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Abstract

This Interactive Qualifying Project (IQP) focused on the impact of the re-mastery of prior
knowledge skills on the retention of new mathematical content, using the non-profit, computer-
based system of ASSISTments. The study took place over the 2011 — 2012 Academic year,
encompassing four middle school classrooms and four books from the Connected Mathematics
Project (CMP) curriculum. Two weeks prior to the start of a new mathematics unit, the
experimental group was given an opportunity to practice skill building sets identified as prior
knowledge skills which were needed for success in the new unit. Data from the study concluded

that re-mastery of prior knowledge skills may be beneficial in the mastery of new content.
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Introduction

ASSISTments is a free public service of WPI, which is developed with funds from
federal grant money. The online platform assists students with helping learn academic content
including English and mathematics. In the ASSISTments online community, students receive
formative assessment outside of class time, while receiving feedback in the form of hints and
instant correctness gratification, as if they were with an instructor. Additionally, teachers are able

to get feedback from assigned material in order to adjust their classroom instruction and pacing.

ASSISTments is now used in many middle schools across Massachusetts, available for
students for extra practice and reinforcement of class content. Many researchers suggest,
however, that the next step for ASSISTments is to prepare students from new mathematical
content by allowing them the opportunity to re-master skills learned in previous units that are

necessary for success in the new material.

In response to a curriculum re-design of the Connected Mathematics Project (CMP)
focusing on the issue of prior knowledge skills, the goal of this study was to evaluate the impact
of re-mastering prior knowledge skills on the retention of new mathematical content. In the
study, students were given a set of skill sets to practice on, which had been selected as prior
knowledge skills, two weeks before the start of a new unit. Pretest, mid test and posttest
assessments were given at the beginning, middle and end of the study to track the students’
progress against a control group of students. Data on the skills sets completed, as well as the
scores on the assessments, were analyzed in this study to attempt to draw statistically significant
conclusions of the study. The analysis of the collected student performance data and the

conclusion of the experiments are presented in this paper.



Background

The influence of retrieval on success in retention and mastery of material has been shown
to be important through multiple academic studies. A study by Mark Carrier and Harold Pashler
of the University of California, San Diego, revealed that retrieval of material is beneficial to the
effect that it provides another study opportunity for recall and retention (Carrier 1992). Using
two experiments with different stimulus and response times, the pure study trial (ST) and the
Test Trial / Study Trial (TTST) methods, the research showed that subjects given the TTST test
were more likely to remember more ordered response pairs. Rather than expose subjects to
stimuli and response at the same time, as in the ST study, subjects in the TTST study were first

given stimuli, followed by the presentation of response items later in time.

One explanation given for this conclusion is that subjects in the TTST study were given
the opportunity to recognize stimuli that were difficult to recall, and then were able to adjust and
focus primarily on the retention of those specific stimuli. The principle, that prior practice of
stimuli related to new material leads to a higher rate of retention, was taken and applied towards
connected learning mathematics, culminating in a curriculum re-design and multiple proof of

concept studies.

The study of prior knowledge skills, as related to connected learning mathematics, started
with a tactical curriculum re-design for the Connected Mathematics Project (CMP), across the
units from the sixth to the eighth grade. The re-design focused on the principles of spacing and
assessment, which were implemented in the practice of knowledge components, referred to in
this paper as skills. In relation to the TTST study, prior knowledge skills represented the stimuli,

and the core concepts of the new unit represented the response. In the study, prior knowledge



skills that are expected to have been mastered in earlier units are introduced or refreshed in
subjects’ minds before the introduction of new material, with the expectation that this re-mastery

of prior knowledge would lead to greater retention in new core skills presented in the unit.

To accomplish the re-design of the CMP curriculum, the University of Illinois at Chicago
(UIC) and Worcester Polytechnic Institute (WPI) spent time tagging all CMP homework and
assessment problems with the content each item practices, the context in which the skill occurs,
the procedures involved in solving the problem, and the type of responses required (Year 2
Report). From this work, UIC and WPI were able to tag and identify over 150 skills and 70
linked, prerequisite relationships between skills. Researchers were then able to identify skills in
the curriculum that were expected to be mastered before the start of a specific unit. By
restructuring teacher’s material to reflect this information, the team was able to provide teachers
with a way of gauging the retention level of skills learned previously, which were relevant to the
upcoming unit. Modifications to the curriculum materials, which allowed students the
opportunity to practice previously mastered skills, increased students’ acquisition and mastery of
new material found in the unit (Year 2 Report). This research has culminated in a two thousand
student paper study due to run next spring, as well as multiple smaller online studies, including

this Interactive Qualifying Project (IQP).

As stated previously, the goal of this paper is to evaluate the impact of re-mastering
relevant prior mathematical knowledge on acquiring new mathematical knowledge. Students in
the study were broken into an experimental group and a control group, and while the control
group was given irrelevant skill sets, the experimental group was given a chance to practice and
re-master all relevant prior knowledge skills needed for success in the upcoming unit. Practice

was spaced over the two weeks prior to the start of the unit, and students were assessed at the



beginning and end of the practice, as well as at the end of the unit. This study constituted a more
precise test of the benefits of retention of prior mathematical knowledge. It was hypothesized
students in the experimental group, who were given additional practice on prior skills, would be
better prepared to handle the new mathematical content in the unit and therefore demonstrate

higher levels of proficiency on presented topics.



Metrics and Scenarios

The Setup

The setup for the study on the impact of re-mastering prior knowledge skills on acquiring
new mathematical knowledge was started by sorting and organizing the prior knowledge skills
selected by the University of Illinois at Chicago (UIC) and Worcester Polytechnic Institute
(WPI) teams into the selected books for the study. The Connected Mathematics Project (CMP)
books that were used in this study were: Accentuate the Negative and Comparing and Scaling for
the 7 grade students and Thinking with Mathematical Models and Looking for Pythagoras for
the 8" grade students.

Subjects in the control and experimental groups, who started with Accentuate the
Negative in the first half of the study, were then switched and provided counterbalance data
when they completed Comparing and Scaling. Similarly, subjects who started with Thinking
with Mathematical Models in their classrooms provided counterbalance data in their completion
of Looking for Pythagoras as the next unit. In is important to note that for the Accentuate the
Negative and Comparing and Scaling, the UIC team, including Kevin Dietz selected the prior
knowledge skills, whereas for Thinking with Mathematical Models and Looking for Pythagoras
the WPI team completed the initial analysis on selecting prior knowledge skills. Using this
analysis, members from the Interactive Qualifying Project (IQP) team were able to generate a list
of ASSISTments skill builders to assign students in the experimental group. Skill builders, which
are each a series of problems requiring students to get three problems in a row correct to achieve
mastery, for the subjects in the control group were chosen based on their relative irrelevance to

the mathematical content in the new unit.
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In addition to providing subjects in the experimental group with an opportunity to re-
master prior knowledge skills, both the experimental and the control groups were given
assessments to track and compare their knowledge in both the prior knowledge skills and the
core knowledge of the unit. There were three tests involved in administering this study: a pretest,
a mid test, and a posttest. The format for the pretest and posttest both were identical structure,
and had 2 parts to them. The first part of the tests evaluated students on core knowledge of the
new unit, and the second part of the test evaluated students on the prior knowledge skills of the
unit. For the first part the group started with an ASSISTments based exam used as a practice
exam by teachers during the unit, and deleted duplicates of any problems that were of the same
format or repetitive. This first part contained between 10 and 20 problems. The second part was
composed of 1 problem from each of the skill builders used for the re-mastery of prior
knowledge, given to the experimental group. The mid test only consisted of 1 problem from each
of the prerequisites. There were usually around 10 skill builders so the second half of the pretest
and posttest, as well as the mid test, was usually around 10 problems. Representations of the
pretest, mid test and posttest can be found in the appendix of this report. For all three of these
tests, the mode on ASSISTments was set to “test”, which meant that the students did not get any
hints or any feedback during completion.

In order to understand the connections between the prior knowledge skills and the core
knowledge in the new unit, the group mapped the 2 components of the pretest to each other.
Each of the Core problems was mapped to prior knowledge skills which were necessary to
complete the problem, and this mapping can be found in the Prior Knowledge Skills to Core
Skills — Relevant Mapping Appendix. It is important to note that for Accentuate the Negative,

each of the core knowledge problems dealt intrinsically with integers, while selected prior
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knowledge skills all dealt with fractions and decimal number sense. For Thinking with
Mathematical Models, the core knowledge problems mapped very closely to the prior knowledge
skills. For Looking for Pythagoras, the QP team was forced to omit the “Properties and
Classifications of Triangles” skill because of lack of an ASSISTments skill builder, but
concluded after the mapping of the unit that it was one of the key prior knowledge skills for
understanding the core knowledge of the new unit. Comparing and Scaling was well mapped,

with a fair distribution of prerequisites being required for the core material.

