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Abstract

ASSISTments is an online tool for teachers around the world to assign schoolwork and
assist in student learning in multiple fields. We built content for six Common Core skills
new to ASSISTments: absolute value equation solving, logarithmic equation solving,
matrix multiplication, matrix addition, complex numbers, and exponential equations. We
were able to run 4 different experiments with these skills: adjusting the number of hints
provided, varying the number of problems students are required to complete, presenting
struggling students with prerequisite content, and examining the difference between
theoretical and contextual examples. Our goal in running these experiments is to
determine strategies which improve students' understanding of the material and
transference of the skill.
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Introduction

General Terminology

For the purposes of this experiment we will be using the ASSISTments

educational software. It is a way for teachers to provide their students with problem sets
on the taught topics. We would like to define the following terms that will be used
throughout this paper:

Variabilized Template (Template): It is a specific way to write a problem where
variables are used instead of actual numbers or words. Writing problems in this
format allows the software to create multiple versions of the problem.
Instantiated Problem: It is one specific problem that has been created by
Assistments from one variabilized template. One template will be usually able to
produce multiple instantiated problems.

Problem Set: It is a combination of selected problems that will appear to the
student in a specific way. There are many options for building problems sets
including if-then-else statements, random choose commands, complete all
problems, Skill builders and others.

Skill builder: This type of problem set (or section in a problem set) asks for
students to succeed in a selected number of questions in a row. We make a list
of multiple (50 or more problems are usually created) problems ( instantiated
problems coming from the same or similar templates), and the skill builder option
will display questions to the student until they solve a number X in row. When
they manage to solve the required number of questions in a row, the skill builder
is completed.

Experiment: Assistments gives us the chance to make complex problem sets
which allow for results to be extracted regarding the student learning process. A
simple example is to randomly give students questions from two different groups
of problems, and then compare which question group was more successful.

Building our Experiments

During our time with ASSISTments, we built out six problem sets of new content in order

to conduct experiments on students’ learning strategies. All of our content filled gaps in current
material required for ASSISTments’ full coverage of the Common Core standard. The skills we



built out were as follows: absolute value equation solving, logarithmic equation solving, matrix
multiplication, matrix addition, complex numbers, and exponential equations.

For each skill, we created multiple variablized templates to capture the entirety of the
skill and add variety. We could then generate as many problems as necessary to conduct each
experiment. When creating the experimental problem sets, we used these generated problems
in different ways to test differing learning strategies.

In absolute value and logarithmic equation solving, we wanted to discover how many
problems in a row would demonstrate proficiency in a skill. For matrix multiplication and complex
numbers, we wanted to see if presenting struggling students with prerequisite skills would
improve their ability to complete the content. For exponential equation solving we wanted to see
if splitting up large hints helped or hindered student learning. Finally, for matrix addition we
wanted to test whether contextual examples helped students understand content better than
classical mathematically-styled examples.

Experiments

We conducted multiple experiments during our IQP Term, and were able to collect data on and
analyze two in particular: The effectiveness of presenting prerequisite content to struggling
students, and exploring the implications of presenting students with variable amounts of
problems. We created four unique studies overall, but two of them have not yet collected
enough data for us to analyze. The bulk of this paper will analyze two out the four experiments
that we created which gathered data. Experimental designs of the two experiments that did not
collect data are given below.
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Introduction to this Experiment

Purpose

The goal of this experiment is to test the ordering effect of presenting a student with
generalized or contextual examples in skill builders. Students will either be presented with real
world matrix addition questions or more typical textbook problems. Generalized problems use
standard matrix notation and terminology, whereas contextual examples populate matrices with
data and give it meaning labels. For example, a matrix of cab fares per day and time or
basketball scores per team and game. After completing the first set of problems, the student will
be entered into a skill builder of the remaining skill; if the student completed the theoretical


https://www.lucidchart.com/documents/edit/7373cb0a-3eb8-4ad9-adc0-6a66b825ec42/0?callback=close&v=336&s=612

problems they will receive the real world problems, and if they completed the real world
problems they will receive the theoretical problems. This is an attempt to see which teaching
strategy offers the most transferable skill. We hypothesize that, when this experiment gathers
data, presenting the more difficult real world examples will transfer better than the theoretical
examples.

Content Selection

Matrix addition was chosen as a skill to test this hypothesis because of it's unary nature.
Once students understand that adding or subtracting two matrices is just adding or subtracting
their corresponding positions, they are likely to not make many mistakes. Because of this, we
will examine how the skill’s presentation effects its transfer by comparing it with a different
presentation of the same skill. Five skill builders were selected to accomplish this task, some
with contextual matrices, and some with generalized matrices. Below are the templates we
created for this skill:

Template 1 (theory) - PRA7UJW Assignment: Problem #PSA7UJW

Problem ID: PRAZUJW Comment on this problem

Submit Cy3 from the sum of the following matrices.

4 18 11 g9 g 5 €41 C;z Cps
14 5 15 | +| 2 a7 16 =| cy Cm Cn
1 8 10 3 14 12 C3y C;  Ci

— oo

Submit Answer Show hint 1 of 2 |
Template 2 (theorY) - PRASBCEW Assignment: Problem #PSABCEW
Problem iD: PRASCEW Comment on this problem

Submit Cy from the difference of the following matrices.

I 100s @

Submit Answer Show hint 1 of 2 |




Template 3 (theory) - PRASCEG6

Assignment: Problem #PSABCE6

Problem ID: PRASCE6 Comment on this problem

Submit C4 from the difference of the following matrices.

3 17 10 7 Ci1 Cn
12 14 6 1 Cay Cpz
& 16 - 17 16 ) C31  Caz
1 3 3 14 Cq1 Caz

I 100 @

Submit Answer | Show hint 1 of 2 |

Template 4 (real-world) - PRA8BVZK

Assignment: Problem #PSABVZK

Problem iD: PRASVZIK Comment on this problem

In total, how much did Sam and Nick spend on Breakfast on Monday?

Sam
Monday Tuesday Wednesday Thursday Friday
Breakfast $10.00 $14.00 $1.00 $2.00 $200
Lunch $6.00 $8.00 £7.00 $12.00 $15.00

Dinner $13.00 $8.00 $11.00 86.00 $11.00

Nick
Monday Tuesday Wednesday Thursday Friday
Breakfast $8.00 $9.00 $1.00 $5.00 $12.00
Lunch $12.00 $6.00 $8.00 $15.00 $3.00

Dinner  $3.00 $11.00 $5.00 §7.00 $13.00

| 100: @

submit Answer Show hint 1 of 2 |




Template 5 (real-world) - PRA8XSX

Assignment: Problem #PSABXSX

Problem ID: PRABXSX Comment on this problem

How many more points did Team A score in Game 2's third quarter
than Team B in Game 1's third quarter?

Game 1
Team A Team B
First Quarter 21pts 9pts
Second Quarter 14 pts 3 pts
Third Quarter 15pts 7 pts
Fourth Quarter 15pts 7 pts

Game 2
Team A Team B
First Quarter 18 pts 7 pts
Second Quarter 13 pis 4 pts
Third Quarter 19pts 3 pts
Fourth Quarter 12 pts 2 pts

— oo D

submit Answer Show hint 1 of 2 |

Template 6 (real-world) - PRA85CZ

Assignment: Problem #PSA85CZ

Problem ID: PRAB5CZ Comment on this problem

How much does it cost to take the Subway 10 miles to work in the
morning and the Cab 10 miles back in the afterncon on Thursday?

Cab Fare for a 10 Mile Trip
Monday Tuesday Wednesday Thursday Friday
Morning $16.00 $19.00 $19.00 $18.00 §15.00

Afterncon $15.00 $17.00 $15.00 $15.00 $16.00

Subway Fare for a 10 Mile Trip
Monday Tuesday Wednesday Thursday Friday
Morning $4.00 $4.00 $6.00 8400 §5.00

Afterncon  $4.00  $6.00 $4.00 $200 8$500

| 100 @

submit Answer Show hint 1 of 2 |




Variable Number of Hints

This experiment dealt with the number of hints given in the skill builder questions.
Complicated problems were selected, that could either be dealt with in two long hints, or
in five more analytical ones. The hypothesis was that fewer hints will be less
discouraging for the students that look at the number of hints, in order to judge the
complexity of the problem, thus leading to lower dropout rates.






Introduction to this experiment

This study is an attempt to evaluate how the number of hints influences the student's results on
a particular problem set. The problem set selected in order to carry out this study is a skill
builder on exponential equations. In order to help the students navigate through the problems,
hints are added, explaining the solving procedure behind the skill builder. The number of hints
that appear in each problem, however, can be affecting the student's performance by itself.
Inclusion of multiple hints gives the teacher the possibility to explain the solving process in a
more analytical way, thus providing a better understanding to the student. However there can be
a case made for the higher number of hints to be having a negative effect on performance; as it
can be a factor that is discouraging the students from trying to complete the problem set overall.
In this study we will create two versions of the exponential equations problem set mentioned
above: the first will include two hints, and the second will include five hints. The selection of this
specific skill builder was made based on the flexibility that it gives regarding the number of hints
that could be written, as the solution involves manipulation of the exponents and solving of the
linear equation that will arise afterwards, offering enough content for the use of five but can also
be funneled into two distinct hints. Students that have been assigned this problem set will be
randomly given one version or the other. The results for both versions will be gathered and
compared in order to formulate results on the effect of the number of hints.

Fixed variables

This experiment is dealing with the effect that the number of hints of a problem might have on
the effectiveness of assisting the student. It is important in such research to indicate the
following factors which must be kept fixed in order for the results to be affected only by the
number of hints.

1.Content of the hints

Explaining the same problem in two or five hints could cause the tutoring of the five hints to be
more in-depth. This was eliminated from our experiment. In both cases we are using the exact
same instructions and equations. The order is also unchanged. The only factor that is allowed to
change is grouping of these instructions, creating 2-hint and 5-hint content.

2.0rdering effects

In this experiment the students are required to solve three problems in a row in order to
successfully pass the problem set. All the problems that will be given are generated from
templates written with variables. This means that Assistments randomly generates the problems
by inputting random numbers. This way a multitude of problems is produced. This means that



each student is randomly assigned some of the 50 problems that we asked assistments to
generate. This allows for some inconsistency regarding the difficulty of work. Some problems
might come up to have numbers that are easier to manipulate and the problems could come in
“easier” to “harder” order, which would be helpful for some students. However, the significance
of these effects are minimized by the randomization process, where there are more than
enough available problems. We are confident that all students will share similar difficulty from
the problem set and they will need to attain a specific mastery of the skill in order to succeed.

