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Abstract: The body of literature on a Writing-to-Learn (WTL) approach in math
courses offers up a variety of assignment types from which to choose. However, few
of these articles provide empirical evidence on the ways these writing assignments
contribute to students' learning. This mixed-methods study, conducted at the
University of New Mexico, a Hispanic-Serving Institution, examines the effect of
WTL assignments on students' success in two "killer courses": a Survey of Math
class for non-STEM majors and a Calculus I class for STEM majors. While the
quantitative results did not prove statistically significant, the qualitative results
suggest that high-impact assignments are those that ask students to focus on
procedural knowledge, or analyzing the process, rather than simply solving for the
right answer.

At the start of the 2013 academic year, the University of New Mexico (UNM), a "very high research”
Hispanic-Serving Institution (HSI), published internally a list of undergraduate "killer courses”
offered in the fall 2012 semester. These killer courses, which often serve as the "gateway" to the
major in that subject, are known, as the moniker suggests, to "'kill' a student's GPA, motivation,
academic progress, scholarship eligibility and interest in remaining in college" (Barefoot, 2013). The
anecdotal causes for these effects include students' lack of academic preparation in a subject
(especially mathematics), a lack of placement procedures for a class, (large) class size, and a lack of
early feedback to students (Barefoot, 2013). At UNM, the "killer course" designation was given to
those aggregated sections of a particular course with a total fail rate of 20% or higher, where failing
is a grade of C- or below. Seventy-nine courses at UNM made the list in fall 2012, with STEM (science,
technology, engineering, and math) courses making up 33% of these. Among the killer STEM courses,
42% were math classes (or 11% of all killer courses). Students' difficulty in the STEM courses at UNM
reflects a larger trend as seen in the nationwide attrition of STEM students (see Chen & Soldner,
2014). Of particular concern is the high dropout rate or switching out of STEM majors by women and
minority students, as illustrated in the 2010 U.S. Commission on Civil Rights briefing report
"Encouraging Minority Students to Pursue Science, Technology, Engineering and Math Careers".[]

Recently Cristyn had co-developed a new first-year Stretch/Studio composition curriculum(2! that
focused on providing students with additional in-class support on their writing assignments. The
new curriculum resulted in the elimination of "remedial” writing courses at UNM and increased
student pass rates that exceed those of the traditional composition courses offered. Following this
experience, Cristyn became interested in the possible intersectionality between "killer courses," as a
framework for identifying courses where students could use more support, and writing, as a tool for
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increasing students' success. "Writing-intensive courses" are recognized by the Association of
American Colleges and Universities as one of 10 high-impact practices with a positive effect on
student engagement (Kuh, 2008). Therefore, Cristyn was interested in investigating the effects of a
"writing-to-learn" (WTL) approach in killer courses across the curriculum. Of particular importance
was the dramatic, positive effect that such an "educationally purposeful” activity could have, as
reported by Kuh (2008), on the GPA and retention rate of minority students in their first and second
year, respectively (pp. 18-19), as UNM's beginning freshmen class profile most recently reported in
fall 2015 was 52% Hispanic (Office of Institutional Analytics, 2015). As mathematics is one of the
leading "killer course" subjects at UNM, it seemed like a good place to start.

UNM does not have a formal Writing Across the Curriculum program beyond the individual, isolated
efforts of faculty and graduate students on campus. Therefore, independently, Cristyn teamed up
with Karen, a full-time lecturer with more than 20 years of experience teaching math courses that
span the curriculum. For this collaborative, IRB-approved research project, our main objective
became that of assessing the effectiveness of Math writing assignments on students' learning. In fall
2014, we began a pilot study with MATH 129: Survey of Math, a class for non-majors. Karen was
already incorporating two writing assignments of her own into the course, and the curriculum was
one which we thought we might have the greatest influence on since Karen is the program
coordinator for the course. Also, while not officially designated a "killer course" in the traditional
sense, as the only way to "fail" MATH 129 is to withdraw from it3], the course is one where Karen
often sees students repeatedly re-enroll as they attempt to earn a C or better to satisfy the university's
core curriculum requirements.

Following our fall 2014 pilot study during which we tested new and revised writing assignments,
student surveys, and focus group questions, we continued our research in spring 2015 with MATH
129 and included an additional course in our investigation that Karen would also be teaching that
semester: MATH 162: Calculus I. MATH 162 is a designated "killer course” for STEM majors with an
aggregated fail rate in fall 2012 of 41.6% across sections. With the course instructor a controlled
variable, we wanted to evaluate the possible effect of writing assignments on students' learning in
MATH 129, an un-official killer math course for non-STEM majors, and MATH 162, a designated
"killer" and required course for STEM majors. We expected to find that the non-math majors would
respond more positively than the STEM majors to the writing assignments and that the assignments
would contribute more to non-math majors' learning, as we thought the non-math majors, who are
largely enrolled in humanities courses, would be more familiar with writing assignments as a form
of learning and assessment. On the other hand, STEM majors, we predicted, would perhaps be more
familiar with solving numerical problems as a form of developing and assessing their knowledge
about math concepts and, therefore, less amenable to writing assignments related to math as a tool
for learning and assessment.

A Review of WTL Math Assignments

As we prepared to collaborate on the design of writing assignments for Karen's two math classes and
assess their impact on students' learning, we reviewed a number of existing articles that describe the
kinds of WTL assignments that might be used in a college math course. We began with "Writing to
Learn Mathematics," in which Russek (1998) describes a range of writing assignments for use across
the math curriculum. For example, in the course Theory & Methods of Mathematics, as described by
Russek, students learning about mathematics education respond to prompts such as "What is
Mathematics?" or "What Makes an Effective Math Teacher?" (pp. 36-37). In an introductory algebra
class, students solve for a weekly "math trick," explaining in a couple of paragraphs why it works. Or
in Algebra Part I, students write a "mathography” in which they describe their feelings about and
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experiences with math. Other courses Russek describes require students to solve mini-research
problems and submit an end-of-semester portfolio. For a "service" or "core" course similar to MATH
129, Crisman (2008) describes asking students to write a three-page essay on a "historical
mathematician.” Crannell et al. (2004) provide a range of problem-based written assignments for use
in Survey of Math to Calculus courses. For these assignments, students receive problems written in
the form of letters from a well-defined (yet fictional) character and then offer responses that include
the solution and an explanation of the solution "in precise mathematical prose" (p. 3).

An example of a math assignment for STEM majors comes from Goodman (2005), who asks his
calculus students to write to a friend or family member a one-page, weekly letter in which the student
summarizes two or three main concepts or issues discussed in class that week and comments on any
aspects the student is struggling to understand. Parker and Mattison (2010) describe in detail asking
math majors and minors to write a math course textbook on proofs for their peers. And most recently
in "Transfer and the Transformation of Writing Pedagogies in a Mathematics Course," Bryant, Lape,
and Schaefer (2014) promote the genre of proof writing as a way to transform mathematics
instruction through writing.