The Experiment

The study on the impact of re-mastery of prior knowledge skills for the improved
retention of new mathematical content took place over the past academic year, September 2011
to May 2012. Coordination of the study needed the cooperation of multiple entities, including the
ASSISTments staff, the Interactive Qualifying Project (IQP) team, and the faculty and staff at the

subject middle schools.

At the start of the study, students from four middle school classrooms, who already used
ASSISTments in their day-to-day learning of the mathematics curriculum, were split into the
control group and the experimental group. As stated previously, while students in the control
group received various irrelevant skill sets to work on, students in the experimental group were
given skill builders for each of the prior knowledge skills that were identified by the UIC and

WPI as prior knowledge skills needed for success in the upcoming unit.

To break the students into groups of equal skill level, students were sorted on their
current grade for the class, and then every other student was put into one of the two groups. This

way, there was an even representation of skill levels in both the control and experimental groups.
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Once the control and experimental group were set up, teachers were given group assignments to
be delivered anonymously in class. Members of the IQP team spent time navigating through the

teacher’s accounts on ASSISTments to load and set up all material needed for the study.

After the control and experimental groups were created and the material had been loaded
into the assignments folder, careful coordination with the teachers in the study was needed to set
up the timing of the study, which was critical for its success. To accurately test the hypothesis of
the effect of spacing on the retention of mathematical content, subjects started practice of prior
knowledge skills two weeks prior to the start of the unit, at a pace which was determined by the
teachers. Formative assessments, to test subjects’ progress, were given at the beginning of the
study, after all of the prior knowledge practice was completed, and at the end of the new
mathematical unit. Those assessments were the pretest, mid test and posttest respectively, which

have been explained in depth above.

In order to preserve consistency and control during the study, teachers were told not to
access the data from their students, with the exception of checking to make sure that they were
all working towards completion of the assigned materials. Once the study was completed,
teachers were allowed access to their students’ data and a counterbalance experiment was set up

on the next book in their curriculum.
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Results

Part One: Comparing and Scaling and Thinking with Mathematical Models

Initial Analysis

When the first data came in for Accentuate the Negative, it became apparent that some
sort of filtering would need to be applied so that only the students who had been exposed to the
relevant elements of the experiment would remain. In its raw form, the data contained many
students who had failed to complete the pretest, posttest, numerous homework assignments, mid
test, and even combinations of these assignments. When all of the unfiltered data was analyzed at
once, the data showed the experimental group scoring 19% higher on the core knowledge,
examining the difference between posttest and pretest scores, with differences of 31% and 26%
for the experimental and control groups respectively. However, this was not statistically

significant with a 2-tailed ttest producing a p-value of 0.1037.

The first filter applied limited the data so that only students with a prior assessment
(pretest score) and later assessment (posttest score) would be examined, as students who failed to
complete either or both assignments had no metric by which they could be reasonably compared.
With this filter alone, the data now showed the experimental group scoring 23% higher on the
core knowledge, examining the difference between posttest and pretest scores, with differences
of 32% and 26% for the experimental and control groups respectively. Again, this result was not
statistically significant with p-value of 0.0597, though was very close to being below the targeted

0.05.

Next, a filter was applied to differentiate between students who scored well on the core

knowledge initially, the crude assumption being that they may have taken the work more
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seriously. This filter, which was applied to the set of data already limited by the above filter, was
implemented with a median split on the core knowledge portion of the pretest assessment. It is
important to note that only students above the median score were examined in this portion. This
data showed a gain of 56% for the experimental group over the control group in core knowledge,
with the posttest and pretest score differences being 28% and 18% for experimental and control
groups respectively. This result was statistically significant at 0.0237. A summary of the filtered

results can be seen in table 1 below.

Filter Applied Relevant Skills Group | Irrelevant Skills Group | T-test

(Pre to Post) (Pre to Post) Score

Un-filtered Data 31 26 0.1037
Completed both Pre and Post 32 26 0.0597
High Starting Core Knowledge 28 18 0.0237

Table 1: Initial analysis for Accentuate the Negative on three different filters to test for statistical significance

Similar filtering and manipulation of the data was attempted with the data from Thinking
with Mathematical Models, but there was no resulting statistically significant data. Upon
reflection into the mapping of the prior knowledge skills to the core knowledge problems of the
pretest and posttest assessments, the team hypothesized that since the prior knowledge skills
mapped so closely to the core knowledge of the unit, as stated previously in metrics and
scenarios, students had a chance to practice and re-master prior knowledge skills during the unit,
regardless of if they had been given the opportunity to re-mast these prior knowledge skills in the
two weeks previous to the start of the unit. The rest of the analysis in the paper will focus
primarily on the data received from Accentuate the Negative and its counterbalance data from

Comparing and Scaling, rather than Thinking with Mathematical Models.

Subject Ranking System
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The idea of reducing the set of data to only subjects meeting certain criteria based
on the group’s judgment was considered, though ultimately proved to be unprofitable in
implementation. With the aim of defining various subject groups to include and exclude in the
analysis data set to better show the experimental effect of prerequisite conditioning, three groups

were defined.

The first, the “ceiling students”, were abstractly defined as subjects so proficient in the
relevant (core) knowledge at the time of pretest that they did not have appropriate room to grow
throughout the experiment. The consensus was that such subjects should be removed from
consideration as the inability to demonstrate growth deemed them ineffective for use in testing
the study’s research hypothesis. It should be noted that this rational is contrary and opposite to
that found in the initial analysis section, whereby the group of subjects commanding scores
superior to the median for subjects on core knowledge pretest sections was the only group
considered fit to analyze. Interestingly, it followed that the group of “ceiling subjects” was in
fact the only group to achieve statistically significant growth, as calculated by t-test, in core
knowledge from pretest to posttest. Resultantly, simply removing the “ceiling kids” was not an
option, but still efforts continued to include the limiting of “ceiling students” in some larger

equation of student ranking that might better depict the actual experimental effect.

The second group defined was “grit subjects”, who may have struggle greatly throughout
the course of completing their prerequisite skill builders assignments but ultimately persisted
through success. The idea here was to avoid discounting a group of students that on the surface
may not have seemed serious about their work (based on their homework percent correct), but in
actuality did care enough to work hard, despite struggling, and eventually master the assignment.

Upon deeper inspection, it could be said that this is in fact the very group of students that stand
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to benefit most from such programs of prerequisite conditioning as examined in this study. With
this in mind, various metrics and scores were generated in an effort to better understand this

population, and data analyzed on “grit subjects” resulted in statistically significant results.

The third group defined was “hard working subjects”, those who completed 100% of the
assigned homework through to mastery (three correct in a row). Both in efforts to filter the data
in combination with the above two defined group, as well as in exclusion of them, not productive
result was found. Perhaps the takeaway lesson here is that in any classroom there will be a
variety of background knowledge, skill sets, and capabilities among students. If the goal is to
create a general use system to augment preparedness for the standard curriculum, but the
population of subjects must be reduced (beyond those that failed to participate fully in the study)
to simply show any amount of desirable effect, then perhaps such a system is not truly effective.
Rather, a significant effect should be evident when looking at the participating classroom
population in its entirety, as was successfully done in this study, and not by artificial

manipulations of the data predicated on the analyzer’s judgment.

Performance of “Grit” Subjects

As stated previously, “grit subjects” are defined as students who, even though they do not
necessary understand the material, are working hard to master the prior skills and eventually do.
Specifically, these were the subjects that during skill builders answer very few questions
correctly but end up mastering at least 8 prior skills. Analysis on “grit subjects” was done for the

data on Accentuate the Negative.
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For “answered very few correctly” the analysis was going to use students who were 1 SD
below the mean, but so few students were, the study instead used students who were below the

mean for their respected groups.

