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1 Motivating Inquiry Question

Which factors are significantly correlated with student engagement in their entry level

undergraduate math (ELUM) courses, what effect does engagement have on student

success, and how can we influence student engagement? What are early warning signs

of students at risk of unsuccessful learning experiences in ELUM courses? How can

we retain more students through ELUM courses?

From the student perspective, retention is important for the simple reason that

college pays (Jamelske, 2009). In 2003 the median annual salary in the U.S. was

30, 800 for a worker with only a high school diploma. This was significantly lower

than the median earnings of 49, 900 for those with a bachelor’s degree (Jamelske,

2009).

There are now dwindling numbers of students entering college to study science,

technology, engineering, and mathematics disciplines (Turner, 2008). A low retention

rate means that a college is always working to replace students that leave, which

requires resources that could be used elsewhere. In addition, if students leave before

graduating, they are not likely to become donors to their former schools (Jamelske,

2009).
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2 What Do We Already Know That Might Help

With This Question?

2.1 Student Effort

One of the most important hypotheses of the theory of student involvement by Astin

(1984) is that the effectiveness of any educational policy or practice is directly re-

lated to the capacity of that policy or practice to increase student involvement, thus

increasing the amount of student learning and personal development. In addition, stu-

dents who become intensely involved in their college studies experience considerable

satisfaction (Astin, 1984).

In a study of results of the National Survey of Student Engagement between 2000

and 2003 from 18 baccalaureate-granting colleges and universities, Kuh et al. (2008)

inferred that student engagement in educationally purposeful activities had a small

but statistically significant effect on first-year grades.

In a study of 522 pre-algebra and algebra students at the University of Memphis,

Glover (1996) found seven measures of student effort that were significantly related

to course grade. In a study that extends Glover’s work, Thomas & Higbee (2000)

looked at 119 university students enrolled in developmental algebra over two academic

quarters and concluded that the level of student engagement in educationally pur-

posefully activities, measured by number of days absent, was consistently related to

the achievement variables of homework average, computer test average, test average,

final exam score and course grade.

Several measures of student involvement have been discussed in the literature

including attendance, submitting course work and utilizing supports.

Attendance turns out to be a somewhat important factor in achievement in ELUM

courses. In a study of 23 adult students enrolled in a remedial mathematics course in

1981 by Immerman (1982), 24% of the variation in final course score was attributed to

the number of classes attended. Gupta et al. (2006) concluded that students missing
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fewer classes were likely to receive a better grade. However, Thomas & Higbee (2000)

concluded from a study of 119 students of developmental algebra over two academic

quarters that the number of days absent accounted for only 4% of the variation in final

exam score. Jull & McKinney (2002) similarly concluded that only approximately

2.6% of the variation in course score could be attributed to number of days missed

(as reported by student).

Student involvement in homework also turned out to be an important factor in

achievement. In a study involving 1163 students in Spring 2008, Dame et al. (2009)

concluded that students in first year math courses who missed more than one graded

homework were between approximately two and seven times more likely to achieve

less than fifty percent on the final exam than those who missed at most one graded

homework (the present report builds on the (Dame et al., 2009) study). Kaeley

(1989) concluded in 1989 that the number of homework assignments turned in had a

significant effect on mean achievement. Students who attempted almost all homework

had a mean score of 58.9% and students who attempted a quarter or less had a

mean score of 49.4%. Mathematics homework was also identified as a predictor of

mathematics performance by Kaeley (1990) (R2 < 6.2%). Kaeley (1989) also found

that students who found adequate time to work on mathematics after classes/work

scored significantly higher (sample mean 59.4) than those who did not (52.2).

Another measure of a student’s involvement in their ELUM course is the frequency

with which he, or she, utilizes supports such as tutoring or Math Assistance Centres.

A study by Gupta et al. (2006) concludes that higher grades in ELUM courses are

associated with utilizing less tutoring. Collins (2008) concluded that a student using

their supplemental instruction program regularly could expect to outperform the

occasional user by three-fourths of a letter grade. Students in a study by Kaeley

(1989) who found their tutors most helpful scored significantly higher than those who

did not. Finally, a study by Jull & McKinney (2002) concluded that only about

1.2% of the variation in achievement could be accounted for by frequency of tutor

visits. These results strongly suggest that it is not enough to measure the quantity
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of tutoring accessed, but also the quality.

The existing literature strongly suggests that to promote success in ELUM courses,

post-secondary institutions can encourage and reward student efforts such as attend-

ing class and turning in all homework assignments. They can also provide a high

quality of support through Math Assistance Centres and tutors that will help stu-

dents achieve success without repeated visits.