Content selection:

Template 1
Assignment: Problem #PSA74YR
Problem ID: PRA74YR Comment on this problem
Solve for x
2= 167
— oo ®
Submit Answer | Show hint 1 of 5 |
Template 2
Assignment: Problem #PSA7WQJ
Problem ID: PRA7WQJ Comment en this problem
Solve for x
98 = 3{-4]>(+5

| L] 1002 @

submit Answer | show hint 1 of 3 |




Template 3

Assignment: Problem #PSA7WQK

Problem ID: PRA7WQK Comment on this problem
Solve for x
59%-526257

I 100: @

Submit Answer show hint 1 of 3

In order to solve this problem students have to go through two different stages. Stage 1 is to
change the base of the left hand side to a base of 3 (using the fact that 27 is a power of 3).
Once they get through that step, students are required to apply the property of equality which
states that the exponent of each side is equal to one another, since they have the same base.
Stage 2 requires solving of the remaining linear equation. The way the tutoring was broken
down in the two cases (five against two hints) is shown below.

Two hints




Temlpate 1

Assignment: Problem #PSABZBP

Problem I PRASZEP
Solve for x

27 = 16'

Express 16 as a power of 2.

Set the exponents to be equal for both sides and solve the eguation:

L'"=2

Then,

Submmit Answer




Template 2

Assignment: Problem #PSABIAF

Problem ;. PRAS3IAF

Solve for x

g2 = 3i-20sT

P

= {-2et7

47 = {2
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Typein 3 £ 2.
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Express 9 as a power of 3.
3t = (3%

Set the exponents to be egqual for both sides and solve the equation:

3
Then,
%022 i+ 7
o R

Submmit Answer




Template 3

Assignment: Problem #PSABZ9F

Froblem I PRASZ9F
Solve for x

e Vi

Express 125 as a power of 5.

125% = (532

Set the exponents to be egual for both sides an
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Submit Answer

olve the eguation:

Five hints




Template 1
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Template 2
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Template 3 A=ignment: Problem FPSARIBF

SDNTHL Al

This paper goes on to include further analysis of past studies that are similar to the ones
that are analyzing (variable assignment length, prerequisite questions), in order to make
use of newer results that were not available when the summaries were written.

Experiment 1: Variable assignment length

When students rely on ASSISTments to reinforce a skill, we use a structure called a skill
builder. Skill builders provide the student with as many problems in a row as they need to get a
certain number correct in a row, giving them practice and ample chances to achieve mastery of
the skill. The goal of this experiment is to determine whether the amount of questions needed to
escape a skill builder affects how well a student learns the material. This study is important
because of the difference between high-knowledge students and low-knowledge students; high



knowledge students may become frustrated by too many questions after quickly mastering the
content, where low knowledge students may be able to guess their way through two questions
in a row, thus not demonstrating mastery. Our hypothesis is that the dropout rate will increase
when the number of problems to demonstrate mastery increases. The most common number in
ASSISTments and the default option is three, but we will look into the differences between
offering two, three, four, or five questions to demonstrate mastery (escape the skill builder). We
will use an absolute value equation skill builder to test this because it has many variations to
eliminate guessing, and stands well on its own(doesn’t have many prerequisite skills). Students
will be randomly put into skill builders requiring 2,3,4, or 5 questions needed to complete,
containing the same problems. Data can then be compared between each type of skill builder to
determine its effect on the students.

" Treatment Option

Random Placement
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Fixed Variables

Post Test

In order to ensure our results are not a confounded effect, we control many variables
between the skill builders. The questions for each skill builder set are selected randomly from an
identical pool, generated via templates to ensure their difficulty is the same. The presentation of
the questions are identical between the skill builders, and the student does not know which pool
they are in. All instructions read “This equation has two solutions [problem] Submit only the
larger/smaller one” to prevent any effect of the text.


https://www.lucidchart.com/documents/edit/1b41e82a-6c1a-4d1f-90e5-b6d57dfeb009/0?callback=close&v=3924&s=612

Ordering Effects

Because we are only interested in the effect of the number of questions to escape the
skill builder, we control other possibly confounding variables that we cannot fix through
randomness. The skill builders present questions in a random order, minimizing the impact of
any ordering effects that would arise with a linear presentation. The problems themselves are
also generated randomly via templates to ensure their difficulty is consistent.

Content Selection

Initial Notice

Because the students will have to answer a varying amount of problems in a row to
complete the assignment, we show the following message to students before beginning the
problem set:

Assignment: Problem #PSA852G

Problem ID: PRASS2ZG Comment on this problem

You may not be completing three questions in a row for the
following skill builder.

Please answer the following questions until the system
believes that you have mastered the skill

el One

I'm ready to start the assignment! I 00 @

Submit Answer |

Absolute Value

Absolute Value equations were selected for this experiment because of two reasons.
The many templates that create the problems in the skill builders provide enough variety that



students will not get bored and complete the transfer item, and also similar and focused enough
that only the target skill is being exercised. There are nearly identical hints for every problem
detailing its solution, eliminating any chance that a student would get completely stuck. The
absolute value equation sets fulfill these requirements. The templates are in a table below.

Template 1 - PRA7KZJ e 00—

Assignment: Problem #PSA7KZJ

Problem ID: PRA7KZJ Comment on this problem
This equation has two solutions.
| 4x+12 | =24

Submit only the larger one.

I 1007 3

Submit Answer Show hint 1 of 2 |

Template 2 - PRA7PEU

Assignment: Problem #PSA7PEU

Problem iD: PRA7PEU Comment on this problem
This equation has two solutions.
4] x+31=20

Submit only the smaller one.

I 100:@

Submit Answer Show hint 1 of 2 |

Template 3 - PRA7QSY

Assignment: Problem #PSA7QSY

Problem ID: PRA7QSY Comment on this problem
This equation has two solutions.
3| x+3|=-27

Submit only the larger one.

I 100:@

submit Answer Shaw hint 1.of 2 |




Template 4 - PRA7RV3

Assignment: Problem #PSA7RV3

Problem ID: PRA7RV3 Comment on this problem

This equation has two solutions.
| -3x+12 | =24

Submit only the larger one.

I 100: @

Ssubmit Answer Show hint 1 of 2 |

To solve these problems, students must understand when to split an absolute value
equation and when to simplify it; order of operations is a key element in this skill. In this
example, the equation is split immediately, and the student will then solve both sides of the
equation to determine which side yields a larger value for x.

Congratulations Message

Assignment: Problem #PSA85DK

Problem ID: PRA85DK Comment on this problem

You finished the Skill Builder. Now you will be asked to solve
one follow up question.

Select one:

| am ready to do my best e 100%®

Submit AnswerJ

Transfer Iltem / Post-Test

The transfer question chosen as the post-test was chosen because it brings the students
one step past what the skill builders exposed them to. By adding an additional constant to an



absolute value equation, we are able to test how well the content helped them learn the skill by

asking them to apply it in a slightly different scenario.
. __________________________________________________________________________________________________J

Assignment: Problem #PSABQ9C

Problem ID: PRA8Q9C Comment on this problem

This equation has two solutions.
3[x-5]+6=21

Submit only the larger.

L 100x @

Submit Answer | Show hint 1 of 3 |

Data Analysis

Considerations

There are a few considerations we had to make when analyzing the data. Firstly, there
was a dropout effect of the five-in-a-row treatment as seen in the following table:

Conditions Students who started | Students who Percent of students
the problem set finished the problem | completed
set

2 correct 44 38 86

3 correct 60 55 92

4 correct 46 45 98

5 correct 46 34 74

N 196




Degrees Of Freedom | 3

Chi-Squared 13.4777

P-Value 0.0037

When analyzing the data, we had to be careful not to compare the 5 group on equal
terms with the others because of the differential dropout. The dropout could have led to low-skill
or time-limited students dropping the course, and skewing the results.

Additionally, on the post-test data collected for this experiment, the wrong answer and the
correct answer were swapped. This meant anyone answering correctly had their score labeled
incorrect, and everyone answering incorrectly answered correctly. | attempted to account for this
by switching everyone’s post-test scores (newscore = (1 - score)) and then performing our
analysis. This may have had strange interactions with people who left the test without eventually
inputting the “wrong answer”, as they would not have been marked as correct.

Results

To work around these considerations, we decided to analyze the data by comparing
each group to each other in order to determine whether the treatment significantly helped the
students’ learning. We performed a two-tailed T-Test on each treatment option to determine
whether there was any effect. The data we used were the post-test scores of each completed
student, taking into account partial credit.

Group Post-test Average

2 .550

3 470

4 .630

5 .763

T-Test Results 2 3 4 5

2 0 .3531 .3622 .0113
3 .3531 0 .0462 .0001




.3622

.0462

.0827

.0113

.0001

.0827

As seen above, between the three and four groups we did establish significance.

When not taking into account partial credit, the results look as such:

Group Post-test Average

2 400

3 321

4 478

5 552

T-Test Results 2 3 4 5

2 0 437 4714 1819
3 437 0 1112 .028
4 4714 1112 0 .5032
5 1819 .028 .5032 0

When viewing it as a binary distribution, we can observe no significant difference
between any of the two groups. In a much larger study done by Kim Kelley with over 1700
students participating, we can observe similar results without the worry of the problem having an
incorrect answer, and with access to a much larger pool of data.

Conditions Students who started | Students who Percent of students
the problem set finished the problem | completed
set
2 correct 421 356 85
3 correct 473 337 71




4 correct 415 293 71
5 correct 417 289 69
N 1726

Degrees Of Freedom | 3

A difference in drop-out rate was detected for this study, with a Chi-Squared of 33.4116.

Group Post-test Average

2 427

3 479

4 481

5 491

T-Test Results 2 3 4 5

2 0 .0829 .0886 .0442
3 .0829 0 9531 .7036
4 .886 .9531 0 .7583
5 .0442 .7036 .7583 0

Similar to our data, the study shows that as students complete more problems their
understanding of the material also increases. Specifically, 5 questions compared to 2 questions
improved student post-test score by an average of .064 with a significance of p=0.0442. We can
also observe from this that 3 and 4 questions in a row yielded extremely similar results, with
neither of them being significantly different from 5 in a row. 2 Questions in a row yielded the
lowest average score, which is likely the result of lower-skill students being able to guess
through two questions in a row without having a complete understanding of the skill.

The errors in our study which could have corrupted our results have since been fixed,
and we believe that when more data is available the results should reflect the results shown in

Kim’s study.




Experiment 2: Prerequisite questions

The goal of this experiment is to test the effectiveness of using problem sets that include
problems with prerequisite material. This means that when the student seems to struggle with
the questions that he is given he will be presented with some easier questions, designed for
re-teaching him the necessary prerequisite material. After this inclusion, the student returns to
working on the initial problems. This is an attempt to help the student succeed in the problem
set and enhance his understanding of the material.

In this experiment we are trying to test this assumption. We have created two problem
sets. One is dealing with content on solving equations with complex numbers, and one dealing
with matrix multiplication. Both problems sets are built with the same structure. This structure is
analyzed below.

Figure 1: Experiment flow diagram
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Hypotheses

1) Prerequisite questions will be helpful for the students to complete the skill builder.
This would be the case for any relatively complex skill builder as the one
selected, since the prerequisites are helpful to clarify the concepts that are
required. This would be clearly seen in the post test scores, where the students
understanding is tested more directly.