Relevant Group: 34

Irrelevant Group: 38

And who mastered 8 or more skills:

Relevant group: 20

Irrelevant Group: 17

Condition

1.00 .
~ Experimental (Relevant

- ' Prior Skills)

= / Control (Mot Relevant
Prior 5kills

/ - Experimental (Relevant

~ Prior Skills)

Contraol (Mot Relevant
/ Prior Skills
Experimental (Relevant Prior

/ o Skills): Ry Linear = 0.659
Control (Mot Relevant Prior

o / Skills: R+ Linear = 0.256

0.804

0.60 o

PostCore
AN

0.40] / :

0.20

T
0.20 0.40 0.60 0.80
PrePrior

Figure 1: Graphical Analysis of "grit subjects" on prior knowledge pretest scores vs. core knowledge posttest scores
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As shown the graph, with subjects’ scores on the prior knowledge skills on the pretest on
the horizontal axis and subjects’ scores on the core knowledge skills on the posttest, Subjects
who worked hard to practice and re-master the prior knowledge skills gained more knowledge

between the pretest and the posttest than the subjects without practice on the prior knowledge

skills.
Model Summary
Model Change Statistics
Adjusted R Std. Error of R Square
R R Square Square the Estimate Change F Change dfl df2 Sig. F Change
1 710, .504 450 15759 504 9.470 3 28 .000

a. Predictors: (Constant), CondxPrePriorC, Conditionl0, PrePriorC

ANOVA,
Model Sum of
Squares df Mean Square F Sig.
1 Regression 706 3 235 9.470 000,
Residual 695 28 025
Total 1.401 i1

a. Predictors: (Constant), CondxPrePriorC, Conditionl0, PrePriorC
b. Dependent Variable: PostCore

Coefficients,

Model Standardized
Unstandardized Coefficients Coefficients
B Std. Error Beta t Sig.

1 (Constant) 568 040 14224 000
Condition10 131 060 312 2.192 037
PrePriorC AG8 191 430 2.449 021
CondxPrePriorC 540 294 337 1.836 077

a. Dependent Variable: PostCore

Table 2: Table of values associated with the analysis of “grit subjects”

The above table of the data from this analysis shows results which show statistically
significant differences between the experimental and control groups. The analysis of “grit
subjects” has shown that students has shown that students who work hard to re-master prior

knowledge skills before the start of the unit perform higher and retain more knowledge than
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students who do not have the chance to re-master prior knowledge skills. This is a promising
result, because it shows that the study of prior knowledge skills has the opportunity to impact

low knowledge, hard-working students.

Performance of High vs. Low Prior Knowledge Subjects

Another approach that was taken in analyzing the data was to develop questions about
different types of subjects and provide answers using the data. The team wanted to see if subjects
who came into the study with a strong handle on prior knowledge skills would do better in the
unit. Kevin Dietz at the UIC ran some analysis on the Accentuate the Negative data investigating
the question of how the performance of high prior knowledge and low prior knowledge subjects
were affected by the study. Kevin first ran a hierarchical regression on the pretest scores of the
prior knowledge skills. This accounted for significant variance. The students who scored higher
on the prior knowledge section of the pretest also scored significantly higher on the core material
section of the posttest. Kevin also split the data on those who practiced relevant and irrelevant
skills. He found that those who studied the relevant skills did score higher on the posttest core
material. The final step was finding the interaction between the two. This was not found to be
statistically significant. Figure 1 below shows the results of this analysis. It shows specifically,
the Relevant Skills practice condition performed better at the core post-test than the Irrelevant
Skills practice condition. In Step 3, the interaction between the two terms was entered, which

was not significant, t(94) = -.77, ns.
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Figure 2: Graphical analysis of high vs. low prior knowledge subjects

Impact of Re-mastery of Prior Knowledge

A key question that the team looked to answer in the study was if the students actually

mastered the prior knowledge skills, was it of benefit them in learning the new material.

Additionally, Kevin studied the impact of re-mastery of prior knowledge skills on the retention

of those skills, essentially studying whether or not the assigned practice was helpful even in the

retention of the prior knowledge skills above all else. To complete this analysis for Accentuate

the Negative, he ran 2 (Condition: Relevant Prior Skills, Irrelevant Skills) x 3 (Test: pretest, mid

test, posttest) ANOVA using the scores of the pretest, mid test, and posttest of only the prior

knowledge skills. He found that the students who had been practicing the relevant prior skills
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performed better on the mid test, but both groups performed about the same on the prior skills

section of the posttest.

Mastery Learning - Proof of Concept

One of the questions that can be reinforced using the data from Accentuate the Negative
is whether or not mastery learning as a concept is effective, which has already been shown in the
ARRS study (Heffernan 2012). To do this the team looked at the pretest, mid test, and posttest of
the prior knowledge skills, or the second part of the pretest and posttest assessments. This was
achieved first by comparing changes in scores for the two conditions from prior knowledge skills
pretest to prior knowledge skills posttest. Then the team looked at how mastery of the prior
knowledge skill set was maintained throughout the course of learning new material in the new

unit, in relation to the control group who had no prior knowledge practice.

Because students in who received relevant practice on prior knowledge skills have to use
those skills when practicing the new skills they are encountering in Accentuate the Negative, it
seemed logical to hypothesize that those relevant prior skills would be answered more correctly
at post-test than the subjects who received no practice on the skills before be assessed on the
same material. For this analysis, a 2(Condition: Relevant Prior Skills, Irrelevant Prior Skills) x
3(Test: Pretest, Mid test, Posttest) ANOVA where the test variable represents students’ scores at
pretest, mid test, and posttest of the prior knowledge skills (and not the core skills as was the
focus of the first ANOVA analysis) was run. The results can be seen below and are graphed in

Figure 3 on the next page.

(This analysis was run two ways—either just excluding the students with missing Prior Skill

Pre/Mid/Posttest data from Column E or excluding all participants with missing Prior Skill
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Pre/Mid/Posttest data AND missing Core Skill Pre/Posttest data. Both ways yield similar results,
so only the results from the latter are reported here because the stricter exclusion criteria yield

more “favorable” results in the ANOVA above)
No Condition Main effect: F< 1
No Test Main effect : F(2, 192) = 1.58, ns

Condition x Test Interaction: F(2, 192) = 8.16, p <.001

100% -
90% -
80% - B Relevant Skill Practice H Irrelevant Skill Practice
70% -

>60% -

©

© 50% -

S

© 40% -
30%

20% -

Precent of Prior Skill Items Answered

10% -

0% -
Pretest Midtest Posttest

Figure 3: Effectiveness of Mastery Learning on the retention of prior knowledge skills for Accentuate the Negative

Comparing the two conditions at pre-test will allow to us to see whether the two groups
came in with the same skill level. They are, F(1, 192) = 2.05, ns. After two weeks of mastery-
learning, the students receiving practice on prior knowledge skills scored higher on the mid test
than students practicing irrelevant prior skills, F(1, 192) = 17.68, p < .001. Interestingly, the
students practicing prior knowledge skills during the two weeks before the unit did not hold a

statistically significant advantage over the students without practice at the posttest. This suggests
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that students who did not receive an opportunity to re-master prior knowledge skills were forced

to practice and re-learn these skills in order to succeed in the unit.

Part Two: The Counterbalance

Mastery Learning - Proof of Concept

As what done with the subjects from Accentuate the Negative, the same proof of concept
to test if mastery works can be run on the subjects from Comparing and Scaling. As in the proof
of concept section for Accentuate the Negative, the team looked at the pretest, mid test, and
posttest of the prior knowledge skills, or the second part of the pretest and posttest assessments.
This was achieved first by comparing changes in scores for the two conditions from prior
knowledge skills pretest to prior knowledge skills posttest. Then the team looked at how mastery
of the prior knowledge skill set was maintained throughout the course of learning new material
in the new unit, in relation to the control group who had no prior knowledge practice. Again, it
seemed logical to hypothesize that those relevant prior skills would be answered more correctly
at post-test by the subjects who received an opportunity to re-master the skills than the subjects

who received no practice on the skills before be assessed on the same material.

Of 130 students from two classrooms, 56 students had incomplete pretest/post-test data
and were excluded from the analysis. As a result, 74 students were included in analysis, with 38
in the relevant prior skills condition (experimental) and 36 in the irrelevant skill condition

(control)

There were a number of Core Skill pretest items and posttest items (#s 182548, 182549,

182550, 182555, 182556, 182557. All items appear on (both pretest and posttest) that appear to be
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open response items and were not scored correct by ASSISTments. Therefore these items were

not used when computing pretest and posttest scores for the core items.

2 (Condition: Experimental, Control) x 3(Test: Pretest on Prior Skills, Mid test on Prior Skills

Posttest on Prior Skills)

Main effect of Test: F(2,124) = 11.39, p <.001.