2.2 Pedagogy in ELUM Classes

Studies relating technology usage, assessment strategies, attendance improvement

measures, the personalized system of instruction and other factors correlated with

achievement in entry level mathematics are reviewed in this section.

Schenker (2007) computed an average achievement effect size (from 46 studies) of

technology in the classroom of significantly larger than 0.239 on Introductory Statis-

tics courses, indicating that technology was modestly effective in improving students

statistics achievement. Simulations were significantly more effective than other tech-

nology types, while online learning was no more effective than traditional instruction.

He also found that students appear to benefit most in statistics courses that are en-

hanced with technology that allows them to interact with and manipulate data, and

does not hinder the instructors availability and presence to answer questions, clarify

concepts, and otherwise provide further assistance when necessary Another variable

related to achievement effect size was student academic standing.

Using ANOVA analysis, Johnson (1989) showed no significant difference in perfor-

mance for entry level math students who had a midterm and final exam and exactly

one of the four following additional evaluation strategies: (i) tested twice weekly by

short quizzes; (ii) given twice weekly graded homework; (iii) no extra testing; and (iv)

given four in-class tests. Another study of assessment techniques by Glover (1995) for

entry level math students showed a significant main effect favouring students tested

by traditional work-the-problem methods versus those tested by multiple choice, but

no significant effect on future college math grades. A study by Haeck et al. (1997)
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showed that between 6.0% and 17.4% of ELUM score could be accounted for by vari-

ous developmental test topics. A developmental test tests a student’s ability to learn

from typical math texts and explore their new knowledge in a variety of ways.

In a study of 1300 students by Budig (1991), an attendance notification system was

introduced to approximately half of these students (experimental group). Students

participating in the experimental group were issued warning tickets for missing classes

and dropped from class on the third notification. The result was a decrease of up to

17% in D/F grades and as much as 13.7% increase in success rates for test sections

over control sections.

The personalized system of instruction (PSI) is a self-paced instruction model in

which mastery is required for advancement to new material, course content is com-

municated primarily through the written word, and peers are employed as course

assistants to allow individualized scoring of repeated tests. Klopfenstein (1977) con-

cluded from a study that 53 students in the PSI section of a calculus course had

slightly higher mean scores on the ACT and SAT mathematical aptitude tests on en-

try however their mean course scores were not significantly higher than those of the

non-PSI control group and their withdrawl and failure rates were abnormally high.

In a further study of 353 students, a computer assisted personalized system of

instruction (CAPSI) was used in an online learning environment (OLE) for a discrete

math/logic course. Brinkman (2008) noted that in 2004, the students in the CAPSI

version of the class scored on average 14 points higher on a scale of 100 points than

those in the control group. In 2005 the difference was 20 points. He also noted that

OLE usage was a predictor of a small portion of academic achievement in the course.

However instructional videos and OLE self-tests alone do not have a large impact on

student performance. The main conclusion of this study included the finding that

CAPSI can be used to enhance achievement in a course that is supported by OLE.

For several pedagogical techniques, there was little or no evidence of improvement

in academic achievement in ELUM courses. These included: type of instructor e.g.

Jull & McKinney (2002), a study skills and systematic desensitization training pro-
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gram e.g. Rushing (1996), training in making predictions and posttest estimations

of test scores e.g. Stottlemyer (2002), use of graphing calculators versus maple e.g.

Alkhateeb (2002) or the use of specific collaborative techniques e.g. Rousseau &

Glover (1998). However, Gupta et al. (2006) did show that a lower ranked instructor

meant students were more likely to receive a better grade. The same study Gupta

et al. (2006) also showed that having class only once a week was correlated with

higher grades.

Cartledge & Sasser (1981) inferred from their controlled pretest posttest study

of 30 volunteer students that there is a tendency for properly assigned and evalu-

ated weekly homework to improve gains on an algebra test after a freshman algebra

course. However, they admit that their research and past research do not provide

a clear-cut endorsement for either homework or no-homework groups. In a study of

108 students of intermediate algebra at a four-year university in western Tennessee

by Weems (1998), it was determined that an experimental class of students in which

homework was collected earned a larger number of A’s than the class with no home-

work collection. It was noted that student comments from the control group favoured

homework collection. It was also concluded by Weems (1998) that keeping homework

organized in a notebook resulted in more A’s than a control group. The author also

speculates that a possible reason for a larger number of students withdrawing from

the experimental class was the higher level of involvement by students. They were

more likely to be aware of their course standing and chose to begin again in another

semester. In making a synthesis of homework studies, Paschal et al. (1984) concluded

that much of the voluminous literature on homework was opinionated and polemical.