As demonstrated by the examples above, the body of literature on WTL in math offers up quite a
range of assignment types to choose from, including those that require students to write about math
in historical terms, others that ask students to define mathematical concepts, and still others that ask
students to articulate their process as they solve mathematical equations. The authors often offered
anecdotal evidence regarding the positive ways that students responded to the assignments.
However, very few articles offered empirical evidence on which and how these writing assignments
contributed to students' learning. Nor did they specifically address increasing students’ success
within a "killer course” framework. Therefore, with this study, we seek to add to the above body of
literature with an empirical examination of whether and which kinds of writing assignments impact
students' learning in a math class for majors and a math class for non-majors and to what effect
within a killer course context. Using what Haswell (2005) calls "RAD" research—that which is
repeatable, aggregable, and data-drive—the main research questions driving this study are as
follows:

1. Do students perceive that writing assignments contribute to their learning of course
content?

2. Does the scaffolding of smaller writing assignments increase students' success on the
completion of larger summative assignments (e.g., unit exams, final exams, etc.) in the
course?

3. Does a focus on writing as it relates to course content improve students' success (i.e., pass
rate) in the course?

Methods

Participants: In spring 2015, students were recruited during the third and fourth week of the
semester from a section of MATH 129: Survey of Math and a section of MATH 162: Calculus I, both
taught by Karen. Of the 40 students originally enrolled in MATH 129, three students dropped the
course and 37 completed the class, with 23 of these students (62%) consenting to be a part of this
study. Of the 22 students originally enrolled in MATH 162, three students dropped while 19
completed the course, with 13 students (68%) consenting to participate.
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Design of Writing Assignments: After reviewing example math writing assignments found in the
literature, we collaborated on the creation of new assignments on topics specific to MATH 129 and
MATH 162 and also modified assignments Karen was already using in MATH 129. As a guide for the
creation or modification of these assignments, we incorporated the following five principles of
assignment design as outlined on the WAC Clearinghouse website:

Tie the writing task to specific pedagogical goals.

Note rhetorical aspects of the task, i.e., audience, purpose, writing situation.
Make all elements of the task clear.

Include grading criteria on the assignment sheet.

A

Break down the task into manageable steps. ("Five Principles," n.d.)

Please see the Appendix for the writing prompts used in both MATH 129 and MATH 162 for this
study.

Data Collection: The following data were collected from each group of consented students enrolled
in Math 129 and Math 162: 1) a pre-survey in which students reported demographic information
including gender, race/ethnicity, native language(s), other languages spoken, college major, status as
first-generation college student (e.g., true or false), other college math classes taken, as well as their
attitudes about math, writing, and themselves as writers; 2) post surveys following students'
submission of each written assignment in which students reported how the writing assignment
contributed to their learning; 3) an end-of-semester student focus group; 4) students' written
assignment, tests, and course grades. Additionally, Cristyn interviewed Karen about her perceptions
of the impact of writing assignments on students' learning of course content.

Students in each math course under examination in this study were randomly divided into groups A
or B. For topic #1 covered in each course, Group A completed a problem-solving assignment and an
additional writing assignment on that same topic (i.e., the experimental treatment). At the same time,
Group B completed the same problem-solving assignment as well as additional problems (e.g.,
homework in their course textbook) related to the assignment topic, without completing the writing
assignment (the control). (The additional problems were given to Students B so that "time on topic"
might not influence students' attitudes about or success with the topic.) Following the completion of
instruction on topic #1 and the submission of students' written assignments or additional problems
(but before receiving a grade on these assignments), Groups A and B were then given the post-survey
that asked about their attitudes and level of confidence with course content and, if applicable,
whether the writing assignment had contributed to their learning.

For course topic #2, Group B completed a problem-solving assignment and an additional writing
assignment on that same topic while Group A completed the same problem-solving assignment as
well as additional similar problems, without completing the writing assignment. In this way, both
Groups A and B had the opportunity to receive the treatment of completing an additional writing
assignment on course content, although on separate assignments. As we hypothesized that the
writing assignment would help students with their learning, we did not want one group to be
penalized by not having the opportunity to improve their learning through completing a written
assignment.

In the last week of the semester, consented students in each course voluntarily participated in a focus
group in which they responded to questions about the strengths and challenges of the course as well
as how the writing assignments might have impacted their learning (or not). Karen was also
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interviewed about her reflections on the contribution of the writing assignments to students'
learning. Students' written assignment grades, test grades, and final course grades were also
collected. Tables 1 and 2 below illustrate the research design for the data collection methods used in
this study for each classll.

Table 1: Research Design for Data Collection Method Used in MATH 129

MATH 129: Survey of Math - Data Collection Methods

Survey #1 on students' demographics; students' attitudes about the course topic and themselves as writers.

Karen's original writing||All students complete the Article Assignment and Reaction Paper
assignments Assignment.

Survey #2 on students' attitudes about the course topic and the writing assignments' contribution to their
learning

Group A completes problem-{|Group B completes same problem-
Topic 1: Geometry solving assignment and writing||solving assignment and additional
assignment on same topic. problems on same topic.

Survey #3 on students' attitudes about the course topic and the writing assignments' contribution to their
learning

Group A completes problem-||[Group B completes same problem-
Topic 2: Consumer Math solving assignment and additional||solving assignment and writing
problems on same topic. assignment on same topic.

Survey #4 on students' attitudes about the course topic and the writing assignments' contribution to their
learning

Continue with traditional course curriculum and assessment measurements

Student focus group and instructor interview

Collection of students' assignment grades, test grades, and final course grades

Table 2: Research Design for Data Collection Method Used in MATH 162

MATH 162: Calculus 1 - Data Collection Methods

Survey #1 on students' demographics; students' attitudes about the course topic and themselves as writers
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Group A completes

problem-solving

Group B completes same problem-solving

Related Rates .
same topic.

assignment and additional problems on

topic.

Topic 1:
.p L assignment and writing assignment on|lassignment and additional problems on same
Linearization ] )

same topic. topic.
Too 5 Group A completes problem-solving||Group B completes same problem-solving
opic :

assignment and writing assignment on same

learning

Survey #2 on students' attitudes about the course topic and the writing assignments' contribution to their

Continue with traditional course curriculum and assessment measurements

Student focus group and instructor interview

Collection of students' assignment grades, test grades, and final course grades

Results and Implications

Students' Attitudes About Writings' Impact on Their Learning: Over the course of the semester,
upon the submission of each writing assignment, students in both MATH 129 and 162 were asked
how well a particular writing assignment had contributed to their learning of the course content
(Research Question #1). As illustrated in Table 3, MATH 129 students' survey responses were
somewhat mixed as the contribution of the assignment to their learning depended on the writing

assignment.