Marginal Condition effect: F < 1

No Condition x Test Interaction: F(2, 124) =1.65, p =.20

100% -
90% -
H Relevant Skill Practice H Irrelevant Skill Practice
80% -
70% -
60% -
50% -
40% -
30% -
20% -

10% -

Precent of Prior Skill Items Answered Correctly

0% -
Pretest Midtest Posttest

Figure 4: Effectiveness of Mastery Learning on the retention of prior knowledge skills for Comparing and Scaling

As shown in figure 4 above, the students practicing prior knowledge skills during the two

weeks before the unit did not hold a statistically significant advantage over the students without
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practice at the posttest. This suggests that students who did not receive an opportunity to re-
master prior knowledge skills were forced to practice and re-learn these skills in order to succeed
in the unit. Interestingly, this is the same result that we found for Accentuate the Negative. This
shows again that teachers are able to supplement the prior knowledge skill practice during the
unit, even though the relevant skill students came into the unit stronger, which is reflected by the

mid test score.
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Conclusion

The study of the impact of prior knowledge skills on the retention of new mathematical
content is far from over. With the data received thus far from Accentuate the Negative, Thinking
with Mathematical Models and Comparing and Scaling, it is inconclusive as to whether or not
practice on prior knowledge skills had an effect on students’ retention of the new materials,

although the concept of mastery learning has been show again as in the ARRS study.

Although various elements could have affected the study, the team hypothesized that the
relative success from Accentuate the Negative was a result of prior knowledge skills which were
decimal and fraction based as opposed to integer based, which allowed students in the
experimental group an opportunity to improve and re-master key skills in their number sense,
making the integer based math of Accentuate the Negative relatively simple. Unlike with
Thinking with Mathematical Models, subjects in the experimental group for Accentuate the
Negative received skill practice which was not supplemented by classroom instruction, which

may have been the key to its success.

Even though the study of prior knowledge skills has yet to be conclusive, individual
analysis of Accentuate the Negative, Thinking with Mathematical Models, and Comparing and
Scaling have given researchers a perspective on aspects of the study to focus on for future
success in analyzing the counterbalance data which will be matched up and analyzed further by

Worcester Polytechnic Institute and the University of Illinois at Chicago.
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Created by Alex Birch
September 22, 2011

Skill

Class

Parallel and
Perpendicular Lines

Oth Grade

Mastery Problem Set Number of Templates
#33910 10
Number to Master Number of Attempts
3 in-a-row
Templates

196885




Created by Alex Birch
September 22, 2011

One line passes through the points (6,2) and (8,-2).
Another line passes through the points (7,3) and (9,-1).

Are these lines parallel, perpendicular, the same line, or none of these answers?

Comment on this question

Showe me hint 1 of 4
Select ane:
CParallel
CPerpendicular

OThey are the same line

CHMone of the above

Submit Answwer

o The sets of points change every time, always being sets which are parallel
o There are 8 different, unique sets of values which give parallel lines
o The answers are multiple choice.

196895



Created by Alex Birch
September 22, 2011

One line passes through the points (4,3) and (8,6).
Another line passes through the points (-1,4) and (2,8).

Are these lines parallel, perpendicular, the same line, or none of these?

Comment on this question

I'_:l |'_| o e |'_| ] nt 1 l:lf 4
Select one;
CParallel
OPerpendicular

OThey are the same line

OHMone of the above

o The sets of points change every time, always being sets which are perpendicular
o The results are randomized and are independent
o The answers are multiple choice.

199578



Created by Alex Birch
September 22, 2011

One line passes through the points (13,8.5) and (14,9).
Another line passes through the points (5,11) and (6,14).

Are these lines parallel, perpendicular, the same line, or none of these answers?

Comment on this question

Show me hint 1 of 3
Select one:
CParallel
OPerpendicular

OThey are the same line

O Mone of the above

o The sets of points change every time, always being sets which are “none of the above”
o There are 16 different, unique sets of values which give slopes that are not the same or perpendicular
o The answers are multiple choice.



Created by Alex Birch
September 22, 2011

198797

One line passes through the points (15,-10) and (16,-11}).
Another line passes through the points (7,-2) and (8,-3).

Are these lines parallel, perpendicular, the same line, or none of these answers?

Comment on thiz question

Showy me hint 1 of 4
Select one!
CiParallel
OPerpendicular

OThey are the same line

OMone of the above

Subrmit Answwer

o The sets of points change every time, always being sets which are the same line.
o There are 16 different, unique sets of values which yield this answer
o The answers are multiple choice.



Created by Alex Birch
September 22, 2011

197090

Are these two lines parallel, perpendicular, the same line or none of the above?
y=11x+18
y=(-1/11)x+ 15

Comment on this question

Show me hint 1 of 4
Select one:
O Parallel
OPerpendicular

OThey are the same line
OHMone of the above

Submit Answer

The slopes of the two lines and the y-intercept change every time
The tow slopes will always be negative reciprocals of one another so the lines will always be
perpendicular.

o The answers are multiple choice.



Created by Alex Birch
September 22, 2011

197094

Are these two lines parallel, perpendicular, the same line, or none of these?
18x + 3y =9
36x +6y =78

Comment on this guestion

Showy e hint 1 of 4
Select one!
CParallel
OPerpendicular

OThey are the same line
OHNone of the above

Submit Answer

The lines are in the form Ax + By =C

The constants A, B and C are variablized, but it always works out so that the slopes are equal, but
not the y-intercept. They are always parallel.

When put into the form y = mx + b, m and b are always integers.

The answer is multiple choice.



Created by Alex Birch
September 22, 2011

198315

Are these two lines parallel, perpendicular, the same line, or none of the above?
14x + Ty = 21
42x + 21y = 63

Comment on this question

Showy me hint 1 of 4
Select one!
CParallel
OPerpendicular

OThe same line
OHMone of the above

Subrmit Answer

The lines are in the form Ax + By=C

The constants A, B and C are variablized, but it always works out so that the slopes and the y-
intercept are always equal. The lines are the same.

When put into the form y = mx + b, m and b are always integers.

The answer is multiple choice.



Created by Alex Birch
September 22, 2011

199447

Are these two lines parallel, perpendicular, the same line, or none of these?
12x+ 2y =8
21x + 3y =112

comment on this guestion

Select ane:
CParallel
CPerpendicular

OThey are the same line
OMNone of the above

Submit Answer

The lines are in the form Ax + By =C

The constants A, B and C are variablized, but it always works out so that the slopes are not the same
or opposite reciprocals. The answer is always “none of the above”

When put into the form y = mx + b, m and b are always integers.

The answer is multiple choice.



Created by Alex Birch
September 22, 2011

197251

Find the equation of a line that is parallel to y = 5x + 4
and passes through the point (-2, 0).

Use x as the independant variable and y at the dependant variable.
To answer the question, fill in the blank:

y:

Comment on this question

Show me hint 1 of 4

Type wour answer below (mathematical expression

The slope, the y-intercept, and the (x,y) coordinates are randomized.
The slope is a positive integer between 2 and 7, while the y-intercept is a positive integer between 1 and
11. The x coordinate is always negative and the y coordinate is always positive

o The answer is algebraic



Created by Alex Birch
September 22, 2011

197542

Find the equation of a line that is perpendicular to y = (1/6)x + 3
and passes through the point (1, -3).

Use x for the independant variable and y for the dependant variable.
Type the answer by filling in the blank

y:

Comment on this question

Show me hint 1 of 4

Twpe vour answer below (mathematical expression):

Subrmit Answer

The slope, the y-intercept, and the (x,y) coordinates are randomized.
The slope is one divided by a positive integer, while the y-intercept is a positive integer between 1
and 11. The x coordinate is always positive and the y coordinate is always negative

o The answer is algebraic



Level 1 Skill Building — Points

Created by Alex Birch
September 22, 2011

Mastery Problem Set — Level 1

#33908

Number of Templates

4

Number to Master

3 in-a-row

Number of Attempts

196885
196895
199578
198797

o O O O

Level 2 Skill Building — Equations

Mastery Problem Set

#33909

Number of Templates

6

Number to Master

3 in-a-row

Number of Attempts

197090
197094
198315
199447
197251
197542

O O O O O O




Created by Alex Birch
September 27, 2011

Skill

Class

Percent Increase and
Decrease

Mastery Problem Set

Number of Templates

5

Number to Master
3 in-a-row

Number of Attempts




Created by Alex Birch
September 27, 2011

Templates

201854

The farmer brought 180 acorn squash to the market.
When the day was over, he had 45% less acorn squash.
How many acorn squash does the farmer have left?

