or more children. Which groups have at least 3 or more children? Good, now to find the
probability you divide the number of people who qualify under the situation by the total number of
people.

# of Families with 3 or more children

Il

&nbspThe Probability that a family will have at
least 3 or more children
Total # of Families

First we need to find out how many families have 3 or more children. To do this, add the total
number of Families in each row from the table that has 3 or more children.

Number of Children Number (.)i."F.‘a“mili.es with this many childrer‘lx
: ety . s
4 57
5 36
6 or more - 28

&nbspl25 + 57 + 36 + 28 = 246
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Now we need to find the total number of families in the sample
72+ 147+ 245+ 125+ 57+ 36 + 28 =710

Now that we have the number of families with 3 or more children and the total number of families,
we can divide them to find the probability that we will chose a family with at least 3 children or
more.

246 &nbspThe # of families with 3 or more children
—= = .346
710 &nbspThe Total Number of Families

Round .346 to the nearest hundreth and you get .35 which is the same as 35%

There is a 35% probability that a randomly selected family from this sample will have at least 3 or
more children.

Answers: (Interface Type: TEXT FIELD)

+0.35

v .35

v 35%

v 35

X 80 To round to the nearest hundreth wound be .81 or 81%. Tvpe in 81

(Problem 1D: 4880) [MA - 2002 - Spring - 37]

The chart below shows the amount spent by customers at a department store on a typical
business day.

4 Amount Spent Number of Customers
! $0 158
$0.01-85.99 9
$6.00-$9.99 203
$10.00-$19.99 126
| $20.00-$49.99 47
' $50.00-899.99 38
- $100 and over 53

Based on the information in the chart, what is the probability that a customer entering the store
on a typical day will spend less than $20? Express your answer as a decimal and round your
answer to the nearest hundredth.

Answers: (Interface Type: TEXT FIELD)

(Problem ID: 4881) [MA - 2002 - Spring - 37]

Let's assign some meaning to the event in this problem. Let's assume that event is the number
of customers who will spend at most $20.

Which one of the following is not an outcome of an event "number of customers who will
spend at most $20"?
Answers: (Interface Type: RADIO BUTTON)



X Number of customers who will spend $20
X Number of customers who will spend $10
+ Number of customers who will spend $50
X Number of customers who will spend $0
Hint 1:
At most $20 means $20 or less.

(Problem ID: 4882) [MA - 2002 - Spring - 37]
Probability of an event = number of time an event occurs / total number of outcomes

What is the number of times an event occurs? (What is the number of people that spend
between zero dollars and $19.99)
Answers: (Interface Type: TEXT FIELD)
v 581
Hint 1:
What is the number of customers who will spend $20 or less?
Hint 2:
To find the total number of customers who will spend $20 or less, you will need to add the
number of customers who will spend $0 to the number of customers who will spend $0.01 -
$5.99 to the number of customers who will spend $6.00 - $9.99 to the number of customers
who will spend $10.00 - $19.99
Hint 3:
158 +94 +203 + 126 = 581. Type 581 in the text field provided and hit the enter key to
submit the answer.

(Problem ID: 4883) [MA - 2002 - Spring - 37]
What is the total number of outcomes?
Answers: (Interface Type: TEXT FIELD)
v 719
Hint 1:
What is the total number of customers?
Hint 2:
Use the given table to add up all the customers at a department store on a typical business
day.
Hint 3:
158+94+203+126+47+38+53 = 719. Type 719 in the text box provided and hit the enter key
to submit the answer.

(Problem ID: 4884) [MA - 2002 - Spring - 37]

So, what is the closest probability that a customer entering the store on a typical day will spend
at most $20? Express your answer as a decimal and round it to the nearest hundredth.
Answers: (Interface Type: TEXT FIELD)
v 81%
v 81
v 0.81
v .81
Hint 1:
Use the formula for the probability of an event that I already gave you to find the solution.
Hint 2:
Divide the number of outcomes corresponding to the event by the total number of outcomes.



Problem ID: 3710

"IWE Item36 2002" (Problem ID: 3710)
Example Fraction Division Problem:

et

=

Evaluate the above equation.

Answers: (Interface Type: TEXT FIELD)
v

X That is the exact decimal but you need round up the nearest cent. Would a store ever charge you
$73.4975.

(Problem ID: 3706)

Step 1) When dividing two fractions, it is the same as multiplying the first one by the inverse of the second one.
as:

g
1

- a

Answers: (Interface Type: RADIO_BUTTON)

X 1 don't understand this step P can be thought of as the fraction P/1. This makes the above problem a
matter of dividing two fractions. To accomplish this, you leave P/1 as it is, and flip the second fraction.
You then change the division sign to a multiplication sign.

+ 1 understand this step

(Problem ID: 3707)

Step 2) Now, we multiply the two fractions together. To do this, we multiply the top of the first by the top of the
bottom of the second. This gives us the answer:

— X = — = 5P
1 1
Answers: (Interface Type: RADIO_BUTTON)
X I don't understand this step You multiply P by 5 to get the top. You multiply 1 by I get the bottom.
This results in 5P/1. 5P/1 is the same us just 5P.
« 1 understand this step

p 5 _ 5P
1

(Problem ID: 3708)
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Now, using what you've learned, try one on your own. Refer back to the example whenever you need it.