Table 3: MATH 129 Students' Attitudes about Writing Assignments' Impact on Learning

me learn (Group B)

Strongly Disagree/Strongly
Survey Items Surveys Not Sure ]
Agree/Agree Disagree

Articles Assignment helped me learn

#2 (N=15) 33% 47% 20%
(Group A& B)
Reaction Paper helped me learn (Group

#2 (N=17) 47% 35% 18%
A&B)
Topic 1: Geometry Memo helped me

#3 (N=15) 47% 27% 26%
learn (Group A)
Topic 2: Consumer Math memo helped

#4 (N=09) 56% 22% 22%
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Students responded less positively to the Articles Assignment and were less sure about its
contribution to their learning. For this assignment, students were asked to find two articles in the
news that incorporate mathematics (preferably beyond "simple arithmetic" or statistics), summarize
the articles, and explain how the math illustrated exemplified the use of mathematics in the everyday
lives of a general population. Estes (1989) defines this category of college-level math writing as
"ordinary narrative," referring to that difficult-to-define genre "the academic essay." As Estes
explains, the overall purpose of an assignment like this one might be to learn something of the history
or wider application of mathematics while also learning to express one's self in a precise way. The
purpose of the Articles Assignment for MATH 129 was to raise students' awareness of the
transferability of math beyond the classroom and its applicability to students' everyday lives. It was
expected that the MATH 129 students, non-math majors, would prefer this type of narrative
assignment as it would be a form of assessment most familiar to them and didn't actually require an
understanding of math concepts. However, a majority of students responded negatively to it in terms
of how it contributed to their learning, expressing confusion about the assignment's purpose or
relevance to the class. The following comments came from the focus group interview:

MATH 129 - Student (S) 4: ...the articles, I didn't really feel like those were necessary at
all because they didn't really help me at all.

MATH 129 - S1: Well,  remember her comment on the articles was, the assignment for
the articles was, "Read an article related to math and write aboutit." So I can't remember
exactly what my two were on, but it was kind of the same thing, you know, how are
terrorists funded, something like that, so all I thought she was looking for was to point
out that there was a bit about math or there was something math related and what we got
back was, on mine, there wasn't enough statistics, so I didn't really get that.

The single advantage that students reported for the Articles Assignment was that, for some, if they
didn't understand the math in later assignments and on tests, which would bring down their grade,
the narrative assignment was one way they might improve their course grade.

On the other hand, as indicated in Table 3, MATH 129 students responded more positively to the
Reaction Paper on Euclid's Proof and the Geometry and Consumer Math memo assignments. These
assignments fall under what Estes (1989) categorizes as "technical writing"[51. As the author explains,
this type of writing can help students clarify their thinking on a mathematical concept by requiring
them to explain "some mathematical or statistical procedure or result” (p. 11). In the end-of-semester
focus group, MATH 129 students explained why they found these "technical writing" assignments to
be more useful to their learning. Regarding the Reaction Paper, students reported that being required
to explain the proof made it easier to process and understand this course concept, as the following
student comment illustrates:

MATH 129 - S5: I had no idea what exactly the method was at first and then I kind of
figured it out as | was writing about it. And that kind of helped me because that's kind of
how I learn. Because I'm an English major, so I'm all into writing and stuff like that, so
[writing about Euclid's proof] helped me figure it out more easily than just having all of
the, than just have it lectured on and stuff because I had to research it and put it in my
own words.

In a similar manner, students found that the Geometry and Consumer Math memo assignments
helped them clarify their thinking on those topics. For example, for the Geometry Memo Assignment,
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students were required to describe the process by which they calculated the amount of paint (two
coats) and water needed to cover and fill a new pool and how they came to their answer. Students
wrote the memo for submission as evidence to a small claims court following the cracking of paint
and leaking of water from the pool. Students reported that they found it helpful to have to write out
the systematic process by which they came to their answers for the geometry problem being solved,
as reflected in the following student comment:

MATH 129 - S3: With the memo, you talked about the process of what you did, so you had
to go through each step. So instead of seeing the step with only numbers, you were also
doing that with words. That was also the way [the teacher] kind of taught the class. Like
sometimes she would put a sentence of the step you were doing. You know, she would
like write the sentence out for the step. That's kind of what the memo was for me.

The technical writing assignments were also greatly valued by the STEM majors enrolled in MATH
162 for the contribution these assignments made to their learning. Of the 11 out of 13 consented
students who completed one of the two writing assignments (Group A or B) and who responded to
the survey item, 100% reported that the writing assignment had positively contributed to their
learning, as seen in Table 4.

Table 4: MATH 162 Students' Attitudes about Writing Assignments' Impact on Learning

Strongly Disagree/Strongly
Survey Items Surveys Not Sure .
Agree/Agree Disagree

Topic 1: Linearization writing assignment

#2 (N=04) 100% 0% 0%
helped me learn (Group A)
Topic 2: Related Rates assignment helped

#2 (N=7) 100% 0% 0%
me learn (Group B)

This sentiment was repeated in the MATH 162 end-of-semester focus group when 100% of focus
group participants reported that the writing assignments on linearization or related rates
contributed significantly to their learning. The following is a representative student comment from
this group:

MATH 162 - S1: I think the concepts were very difficult to grasp at first, so I think the
papers did help me kind of organize my thoughts in saying, well this is why we take the
derivative and subtract from the original and then multiply it by it, so it's one of those
things where writing it down helped me figure out this is why we do it, not just this is the
equation of how to get it done.

This comment is significant in that the student recognizes it is not enough to simply memorize a type
of problem or algorithm in order to reach the correct answer. Rather, it is also important to
understand how and why one arrives at that number for the number to have more meaning and in
order to interpret its significance.
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Students' View of Writing's Impact on the Transfer of Knowledge: The technical writing
assignments not only helped students to understand the various concepts they were learning, but, as
MATH 162 students reported, the act of writing the assignments increased the probability that this
new knowledge would carry over to like problems and help students with their unit and final exams.
In other words, by having to write out the process and their understanding of the new concepts,
students felt more confident about completing problems that looked similar to ones they had already
seen but that might contain different variables. This connection, the students explained, would not
have been possible with just practicing and completing multiple additional problems:

MATH 162 - S4: By doing the writing assignments, it makes you get a really good visual
map of how to do the problem, not just do it one way, but do it all the different ways. Like,
so you could put it in different forms, and so if [the instructor] put it in a different form
[on the exam] and you're just practicing one type of problem, then you wouldn't know
how to do the form, but the paper forces you to really grasp the concepts and then you'd
be able to do it in different forms.

MATH 162 - S6: Yeah, and if you just memorize the process for one specific type, you're
not going to have any idea of what to do when confronted with the same problem just set
up differently.

These students recognize the transferability of their knowledge from one problem to another, as the
result of writing out the process for solving a particular kind of problem.

Written Assignments Versus Test Grades: In terms of research question #2, "Does the scaffolding
of smaller writing assignments increase students' success on the completion of larger summative
assignments (e.g., unit exams, final exams, etc.) in the course?", the results were limited, despite
students' positive reports of the writing assignments' impact on their learning. For both Groups A
and B in MATH 129 and MATH 162, there was little to no correlation (and no statistical significance)
between students' grades on their written assignments and their score on related test items on the
unit exam.

For MATH 129, using Pearson's r to examine the degree of relationship between Group A's scores on
the Geometry Memo and this same group's scores on the Geometry testitem, we did not find evidence
of a significant association between the memo and the test item scores (p-value = 0.2377). These
results are illustrated in Figure 1.
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Figure 1: Relationship Between Student Performance on the Geometry Memo and Corresponding Test
Item in MATH 129
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(Note: Only students in Group A are included in the above scatterplot, as those in Group B did not
complete the Geometry Memo.

Similarly, when using Pearson's r to examine the correlation between Group B's scores on the MATH
129 Consumer Math Memo and their score on the Consumer Math test item, we did not see evidence
of a significant association between performance on the memo and performance on the test item (p-
value = 0.8849) as illustrated in Figure 2.