2) Prerequisite questions will prove to be more beneficial for students with weaker
background. For many students it might be easy to solve the overall skill builder
without need for prerequisites (where these might end up confusing or annoying
students who are well prepared). For the students who seem to be struggling


https://www.lucidchart.com/documents/edit/7d143be9-8bff-4a03-a3d0-55fd414f5109/0?callback=close&v=1040&s=592

though, we expect prerequisite questions to make a great difference in their
performance.

Problem Set Structure

The problem set requires the students to complete all of the following sections in linear

order:
1. Choose Condition Section
2. Post Test section

Choose Condition Section:
This section will randomly choose if the student will be sent to the control or the treatment
group.

Students in the control group will face a normal skill builder problem set, composed of at
least 50 questions on the topics mentioned above (complex equation solving or matrix
multiplication). After completing the skill builder problem set (they need to get three correct
questions in a row) they will move on to the post test section.

Students in the treatment group will be presented with a short skill builder problem set. It
is composed of 5 problems, meaning that the student will have to solve the skill builder with a
small number of tries (he will be allowed a mistake in the first two questions). This is where an
if-then-else statement has been incorporated in the problem set structure. The IF condition is
the completion of the short skill builder. If the student manages to solve it he goes to the THEN
statement, which sends him to the post test. If he does not complete the skill builder, he is led to
the ELSE statement. This is a section that requires him to complete all the following:

1. *Alinear order skill builder on prerequisite material

2. The ‘normal’ skill builder (identical to the control skill builder).
*This linear order skill builder is composed of problems that examine the prerequisite skills.
They come in alternating order depending on which skill they focus on (for example skill 1, skill
2, skill 1, skill 2, skill 1, and so forth). Students are required to get 2 correct answers in a row in
order to show understanding of both skills.

Once these steps are completed the student will be sent to the post test.

Post Test

This section is designed to test the level of mastery that the student demonstrates after going
through the problem set. It is composed of two problems that must be solved in linear order.
These problems present the student with questions that will challenge him (on the topic that the
problem set is designed for). Results from this section are important for the analysis part of this
experiment.



Content Selection

Complex numbers

For the purposes of the experiment we used problems that require skill in at least
two different sectors. We chose to use a skill builder problem set on complex number
equation solving. For this case, the students will have to make use of two different skills:

1. Linear equation solving,
2. grouping of the real and imaginary parts.

In this way we were able to set up questions that allow the student to practice on the
specific prerequisite skills. The types of problems that were used are shown below.

Figure 2: Complex Number Equation Solving (control skill builder)

Templates ~PRA7SBH Assignment: Problem #PSABZCW

Problem ID: PRABZICW Comment on this problem

Find the values of x and y that satisfy the follovsing equation:
Tx-3+(y-6)i=8+8i
Directions:

Type in only the value of y.

| ‘Wv@
Submit Answer Show hint 1of 2 |
~PRA8Y4N Assignment: Problem #PSABZDY
Problem ID: PRABZDY Comment on this problem

Find the values of x and y that satisfy the follov/ing equation:
-10(y+4)i+7=6i+1x
Directions:

Type in only the value of y.

— O

Submit Answer | Shaw hint 1 of 2 |




Assignment: Problem #PSABZEN

~PRA8Y4Q

Problem ID: PRABZIEN

Find the values of x and y that satisfy the following equation:
6x-8+(y-6)i=7+10i
Directions:

Type in only the value of x.

— o0 ©

Submit Answer Show hint 1 of 2 |

Selected questions from this set were found in the normal skill builder, the short skill builder,
and the control skill builder.

Figure 3: Prerequisite Skills for Complex Numbers (Templates)

Grouping~PRASTF3

The picture on the right displays an
instantiated problem for exercising
grouping of real and imaginary parts.
Students are asked to complete an
addition of complex, for which they need
to perform the grouping of the two parts.

Assignment: Problem #PSABVSJ

Problem ID: PRABVSJ

Simplify the folloving:
(4 -51) +(9+2i)

Give your ansver in the form A + Bi

@

0

Submit Answer ‘ Show answer |

Linear Equation~PRA8ZES8

In this case the students are asked to
solve a simple linear equation. Mastery of
this skill, combined with mastery of the
grouping, will give them the ability to
complete the control skill builder,

Problem ID: PRAVC2H Comment on this problem

Solve for a:

a-(-11)=-13

—

Submit Answer | Show hint 1 of 4

These questions concentrate on the two basic skills that are required for the rest of the

skill builder.




Figure 4: Intermediate Messages

®
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These messages are used to help students move around the problem set, informing
them of what they are about to do next, as they switch from normal skill builder to
prerequisite skill builder as well as the opposite, and also let them know when they have

reached the post test section.

Figure 5: Post Test

Table of Post Test Questions used

PRA8US2

Assignment: Problem #PSA8US2

Prablem ID: PRA8US2

Solve the following equation:
Sy +12(2x - 3)i+2=0

Type in the value of x

Submit Answer |

Comment on this problem

Break this problem into steps




PRA84HB Assignment: Preblem #PSAS4HB

Probiem iD: PRA84HB

The position of two different objects is defined using complex numbers.
The real part represents the horizontal displacement, while the
imaginary part represents the vertical displacement (height).

The positions are given below in terms of time t:

Obj. 1: S =12 + (2t - 1)i

0Obj. 2: S = 5t + 6i

Find the time at which the objects are going to be at the same height
(represented by the imaginary part).

Submit Answer ‘ Break this problem into steps

These two were the problems shown on the post test section. They were the
same for all students.

Data Analysis

The first step in the analysis of the results is to compare the results between control and
treatment conditions. The following tables address the completion rate, the post test scores, and
the average number of problems attempted in both conditions.

Table 1: Completion rate for the two conditions

Condition|Students who started the [Students who finished the |Percent of students
S problem set problem set completed

control [54 37 69

treatment|61 41 67

This statistic gives 1 to the students who completed the skill builder, and 0 to those who did not.

Table 2: Post Test Scores for the two conditions (counting dropouts as 0)



Students who completed the |Percent of students completing the |PostTestSco
problem set problem set re
Average
control (37 69 0.87037
treatme |41 67 0.86885
nt

The students answered two post test questions. They get 0 for answering 0 correct questions, 1
for answering one correct question, 2 for answering two correct questions. Students who did not
reach the post test due to dropping out earlier received a 0 in this statistic.

Table 3: Post Test Scores for the two conditions (discarding dropouts)

Students who completed the |Percent of students completing the [PostTestSco
problem set problem set re
Average
control (37 69 1.2368
treatme |41 67 11777
nt

The students answered two post test questions. They get 0 for answering 0 correct questions, 1
for answering one correct question, 2 for answering two correct questions. Students who did not
reach the post test due to dropping out, were not included in this statistic.




Table 4: Average Number of problems attempted for both conditions

Average Number of Problems Average Number of Hard Problems
Attempted Attempted

control [5.00 5.00

treatme [6.88 5.61

nt

This statistic compares the number of problems that students in each condition faced. In this
statistic students that did not make any attempts to answer any problems were not included.
This can be done since students that made no attempts could not have been influenced by
condition (as the first problem is similar for both conditions), and were evenly split out between
the two conditions.

Hard problems are all skill builder problems, except from the prerequisite problems.
The TTest for all problems has a value of 0.0029
The TTest for hard problems has a value of 0.1839

A deeper look in the treatment condition gives the following.

Table 5: Dropout point during the skill builder (treatment only)

Dropout point Short Skill Builder Prerequisite Skill Normal Skill Builder
Builder
Number of students 1 1 4

This statistic does not include the students that did not make any attempts on any of the
questions.



Data Analysis for Students with Weaker Background

We also tried to examine the hypothesis that prerequisite skill builders would prove
beneficial for students with weaker background. The following data come from students with
weaker background only. In order to select which students belong in this category, we looked at
their Assistments record (percentage of correct answers on previous questions). We found the
median for the entire sample, and selected all students that were below the median.

Table 6: Completion rate for the two conditions

Condition|Students who started the [Students who finished the [Percent of students
S problem set problem set completed

control 24 12 50

treatment|33 19 58

The TTest for the Completion Rate shows a value of 0.5801

Table 7: Post Test Scores for the two conditions (counting dropouts as 0)

Students who completed the |Percent of students completing the [PostTestSco
problem set problem set re
Average
control [24 12 0.41667
treatme [33 19 0.57576
nt

The TTest for the Post test scores shows a value of 0.4106



Conclusions

A few points can be made about the results:

The first four tables reveal that there is no significant difference between the control and
the treatment overall. A small increase in the number of problems attempted by
treatment students is noticed, but the p-value of the TTest is not significant. This could
however be analyzed further when more data points are collected.

Table 5 gives a useful inquiry about the point where most students might drop out. It
seems that the transition back to a hard skill builder after an easy one is a good cause
for dropping out. It seems that either the students are reluctant to continue after having
been asked to complete two different skill builders, or they cannot really put into use
what they learned in the prerequisite problem sets. However, only six students are
included in this table, which means that results can really be formed only with addition of
new students.

The second section is the analysis of the students who have done worse in past
Assistments studies.Their results seem to be more diverse with regards to control
against treatment conditions. In particular, treatment students now seem to have an
advantage, with higher completion rate and better post test results. This is in contrast
with the overall student population, where this difference was not observed. This would
agree with our hypothesis that prerequisite questions are more beneficial for students
with weaker background, who need this in depth review before they master the new skKill.
The TTests however, are still not providing high enough significance levels, which could
be attributed to the few data points collected.

Ouir first hypothesis does not seem supported well by the data, while there hints towards
supporting our second hypothesis. More data should be analyzed in the future, so that
the accuracy of the TTest is also increased.



Expanding Previous Studies

Adaptive vs Non-Adaptive-Multiplication,Division

A study that is similar to the prerequisites study was made some years earlier with only a few
students participating. This study is based on the idea of using one pretest question that will
decide if the students in the treatment will get prerequisite questions or not. We will provide a
renewed analysis for this study with the new students that participated. This study uses two
problem sets: PSASDZY and PSAR9Y9 on multiplication and division skills.

Figure 1: Design diagram of the experiment




Table 8: Data results for Problem set PSASDZY

Condition Pretest Question | Number of Students | Average Number of
Hard Problems
Control 75 3.50
Correct 56 2.9
Wrong 19 5.23
Experiment 78 3.38
Correct 70 3.22
Wrong 8 4.26
Total 153 3.45

Table 9: Data results for Problem set PSAR9Y9

Case Pretest Question | Number of Students | Average Number of Hard Problems
Control 80 3.01

Correct 72 2.81

Wrong 8 4.84




Experimen 75 3.00
t

Correct 63 2.69
Wrong 12 4.60
Total 155 3.01

Conclusion:

This study seems to suggest that control and experiment are not heavily differentiated in terms
of overall performance. Slightly more effort seems to be required for the control students, which
is close to the initial hypothesis. We can also see that looking at students who got the question
wrong, there is an greater advantage for the experimental condition group. In that case the
prerequisite questions seem to be helpful. With more data we draw better conclusions in the
future.