Show me hint 1 of 3

Type your answer below:

T

Comment on this guestion

o The total number of items, the item, and the percent decrease are variabilized. There are 10 different
items that might be at a market.
o The answer always works out to an integer, so no decimals and no rounding necessary

202387

There was a population of 360 beavers in a National Park. After a year, the population
increased by 20%.
How many beavers are there in the park now?

Comment on this guestion

Show me hint 1 of 3

Type your answer below (mathematical expression):

T

o The total population, the animal/plant, and the percent increase change every time. There are 10
different animals and plants.
o The answer always works out to an integer, so no decimals and no rounding necessary.



Created by Alex Birch
September 27, 2011

202337

Radioshack is having a sale on computers. Betsy picks out a computer that was originally $599.99
If the computer is 30% off, What is the final price of the computer?
Round to the nearest penny.

Comment on this question

Show me hint 1 of 3

Type vour answer below:

o The store name, person name, computer price, and percent decrease change every time.
o The computer price always ends in $__ 99.99

o The answer always works out to a decimal that needs to be rounded to the hundredths place

202809

Over the course of a year, the population of opossums in Seattle increased from 350000 to 402500.
What was the percent increase of the population of opossums?
Express your answer as a percent.

Comment on this question

Show me hint 1 of 3

Type wour answer below (mathematical expression):

Submit A I8

o The city name, item, and the initial and final populations change every time.

The problem is looking for the percent increase, which always turns out to be a whole number
percent — all divides evenly.



Created by Alex Birch
September 27, 2011

202927

James had a collection of 100 baseball cards at the beginning of the summer.
After the summer, James had traded some of his baseball cards and now he has only 94 baseball cards.
What is the percent decrease of his baseball card collection?

Comment on this question

Show me hint 1 of 3

Type your answer below (mathematical expression):

Submit £

o The type of collection, the boy’s name, and the initial and final populations change every time.
o The problem is looking for the percent decrease, which always turns out to be a whole number
percent — all divides evenly.



Created by Alex Birch
September 27, 2011

Skill

Class

Point Plotting

Mastery Problem Set

Number of Templates

10
Number to Master Number of Attempts
3 in-a-row 10




Created by Alex Birch
September 27, 2011

Templates

208507

Mary has to plot 5 points for homework.
Which is the point with the coordinates (-6,-7)?

Y

S =k [N G2 | (R O =~

moonow> "

0 There are 10 variable images that will change with the problem

For this template the answer is always be B, but there are 10 unique plots for B
0 The girl’s name is also variablized

o



Created by Alex Birch
September 27, 2011

206263

Joy has to plot 5 points for homework.
Which is the point with the coordinates (3,5)?

¥

(=T E (e (R B () I [0 N et

moonow> .

0 There are 10 variable images that will change with the problem

o0 For this template the answer is always be B, but there are 10 unique plots for B
0 The girl’s name is also variablized



Created by Alex Birch
September 27, 2011

208508

Mary has to plot 5 points for homework.
Which is the point with the coordinates (2,2)?

¥

S =t [N [ | jOn O |~

mo o o>

0 There are 10 variable images that will change with the problem

0 For this template the answer is always be C, but there are 10 unique plots for C
0 The girl’s name is also variablized



208516

Anna has to plot 5 points for homework.

Which is the point with the coordinates (6,-7)?

4

O = [P G2 [ | O =]

D

'-’)

mooow>;

0 There are 10 variable images that will change with the problem
0 For this template the answer is always be D, but there are 10 unique plots for D

0 The girl’s name is also variablized

Created by Alex Birch
September 27, 2011



Created by Alex Birch
September 27, 2011

208517

Kate has to plot 5 points for homework.
Which is the point with the coordinates (6,3)?

4

O =t [P |G [ | (O |~

moanow>"

0 There are 10 variable images that will change with the problem
o0 For this template the answer is always be E, but there are 10 unique plots for E
0 The girl’s name is also variablized



Created by Alex Birch
September 27, 2011

206262

What are the coordinates of Point A?
Use the form (x,y)

g

L=T0 C (e (R R £ I [0 N Rl

o Thisis atemplate only for point A

0 There are 10 unique, varibilized images with 10 unique coordinates for A
0 The answer is Fill-in



Created by Alex Birch
September 27, 2011

208518

What are the coordinates of Point B7
Use the form (x,y)

P

i
J;é);h.b.c'.;u{:-'xlc’“”""h‘-“m““

(0}

This is a template only for point B
There are 10 unique, varibilized images with 10 unique coordinates for B
0 The answer is Fill-in

@]



Created by Alex Birch
September 27, 2011

208519

What are the coordinates of Point C?
Use the form (x,y)

e

S =k [N G2 | (O8O |~

716 154]3]2]-1

0 This is a template only for point C

0 There are 10 unique, varibilized images with 10 unique coordinates for C
0 The answer is Fill-in



Created by Alex Birch
September 27, 2011

208520

What are the coordinates of Point D?
Use the form (x,y)

B~

_+-a

(=T Cl [ (R B (0 [0 et
=

o Thisis atemplate only for point D

0 There are 10 unique, varibilized images with 10 unique coordinates for D
0 The answer is Fill-in



Created by Alex Birch
September 27, 2011

508521

What are the coordinates of Point E?
Use the form (x,y)

B

O = [P G2 [ | O =

o0 Thisis atemplate only for point E

0 There are 10 unique, varibilized images with 10 unique coordinates for E
0 The answer is Fill-in



Created by Alex Birch
November 2011

Skill

Class

Elapsed Time —
Level 2 Skill
Building

Mastery Problem Set

37824

Number of Templates

4

Number to Master

3 in-a-row

Number of Attempts




Created by Alex Birch
November 2011

Templates
215936

When Mark last checked his watch it was 6:00 pm.
It is now 8:19 pm.
How much time has elapsed?

Answer: __:__ __ (hours:minutes)

Comment en this gquesticn

Show me hint 1 of 3

Type yvour answer below:

Submit Answer

0 The names are variablized, there are 10 different names

0 The first time is always on the hour, so the student must count up the correct number of hours and
then add the minutes

0 The answer is fill in



Created by Alex Birch
November 2011

215954

When Beth last checked the clock it was 1:17 pm.
It is now 4:00 pm.
How much time has elapsed?

Answer: _ :_ _ (hours:minutes)

Comment on this guestion

Show me hint 1 of 3

Type your answer below:

Submit Answer

o The names are variablized, there are 10 different names

0 The second time is always on the hour, so the student must count up the minutes and then count
up the hours

0 The answer is fill in



Created by Alex Birch
November 2011

216555

When Lynn last checked the clock it was 5:36 pm.
It is now 8:20 pm.
How much time has elapsed?

Answer: __:__ __ (hours:minutes)

Comment an this guestion

Show me hint 1 of 3

Type vour answer below:

TS

o The names are variablized, there are 10 different names

0 The student must count up the minutes, then the hours, then add the remaining minutes to the
first set of minutes — but the minutes are always less than 60

o Theanswer is fill in



Created by Alex Birch
November 2011

217062

When Greg last checked the clock it was 5:19 pm.
It is now 9:50 pm.
How much time has elapsed?

Answer: __:_ __ (hours:minutes)

Comment on this question

Show me hint 1 of 3

Type yvour answer below:

TS

o The names are variablized, there are 10 different names

0 The student must count up the minutes, then the hours, then add the remaining minutes to the
first set of minutes — but the total minutes are always greater than 60, so the student must
subtract out the full hour from the minutes

o Theanswer is fill in



Created by Jeff Namias
September 26, 2011

Skill Class

Finding Max
and Min from a
Quadratic Equation

Mastery Problem Set Number of Templates
#196591 1
Number to Master Number of Attempts
3 in-a-row

Template



Created by Jeff Namias
September 26, 2011

196591

Find the maximum or minimum of this quadratic equation: y = -27x2-216x-220

Show me hint 1 of 4

o LIF arnsk oW
Type vour answer below:

TS

Comment on this guestion

o There are 8 different combinations of positive/negative signs on A, B, and C.

o A is a multiple of 3 ranging from -33 to 33 (randomized)

o B s a positive or negative multiple of 2 times A times 2 thru 5 (randomized)

o Cis a number ranging from -255 to 255
o The solution method used in the hints is the formula for the x component of the vertex, x = -b/2a
o The answers fill in.