High-Impact "Writing-to-Learn" Math Assignments 11

Figure 2: Relationship Between Student Performance on the Consumer Math Memo and Corresponding
Test Item in MATH 129
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Note: Only students in Group B are included in the above scatterplot, as those in Group A did not
complete the Consumer Math Memo.

Similarly, when examining the test scores of each group, we did not find a significant relationship
between students having completed the memo writing assignment and their performance on the
corresponding test item. As seen in the box plot in Figure 3 and its accompanying five-number
summary in Table 5, the median test score on the Geometry test item for Group A, who wrote the
Geometry Memo, is 8.5, while the median score for Group B, who did not complete the memo, is lower
at 6.75. Despite the difference in median scores, the Wilcoxon rank sum test with continuity
correction determined that there is no statistically significant difference between the scores of the
two groups (p-value = 0.08947).



Elder and Champine 12

Figure 3: Geometry Test Scores for Group A and B in MATH 129

Geometry Test Scores by Group

Score on Test llem

Group

Table 5: Five-Number Summary for Geometry Test Item Scores by Group in MATH 129

Group A Group B
Minimum Test Score 5 0.5
Q1 (first quartile) 7 5.625
Median Test Score 8.5 6.75
Q3 (third quartile) 10 8.75
Maximum Test Score 12 12

As with the Geometry test item, and contrary to our expectations, Group A also performed better on
the Consumer Math test item, earning a median score of 8.5, after not having completed the Consumer
Math Memo, while Group B, who did complete the Memo, earned a median score of 6.25. (See Figure
4 and Table 6 below). However, the Wilcoxon rank sum test with continuity correction determined

that there is no statistically significant difference between the scores of the two groups (p-value =
0.1282).
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Figure 4: Consumer Math Test Scores for Group A and B in MATH 129
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Table 6: Five-Number Summary for Consumer Math Test Item Scores by Group in MATH 129

Group A Group B
Minimum Test Score 1 0
Q1 (first quartile) 4 1.5
Median Test Score 8.5 7.5
Q3 (third quartile) 8.5 8.5
Maximum Test Score 9 8.5

While counter to what we were predicting, it is perhaps not surprising that Group A performed better
on both test items when considering that, although both groups were randomly assigned, Group A
did better in the MATH 129 class overall, with 92% passing, compared to Group B, of whom 50%
passed the course. (Student pass/fail rates for MATH 129, along with MATH 162, are reported in

Table 9 below.)

For MATH 162, Pearson's r was also used to examine the correlation between the two written
assignments in the course (linearization for Group A and related rates for Group B) and the
corresponding test items. Because there was no variability in the scores for the Linearization Memo
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completed by Group A (i.e., everyone scored 10/10), it is impossible to compute Pearson's r or assess
much from the scatterplot found in Figure 5 below.

Figure 5: Relationship Between Linearization Memo and Test Item in MATH 162

Relationship Between
Linearization Mema and Linearization Tast lbem

L ]
= ]
] »
% .
L
-

o
-
i
i
LimasanEaton Wi

The box plot in Figure 6 and the accompanying five-number summary in Table 7 illustrate that the
median test score for Group A (who completed the Linearization Memo) was higher (7.5) than that
for Group B (6). However, the Wilcoxon rank sum test with continuity correction again illustrates no
statistically significant difference between the scores of the two groups (p-value = 0.08149).
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Figure 6: Linearization Test Scores for Group A and B in MATH 162
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Table 7: Five-Number Summary for Linearization Test Item Scores by Group in MATH 162

15

Group A Group B
Minimum Test Score 3 6
Q1 (first quartile) 7 6
Median Test Score 7.5 6
Q3 (third quartile) 8.25 6.5
Maximum Test Score 9 8

On the topic of Related Rates, despite the variation in how students scored on the written assignment,
there was no significant relationship upon using Pearson's r between Group B's scores on the written
assignment and how these same students scored on the Related Rates test item (see Figure 7.)
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Figure 7: Relationship Between Related Rates Memo and Test Item in MATH 162
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As reported above with MATH 129, a group's completion of a written assignment in MATH 162 does
not appear to have had a significant effect on the group's performance on the test item. As illustrated
in Figure 8 and Table 8 below, the median test score for Group A (who did not complete the Related
Rates Memo) is higher (9.5) than that for Group B (8.5), who did complete the Related Rates Memo.
However, again, after performing a Wilcoxon rank sum test with continuity correction, there is no
statistically significant difference between the scores of the two groups (p-value = 0.5694).
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Figure 8: Related Rates Test Scores for Group A and B in MATH 162

Related Rates Test Scores by Group

Seore on Tast llam

Group

Table 8: Five Number Summary for Related Rates Test Item Scores by Group in MATH 162

Group A Group B
Minimum Test Score 2 6.5
Q1 (first quartile) 5.75 6.5
Median Test Score 9.5 8.5
Q3 (third quartile) 9.5 9.5
Maximum Test Score 9.5 9.5

And as with MATH 129, Group A had a higher pass rate (86%) than Group B (83%) in the MATH 162
class overall.

Due to a lack of statistical significance, perhaps as a result of small sample sizes, it is impossible to
determine in either MATH 129 or MATH 162 a statistical correlation between students' performance
on a writing assignment and their scores on a corresponding test item. Therefore, the null hypothesis
for research question #2 should be accepted for this study: the scaffolding of smaller writing
assignments did not increase students' success on the completion of larger summative assignments
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in the course. Future research should include a larger number of participants across course sections
in an attempt to increase the significance of these findings. Additionally, more test items related to
the writing assignment topic should be included, and these test items should also seek to assess the
type of knowledge developed in the writing assignments while addressing the learning outcomes of
the course. In this study, while we collaborated on the creation and revision of writing assignments,
we did not focus on the revision or modification of test items. Perhaps if we had revised the way that
students' procedural knowledge was being assessed, we might have seen a clearer correlation
between students' performance on the written assignment and the exam.

Student Pass/Fail Rates: Research question #3 asks, "Does a focus on writing as it relates to course
content improve students' success (i.e., pass rate) in the course?” The pass rates (as defined by a
grade of C or better) for the consented students in this study for MATH 129 and MATH 162 were 74%
and 85%, respectively. The total pass rates for the whole class for MATH 129 was 76% and for MATH
162 was 84%. These pass rates along with the comparable fail rates for each class are illustrated in
Table 9.