It should be noted that the part of the analysis that separates between multiplication and division
is still not available due to the small amount of students that reached that category.

Adaptive vs Non-Adaptive Study- Coin Quiz

A study that is similar to the prerequisites study was made some years earlier with only a few
students participating. This study is based on the idea of using one pretest question that will
decide if the students in the treatment will get prerequisite questions or not. We will provide a
renewed analysis for this study with the new students that participated. This study uses the
problem set PSASA4B, with questions on handling and understanding coin values.

Figure 2: Design Diagram of the coin quiz study
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Table 10: Data results for problem set PSASA4B

Group [DE] First Second Droup outs
questio | question
n
Experimental: Total:
37 9
Control: 34 Total: 12

*In the above table blue color means that the students answered the question correctly, and red
color means that they answered incorrectly.

Comments:

This experiment seems to add to our previous results, showing no significant difference
between control and treatment. Comparing the students who got the first question wrong in both
conditions however, again shows a small imbalance with the number of dropouts being 10 for
those in the control and 6 six for those in treatment. Again with 71 students in total, the results
are inconclusive and therefore this problem set requires more time to collect data.



Appendix
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Problem Set "All templates" id:[PSAZZ9F]

Select All

1) Problem #PRAS85CZ "PRAS85CZ - TEMPLATE - Add or Subtract Matrices Calendar 3"
A couple is trying to get %v {times[morning]} on %v{weekdays[day]}, how much would it cost for one of them to take the cab
and one of them to take the subway?

Cab Fare
Monday Tuesday Wednesday Thursday Friday
Morning $%v{dollars1[0]}.00 $%v {dollars1[1]}.00 $%v {dollars1[2]}.00 $%v {dollars1[3]}.00 $%v {dollars1[4]}.00

Afternoon $%v {dollars1[5]}.00 $%v {dollars1[6]}.00 $%v {dollars1[7]}.00 $%v {dollars1[8]}.00 $%v {dollars1[9]}.00

Subway Fare
Monday Tuesday Wednesday Thursday Friday
Morning $%v{dollars1[10]}.00 $%v{dollars1[11]}.00 $%v{dollars1[12]}.00 $%v{dollars1[13]}.00 $%v {dollars1[14]}.00

Afternoon $%v {dollars1[15]}.00 $%v {dollars1[16]}.00 $%v{dollars1[17]}.00 $%v {dollars1[18]}.00 $%v {dollars1[19]}.00

Algebraic Expression:
v/ %v{dollars1[S*morning+day]+dollars1[10+5*morning+day]}
Hints:

o Add the values across the corresponding cells.
So you have:

%v {weekdays[day]} %v{mornoon[morning]} Cab fare + %v{weekdays[day]}
%v{mornoon[morning]} Subway fare

%v{weekdays[day]} %v{mornoon[morning]} Cab fare + %v{weekdays[day]} _ Total

%v{mornoon[morning]} Subway fare = Cost

%v{dollars1[5*morning+day]} + %v{dollars1[10+5*morning+day]} = E(())t;l
. . _ Total
%v{dollars1[5*morning+day]+dollars1[10+5*morning+day]} = Cost

Type in %v{dollars1[5*morning+day]+dollars1[10+5*morning+day]}

2) Problem #PRA8XSX "PRASXSX - TEMPLATE - Add or Subtract Matrices Calendar 2"

How many more points did Team A score in Game %v {game+1}'s %v{fourths[quarter]} quarter than Team
B in Game %v {gametwo+1}'s %v {fourths[quarter]} quarter?

Game 1

Team A Team B
0]} pts %v{score[1]} pts
21} pts %v{score[3]} pts
41} pts %v{score[5]} pts
6]} pts %v{score[7]} pts

First Quarter %v {score
Second Quarter %v{score
Third Quarter %v {score
Fourth Quarter %v{score

— — .

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_n...
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Game 2
Team A Team B
First Quarter %v{score[8]} pts %v{score[9]} pts
Second Quarter %v{score[10]} pts %v{score[11]} pts
Third Quarter %v{score[12]} pts %v{score[13]} pts
Fourth Quarter %v {score[14]} pts %v{score[15]} pts

Algebraic Expression:
\/ %v {score[game*8+quarter*2]-score[ gametwo*8+quarter*2+1]}
Hints:

 Subtract the values across the corresponding cells.
So you have:

Team A's Game %v{game+1} %v{fourths[quarter]} quarter score - Team B's Game %v {gametwo+1}
%v {fourths[quarter]} quarter score

Team A's Game %v{game+1} %v {fourths[quarter]} quarter score - Team

B's Game %v {gametwo+1} %v{fourths[quarter]} quarter score = Point Difference

%v {score[game*8-+quarter*2]} - %v{score[gametwo*8+quarter*2+1]} = Point Difference
%v {score[game*8+quarter*2]-score[gametwo*8+quarter*2+1]} = Point Difference

Type in %v {score[game*8+quarter*2]-score[ gametwo*8+quarter*2+1]}

3) Problem #PRA8VZK "PRASVZK - TEMPLATE - Add or Subtract Matrices Calendar 1"
In total, how much did Sam and Nick spend on %v{meals[meal]} on %v{weekdays[day]}?
Sam
Monday Tuesday Wednesday Thursday Friday
Breakfast $%v{dollars1[0]}.00 $%v{dollars1[1]}.00 $%v{dollars1[2]}.00 $%v{dollars1[3]}.00 $%v{dollars1[4]}.00
Lunch  $%v{dollars1[5]}.00 $%v{dollars1[6]}.00 $%v{dollars1[7]}.00 $%v{dollars1[8]}.00 $%v{dollars1[9]}.00
Dinner $%v{dollars1[10]}.00 $%v {dollars1[11]}.00 $%v {dollars1[12]}.00 $%v {dollars1[13]}.00 $%v {dollars1[14]}.00

Nick
Monday Tuesday Wednesday Thursday Friday
Breakfast $%v{dollars2[0]}.00 $%v{dollars2[1]}.00 $%v{dollars2[2]}.00 $%v{dollars2[3]}.00 $%v{dollars2[4]}.00
Lunch  $%v{dollars2[5]}.00 $%v{dollars2[6]}.00 $%v{dollars2[7]}.00 $%v{dollars2[8]}.00 $%v{dollars2[9]}.00
Dinner $%v {dollars2[10]}.00 $%v {dollars2[11]}.00 $%v {dollars2[12]}.00 $%v {dollars2[13]}.00 $%v {dollars2[14]}.00

Algebraic Expression:
v/ %v{dollars1[meal*5+day]+dollars2[meal*5+day]}
Hints:

» Add the values across the corresponding cells.
So you have:

Sam's %v{weekdays[day]} %v{meals[meal]} + Nick's %v{weekdays[day]} %v{meals[meal]} =
Total Cost

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_n...
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Sam's %v{weekdays[day]} %v{meals[meal]} + Nick's %v{weekdays[day]} _ Total

%v{meals[meal]}  Cost

$%v {dollars1[meal*5+day]}.00 + $%v{dollars2[meal*5+day]}.00 = Z(())t;l
_ Total
$%v {dollars1[meal*5+day]+dollars2[meal*S+day]} = Cost

Type in $%v {dollars1[meal*5+day]+dollars2[meal*5+day]}

4) Problem #PRASEHN "PRASEHN - TEMPLATE - Matrix Rows vs Columns 6"
How many columns does the following matrix have?

Y%v{rows[0]} %v{rows[1]} %v{rows[2]}

Y%v{rows[3]} %v{rows[4]} %v{rows[5]}

Y%v{rows[6]} %v{rows[7]} %v{rows[8]}

Y%v{rows[9]} %v{rows[10]} %v{rows[l1]}

Algebraic Expression:
v %v {ans}
¥ %v{wans}

¢ You confused columns with rows.

Arc

One Column

One Row

123

Hints:

» Columns are vertical pillars, so because there are three vertical columns, the answer is 3.

Y%v{rows[0]} Y%v{rows[1]} %v{rows[2]}

Y%v{rows[3]} %v{rows[4]} %v{rows[5]}

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_n... 3/18
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Y%v{rows[6]} Y%v{rows[7]} %v{rows[8]}

Y%v{rows[9]} %v{rows[10]} %v{rows[l1]}

Type in 3.

5) Problem #PRASEHM "PRASEHM - TEMPLATE - Matrix Rows vs Columns 5"
How many columns does the following matrix have?

%v{rows[0]} %v{rows[1]}

%v{rows[2]} %v{rows[3]}

%v{rows[4]} %v{rows[5]}

Algebraic Expression:
v/ %v{ans}
X %v{wans}

* You confused columns with rows.

Arc

One Column

One Row

\123|

Hints:

» Columns are vertical pillars, so because there are two vertical columns, the answer is 2.
Y%v{rows[0]} %v{rows[1]}
Y%v{rows[2]} %v{rows[3]}

Y%v{rows[4]} %v{rows[5]}

Type in 2.

6) Problem #PRASEHK "PRASEHK - TEMPLATE - Matrix Rows vs Columns 4"
How many columns does the following matrix have?

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_n... 4/18
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Y%v{rows[0]} %v{rows[1]} %v{rows[2]} %v{rows[3]}

%v{rows[4]} %v{rows[5]} %v{rows[6]} %v{rows[7]}

Algebraic Expression:
\/ %v{ans}
¥ %v{wans}

* You confused columns with rows.

Arc

One Column

One Row

123
Hints:

» Columns are vertical pillars, so because there are four vertical columns, the answer is 4.
Y%v{rows[0]} %v{rows[1]} %v{rows[2]} %v{rows[3]}

Y%v{rows[4]} %v{rows[5]} %v{rows[6]} %v{rows[7]}

Type in 4.

7) Problem #PRASEHJ "PRASEHJ - TEMPLATE - Matrix Rows vs Columns 3"
How many rows does the following matrix have?

Y%v{rows[0]} %v{rows[l]} %v{rows[2]}
Y%v{rows[3]} %v{rows[4]} %v{rows[5]}
Y%v{rows[6]} %v{rows[7]} %v{rows[8]}

Y%v{rows[9]} %v{rows[10]} %v{rows[11]}

Algebraic Expression:
V/ %v{ans}
¥ %v{wans}

* You confused rows with columns.

Arc

One Row

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_n... 5/18



4/28/2016 Assistment - Printing Content
|1 2 3|

One Column

Hints:

« Rows are horizontal bars, so because there are four horizontal rows, the answer is 4.
%v{rows[0]} %v{rows[1]} %v{rows[2]}
%v{rows[3]} %v{rows[4]} %v{rows[5]}
Y%v{rows[6]} %v{rows[7]} %v{rows[8]}

Y%v{rows[9]} %v{rows[10]} %v{rows[l1]}

Type in 4.