Created by Jeff Namias
September 26, 2011

Skill Class

Finding Max
and Min from a
Quadratic Equation

Mastery Problem Set Number of Templates
#197988 1
Number to Master Number of Attempts
3 in-a-row




Created by Jeff Namias
September 26, 2011

Template

197988

Find the maximum or minimum of this quadratic equation: y = x2+6x+79

Comment on this guestion

Show me hint 1 of 3

Type your answer below:

T

A is 1 to enable completing the square without requisite complicated factoring skills.

B is a multiple of 2 from 4 to 16 (randomized). B can be positive or negative.

C is a random number from 0 to 23 plus a static 65 minus the value of B. The static 65 is added to
ensure that C is larger than B squared (largest B is 16, squared is 64).

The solution method used in the hints is completing the square.

The answers fill in.

o O O

o O



Skill

Class

Addition and

Subtraction
Fractions
Mastery Problem Set Number of Templates
38743 17
Number to Master Number of Attempts
3 in-a-row
Templates:

219295




ASSISTment ID: 219295 Comment on this question

Find the sum:

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

224027

The addition of mixed numbers in the expression above is completely
variabilized:

The first integer on the left is a random number from 1 to 10 added to a base of 1.
The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.

The second integer on the right is a random number from 1 to 10 added to a base
of 1.

The second numerator on the right is a number from 1 to 11.

The second denominator on the right is the same value as the first denominator.
Sets for the denominators and the numerators link together, so that the addition
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a mixed number in fill in format.



ASSISTment ID: 224027 Comment on this question

Find the sum:

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

224030

The addition of mixed numbers in the expression above is completely
variabilized:

The first integer on the left is a random number from 1 to 10 added to a base of 1.
The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.

The second integer on the right is a random number from 1 to 10 added to a base
of 1.

The second numerator on the right is a number from 1 to 13, excluding 12.

The second denominator on the right is a number from the set of 8,6,12, 10,18,
14,2,18,30,22, and 36.

Sets for the denominators and the numerators link together, so that the addition
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a mixed number in fill in format.



ASSISTment 1D: 224030 Comment on this question

Find the sum:

35+7B
8 9

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

229270

The addition of mixed numbers in the expression above is completely
variabilized:

The first integer on the left is a random number from 1 to 10 added to a base of 1.
The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.

The second integer on the right is a random number from 1 to 10 added to a base
of 1.

The second numerator on the right is a number from 1 to 11.

The second denominator on the right is a number from the set of 2 to 12,
excluding 6 and 8.

Sets for the denominators and the numerators link together, so that the addition
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a mixed number in fill in format.



ASSISTment ID: 229270 Comment on this question

Find the sum:

35+91
12 10

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

224052

The addition of mixed numbers in the expression above is completely
variabilized:

The first integer on the left is a random number from 1 to 10 added to a base of 1.
The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 4 to 12,
excluding 5, 7, and 11.

The second integer on the right is a random number from 1 to 10 added to a base
of 1.

The second numerator on the right is a number from 1 to 11, excluding 6 and 10.
The second denominator on the right is a number from the set of 4 to 12,
excluding 5, 7, and 11.

Sets for the denominators and the numerators link together, so that the addition
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a mixed number in fill in format.



ASSISTment ID: 224052 Comment on this question

Find the difference:

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

231574

The subtraction of mixed numbers in the expression above is completely
variabilized:

The first integer on the left is a number from 1 to 12.

The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.

The second integer on the right is a number from 1 to 11.

The second numerator on the right is a number from 1 to 11.

The second denominator on the right is the same value as the first denominator.
Sets for the denominators and the numerators link together, so that the subtraction
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a mixed number in fill in format.



ASSISTment ID: 231574 Comment on this question

Find the difference:

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

e The subtraction of mixed numbers in the expression above is completely
variabilized:

The first integer on the left is a number from 1 to 12.

The second integer on the right is a number from 1 to 11.

The numerator on the right is a number from 1 to 11.

The denominator on the right is a number within a large set from 2 to 12.

Sets for the denominators and the numerators link together, so that the subtraction
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a proper fraction or mixed number in fill in format.

224053

ASSISTment ID: 224053 Comment on this question

Find the difference:

102 65
77714

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submitﬁ\nswerl Show Hint 1 Df3|

e The subtraction of mixed numbers in the expression above is completely
variabilized:
e The first integer on the left is a number from 1 to 12.



224054

The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.

The second integer on the right is a number from 1 to 11.

The second numerator on the right is an odd number between(inclusive) 1 and 13.
The second denominator on the right is a number from the set of 8,6,12, 10,18,
14,2,18,30,22, and 36.

Sets for the denominators and the numerators link together, so that the subtraction
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a proper fraction or mixed number in fill in format.

ASSISTment ID: 224054 Comment on this question
Find the difference:

81 46
12 11

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

229272

The subtraction of mixed numbers in the expression above is completely
variabilized:

The first integer on the left is a number from 1 to 12.

The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.

The second integer on the right is a number from 1 to 11.

The second numerator on the right is a number from 1 to 11.

The second denominator on the right is a number within a set from 3 to 11,
excluding 6 and 8.

Sets for the denominators and the numerators link together, so that the subtraction
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a proper fraction or mixed number in fill in format.



ASSISTment ID: 229272 Comment on this question

Find the difference:

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

SubmitAnswer‘l Show Hint 1 of 3 |

208868

The subtraction of mixed numbers in the expression above is completely
variabilized:

The first integer on the left is a number from 1 to 12.

The first numerator on the left is a number from 1 to 11, excluding 6 and 10.
The first denominator on the left is a number within a large set from 4 to 12,
excluding 5, 7, and 11.

The second integer on the right is a number from 1 to 11.

The second numerator on the right is a number from 1 to 11, excluding 10.

The second denominator on the right is a number within a set from 4 to 12,
excluding 5. 7, and 11.

Sets for the denominators and the numerators link together, so that the subtraction
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a proper fraction or mixed number in fill in format.



ASSISTment ID: 208868 Comment on this question
Find the sum:

Answers must be in the form of a reduced proper fraction (example 2/7) or a

mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

208856

The addition of proper fractions in the expression above is completely
variabilized:

The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.

The second numerator on the right is a number from 1 to 11.

The second denominator on the right is the same value as the first denominator.
Sets for the denominators and the numerators link together, so that the addition
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.

The answer is a proper fraction or mixed number in fill in format.

ASSISTment ID: 208856 Comment on this question

Find the sum:

9+3
11 22

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

The addition of proper fractions in the expression above is completely
variabilized:

The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.



e The second numerator on the right is an odd number between(inclusive) 1 and 13.

e The second denominator on the right is a number from the set of 8,6,12, 10,18,
14,2,18,30,22, and 36.

e Sets for the denominators and the numerators link together, so that the addition
expression produced can be controlled.

e The fractions are always in reduced/simplest form and there are no cancellations.

e The answer is a proper fraction or mixed number in fill in format.

208834

ASSISTment ID: 208834 Comment on this question
Find the sum:

3 N 1

5 2

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

e The addition of proper fractions in the expression above is completely
variabilized:

The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.

The second numerator on the right is a number from 1 to 11.

The second denominator on the right is a number from 3 to 11, excluding 6 and 8.
Sets for the denominators and the numerators link together, so that the addition
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a proper fraction or mixed number in fill in format.

224085



ASSISTment ID: 224085 Comment on this question

Find the sum:

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

e The addition of proper fractions in the expression above is completely
variabilized:

e The first numerator on the left is a number from 1 and 11, excluding 6 and 10.

e The first denominator on the left is a number within a large set from 4 to 12,
excluding 5, 7, and 11.
The second numerator on the right is a number from 1 and 11, excluding 6 and 10.
The second denominator on the right is a number from 4 to 12, excluding 5, 7,
and 11.

e Sets for the denominators and the numerators link together, so that the addition
expression produced can be controlled.
The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a proper fraction or mixed number in fill in format.

217361



ASSISTment ID: 217361 Comment on this guestion

Find the difference:

Bl
b=

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

e The subtraction of proper fractions in the expression above is completely
variabilized:

The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.

The second numerator on the right is a number from 1 and 11.

The second denominator on the right is the same value as the first denominator.
Sets for the denominators and the numerators link together, so that the subtraction
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a proper fraction in fill in format.