Table 9: Spring 2015 Pass/Fail Rates for MATH 129 and MATH 162

Pass Fail
Course Group A B C D F CR NC
Rate Rate
Group A (N=13) 2 4 5 1 n/a 1 0 92% 8%
Group B (N=10) 1 1 3 5 n/a 0 0 50% 50%
MATH 129
Total Pass/Fail Rate for consented students (N=23) 74% 26%
Total Pass/Fail Rate for the class (N=37) 76% 24%
Group A (N=7) 2 3 1 1 0 0 0 86% 14%
Group B (N=6) 0 1 4 1 0 0 0 83% 17%
MATH 162
Total Pass/Fail Rate for consented students (N=13) 85% 15%
Total Pass/Fail Rate for the class (N=19) 84% 16%

When we compare the pass/fail rates of Karen's Spring 2015 course section for MATH 129 included
in this study with those rates for the previous four semesters Karen taught the class, there is a large
variation in rates, as seen in Table 10. The highest pass rates were in Fall 2014, with the course
section in which we piloted the writing assignments. Because there is so much variation in the
pass/fail rates from one semester to another, it is difficult to compare one (or two) semesters of WTL
intervention with a number of semesters without the intervention. Regardless of whether this study
produced pass/fail rates of statistical significance, pass/fail rates for course sections including and
not including the intervention would need to be recorded over multiple semesters.
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Table 10: Pass/Fail Rates for Karen's Sections of MATH 129 from 2012 to 2015
MATH 129 Fall 2012 Spring 2013 Fall 2013 Fall 2014* Spring 2015**
Pass Rate 78% 69% 81% 84% 76%
Fail Rate 22% 31% 19% 16% 24%

*WTL assignments pilot course section

**WTL assignments intervention included in this study

The same variation in pass/fail rates is seen among the course sections of MATH 162 Karen has
taught since Spring 2013, as seen in Table 11. (Karen did not teach MATH 162 in the 2012 academic

year.)

Table 11: Pass/Fail Rates for Karen's Sections of MATH 162 from 2013 to 2015

) ] Spring 2015 || Spring 2015
MATH 162 || Spring 2013 || Fall 2013 Spring 2014 || Fall 2014 i ]
(Section 1) || (Section 2)**
Pass Rate 60.9% 64% 69% 67.6 77% 84%
Fail Rate 39.1% 36% 31% 32.4% 23% 16%

**WTL assignments intervention included in this study

While the pass rates for MATH 162 are significantly higher for the course section in Spring 2015
where we introduced the WTL intervention, we cannot make any claims about the writing
intervention as the cause for these higher pass rates. While the instructor remained constant across
these course sections, there are a number of intervening variables that make the MATH 162 course
section under study different from the others. For example, the students enrolled in the second
section of Spring 2015 were all freshmen in their second semester (as opposed to students at various
stages of their studies), the class size was significantly smaller than for other course sections (19
students were enrolled versus the 60 students originally enrolled in section 1 of the same semester),
and Karen taught both the lecture and the lab segments for the course section under study (whereas
the lab is typically taught by a teaching assistant).

Because we are particularly interested in the impact WTL assignments may have on women and
minorities enrolled in STEM classes, the pass rates for consented students who identified as women
or minority are given in Table 12. It is important to note that the results for gender and race/ethnicity
given in Table 12 are not mutually exclusive (i.e., female pass rates include those for white and
minority females). Also, we are aware that generalizations should not be made about the effect of a
WTL approach on gender and race/ethnicity from such a small sample size of students.
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Table 12: Spring 2015 Pass Rates for Consented Women and Minorities

Course Group A B C D F CR NC Pass Rate
Female (N=13) 3 4 5 1 n/a 1 0 92%
MATH 129
Minority (N=6) 1 1 3 1 n/a 0 0 83%
Female (N=3) 0 2 1 0 0 0 0 100%
MATH 162
Minority (N=2) 0 2 0 0 0 0 0 100%

When compared to the total pass rates for spring 2015 for consented students reported in Table 9
for MATH 129 and MATH 162, female and minority students passed at a higher rate compared to the
total consented student population in each course. (Comparisons cannot be made to the total enrolled
population in the two course sections as demographic information was only recorded for those
students who consented.) Future research should continue to track the comparative pass rates and
progress of these underrepresented student populations in STEM courses.

Despite the lack of correlation between students' performance on the writing assignments and
corresponding test items and despite our inability to make claims about the writing intervention's
effect on pass rates, the qualitative data reported from students is still helpful for understanding
students' perceptions of what aids them in their learning in the class. In the next section, the
qualitative results of the instructor's perception of writing's impact on students' learning are given.

Instructor Interview Data: Following students' submission and Karen's grading of each written
assignment, Cristyn interviewed Karen on the following: "Tell me about your impressions of
students' writing as it relates to course content. For example, how did the writing assignments impact
students' learning (or not)?" Karen's comments paralleled those of her students in two significant
ways, as described below.

Karen's View of Writing's Impact on Students' Learning and Her Teaching: Just as students had
reported that the writing assignments helped them to clarify their thinking, Karen also reported that
the writing assignments helped her to understand what was clear or still unclear in students' thinking
about course concepts. And as the students reported, Karen found the writing assignments rather
than the problems much more useful in understanding students' thinking on a topic. For example,
returning to the geometry project and calculating the surface area of the pool to be painted, Karen
could see from the students' calculations submitted in table format that they understood how to
calculate the area of the individual sides of the pool. However, what the write up of the process made
much clearer to her was that students did not understand which calculations they would need to
combine in order to determine how much paint or water they would need to protect and fill the pool.
As Karen explained,

Really I can tell more from the paper than even the projects. Because the projects are
kind of mechanical. They're broken down into pieces. In little pieces, [students] know this
stuff. They know the area of this wall is the width times the height. When you put it all
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together and they have to describe a whole process, that's where you start to see, you get
the normal distribution, right? Some of them, it is very clear that they know what they're
doing, right? Some, in parts of the paper, it was like, what are you talking about? And they
were confused, okay? Nobody was terribly confused. They got pieces of it, but there were
issues in the middle on the papers.

It was recognizing "the issues in the middle on the papers," the part of the calculation process
students were not understanding, as made visible by the geometry memo, that was of most use to
Karen and her formative assessment of students. As Karen discussed further on in the interview,
what can be most difficult with teaching an introductory class such as MATH 129 is trying to
understand what it is that students are just "not getting." As Karen is so well versed in the topic, she
cannot "remember ever not understanding this." Therefore, the writing assignments help her to
know which aspects of math, related to geometry in this case, she needs to spend more time on in
order to better support students in their learning. Similarly, Karen is able to use students' confusion
or lack of understanding as feedback for revising in-class activities and the scaffolding of writing
assignments and test preparation.

Karen's View of Writing's Impact on the Transfer of Knowledge: A second parallel theme between the
students' and instructor's comments on the usefulness of the writing assignments was that regarding
transferability. As students in the MATH 162 focus group clearly understood, there is a difference
between knowing how to get the right answer and understanding the significance of that answer. As
Karen reported, the writing assignments helped her see when students understood the how and were
arriving at the correct answer but perhaps did not understand the why and what significance the
application had or how it could be applied to other contextslél. One example the instructor gave was
when MATH 129 students worked to calculate the interest on a loan for the unit on consumer math.
As was clear from their writing of the memo, students could calculate the interest when told how to
do so, but they weren't clear on the rationale behind each step, which limited their ability to apply
the math to other contexts:

On the add on method, they didn't understand why you did things in a certain order, but
even more so, total interest paid.... Test-wise, | don't think [they'll have a problem]. I
expect they're going to do very well on the test. [ think they're good at saying, "Okay, this
is what I do when I have this. | memorize the math and I do it." Okay. As far as anything in
the real world, you know, when they have to buy a house, yeah, huge implications. They
can't figure out, you know, even a basic idea of how much my payments are going to be or
how much do [ want to put down. Or even buying a car or anything like that. So that's
where [ think it will impact them the most.