1
Pre—

10

Which of the following is equivalent to the equation above?

Answers: (Interface Type: RADIO BUTTON)

X P/10 That is the exact decimal but you need round up the nearest cent. Would a store ever charge
vou 8§73.49735.

X .01p That is the exact decimal but you need round up the nearest cent. Would a store ever charge
you §73.4975.

X.1p That is the exact decimal but you need round up the nearest cent. Would a store ever charge you
$73.4975.
v 10p

(Problem ID: 3709)

Default For a correct answer please Update
Answers: (Interface Type: TEXT FIELD)
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Problem ID: 372

"Worked Example - Item15-1998" (Problem ID: 3727)

Example Right Triangle Problem:

5 Pythagorean Theorem

A2+ BZ - C?

You know two sides of a right tnangle, shown below. Find the unknown length.

Step 1) We know that the sum of the squared lengths of the two shorter sides of a right triangle 1s equal to the square of the longest side, or
a?+b2=c2. Since we know one of the short sides, and the long side, we can plug those into the equation for a and c. This gives us: 32+b% =
2

Step 2) Let's simplify that equation. 52=5%5=25 3%=3x3=9. This means the equation can now be rewritten as: 9 + b? = 25.

Step 3) Next, we want to get our unknown variable, & all alone on one side of the equation. To do that, we must subtract 9 from each side.
This gives us b2 = 25 - 9. This simplifies to b% = 16,

Step 4) Now we just have to get rid of that exponent on b so that we can see what it 1s. Since b is squared, to unsquare it we take the
square root of both sides. This gives us b =4. Thus, we know the length of the unkown side 1s 4.

Now, using what you've learned from the example, try one on your own. Refer back to the example whenever you need to.

af e JEN
5 A

now fonce

Manuel is planning a flower garden shaped like a right triangle.

He will use an old 16-foot fence for the longest side and an old 8-foot

fence for another side as shown. What is the best estimate of the amount of fencing he will need to the nearest whole number for the
third side?

Answers: (Interface Type: TEXT_FIELD)

v 14

(Problem ID: 3723)

What is the relationship between the sides of the right triangle shown above?
Answers: (Interface Type: RADIO_BUTTON)

xc+aZ=1b%
X b2+ ¢ 2

X a% - b 2= c% No. this is not correct. You need to apply the Pvthagorean theorem.

No, this is not correct. You need to apply the Pythagorean theorem.

=a% No. this is not correct. You need to apply the Pvthagorean theorem.
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val+pi=c?

Hint 1:
This calls for the Pythagorean theorem. This theorem can be used to find the length of a side of a right triangle given the
other 2 sides.

This is the Pythagorean theorem: a2+b2=c?

(Problem ID: 3724)
Assume x is the new fence and the values of the old fences are as shown in the figure (refer to the figure in the main problem).
Apply the Pythagorean equation to these values.
Answers: (Interface Type: RADIO_BUTTON)
X 16% + 82 = x% No. this is not correct. Please refer to the equation in the previous answer and apply it to the given values.
v 8+ x2=16?
x 82 - x% = 162 No. this is not correct. Please refer to the equation in the previous answer and apply it to the given values.
X x% + 162 = 82 No, this is not correct. Please refer to the equation in the previous answer and apply it to the given values.
Hint 1:
This calls for the Pythagorean theorem. Please refer to the equation in the previous answer and apply it to the given values.
Hint 2:
8%+x2=167 is the correct choice.

(Problem ID: 3725)

Now what is the value of x° in the equation 82+ x2=16%
Answers: (Interface Type: TEXT_FIELD)
v 192
X 14 Great Job- that is the value for x but this question as was asking for x squared. Type in 192. The next question will ask
Jor 14.
Hint 1:
To find x? in the equation 82 +x%= 162, we write the equation as: x>=16%-8*
Hint 2:
To find x> you have to find out what you are adding to 8% to get 16%. Calculate 16> which is 16 times 16 and 82 which is 8
times 8.
Hint 3:

162 =256 and 82 = 64
X% =256 -64

What is 256 - 64?
Hint 4:

256-64=192

(Problem ID: 3726)

Now we are ready to answer the final question. So x% is 192. What is the best estimate of x to the nearest whole number?
Answers: (Interface Type: TEXT_FIELD)

v 14

X 13.8 Good- but just round that to 14 please.

Hint 1:

To find x consider: 102=100 therefore x must be larger than 10.

Hint 2:

Let us try a larger number say, 13.

One way to multiply 13*13 is

13*10=130

13*#3=39

130+39=169

Thus, 13*13=169

Hint 3:

Here we know that 192 is greater than 169, and so x is greater than 13.
Hint 4:

Sotryx=14

Actually, 14*14 = 196, but you are looking for the best estimate. This is the closest to 192. Hence x=14 so type 14.