217366

ASSISTment ID: 217366 Comment on this question

Find the difference:

1 1
10~ 30

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

e The subtraction of proper fractions in the expression above is completely
variabilized:
The first numerator on the left is a number from 1 to 11.
The first denominator on the left is a number within a large set from 2 to 12.



e The second numerator on the right is an odd number between(inclusive) 1 and 13.

e The second denominator on the right is a number from the set of 8,6,12, 10,18,
14,2,18,30,22, and 36.

e Sets for the denominators and the numerators link together, so that the subtraction
expression produced can be controlled.

e The fractions are always in reduced/simplest form and there are no cancellations.

e The answer is a proper fraction in fill in format.

217373

ASSISTment ID: 217373 Comment on this question

Find the difference:

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

Submit Answer | Show Hint 1 of 3 |

e The subtraction of proper fractions in the expression above is completely
variabilized:

The first numerator on the left is a number from 1 to 11.

The first denominator on the left is a number within a large set from 2 to 12.

The second numerator on the right is a number from 1 to 11.

The second denominator on the right is a number within a large set from 2 to 12.
Sets for the denominators and the numerators link together, so that the subtraction
expression produced can be controlled.

The fractions are always in reduced/simplest form and there are no cancellations.
The answer is a proper fraction in fill in format.

229256



ASSISTment ID: 229256 Comment on this question

Find the difference:

6 10

Answers must be in the form of a reduced proper fraction (example 2/7) or a
mixed number with a space between the whole number and the fraction
(example 3 5/8)

SubmitAnswer‘l Show Hint 1 of 3 |

e The subtraction of proper fractions in the expression above is completely
variabilized:

The first numerator on the left is a number from 1 to 11, excluding 6 and 10.

The first denominator on the left is a number from 4 to 12, excluding 5, 7, and 11.
The second numerator on the right is a number from 1 to 11, excluding 6 and 10.

The second denominator on the right is a number from 4 to 12, excluding 5, 7,
and 11.
e Sets for the denominators and the numerators link together, so that the subtraction

expression produced can be controlled.
e The fractions are always in reduced/simplest form and there are no cancellations.
e The answer is a proper fraction in fill in format.

e Adding and Subtracting Fractions - THE SKILL BUILDING SET - 38743

5 Adding Mixed Numbers with like denominators - 219295

10 Adding Mixed Numbers with related denominators - 224027

10 Adding Mixed Numbers with coprime denominators - 224030

20 Adding Mixed Numbers with non-coprime denominators - 229270

10 Subtracting Mixed Numbers with like denominators - 224052

10 Subtracting with Whole number template 231574 subtracting a mixed number from a whole
number.

15 Subtracting Mixed Numbers with related denominators - 224053

10 Subtracting Mixed Numbers with coprime denominators - 224054

20 Subtracting Mixed Numbers with non-coprime denominators -229272
5 Adding proper fractions with like denominators - 208868

10 Adding proper fractions with related denominators - 208856

10 Adding proper fractions with coprime denominators - 208834

20 Adding proper fractions with non-coprime denominators - 224085

5 Subtracting proper fractions with like denominators - 217361

10 Subtracting proper fractions with related denominators - 217366



10 Subtracting proper fractions with coprime denominators - 217373
20 Subtracting proper fractions with non-coprime denominators -229256

Problem Set #: 38711
Proper 1.1: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, adding like
200 Adding proper fractions with like denominators - 208868

Problem Set #: 38712

Proper 1.2: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, adding like and
related

100 Adding proper fractions with related denominators - 208856

100 Adding proper fractions with like denominators - 208868

Problem Set #: 38714

Proper 1.3: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, adding coprime
and related

100 Adding proper fractions with coprime denominators - 208834

100 Adding proper fractions with related denominators - 208856

Problem Set #: 38715
Proper 1.4: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, adding difficult
200 Adding proper fractions with non-coprime denominators - 224085

Problem Set #: 38720

Proper 1.5: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, adding
20 Adding proper fractions with like denominators - 208868

50 Adding proper fractions with related denominators - 208856

50 Adding proper fractions with coprime denominators - 208834

80 Adding proper fractions with non-coprime denominators - 224085

Problem Set #: 38716
Proper 2.1: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, subtraction like
200 Subtracting proper fractions with like denominators - 217361

Problem Set #: 38717

Proper 2.2: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, subtraction like
and related

100 Subtracting proper fractions with related denominators - 217366

100 Subtracting proper fractions with like denominators - 217361

Problem Set #: 38718

Proper 2.3: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, subtraction
coprime and related

100 Subtracting proper fractions with coprime denominators - 217373

100 Subtracting proper fractions with related denominators - 217366



Problem Set #: 38719

Proper 2.4: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, subtraction
difficult

200 Subtracting proper fractions with non-coprime denominators -229256

Problem Set #: 38722

Proper 2.5: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, subtraction
20 Subtracting proper fractions with like denominators - 217361

50 Subtracting proper fractions with related denominators - 217366

50 Subtracting proper fractions with coprime denominators - 217373

80 Subtracting proper fractions with non-coprime denominators -229256

Problem Set #: 38721

Proper 3.1: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, like
100, Adding proper fractions with like denominators - 208868

100, Subtracting proper fractions with like denominators - 217361

Problem Set #: 38723

Proper 3.2: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, like and related
50, Adding proper fractions with related denominators - 208856

50, Adding proper fractions with like denominators - 208868

50, Subtracting proper fractions with related denominators - 217366

50, Subtracting proper fractions with like denominators - 217361

Problem Set #: 38724

Proper 3.3: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, coprime and
related

50, Adding proper fractions with coprime denominators - 208834

50, Adding proper fractions with related denominators - 208856

50, Subtracting proper fractions with coprime denominators - 217373

50, Subtracting proper fractions with related denominators - 217366

Problem Set #: 38725

Proper 3.4: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, difficult
100, Adding proper fractions with non-coprime denominators - 224085

100, Subtracting proper fractions with non-coprime denominators -229256

Problem Set #: 38726

Proper 3.5: Adding and Subtracting Fractions - LEVELED SKILL BUILDING proper
10, Adding proper fractions with like denominators - 208868

25, Adding proper fractions with related denominators - 208856

25, Adding proper fractions with coprime denominators - 208834

40, Adding proper fractions with non-coprime denominators - 224085

10, Subtracting proper fractions with like denominators - 217361

25, Subtracting proper fractions with related denominators - 217366



25, Subtracting proper fractions with coprime denominators - 217373
40, Subtracting proper fractions with non-coprime denominators -229256

Problem Set #: 38729

Mixed 1.6: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, adding like
mixed

200 Adding Mixed Numbers with like denominators - 219295

Problem Set #: 38727

Mixed 1.7: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, adding like and
related mixed

100 Adding Mixed Numbers with related denominators - 224027

100 Adding Mixed Numbers with like denominators - 219295

Problem Set #: 38728

Mixed 1.8: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, adding coprime
and related mixed

100 Adding Mixed Numbers with coprime denominators - 224030

100 Adding Mixed Numbers with related denominators - 224027

Problem Set #: 38731

Mixed 1.9: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, adding difficult
mixed

200 Adding Mixed Numbers with non-coprime denominators - 229270

Problem Set #: 38730

Mixed 1.10: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, adding mixed
20 Adding Mixed Numbers with like denominators - 219295

50 Adding Mixed Numbers with related denominators - 224027

50 Adding Mixed Numbers with coprime denominators - 224030

80 Adding Mixed Numbers with non-coprime denominators - 229270

Problem Set #: 38734

Mixed 2.6: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, subtraction like
mixed

160 Subtracting Mixed Numbers with like denominators - 224052

40 Subtracting with Whole number template 231574 subtracting a mixed number from a whole
number.

Problem Set #: 38732

Mixed 2.7: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, subtraction like
and related mixed

100 Subtracting Mixed Numbers with related denominators - 224053

70 Subtracting Mixed Numbers with like denominators - 224052

30 Subtracting with Whole number template 231574 subtracting a mixed number from a whole



number.