8) Problem #PRASEHH "PRASEHH - TEMPLATE - Matrix Rows vs Columns 2"
How many rows does the following matrix have?

%v{rows[0]} %v{rows[1]}

%v{rows[2]} %v{rows[3]}

%v{rows[4]} %v{rows[5]}

Algebraic Expression:
v/ %v{ans}
X %v{wans}

* You confused rows with columns.

Arc

One Row

123

One Column

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_n... 6/18
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Hints:

* Rows are horizontal bars, so because there are three horizontal rows, the answer is 3.

Y%v{rows[0]} %v{rows[1]}

Y%v{rows[2]} %v{rows[3]}

%v{rows[4]} %v{rows[5]}

Type in 3.

9) Problem #PRASCEG6 "PRASCEG6 - TEMPLATE - Add or Subtract Matrices 3"
Submit Co,, {arow}%v {acol} from the %v {operation[choice]} of the following matrices.

Yov{mat1[0]} %v{matI[1]} %v {mat2[0]} %v{mat2[1]} Cii Cpp

Yov{matl[2]} %v{matl[3]} %v{mat2[2]} %v{mat2[3]} Cy  Co
%v {sign[choice]} =

Yov{matl[4]} %v{matl[5]} %v{mat2[4]} %v{mat2[5]} C3;  Cxy

Yov{matl[6]} %v{matl[7]} %v{mat2[6]} %v{mat2[7]} Cy Cyp

Algebraic Expression:
\/ %v{mat3[(arow-1)*2 + (acol-1)]}
Hints:

» %v{operationtwo[choice]} across the corresponding cells.
So you have:

A, %v{sign[choice]} B,. = C,,
A%V{arow}%v{acol} %v{sign[choice]} B%V{arow}%v{acol} = C%V{arow}%v{acol}

Y%v {matl[(arow-1)*2 + (acol-1)]} %v{sign[choice]} %v{mat2[(arow-1)*2 + - C
(acol-1)]} = “%v{arow}%v{acol}

%v{mat3[(arow-1)*2 + (acol-1)]} = Co4y tarow) %v {acol}

Type in %v {mat3[(arow-1)*2 + (acol-1)]}.

10) Problem #PRASCEW "PRASCEW - TEMPLATE - Add or Subtract Matrices 2"
Submit Co,y rarow}%v{acoly from the %v{operation[choice]} of the following matrices.

Yov{mat1[0]} %v{matI[1]} %v{matl[2]} %v{mat2[0]} %v{mat2[1]} %v{mat2[2]} Cn Cp
%v {sign[choice]} _

%v{mat1[3]} %v{matl[4]} %v{matl[5]} %v{mat2[3]} %v{mat2[4]} %v{mat2[5]} Cyi  Cp

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_n...
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Algebraic Expression:
v %v{mat3[(arow-1)*3 + (acol-1)]}
Hints:

» %v{operationtwo[choice]} across the corresponding cells.
So you have:

A, %v{sign[choice]} B,. = C,,
A%V{arow}%v{acol} %v{sign[choice]} B%V{arow}%v{acol}

Y%v {matl[(arow-1)*3 + (acol-1)]} %v{sign[choice]} %v{mat2[(arow-1)*3 +
(acol-1)]}

%v {mat3[(arow-1)*3 + (acol-1)]}

Type in %v{mat3[(arow-1)*3 + (acol-1)]}.

11) Problem #PRASCEK "PRASCEK - TEMPLATE - Intro to Matrices 3"
What is the value at av,y 310w 1%y facol}

Y%v{rows[0]} %v{rows[1]}
%v{rows[2]} %v{rows[3]}
Y%v{rows[4]} %v{rows[5]}

Y%v{rows[6]} %v{rows[7]}

Algebraic Expression:
\/ %v{ans}
¥ %v{wrong_ans}

* You confused rows with columns.

Arc

One Row

123

One Column

Hints:

* Go down %v{arow} (v, arow! %y {acol}) FOWS

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_n...

= C%V{arow}%v{acol}

C%V{arow}%v{acol}

= C%v{arow}%v{acol}

8/18



4/28/2016 Assistment - Printing Content
%v{rows[0]} %v{rows[1]}

%v{rows[2]} %v{rows[3]}
%v{rows[4]} %v{rows[5]}

%v{rows[6]} %v{rows[7]}

Go right %ov{acol} (ayy (arow}%v {acol}) cOlumns

%v{rows[0]} %v{rows[1]}
%v{rows[2]} %v{rows[3]}
%v{rows[4]} %v{rows[5]}

%v{rows[6]} %v{rows[7]}

» Type in %v{ans}

12) Problem #PRASBSR "PRASBSR - TEMPLATE - Multiply Matrices 6"
Submit Coyy rarow} %y {acoly from the following matrix multiplication.

%v{mat2[0]} %v{mat2[1]}

%v{mat1[0]} %v{matl[1]} %v{matl[2]} Ch Cpp
x | %v{mat2[2]} %v{mat2[3]} | =

%v{matl[3]} %v{matl[4]} %v{matl[5]} Cy Cp

%v{mat2[4]} %v{mat2[5]}

Algebraic Expression:
v %v{mat3[(arow-1)*2+(acol-1)]}
Hints:

o Multiply row %v {arow} by column %v{acol}.

%v{mat2[0]} %v{mat2[1]}
Y%v{matl[0]} %v{matl[1]} %v{matl[2]}

x | %v{mat2[2]} %v{mat2[3]}
Y%v{matl[3]} %v{matl[4]} %v{matl[5]}
%v{mat2[4]} %v{mat2[5]}

o Ay =%v{matl[0]} * %v{mat2[1]} + %v{matl[1]} * %v{mat2[3]} + %v{matl[2]} * %v{mat2[5]}
Ayy =%v{matl[0] * mat2[1]} + %v{matl[1] * mat2[3]} + %v{matl[2] * mat2[5]}
Ayy = %v{mat3[(arow-1)*2+(acol-1)]}.

Type in %v {mat3[(arow-1)*2+(acol-1)]}.

13) Problem #PRA74QN "PRA74QN - TEMPLATE - Multiply Matrices 5"
Submit Coy rarow}%v{acoly from the following matrix multiplication.

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_n... 9/18
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Y%v{mat2[0]} %v{mat2[1]}

%v{mat1[0]} %v{mat1[1]} %v{matl[2]} Cn Cp
X | %v{mat2[2]} %v{mat2[3]} | =

%v{matl[3]} %v{matl[4]} %v{matl[5]} Cy Cp

%v{mat2[4]} %v{mat2[5]}

Algebraic Expression:
v %v{mat3[(arow-1)*2+(acol-1)]}
Hints:

» Multiply row %v {arow} by column %v{acol}.

%v{mat2[0]} %v{mat2[1]}
Y%v{matl[0]} %v{matl[1]} %v{matl[2]}

x | %v{mat2[2]} %v{mat2[3]}
Y%v{matl[3]} %v{matl[4]} %v{matl[5]}
%v{mat2[4]} %v{mat2[5]}

o Ay =%vi{matl[0]} * %v{mat2[0]} + %v{matl[1]} * %v{mat2[2]} + %v{matl[2]} * %V {mat2[4]}
Ayy =%v{matl[0] * mat2[0]} + %v{matl[1] * mat2[2]} + %v{matl[2] * mat2[4]}

Ay, = %v{mat3[(arow-1)*2+(acol-1)]}.
Type in %v{mat3[(arow-1)*2+(acol-1)]}.

14) Problem #PRA74PS "PRA74PS - TEMPLATE - Multiply Matrices 4"
Submit Cogy (arow) %y {acoly from the following matrix multiplication.

%v{matl[0]} %v{matl[1]} %v{matl[2]} %v{mat2[0]} %v{mat2[1]} %v{mat2[2]} Ch Cip Cps
%v{matl[3]} %v{matl[4]} %v{matl[5]} | x | %v{mat2[3]} %v{mat2[4]} %v{mat2[5]} | = Cy Cyp  Cy
%v{matl[6]} %v{matl[7]} %v{matl[8]} Y%v{mat2[6]} %v{mat2[7]} %v{mat2[8]} Cy; Cy;, Cy

Algebraic Expression:
\/ %v{mat3[(arow-1)*3+(acol-1)]}
Hints:

» Multiply row %v {arow} by column %v{acol}.

%v{matl[0]} %v{matl[1]} %v{matl[2]} %v{mat2[0]} %v{mat2[1]} %v{mat2[2]}
Y%v{matl[3]} %v{matl[4]} %v{matl[5]} | x | %v{mat2[3]} %v{mat2[4]} %v{mat2[5]}

%v{mat1[6]} %v{matl[7]} %v{matl[8]} %v{mat2[6]} %v{mat2[7]} %v{mat2[8]}

o Ay =%vi{matl[3]} * %v{mat2[0]} + %v{matl[4]} * %v{mat2[3]} + %v{matl[5]} * %v{mat2[6]}
Ay =%v{matl[3] * mat2[0]} + %v{matl[4] * mat2[3]} + %v{matl[5] * mat2[6]}

Ayy = %v{mat3[3]}.
Type in %v{mat3[3]}.

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_... 10/18
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15) Problem #PRA74PP "PRA74PP - TEMPLATE - Multiply Matrices 3"
Submit Cogy (arow) %y {acoly from the following matrix multiplication.

%y {mat1[0]} %v{mat1[1]} %v{matl[2]}

%v{matl[3]} %v{matl[4]} %v{matl[5]}

%v{matl[6]} %v{matl[7]} %v{matl[8]}

Algebraic Expression:
\/ %v{mat3[(arow-1)*3+(acol-1)]}
Hints:

» Multiply row %v{arow} by column %v{acol}.

Y%v{matl[0]} %v{matl[1]} %v{matl[2]}

%v{matl[3]} %v{matl[4]} %v{matl[5]}

Y%v{matl[6]} %v{matl[7]} %v{matl[8]}

%v {mat2[0]} %v{mat2[1]} %v{mat2[2]} Ci Cp
%v{mat2[3]} %v{mat2[4]} %v{mat2[5]} | =| Ci1 Cpxn
%v {mat2[6]} %v{mat2[7]} %v{mat2[8]} Gy Gy

%v{mat2[0]} %v{mat2[1]} %v{mat2[2]}

%v{mat2[3]} %v{mat2[4]} %v{mat2[5]}

%v{mat2[6]} %v{mat2[7]} %v{mat2[8]}

o Ay =%v{matl[6]} * %v{mat2[1]} + %v{mat1[7]} * %v{mat2[4]} + %v{mat1[8]} * %v{mat2[7]}

Ay =%v{matl[6] * mat2[1]} + %v{matl[7] * mat2[4]} + %v{mat1[8] * mat2[7]}

Ay = %v{mat3[7]}.
Type in %v{mat3[7]}.

16) Problem #PRA74PN "PRA74PN - TEMPLATE - Multiply Matrices 2"
Submit Coy rarow} %y {acoly from the following matrix multiplication.