As the MATH 162 students realized in their writing of their assignments, and as Karen acknowledged
in her reading of MATH 129 students' assignments, it is important to focus not only on the what (i.e.,
the correct numerical answer) but also on the how (how did I arrive at that answer) and the why
(why does this method work and why is it useful) if one is to successfully transfer knowledge of a
particular math concept to other contexts.

Conclusion

The data reported in this article, particularly that collected through the student focus groups and
instructor interviews, helps us to reconsider one basic assumption about well-designed WTL
assignments for "killer courses" and reinforce other aspects we know to be true of these assignments
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as they contribute to students' positive perceptions of their learning. The assumption to reconsider
is that (non-) math majors would prefer narrative assignments to other kinds of written assignments
due to students' familiarity with (and perhaps the perceived ease of) these assignments. Rather, as
the students in this study report, "technical writing" assignments that ask students to reflect on the
problem-solving process may have more to offer students in terms of their learning of new
information. The traditional "academic" or "research" paper has already lost favor with many in the
field of rhetoric and composition for its lack of authenticity and usefulness (Fister, 2011), something
students may have understood intuitively all along. There are perhaps, then, even fewer reasons to
promote these kinds of writing assignments across the curriculum, as they are even less likely to be
viewed by students as useful for understanding new course content, particularly within killer course
subjects, and less useful for instructors trying to assess students' understanding of these subjects.

Therefore, if we are to listen to our students, and the learning of mathematical concepts is the
primary goal,a WTL approach in killer math courses will place an emphasis on using writing to clarify
students' thinking about mathematical concepts, rather than simply (or predominantly) give them
the practice of writing clearly and concisely. Of course as students come to better understand the
mathematical concepts about which they are writing, their ability to express their understanding
should improve as well. However, as for MATH 129 and her own narrative assignments, Karen has
decided to no longer use the Articles Assignment with students, in favor of spending more time on
assignments that help students build their procedural knowledge.

This procedural knowledge, or what the WAC Clearinghouse terms "analyzing the process," is what
makes for a high-impact approach to learning and teaching. As this study bears out, "a more useful
approach to process analysis—from the learner's point of view—is to trace in writing the steps
required to complete the process or to capture the thinking that leads from one step to the next"
("Analyzing the process,” n.d., emphasis in the original). This approach also enables students to
receive more individualized help as "teachers can look over the process analyses to see if students
have misapplied fundamental principles or if they are making simple mistakes" ("Analyzing," n.d.).
The student and instructor comments reported in this study above reinforce this stated best practice.

Furthermore, as students' thinking about course concepts is still under development during the
completion of a writing assignment, these assignments should be viewed as just one step in the
students' process of coming to understand new content, particularly within a killer course. These
assignments should be used as low- and mid-stakes assignments for which students simply receive
acknowledgement for having completed them, for example, or be worth a limited percentage of a
total course grade. The heavy weighting of WTL assignments is counter-intuitive, as students should
not be heavily graded on what it is that they're still trying to understand. For this same reason, WTL
assignments should be used largely for formative assessment, so that students and instructors can
receive on-going feedback on what it is students do and do not understand. Students can use this
feedback to focus their studying and requests for help while instructors can use these formative
assignments when making decisions about supplementary coverage of course topics. In this way, we
may increase students' positive attitudes about their learning and in turn improve their success
within a killer course context.

Finally, if WTL activities are to have a greater impact on improving pass rates and perhaps decreasing
attrition rates of students in killer STEM courses such as MATH 162, our summative assessments
should reflect the writing prompts that we ask students to respond to as a part of their formative
assessment. This is to say that our exams should reflect our writing-to-learn assignments in terms of
what it is we want our students to value about mathematical concepts: not just the what but the how
and the why.
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Appendix - Writing-to-Learn Assignments for MATH 129 and MATH
162

MATH 129 - Articles Assignment
Assignment Due Date:

Overview:

One of the best ways to learn and appreciate math is to identify how it is used in our daily lives. For
this project, you will find two articles of interest to you that illustrate, either directly or indirectly,
how math is used in everyday society. Except in rare instances, the math illustrated in the article should
go beyond arithmetic and statistics.

Purpose:

The purpose of this assignment is for you to become aware of the various ways math is being used
all around us on a daily basis (beyond arithmetic and statistics). You may find, for example, that math
is important for one of your favorite hobbies or pastimes. By examining two articles that are of
interest to you and written for the general public, you will gain a better understanding of how
important and useful math is. Having this understanding can help to make math easier to learn and
more enjoyable.

Audience:

Your primary audience for this project is me (your instructor) and your classmates. I like to choose
from among the articles you submit and add them to my own personal reading list. Your articles will
also be of interest to your colleagues as they can see the additional ways that you have found math
to be used in interesting ways.

Task:
For each of the two articles that you find, write a one-page, double-spaced essay that includes the
following:

e An interesting title for your essay. Do not simply repeat the title of your article.

e A summary of the article that includes each of the article's main points. This will help me
and your peers decide whether we want to read the article in full.

e Adiscussion of how math is used, integrated, discussed, or alluded to in the article. In other
words, how is the article related to math? Note: you do not need to explain or even
understand the math.

e Aresponse to the question "who cares?" The answer should not simply be scientists and
mathematicians. While these experts may have a clear interest in the article, you'll want to
explain how a general audience - say those reading the New York Times, the Daily Lobo, the
Albuquerque Journal, or even the Alibi -might be interested in or relate to the ways that
math is being used or discussed.

What/How to Submit:
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e Staple each article you examined on top of each essay you wrote. If you found your article

online, please print it out and attach it. (Online articles can sometimes disappear or be taken

down.)

¢ You will hand in your articles with your essays attached to me in class. Make sure your

name is included on your essays.
¢ Please do not ask me for a stapler. I do not carry a stapler to class with me.

Evaluation:

Each of your two article projects will be evaluated according to the following criteria. Each article
will receive its own score. Again, exceptin rare instances, the math demonstrated in the article should
go beyond arithmetic. Also, an article that shows how statistics is useful will earn at most 4 out of 5

points. Examples are just too easy to find.

Grading Criteria for Article Project

Score

A project earning a 5 meets all of the criteria. The writer provides a clear summary of the main
points in the article, spending a proportionate amount of time on each of the main points. The
writer has clearly explained how the article relates to math (while not necessarily
understanding how the math works). The summary reads smoothly with appropriate transitions
between ideas. Sentences are written clearly without vagueness or ambiguity and without
grammatical or mechanical errors. It is clear that the writer has read the complete article.

A project earning a 4 should still be very good, but it can be weaker than a 5 project in one area.
The writer may provide a clear summary of the main points of the article but not clearly explain
how the article relates to math. Or the summary of the article and the writer's discussion of how
the article relates to math may be clear but there may be occasional problems in sentence
structure or grammatical correctness that can interfere with meaning. Or the project may be
clearly written but the writer may not demonstrate a clear understanding of the article.

A project earning a 3 must be strong in at least one area of competence, and it should still be
good enough to convince the grader that the writer has understood the article fairly well.
However, a 3 project may not be written well enough to convey an understanding of the article
to someone who has not already read it.