Problem Set #: 38733

Mixed 2.8: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, subtraction
coprime and related mixed

100 Subtracting Mixed Numbers with coprime denominators - 224054

100 Subtracting Mixed Numbers with related denominators - 224053

Problem Set #: 39736

Mixed 2.9: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, subtraction
difficult mixed

200 Subtracting Mixed Numbers with non-coprime denominators -229272

Problem Set #: 38735

Mixed 2.10: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, subtraction
mixed

20 Subtracting Mixed Numbers with like denominators - 224052

10 Subtracting with Whole number template 231574 subtracting a mixed number from a whole
number.

50 Subtracting Mixed Numbers with related denominators - 224053

50 Subtracting Mixed Numbers with coprime denominators - 224054

70 Subtracting Mixed Numbers with non-coprime denominators -229272

Problem Set #: 38739

Mixed 3.6: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, like mixed

60 Adding Mixed Numbers with like denominators - 219295

80 Subtracting Mixed Numbers with like denominators - 224052

60 Subtracting with Whole number template 231574 subtracting a mixed number from a whole
number.

Problem Set #: 38737

Mixed 3.7: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, like and related
mixed

40 Adding Mixed Numbers with related denominators - 224027

40 Adding Mixed Numbers with like denominators - 219295

40 Subtracting Mixed Numbers with related denominators - 224053

40 Subtracting Mixed Numbers with like denominators - 224052

40 Subtracting with Whole number template 231574 subtracting a mixed number from a whole
number.

Problem Set #: 38738

Mixed 3.8: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, coprime and
related mixed

50 Adding Mixed Numbers with coprime denominators - 224030

50 Adding Mixed Numbers with related denominators - 224027

50 Subtracting Mixed Numbers with coprime denominators - 224054



50 Subtracting Mixed Numbers with related denominators - 224053

Problem Set #: 38744

Mixed 3.9: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, difficult mixed
100 Adding Mixed Numbers with non-coprime denominators - 229270

100 Subtracting Mixed Numbers with non-coprime denominators -229272

Problem Set #: 38740

Mixed 3.10: Adding and Subtracting Fractions - LEVELED SKILL BUILDING, mixed
10 Adding Mixed Numbers with like denominators - 219295

25 Adding Mixed Numbers with related denominators - 224027

25 Adding Mixed Numbers with coprime denominators - 224030

40 Adding Mixed Numbers with non-coprime denominators - 229270

10 Subtracting Mixed Numbers with like denominators - 224052

10 Subtracting with Whole number template 231574 subtracting a mixed number from a whole
number.

25 Subtracting Mixed Numbers with related denominators - 224053

25 Subtracting Mixed Numbers with coprime denominators - 224054

30 Subtracting Mixed Numbers with non-coprime denominators -229272



Skill Class

Fraction Of

Mastery Problem Set Number of Templates
34259 9
Number to Master Number of Attempts
3 in-a-row
Templates

196524

ASSISTment ID; 196524 Comment on this guestion

Last year, Caroline ran a race in 21 minutes. This year she is
stronger so her time is 2/6 less. How much less is her time?

Submit Answer | Show Hint 1 of 3 |

The duration of the race ranges from 12 to 30 and is always divisible by 3.
The fraction if always 2/6 and simplifies to 1/3.

The answer will always be a whole number.

Answer type is Fill In

196601



ASSISTment 1D 196601 Comment on this guestion

Chris has 98 cookies. He eats 3/7 of them. How many cookies
did he eat?

Submit Answer | Show Hint 1 of 3 |

The number of cookies ranges from 28 to 112.
The fraction is always 3/7.

The answer is always a whole number.
Answer type is Fill In

196602

AS515Tment 1D; 196602 Comment on this guestion

Andrew has 99 problems for homework. He has done 1/9 of his
homework. How many problems has Andrew done?

Submit Answer | Show Hint 1 of 2 |

The number of problems ranges from 1 to 200.
The fraction ranges from 1/1 to 1/10, all 1/number
The answer is always a whole number.

Answer type is Fill In

196619



ASS5ISTment I1D; 196619 Comment on this guestion

A silo holds 345 tons of grain.

Of the total amount of grain, the vermin consume: .

How many tons of grain was eaten from the silo?

Submit Answer | Show Hint 1 of 3 |

e The number of problems amount of grain ranges from 4 to 1010.

e The fraction ranges from 1/10 to 3/4, and will always be in it's simplest
form.

e The answer is always a whole number.

e Answer type is Fill In

194819

ASSISTment ID; 194819 Comment on this question

Sarah is collecting postcards. She wants to collect 69
postcards by the end of the day. She has collected 2/3 of the
postcards she wants to. How many postcards has she
collected?

Submit Answer | Show Hint 1 of 3 |

e The number of postcards ranges from 30 to 210.

e The fraction ranges from 2/7 to 2/3, all 2 divided by and odd number
between 3 and 7

e The answer is always a whole number.

e Answer type is Fill In

194310



AS5ISTment ID: 1943210 Comment on this guestion

John is buying food at the grocery store. He has made a list of
78 items that he needs to buy. He has bought 1/6 of the items.
How many items has he bought?

Submit Answer | Show Hint 1 of 2 |

e The number of items ranges from 2 to 126.
e The fraction ranges from 1/2 to 1/7, ranging the denominator from 2 to 7
e Answer type is always Fill In

200023

AS5I5Tment 1D; 200023 Comment on this guestion

Lindsey bought a bag of candy with 90 pieces. She gave away
2/9 of her candy to Nick. How many pieces did Nick get?

Submit Answer | Show Hint 1 of 3 |

e The number of pieces of candy ranges from 30 to 210

e The fraction ranges from 2/7 to 2/3, all 2 divided by and odd number
between 3 and 7

e The answer is always a whole number.

e Answer type is Fill In

194431

e The amount of candy ranges from 30 to 650.

e The fraction ranges from 2/13 to 2/3, all 2 divided by and odd number
between 3 and 13

e The answer is always a whole number.

e Answer type is always Fill In

200022



ASSISTment ID; 200022 Comment on this guestion

Andrew has 48 problems for homework. He has done 1/3 of his
homework. How many problems has Andrew done?

Submit Answer | Show Hint 1 of 2 |

The number of problems ranges from 1 to 200.
The fraction ranges from 1/1 to 1/10, all 1/number
The answer is always a whole number.

Answer type is always Fill In

200021

ASS5ISTment ID: 200021 Comment on this guestion

1
What |5150f165

Submit Answer | Show Hint 1 of 3 |

The fraction ranges from 1/13 to 2/3 and is always in simplest form.
The number to get a fraction of ranges from 3 to 143.

The answer is always a whole number.

Answer type is always Fill In

200020

ASS5ISTment ID: 200020 Comment on this question

Find 20f48.

Submit Answer | Show Hint 1 of 3 |

e The fraction will always be in simplest form.
The answer is always a whole number.
e Answer type is always Fill In



Created by Quinten Palmer

September 2011
Skill Class
Reflection
Mastery Problem Set Number of Templates
2
Number to Master Number of Attempts
3 in-a-row

Templates

198014



Created by Quinten Palmer
September 2011

ASSISTment ID: 198014 Comment on this guestion

Reflect the triangle across the y axis. What are the

coordinates of point C after the reflection?
A

v

Submit Answer | Show Hint 1 of 4 |

e The triangle has 5 different locations (the same as the Rotation and
Translation triangle problems).
The reflection is across the x or y axis.
The question will ask about the position of A, B, or C.
Answer Type is Fill In

206667



Created by Quinten Palmer
September 2011

ASSISTment ID: 206667 Comment on this guestion

Reflect the quadrilateral across the y axis. What are the

coordinates of point B after the reflection?
F

,q< ]

v

Submit Answer | Show Hint 1 of 4 |

e The quadrilateral has 4 different locations (the same as the Rotation
and Translation quadrilateral problems).
The reflection is either across the x or y axis.
The question will ask about the position of A, B, C, or D.

e Answer Type is Fill In



Created by Quinten Palmer

September 2011
Skill Class
Rotation
Mastery Problem Set Number of Templates
2
Number to Master Number of Attempts
3 in-a-row

Templates

198778



Created by Quinten Palmer
September 2011

ASS5ISTment ID: 198778 Comment on this guestion

Rotate the triangle clockwise about the origin 90 degrees. What
are the coordinates of point A after the rotation?
F

v
[ |

Submit Answer | Show Hint 1 of 4 |

e The triangle has 5 different locations (the same as the Reflection and
Translation triangle problems).
The rotation is either 90 degrees or 180 degrees clockwise.
The question will ask about the position of A, B, or C.

e Answer Type is Fill In

206664



Created by Quinten Palmer
September 2011

ASS5ISTment ID: 206664 Comment on this guestion

Rotate the quadrilateral clockwise about the origin 90 degrees.

What are the coordinates of point D after the rotation?
F

A< ]

L4

Submit Answer | Show Hint 1 of 4 |

e The quadrilateral has 4 different locations (the same as the Reflection
and Translation quadrilateral problems).
The rotation is either 90 degrees or 180 degrees clockwise.
The question will ask about the position of A, B, C, or D.
Answer Type is Fill In



Created by Quinten Palmer

Septem