%v{mat1[0]} %v{matl[1]} %v{matl[2]}

%v{matl[3]} %v{matl[4]} %v{matl[5]}

Y%v{matl[6]} Y%v{matl[7]} %v{matl[8]}

Algebraic Expression:
V/ %v{mat3[(arow-1)*3+(acol-1)]}
Hints:

e Multiply row %v {arow} by column %v{acol}.

Y%v{matl[0]} %v{matl[1]} %v{matl[2]}

%v{matl[3]} %v{matl[4]} %v{matl[5]}

Y%v{matl[6]} %v{matl[7]} %v{matl[8]}

%y {mat2[0]} %v{mat2[1]} %v{mat2[2]} C  Cpp
%v{mat2[3]} %v{mat2[4]} %v{mat2[5]} | =| Cu1 Cxn
%v{mat2[6]} %v{mat2[7]} %v{mat2[8]} G311 Cxpy

%v{mat2[0]} %v{mat2[1]} %v{mat2[2]}

%v{mat2[3]} %v{mat2[4]} %v{mat2[5]}

%v{mat2[6]} %v{mat2[7]} %v{mat2[8]}

o Ay =%vi{matl[0]} * %v{mat2[2]} + %v{matl[1]} * %v{mat2[5]} + %v{matl[2]} * %v{mat2[8]}

Ayy =%v{matl[0] * mat2[2]} + %v{matl[1] * mat2[5]} + %v{matl[2] * mat2[8]}

Ay, =%v{mat3[2]}.
Type in %v{mat3[2]}.

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_...
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17) Problem #PRA7Z7T "PRA7Z7T - TEMPLATE - Multiply Matrices"
Submit the number missing from the %v {operation[choice]}.

Y%v{mat1[0]} %v{matl[1]} %v{matl[2]}
Y%v{matl[3]} %v{matl[4]} %v{matl[5]}

Y%v{matl[6]} %v{matl[7]} %v{matl[8]}

Algebraic Expression:
v Y%v{mat3[4]}
Hints:

%v {sign[choice]}

» %v{operationtwo[choice]} according to

Ay %v{sign[choice]} By, = Cy,

» Ay, %v{sign[choice]} By, = C,,

%v{mat1[4]} %v{sign[choice]} Y%v{mat2[4]} = Cy,

Y%v{mat3[4]} = Cy,
Type in %v{mat3[4]}.

Y%v{mat2[0]} %v{mat2[1]} %v{mat2[2]}

%v{mat2[3]} %v{mat2[4]} %v{mat2[5]}

Y%v{mat2[6]} %v{mat2[7]} %v{mat2[8]}

18) Problem #PRA7UJW "PRA7UJW - TEMPLATE - Add or Subtract Matrices 1"
Submit Coyy rarow}%v{acoly from the %v{operation[choice]} of the following matrices.

%v{mat1[0]} %v{matl[1]} %v{matl[2]}
Y%v{matl[3]} %v{matl[4]} %v{matl[5]}

%v{matl[6]} %v{matl[7]} %v{matl[8]}

%v {sign[choice]}

Algebraic Expression:
\/ %v{mat3[(arow-1)*3 + (acol-1)]}
Hints:

» %v{operationtwo[choice]} across the corresponding cells.

So you have:

Ay %v {sign[choice]} By, = Cy

A%v {arow}%v {acol} %v{sign[choice]} Boy {arow}%v {acol}

Y%v{matl[(arow-1)*3 + (acol-1)]} %v{sign[choice]} %v{mat2[(arow-1)*3 +

(acol-1)]}
Y%v{mat3[(arow-1)*3 + (acol-1)]}

Type in %v{mat3[(arow-1)*3 + (acol-1)]}.

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_...

%v{mat2[0]} %v{mat2[1]} %v{mat2[2]}
%v{mat2[3]} %v{mat2[4]} %v{mat2[5]}

Y%v{mat2[6]} %v{mat2[7]} %v{mat2[8]}

= C%V{arow}%v{acol}
= C%v{arow}%v{acol}

= C%v{arow}%v{aeol}

%v{mat3[0]} %v{mat3[1]} %v{mat3[2]}
Y%v{mat3[3]} ? Y%v{mat3[5]}

Y%v{mat3[6]} %v{mat3[7]} %v{mat3[8]}

Ch Cin Gy
Gy Cpp Gy
G Gy G
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19) Problem #PRA7UJV "PRA7UJV - TEMPLATE - Matrix Rows vs Columns"
How many rows does the following matrix have?

Y%v{rows[0]} %v{rows[1]} %v{rows[2]} %v{rows[3]}

Y%v{rows[4]} %v{rows[5]} %v{rows[6]} %v{rows[7]}

Algebraic Expression:
v %v{ans}
X %v{wans}

* You confused rows with columns.

Arc

One Row

\123|

One Column

Hints:
* Rows are horizontal bars, so because there are two horizontal rows, the answer is 2.

Y%v{rows[0]} %v{rows[1]} %v{rows[2]} %v{rows[3]}

Y%v{rows[4]} %v{rows[5]} %v{rows[6]} %v{rows[7]}
Type in 2.

20) Problem #PRA7RV3 "PRA7TRV3 - TEMPLATE- Absolute Value Equations 7"
This equation has two solutions.

| %vi{c}x + %v{a} | = %v{b}

Submit only the %v {size[choice]} one.
Algebraic Expression:

\/ %v {ans[choice]}
¥ %v{ans[wchoice]}

e You input the smaller value, solve for the larger one.

Hints:

| %v{c}x + %v{a} | =%v{b}

%v{cix +%v{a} =%v{b} or %v{c}x+%v{a} =-%v{b}

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_...
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Continue Solving for x.

%vi{cix + %v{a} - %vi{a} = %v{b} - %v{a}
%vi{ctx = %v{(1)*b-a}

%v{c}x

%v{(1)*b - a}

Yovic} Y%v{c}

x = %v{((1)*b-a)/c}

Assistment - Printing Content
Y%v{cix + %v{a} - %vi{a} = %v{(-1*b)} - %v{a}
Y%v{ctx = %v{(-1)*b-a}

Y%vicix  %v{(-1)*b-a}

%v{c} %v{c}

x = %v{((-1)*b - a) / c}

%pv {ans[choice]} is %v{size[choice]}. Type in %v{ans[choice]}.

21) Problem #PRA7QSY "PRA7QSY - TEMPLATE- Absolute Value Equations 5"

This equation has two solutions.
%v{c}| x + %v{a} | =%v{b}

Submit only the %v {size[choice]} one.
Algebraic Expression:

\/ %v{ans[choice]}
¥ %v{ans[wchoice]}

* You solved for the larger value of X, try solving for the other side of the absolute value.

Hints:

« Isolate the absolute value on one side of the equal sign.

Y%vic x+%v{a} | = %v{b}

Y%v{c} x + %v{a} | %v{b}
%v{c} %v{c}
| x + %v{a} | = %v{b/c}

x+ %vi{a} =%v{b/c} or x+%v{a} =%v{(-1*b)/c}

Continue Solving for x.

x +%v{a} - %v{a} =%v{b/c}-%v{a}

X =%vi{((1)*b/c)-a}

x + %v{a} - %v{a} = %v{(-1*b) / c} - %v{a}

x = %v{((-1)*b/¢) - a}

%pv {ans[choice]} is %v{size[choice]}. Type in %v{ans[choice]}.

22) Problem #PRA7QB9 "PRA7QB9 - TEMPLATE- Absolute Value Equations 3"

This equation has two solutions.
Y%v{c} x + %v{a} | = %v{b}

Submit only the larger one.
Algebraic Expression:

\/ %v{ans}
¥ %v{wans}

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_...
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* You solved for the smaller value of X, try solving for the other side of the absolute value.

Hints:
« Start by solving for the absolute value by dividing the other side
equation 1
equation 2 equation 3
equation 2a equation 3b

Y%v{c} x + %v{a} | =%v{b}

| x +%v{a} |=%v{b} / %v{c}

Then undo the absolute value operation
x+ %v{a} =%v{b}/%v{c} Or x + %vi{a} =-%v{b}/%v{c}

Then continue to solve for X

* Then subtract the constant
x =%v{b}/%v{c}- %vi{a} Or x=-%v{b}/%v{c} - %v{a]
So the answers are

x =%v{(1)*b} / %v{c} - %vi{a} Or x=%v{(-1)*b} / %v{c} - %v{a}
Choose the larger.

e %v{ans}

23) Problem #PRA7PIT "PRA7PIT - TEMPLATE - Intro to Matrices 2"
What is the value at a%v{arow}%v{acol}?

Y%v{rows[0]} %v{rows[1]} %v{rows[2]} %v{rows[3]}
a=| %v{rows[4]} %v{rows[5]} %v{rows[6]} %v{rows[7]}

Y%v{rows[8]} %v{rows[9]} %v{rows[10]} %v{rows[11]}

Algebraic Expression:
v/ %v{ans}
¥ %v{wrong_ans}

* You confused rows with columns.

Arc

One Row

123

One Column

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_... 15/18
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Hints:

* Go down %v{arow} (v (arow}%v{acol}) TOWS

%v{rows[0]} %v{rows[1]} %v{rows[2]} %v{rows[3]}
Y%v{rows[4]} %v{rows[S]} %v{rows[6]} %v{rows[7]}

%v{rows[8]} %v{rows[9]} %v{rows[10]} %v{rows[11]}

Go right %v{acol} (2o, farow} %y {acol}) cOlumns

%v{rows[0]} %v{rows[1]} %v{rows[2]} %v{rows[3]}
%v{rows[4]} %v{rows[5]} %v{rows[6]} %v{rows[7]}

%v{rows[8]} %v{rows[9]} %v{rows[10]} %v{rows[11]}

» Type in %v{ans}

24) Problem #PRA7P9A "PRA7P9A - TEMPLATE - Intro to Matrices 1"
What is the value at 2o, (310w %y facol}

%v{rows[0]} %v{rows[l]} %v{rows[2]}
a= | %v{rows[3]} %v{rows[4]} %v{rows[5]}

%v{rows[6]} %v{rows[7]} %v{rows[8]}

Algebraic Expression:
v/ %v{ans}
¥ %v{wrong_ans}

¢ You confused rows with columns.

Arc

One Row

123

One Column

Hints:

* Go down %v{arow} (avy (arow}%v{acol}) TOWS

%v{rows[0]} %v{rows[1]} %v{rows[2]}

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_... 16/18
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%v{rows[3]} %v{rows[4]} %v{rows[5]}
%v{rows[6]} %v{rows[7]} %v{rows[8]}
Go right %v{acol} (angy arow %y facol}) cOlIMNS
%v {rows[0]} %v{rows[1]} %v{rows[2]}
%v{rows[3]} %v{rows[4]} %v{rows[5]}

Y%v{rows[6]} %v{rows[7]} %v{rows[8]}

» Type in %v{ans}

25) Problem #PRA7PEU "PRA7PEU - TEMPLATE- Absolute Value Equations 3"
This equation has two solutions.