A project earning a 2 is weak in all areas of competence, either because the reader cannot
understand the content or because the content is inaccurate or seriously disorganized. However,
a 2 project convinces the grader that the writer has read the article and is struggling to
understand it.

A project earning a 1 fails to meet any of the above criteria.

Up to 2 bonus points can be earned for articles earning a 4 or 5 above and that are unique or
especially interesting to read.
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The following are examples of the kind of articles that you might use for this project. However, these
are just examples. Do not actually use these articles for your project.

The Topology of Everyday Life

Catastrophe Theory By Alexander Woodcock and Monte Davis E.P. Dutton, 152 pp. By PETER M.
ENGEL, May 14, 1979

New York Times: "Why the Middle Class Isn't Buying Talk About Economic Good Times"
http://www.nytimes.com/2014 /08 /21 /upshot/why-the-middle-class-isnt-buying-talk-about-
economic-good-times.html?ref=us&abt=0002&abg=1

Daily Lobo: "Neuroscience Reveals Detail of Killer Kids"
http://www.dailylobo.com/article/2014 /08 /violence-research

MATH 129 - Reaction Paper Assignment
(Proof of Infinitely Many Prime Numbers)

Assignment Due Date:

Overview

During class, on the board, I proved that there exist infinitely many prime numbers. Though there
are several different proofs of this fact, I gave the most well known. This particular proof is attributed
to Euclid. You are to look up the proof that I demonstrated and read it. Take notes. You may have to
read it several times. Then write a reaction paper. The purpose of this assignment is to help you
become more familiar with Euclid's proof and the kinds of writing that mathematicians do.

Audience/Task

This paper should be just a few well-formed paragraphs telling me what you think about the proof,
what you understand about the proof, and what you don't. Be as specific and detailed as you can.
There is no right or wrong response. Your grade will not depend on how much of the proof you
understand. Your grade WILL depend on the effort you made to understand the proof and the detail
you use to covey that information.

Evaluation

I am looking for indications that you thought about the ideas of this specific proof and the type of
proof, proof by contradiction. This paper should be your own thoughts and words. If the paper reads
like a mathematician wrote it, I know that those thoughts are not yours.

MATH 129
Geometry Extended Project: Memo to Judge Judy
Assignment Guidelines

Assignment Due Date:

In addition to completing the Geometry Project and the Consumer Math Project, each pair of students
will write a memo describing the work they did in their project in more detail. Half of the pairs in the
class will write their paper on project #1, building the pool; the other half of the pairs in the class will
write their paper on project #2, financing the pool.

Overview of the problem:
Thanks to your help, your neighbors have had their pool built. Unfortunately, however, there is a


http://www.thecrimson.com/writer/6005/Peter_M._Engel/
http://www.thecrimson.com/writer/6005/Peter_M._Engel/
http://www.nytimes.com/2014/08/21/upshot/why-the-middle-class-isnt-buying-talk-about-economic-good-times.html?ref=us&abt=0002&abg=1
http://www.nytimes.com/2014/08/21/upshot/why-the-middle-class-isnt-buying-talk-about-economic-good-times.html?ref=us&abt=0002&abg=1
http://www.dailylobo.com/article/2014/08/violence-research
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problem with the new pool. Cracks are visible in the sides and bottom of the pool, and water is leaking
out. Your neighbors are taking the pool company to small claims court (i.e., Judge Judy). They are
asking the pool company to repair the cracks at no charge or reimburse them for the price of the pool.
The pool company, on the other hand, wants to be paid for the repairs and are blaming your
geometric estimations for the cracks that have appeared. You and your neighbors feel confident that
your estimations are not responsible for the damage.

Task:

Judge Judy is asking for documentation regarding the building of the pool, including your written
geometric estimation for building the pool. Therefore, you and your partner will expand on your
geometry project by writing a more detailed account of how you came to your estimations. Your
written document (1.5-2 pages) should be in the form of a memo and include the following:

e Your purpose for writing and an overview of the contents of your memo.

¢ Your written calculations.

e A detailed explanation of your estimation process and calculations that expands on your
geometry project. Do not simply describe the operations you use (e.g., | added this to that
and subtracted that.) Rather, be sure to make clear what all of your equations mean and why
they were used. Furthermore, any person, including non-math experts, should be able to tell
exactly how you found all of your chart values by reading your paper.

e A detailed explanation of any assumptions you made, analyses made, and conclusions you
came to.

e Ahistorical aspect related to math. You might discuss a person, formula, or idea that you
used or needed to complete your project. This will help to reinforce your credibility with the
judge. Footnote or make reference within your text to the sources you used to help you with
this information.

e Afinal summary of why you believe the judge should rule in your favor.

Audience:

Your primary audience is the judge. Your secondary audiences include your neighbors and the
audience present in the small claims court. A tertiary audience might be other claimants who could
use your memo as an example in future cases in small claims court.

Format:

The document you provide to Judge Judy should be written in the form of a 1.5 to 2-page memao. (See
below.) For additional information on how to write a memo, see the following page of the Purdue
OWL: https://owl.english.purdue.edu/owl/resource/590/02/

MEMORANDUM
To: Judge Judy
From: [Include your and your partner's first and last names]

RE: [Include the subject line for your memo that summarizes the topic of your memo]
Date: [Include the due date for this assignment]

What to submit:
Your submission for this assignment should include your memo, your calculations, and your tables.
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How to submit:
Submit one hard copy per pair in class (including calculations) and one electronic copy per pair
(minus the calculations) to the following email: champine@math.unm.edu.

Evaluation:
Your memo will be evaluated according to the following criteria:

Evaluation Rubric for Geometry Memo

Element Excellent Competent ||[Needs Work
The purpose for writing the memo is clearly stated. .5 .25 0
An explanation of your estimation process and calculations 5 15 1
is clear and detailed. ’
An explanation of any assumptions you made, analyses 5 15 1
made, and conclusions you came to is clear and detailed. '
Reference to a historical person, formula, or idea related to
math is used to support your methods and strengthens your 2 1.5 1
credibility.
A final persuasive summary is given as to why the judge 1 75 s
should rule in your favor. '
The memo is well formatted. .5 .25 0
The ideas in the memo are well organized. 1 .75 .5
The memo is well proofread and contains few if any 1 7e s
grammar errors or typos. ’
Total: /10
MATH 129
Consumer Math Extended Project: Memo to Loans-R-Us

Assignment Guidelines
Assignment Due Date:

In addition to completing the Geometry Project and the Consumer Math Project, each pair of students
will write a memo describing the work they did in their project in more detail. Half of the pairs in the
class will write their paper on project #1, building the pool; the other half of the pairs in the class will
write their paper on project #2, financing the pool.

Overview of the problem:
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Thanks to your help, your neighbors have applied for funding through Loans-R-Us to build their pool.
However, because of the recent housing crisis and bank bailout, lending institutions around the
country are now being very cautious about the loans that they give out. Therefore, Loans-R-Us is
asking for more information before they approve your neighbor's loan.