%vic) x + %via} | = %v{b}

Submit only the %v {size[choice]} one.
Algebraic Expression:

v/ %v {ans[choice]}
¥ %v{ans[wchoice]}

* You solved for the smaller value of X, try solving for the other side of the absolute value.

Hints:

« Isolate the absolute value on one side of the equal sign.

Y%vic} x+%v{a} | = %v{b}

Y%v{ci x+ %v{a} | %v{b}
Y%v{c} Y%v{c}
[ x +%v{a} | = %vi{b/c}

x+ %v{a} =%v{b/c} or x+ %v{a} =-%v{b/c}

Continue Solving for x.

x+ %v{a} - %vi{a} =%v{b/c}-%v{a} x+%v{a}-%v{a}=-%v{b/c}-%vi{a}
x =%v{((1)*b/c)-a} x =%v{((-1)*b/c)-a}

%v{ans[choice]} is %v{size[choice]}. Type in %v{ans[choice]}.

26) Problem #PRA7KZJ "PRA7KZJ - TEMPLATE- Absolute Value Equations 1"
This equation has two solutions.

| %vi{cix + %v{a} | = %v{b}

Submit only the %v {size[choice]} one.
Algebraic Expression:

https://www.assistments.org/build/print/sequence/677479?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_... 17/18
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4/28/2016
+ %v{ans[choice]}
¥ %v{ans[wchoice]}
* You input the %v {size[wchoice]} value, solve for the %v {size[choice]} one.

Hints:

| %v{c}x + %v{a} | =%v{b}

%v{c}x +%v{a} =%v{b} or %v{c}x+%v{a} =-%v{b}

Continue Solving for x.
Y%vi{cix + %v{a} - %v{a} = %v{b} - %v{a} Y%v{cix + %v{a} - %vi{a} = -%v{b} - %v{a}
Y%v{cix = %v{(-1)*b-a}

Y%v{c}x = %v{(1)*b-a}
VI (1) - a) Yviclx  %vi(-1)*b-a)
Yov{c} B %v{c} %v{c} B %v{c}

x = %v{((1)*b-a)/c} x = %v{((-1)*b-a)/ c}

%v {ans[choice]} is %v{size[choice]}. Type in %v{ans[choice]}

18/18
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Problem Set "Created on 2/5/2016" id:[PSAZ3X9]

Select All

1) Problem #PRA828M "PRAS828M - Exponential equations using the Property of Equality"
Solve for x

%V{b}%v{d} = %V{a}(%V{-C})X-i-%V{f}

Algebraic Expression:
v’ %vix}
Hints:

» Express %v{b} as a power of %v{a}.

Oov (b v Hd] = (94 fa) Yovichevid)

Set the exponents to be equal for both sides and solve the equation:
Yov fa} 70V Ier UV idi —ogy a3 (Vi v if)

Then,

Y%v{e}*%v{d}=(%v{-c})x+%v{f}
Y%v{e*d} = (%v{-c})x+%v{f}
%v{e*d}-%v{f} = (%v{-c})x

(%v{-c})x = %v{e*d}-%v{f}

(%v{-c})x %ov {e*d-f}

(Yovi-c}) (Yovi-c})

Y%v{e*d-f}
(Yov{-c})

Type in %v{display[whole]}.

https://www.assistments.org/build/print/sequence/679116?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_name=fals... 1/19
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2) Problem #PRASZES "PRASZES - Solving 1-Step Subtraction Equations"
Solve for %v{a}:

%v{a} - (%v{b}) =%v{c}
Algebraic Expression:
v’ %v{btc}
Hints:
 This is how to solve a problem similar to your problem.

m- (-4) =-25
m + (+4) = -25
-4 -4
m = -29

» The first step to solve is to change the subtraction sign and negative sign in front of %v{b*(-1)} to
plus signs.

» Next, you need to do the opposite of the sign in front of %v{b*-1}. Therefore, you must subtract
%v{b*-1} from both sides of the equation.

e This is what it should look like:

%vial - (%v{bl) = %vic)
Y%ovia} + (+ %v{b*(-D})
S%vibA-1)} - %vib*(-1)

%vial = %victb}

Type in %v{c+b}

3) Problem #PRA828K "PRAS828K - Exponential equations using the Property of Equality"

Solve for x

Yov (b} 0V 14} = g4y fa} (v ek pcovis)

Algebraic Expression:
u/ %v{x}

Hints:
» Express %v{b} as a power of %v{a}.

https://www.assistments.org/build/print/sequence/679116?mode=debug&op_scaf=false&op_hint=false&op_answer_op=false&op_answer=false&op_name=fals... 2/19
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. %V{b}%V{d} :(%V{a}%V{e})%V{d}
» Set the exponents to be equal for both sides and solve the equation:

%V{a}%V{C}*%V{d}z%v{a}(%v{—c})x+%v{f}
e Then,

%v{e} %y {d}=(%v{-c})x+%v{f}

Yovie*d} = (%vi{-c})x+%v{f}
Yovie*dl-%vifl = (%vi-cl)x

(%vi-ch)x = %vie*d}-%v{f}

(%v{-c})x %v{e*d-f}

ovi-c))  (%vi-c))

Yov{e*d-f}
(%ov{-c})

Type in %v{display[whole]}.

4) Problem #PRA828H "PRAS828H - Exponential equations using the Property of Equality"
Solve for

%V{a}%V{C}X — %V{b}%v{d}

Algebraic Expression:
v %vix}
Hints:

» The bases must be equal in both sides of the equation.
Express %v{b} as a power of %v{a}.

o 1 0, fello fd
%V{b} A)V{dj :(%V{a} /ovle,)A)vldf

« Now write the complete equation:
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%V{a}%v{c}xz%v{a}%v{e}*%v{d}
Then apply the Property of Equality to get a linear equation for x.
o %V{a}%)\’ :C : X — %V{a}(,)/b\’ :C : *0ov :d :
Applying the Property of Equality gives us:

%victx =%v{e}*%v{d}

%vicix = %v{e*d}

Y%v{c}x Y%v{e*d}

%v{c} %v{c}

Yov{e*d}

%v{c}

o Type in %v{display[whole]}

5) Problem #PRA8Y4Q "PRA8Y4Q - Equations with complex numbers"
Find the values of x and y that satisty the following equation:

%v{a}x-%v{b}+(y-%v{c})i=%v{d}+%v{e}i
Directions:

Type in only the value of x.
Algebraic Expression:

v %v{(d+b)/al
Hints:

» Separate the real and the imaginary parts.

%v{a}x-%v{b}+(y-%v{c})i=%v{d}+ %v{e}i
» Real part:
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%v{a}x-%v{b} = Y%v{d}
%vi{a}x = %v{d}+%v{b}
Y%vi{a}x %v{d+b}
%v{a} %v{a}

%v{d+b}
X -
%v{a}

y-%v{c} = %vi{e}

y =%v{e}+%v{c}
y = %v{etc}

Type in only the value of x.

6) Problem #PRA8Y4N "PRA8Y4N - Equations with complex numbers"
Find the values of x and y that satisfy the following equation:

-%v{b}(yt+%v{c})it%v{a}=%v{e}it%v{d}x
Directions:

Type in only the value of y.
Algebraic Expression:

v Y%v{etb*cl/%v{-b}
Hints:

» Separate the real and the imaginary parts.

-%v{b}(y+%v{c})it%v{a}=%v{e}it%v{d}x
e Real part:

%v{d}x =%v{a}
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%v{d}x %v{a}

%vidl  %vid}

%v{a}
x =
%v{d}
-%ovib}(yt%vic}) = %v{e}
Yvibly-
%vibi*%vic) VIS
-%v{b}y = %v{e+tb*c}
%v{etb*c}
y —
-%v{b}

Type in only the value of y.

7) Problem #PRASUSZ "PRASUSZ - Equations with complex numbers"
Find the values of x and y that satisty the following equation:

%v{a}x-%v{b}+(y-%v{c})i=%v{d}+%v{e}i
Directions:

Type in only the value of y.
Algebraic Expression:

v’ %viy)
Hints:
o Separate the real and the imaginary parts.

%vi{a}x-%v{b}+(y-%v{c})i=%v{d}+ %v{e}i
» Real part:

%v{a}x-%v{b} = %v{d}
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%vi{a}x = %v{d}+%v{b}

Y%via}x %v{d+b}

%v{a} %v{a}
%v{d+b}

X -
%v{a}
y-%vi{c} = Y%v{e}
y =%v{e}+%v{c}
y = %v{etc}

Type in y=%v{y}

8) Problem #PRASTQD "PRASTQD - Exponential populations"

A scientist is studying two populations of different types of bacteria. By modeling her data she has come
up with the expressions for the population of bacteria for each type:

Type 1: P — e%v{a}t—%v{b}

Type 2: P = eV {3+ %v{d)

Find the time t, at which the population of bacteria is going to be the same for both types.
Algebraic Expression:

v/ %v{ans}
Hints:

» Set the two population functions to be equal.

e%V{a}t - %vi{b} _ e%V{—C}H- %v{d}

Using the property of equality set the two exponents to be equal:

%via}t - %v{b} = %v{-c}t+ %v{d}

 Solve the linear equation to find the time t at which the populations are equal.
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9) Problem #PRASTF9 "PRASTFY - Logarithmic equations (definition of logarithm)"
Simplify the following:

V(-%v{b})

Algebraic Expression:
v/ %v{a}i
Hints:

« Use imaginary number notation:

V(-1) =i

e V(-%v{b}) =
V(%v{b}) x V(-1) =
(%v{a})i

Type in %v{a}i

10) Problem #PRASTF3 "PRASTF3 - Logarithmic equations (definition of logarithm)"
Simplify the following:

(%v{a} - %v{b}i) + (%v{c} + %v{d}i)
Algebraic Expression:

v’ Y%vireal}+%v{imag}i
Hints:

» Combine the real parts and combine the imaginary parts:
(%vi{a} - %v{b}i) + (%vi{c} + %v{d}i)

(%v{a}+%v{c}) + (%v{-b}i + %v{d}i)

%v{real} + %v{imag}i

Type in %v{real} + %v{imag}i

11) Problem #PRASS7E "PRASS7E - Exponential equations using the Property of Equality"
Solve for x in terms of y:

%V{a}y x %V{b}%V{d} — %V{a}(%v{-c})x+%v{f}
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Algebraic Expression:
Vv (Y%evie*d-fi+y) / (%vi-c))
Hints:

» Express %v{b} as a power of %v{a}.
Yov b} 7OV 1} = (0 a1 %V fehy%v {d}

Then, the equation is:

Yov{aly * %V{a},%V{e}*%V{d}:%v{a}(%v{-c})er%v{f}

Now the exponents in the left hand side can be added:

Qv {a} OV IET VOV IHY osy a1 (Yevi-el)x+%avif)

 Set the exponents to be equal for both sides and solve the equation:
Yov{a} oviel ovidity—ogy gy (Yovi-chxtvovity
So,

%v{e}*%v{d}+y=(%v {-c})x+%v {f}

Y%v{e*d}+y = (%v{-c})x+%v{f}
%v{e*d}-%v{f}+y = (%v{-c})x

(%v{-c})x = %v{e*d}-%v{f}+y

(Yov{-chx  Yevi(e*d)-fi+y

(Yov{-c}) (Yov{-c})

%v{e*d-f}+y
(Yov{-c})

Type in (%v{e*d-f}+y) / (%v{-c}) .
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12) Problem #PRAS8S7D "PRAS8S7D - Exponential equations using the Property of Equality"
Solve for x

%V{a}%V{C}X — %V{b}%v{d}

Algebraic Expression:
v %vix)
Hints:

» The bases must be equal in both sides of the equation.
Express %v{b} as a power of %v{a}.

%V{b}%V{d} = (%V{a}%v{e})%v{d}

« Now write the complete equation:
k0

Yov{a} oV ICHK =y (q) oV ie} YoV id]

Then apply the Property of Equality to get a linear equation for x.

e Y%via} VI = opy gy oviciTovid)

Applying the Property of Equality gives us:

%vi{ictx =%v{e}*%v{d}

%vi{cix = %v{e*d}

Y%v{c}x Y%v{e*d}

%v{c} %v{c}

Y%v{e*d}

%v{c}

» Type in %v{display[whole]}
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13) Problem #PRAS8S4A "PRAS8S4A - Exponential equations using the Property of Equality"
Solve for x

%V{a}%V{C}X — %V{b}%v{d}

Algebraic Expression:
v %vix)
Hints:

» Express %v{b} as a power of %v{a}.

. %V{b}%v{d} — (%V{a}%v{e})%v{d}

 Set the exponents to be equal for both sides and solve the equation:

/v icl 0/ v el %0/ fd1
%V{a}/oVICJX:%V{a}A)VlC; A)Vld,

e Then,

%v{c}tx =%v{e}*%v{d}

Yeviclx = Y%vie*d

%viclx  Y%vie*d)

%v{c} %v{c}

Y%v{e*d}
%v{c}

Type in %v{display[whole]}

14) Problem #PRA8SS6 "PRA8SS6 - Exponential equations using the Property of Equality"
Solve for x

817 _ 3(-6)X+8

Algebraic Expression:
v/ -3.33333333333333

Hints:
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» Express 81 as a power of 3.
Set the exponents to be equal for both sides and solve the equation:

34*7:3 (-6)x+8

Then,
4%T=(-6)x+8
28 = (-6)x+8
28-8 = (-6)x
(-6)x = 28-8
(-6)x 20
-6) (-0
20
X =
(-6)
Type in -20/ 6.

15) Problem #PRAS8SSH "PRAS8SSH - Exponential equations using the Property of Equality"
Solve for x

%V{b}%v{d} = %V{a}(%V{'C})X+%V{f}

Algebraic Expression:
v/ %v{x}
Hints:

» Express %v{b} as a power of %v{a}.

° %V{b}%v{d} — (%V{a}%v{e})%v{d}
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 Set the exponents to be equal for both sides and solve the equation:

%V{a}%v{c}*%v{d}:%v{a}(%v{—c})x+%v{f}

e Then,

%vie} *%v {d}=(%vi-c})x+%v{f}
Yovie*d} = (%vi{-c})x+%v{f}
Yovie*d}-%vif} = (%vi-c})x

(%vi-cHx = %vi{e*dl-%v{f}

(%vi-c})x Yov{e*d-f}

(Yovi-c}) (Yovi-c})

%v{e*d-f}
(%ov{-c})

Type in %v{display[whole]}.

16) Problem #PRA74QP "PRA74QP - Logarithmic equations (definition of logarithm)"

Solve the following logarithmic equation:

%v{b}
log%v{base}X - —
%vie}
Algebraic Expression:
v/ %v{x}
Hints:

e Definition of logarithm:

x = Y%v{base} 7oV ibi/%ovic}

e Use the fact that:

%v{basel = %v{al7oVvic}
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Then:

Vv {base} 6V DHYvie) — (o 11 %0V {€})%vibl/tovie) — oy 1) %0V (e} * (%vibl/tvic)) — oy 1y %V (b}
e x=%y{a)Vib}
x =%v{a**b},

Type in %v {x}

17) Problem #PRA73PT "PRA73PT - Logarithmic Equations using Property of Equality"
Solve for x

log(%v{a}x+%v{b})=log(%v{c}x-%v{d})
Algebraic Expression:

v %vix)
Hints:

Use the property of equality:
log(%v{a}x+%v{b})=log(%v{c}x-%v{d})
Set the arguments of the logarithms to be equal:

(%ovi{a}x+%v{b})=(%v{c}x-%v{d})

» Solve the linear equation:

(%v{a}x+%v{b}) = (%v{c}x-%v{d})
%vi{a}x-%v{c}x = %v{-d}-%v{b}

%vi{a-c}x = %v{-d-b}

%vi{a-c}x  %v{-d-b}

%v{a-c} %v{a-c}

%v{-d-b}
%v{a-c}

x = %v{display[whole]}
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For the solution to be correct, the arguments of both logarithms must be positive for this value of x.

» Perform a check:
%v{a}xt%v{b} is always positive for a positive x

%v{c}x-%v{d} = %v{c}(%v{display[whole]})-%v{d} = %v{x*c}-%v{d} = %v{(x*c)-d} which is
positive

Then x = %v{display[whole]} is a correct solution

Type in %v{display[whole]}

18) Problem #PRA7XRR "PRA7XRR - Exponential equations applying interest rates"

An investment account pays %v{r*100}% annual interest rate compounded %v {frequency[pointer]}. If
the investment amount is %v{p}$, find the balance in the account after %v{years} years.

Algebraic Expression:
v 1

Hints:
e Hi

19) Problem #PRA7WQK "PRA7WQK - Exponential equations using the Property of Equality"
Solve for x

Yov{a} ovicx-%vifi—osy 1 %vid)

Algebraic Expression:
v/ %v{x}
Hints:

» Express %v{b} as a power of %v{a}.
%V{b}%v{d} — (%V{a}%v{e})%v{d}
Then, the equation is:

%V{a}%v{+c}x-%v{f}:%v{a}%V {e}*%v{d}

» Set the exponents to be equal for both sides and solve the equation:

Oovitcix-%v{f o v iel®0 v idt
%V{a}A)V‘ CyX /ovlf,z%v{a}/oVﬁ; A)V(d,
So,
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%v {+cix-%v {f}=%v{e}*%v{d}
[ ]

Y%v{c}x-%v{f} = %v{e*d}

%vicix = %vie*d}+%v{f}

%v{c}x Y%v{e*d+f}
Y%v{c} Y%v{c}
Yov{e*d+f}
X -
Y%v{c}

Type in %v{display[whole]}

20) Problem #PRA7SBH "PRA7SBH - Equations with complex numbers"
Find the values of x and y that satisfy the following equation:

Y%vi{a}x-%v{b}+(y-%v{c})i=%v{d}+%v{e}i
Directions:

Type in only the value of y.
Algebraic Expression:

v’ %viy)
Hints:

» Separate the real and the imaginary parts.

Y%vi{a}x-%v{b}+(y-%v{c})i=%v{d}+ %vi{e}i

e Real part:

%v{a}x-%v{b} = %v{d}
Y%vi{a}x = %v{d}+%v{b}
%v{a}x %v{d+b}

%v{a} %v{a}
%v{d+b}
X =
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%v{a}
y-%vi{c} = Y%vie}
y =%v{e}+%v{c}
y = %v{etc}

Type in only the value of y.

21) Problem #PRA7R4D "PRA7R4D - Remainder theorem"
Using the remainder theorem, calculate the remainder of the following polynomial division:
(%ov{a}x>+%v {b}x+%v{c}) + (x-%v{d})
Algebraic Expression:

v/ %v{r}
Hints:

e When f(x) is divided by (x-c), the remainder is equal to f(c).
e ¢ =%v{d}

f(%v {d))=(%ev{a} x%v {d} 2+%v (b} x%v {d}+%v {c})
o f(%v{d}) = %vir}

Type in %v{r}

22) Problem #PRA7QB8 "PRA7QBS - Quadratic formula expressions"

The quadratic expression %V{a}XZ%V{b}X+%V{C} is given. Find the quadratic formula for this expression
and write it in the form: a+bi.
The constants a and b should be kept to 2 decimal places.

Give your answer in the form: a and b
Algebraic Expression:

v o1
Hints:

e The correct answer is %v{d}+%v{e}i

23) Problem #PRA7QB7 "PRA7QB7 - Remainder theorem"
Using the remainder theorem, calculate the remainder of the following polynomial division:
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(-%V{a}X2+%V{b}x-%V{c}) + (x+%v{d})
Algebraic Expression:

v Yov{r}
Hints:
« When {(x) is divided by (x-c), the remainder is equal to f(c).
e ¢ =%v{-d}

(% {-d}) = ((-%v{a})*(%v {-d}) >+%v{b} *(%v{-d})-%vic})

e Then we compute:

f(%6v{-d}) = (-Yev{a})*(%v {-d) >+ %v {b} *(%v{-d})-Yev{c})
f(%ov{-d}) = (%v{(-a)*((-d)**2) } +%v {b*(-d) }-%v{c})
f(%v{-d}) = %v{r}

Type in %v{r}

24) Problem #PRA7QB6 "PRA7QB6 - Remainder theorem"
Using the remainder theorem, calculate the remainder of the following polynomial division:

(%V{a}xz—%v{b}x+%v{c}) + (x-%v{d})
Algebraic Expression:

v %vir}
Hints:

e When f(x) is divided by (x-c), the remainder is equal to f(c).
e ¢ =%v{d}

f(%v{d})=(%v{a} *%V{d}z-%v{b} *ov{d}+%v{c})

« Then we compute:

f(%v{d}) = (%v{a}*%v{d}>-%v{b} *%v{d}+%vic})
f(%v{d}) = (%v{a*(d**2)}-%v{b*d}+%v{c})
f(%v{d}) = %vir}

Type in %v{r}

25) Problem #PRA7QB5 "PRA7QBS - Remainder theorem"
Using the remainder theorem, calculate the remainder of the following polynomial division:

(%V{a}Xz-%V{b}X+%V{C}) + (x-%v{d})
Algebraic Expression:
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W Yov{r}

Hints:

» When {(x) is divided by (x-c), the remainder is equal to f(c).

e The value of f(c) is found by replacing x with the value of ¢ in the first polynomial. In this case,
f(%v {d})=(%v{al x(%ov{d} 2%y (b x(%v {d} +%v {c}

e The correct answer is %v{r}.

26) Problem #PRA7MMP "PRA7MMP - Remainder theorem"
Using the remainder theorem calculate the remainder of the following polynomial division:

Yev{a} x>+ %v{blx+%v{c} / %v{d}
Algebraic Expression:

v %vir!
Hints:
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