Task:

Loans-R-Us is asking for a detailed explanation of why your neighbors prefer the loan request they
are making (based on your recommendation) and why it is a sound financial transaction. In order to
help your neighbors get the loan they've applied for, you need to write in more detail, based on your
consumer math project, why you made the recommendation you did and why it is the best loan type
to ask for rather than taking another approach. Your written document (1.5-2 pages) should be in the
form of a memo and include the following:

e Your purpose for writing and an overview of the contents of your memo.

e Explain the numbers in your tables from the consumer math project and how they
influenced the recommendation you gave. In other words, when you use a particular
formula and get an answer for each of your tables, what does that answer mean for each
table?

e A historical aspect related to math. You might discuss a person, formula, or idea that you
used or needed to complete your project. This will help to reinforce your credibility with the
bank. Footnote or make reference within your text to the sources you used to help you with
this information.

e Afinal summary of why you believe the bank should accept your recommendation.

Audience:

Your primary audience is Loans-R-Us. Your secondary audience is your neighbors. A tertiary
audience might be other loan applicants who could use your memo as an example in future loan
applications.

Format:

The document you provide to Loans-R-Us should be written in the form of a 1.5 to 2-page memo. (See
below.) For additional information on how to write a memo, see the following page of the Purdue
OWL: https://owl.english.purdue.edu/owl/resource/590/02/

MEMORANDUM
To: Burt Bucks, Loan Manager, Loans-R-Us
From: [[nclude your and your partner's first and last names]

RE: [Include the subject line for your memo that summarizes the topic of your memo]
Date: [Include the due date for this assignment]

What to submit:

Your submission for this assignment should include your memo and the tables you completed for the
consumer math project.

How to submit:

Submit one hard copy per pair in class (including calculations) and one electronic copy per pair
(minus the calculations) to the following email: champine@math.unm.edu.
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Evaluation:
Your memo will be evaluated according to the following criteria:

Evaluation Rubric for Consumer Math Memo

Needs
Element Excellent Competent

Work
The purpose for writing the memo is clearly stated. .5 .25 0
An explanation of your tables and how those numbers 5 15 1
influenced your recommendation. '
An explanation of any assumptions you made, analyses made, 5 15 L
and conclusions you came to is clear and detailed. '
Reference to a historical person, formula, or idea related to
math is used to support your methods and strengthens your 2 1.5 1
credibility.
A final persuasive summary is given as to why the bank 1 75 c
should accept your recommendation. '
The memo is well formatted. .5 .25 0
The ideas in the memo are well organized. 1 .75 5
The memo is well proofread and contains few if any grammar 1 75 c
errors or typos. ’
Total: /10

MATH 162 - Linearization Papers and Projects
Assignment Due Date:

Overview

All pairs of students in the class should turn in the following problem: Approximate ¥/7.99 and ¥/8.01
using anchors of a=8, a=0, and a=4. For each case, you should clearly define the anchor you are using,
the equation that goes with it, and the linearization (L(x)). For each case, you should graph the
function and L(x), showing the actual value, estimated value, and error. Make sure all important
aspects of your graphs are labeled and easy to read. Use an appropriate scale on each axis to make
sure.

Task for the students writing linearization papers:

In addition to following the directions above for all students, you will write a 1- to 2-page paper
describing the estimating process above. Compare the results of using the different anchors. Which
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do you prefer and why? Discuss the various errors. Which estimations are overestimates? which are
underestimates? Justify your opinions.

Evaluation:

e A paper earning a grade of 5 contains detailed descriptions of the process and the
comparison of different anchors. It discusses error completely and all opinions are justified.

e A paper earning a grade of 4 addresses all of the content described above but is lacking in
detail or justification for 1 aspect or opinion.

e A paper earning a grade of 3 is lacking in detail or justification in 2 aspects of the paper,
though the student seems to understand the linearization process.

e A paper earning a grade of 2 is generally lacking in detail and justification or is missing one
of the required parts or shows that the student is confused by an aspect of linearization.

e A paper earning a grade of 1 demonstrates that the student does not understand the
linearization process or failed to follow the directions overall.

For the students not writing linearization papers:

Choose 2 other linearization problems, of different kinds, from the book and solve them. You will be
graded on correct solutions, clarity and detail in process, and correct notation. Please state the
problem clearly (or just copy it from the book) and note the problem number and page number from
the book.

MATH 162 - Real World Related Rates Papers and Projects
Assignment Due Date:
Task/Audience for students writing related rates papers:

A classmate in Calculus I who is unfamiliar with related rates problems would like you to explain the
essence of this type of problem. To do this, find 3 examples in the real world of related rates problems.
Explain why you think each problem is an example of a related rate. Be explicit in your explanation
about the different levels of movement. For each example, develop a notational equation to model
the situation. (Do not try to develop modeling equations or to define the functions for your model.)
Be sure to define any variables and functions you invent in general real terms, e.g., f(t) relates time
to distance. Your paper should be at least 1 paragraph for each example.

Evaluation:

While grading your paper, 1 will be considering 3 inter-related categories: Example was clearly
stated; example was well-defended with an appropriate notational description of the related rates;
and overall clarity: variables were defined and processes used were clearly explained.

e A paper earning a grade of 5 is strong in all 3 categories for all 3 examples.

e A paper earning a grade of 4 is lacking in one category for one example, though all 3
examples are well chosen.

e A paper earning a 3 may have a weak example or is lacking in one of the other categories
overall.
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e A paper earning a grade of 2 has 2 non-relevant examples, which will be reflected in the
notational description.

e A paper earning a grade of 1 is a paper that very superficially met the directions and failed
to exemplify and clearly describe related rates completely.

Task for other students:

From your book, choose 3 related rates problems, each of a different kind (points moving away from
each other, liquid filling a container, a point moving along a curve, volume or surface area changing
as a dimension changes, etc.). Solve each problem carefully organizing and labeling your work. Be
sure to define any variables you invent. Your grade for this will be based on clarity of process in
addition to correct work and solution. Please state the problem clearly (or just copy it out of the book)
and note the problem number and page number.
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Notes

[1] While the report's purpose of investigating the high rate of attrition among minority students in STEM
fields was a valid one, the three main recommendations described in the report are far from satisfactory: 1)
Do not admit STEM students with a "large deficit in academic credentials" without fully informing them of the
impact of the deficit on their ability to succeed; 2) provide academic support programs for students with
"modest deficits"; 3) recruit qualified K-12 math and science teachers.

[2] Stretch courses "stretch" a traditional one-semester first-year composition course over two semesters.
Studio courses include an additional hour of small group writing lab. I offer acknowledgements to my
colleague Dr. Bethany Davila, with whom I worked side by side on developing this new curriculum.

[3] Math Department policy dictates that MATH 129 students cannot earn less than a D- in the course, which
allows students to still earn course credit toward graduation (although their GPA will be negatively affected).
Students, however, do need to earn a C or better in the class to meet core curriculum requirements for
graduation.

[4] As classrooms are unpredictable, dynamic spaces, the method for data collection was altered slightly as
illustrated here for each class due to the instructor's thoughtful modifications to the course schedule in
response to students' needs. Therefore, the tables do not look exactly the same for MATH 129 and MATH 162.
However, overall, the same experimental design was used in both classes.

[5] Not to be confused or conflated with the robust field of technical communication.

[6] Perhaps there is a parallel to be made here to teaching to the test versus teaching to develop life skills.
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