They analyzed 85 ”methodologically adequate” studies and concluded from these that

there is a moderately large average effect of assigned homework that is commented

upon or graded, on course outcomes.

The existing literature strongly suggests that using technology to allow the stu-

dents to interact with or manipulate data, assessment that places significant emphasis

on long answer questions, tracking attendance with consequences and using computer
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aided instruction (possibly CAPSI) can improve student success rates.
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3 Experiments

To examine the relationship between student engagement and student success in

ELUM courses, anonymized course grading sheets were analyzed for several courses

over several terms at UVic. The Fall term runs from September through December,

the Spring term runs from January through April and the Summer term runs from

May through August. The relationship between potential early warning signs and

student success was studied. To analyze the relationship between support factors

and student engagement, the results of an anonymous in-class survey taken in several

courses over several terms were examined (see Appendix for ethics waiver). Based

on results of the analysis in Dame et al. (2009), the Department of Mathematics and

Statistics instituted changes in an important ELUM course, Math 122, in an attempt

to improve student engagement.

3.1 The Relationship Between Student Engagement and Stu-

dent Success in ELUM Courses

To study the relationship between student engagement with homework and course

outcomes, anonymized course grading sheets from ELUM courses (Calculus I and II,

Calculus for the Social and Biological Sciences, Logic and Foundations, Finite Math)

and from the Spring 2008, Fall 2008 and Spring 2009 terms at UVic were statisti-

cally analyzed. The amount of missed graded homework, declining performance on

homework, and whether or not the student missed the first assignment were used as

measures of student engagement with homework (independent variables). A student’s

final exam score was used as a measures of learning, i.e. the dependent variable.

One limitation of this study is that the same student may be in more than one

ELUM class at a time so it may be difficult to make comparisons between courses.

For each course in the study, there was an experienced faculty member desig-

nated as the course coordinator by the Department of Mathematics and Statistics at

UVic. These course coordinators were interviewed during the Spring 2008 term for
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the qualitative portion of the analysis.

3.1.1 Courses Involved the Study

This study focuses on five significant ELUM classes i.e. Math 100, 101, 102, 122 and

151 from the Spring 2008 term, Fall 2008 term and Spring 2009 term. The student

records analyzed are from a very substantial proportion of all students enrolled in

these courses during these terms. In all five courses, graded homeworks were worth

eight to ten percent of the overall course score and the final exam was worth at least

60%. For courses with multiple sections, all sections were taught using a very similar

lecture schedule on required topics from the same textbook. Different sections have

different midterms, but they may have common homeworks.

Many programs require taking Math 100 in the fall term followed by Math 101 in

the spring term. Typically there are many sections of Math 100 in the Fall term and

many sections of Math 101 in the Spring term. Class populations of Math 100 in a

Spring term and Math 101 in the Fall term contain a higher proportion of students

who are repeating the course. Class populations also tend to differ between terms

for other courses. For this and other reasons, results are reported by term for each

course.

It should be noted that the UVic academic calendar currently indicates that Pre-

calculus 12 can be used as a pre-requisite for some math courses. However this course

does not exist at B.C. high schools. In addition to the possible pre-requisites listed

in the academic calendar it may also be possible to register for a course with the

permission of the Department of Mathematics and Statistics.

3.1.2 Math 100 – Calculus I

The course includes the following topics: a review of analytic geometry; functions

and graphs; limits; derivatives; techniques and applications of differentiation; an-

tiderivatives; the definite integral and area; logarithmic and exponential functions;

trigonometric functions; Newton’s, Simpson’s and trapezoidal methods.
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Pre-requisites listed in the UVic academic calendar currently require a minimum

grade of B in one of Principles of Mathematics 12, Pre-calculus 12, or equivalent; or

passed Math 120; or received a PASS on the Math 100 pretest. The course is primarily

intended for students planning to continue in math, statistics, science, engineering, or

one of a few other topics. Data analyzed for this course included four sections in the

Fall 2008 term and one section from the Spring 2009 term. There were four different

instructors for the Fall 2008 sections included. A total of 298 students from the four

Fall 2008 sections and 66 students from the Spring 2009 section wrote the final exam.

Each of the five sections had either four or five homework assignments worth a

total of ten percent of the final grade and three midterms. The course coordinator

reports that all sections had common homework assignments.

3.1.3 Math 101 – Calculus II

This course includes the following topics: volumes; arc length and surface area; tech-

niques of integration with applications; polar coordinates and area; l’Hospital’s rule;

Taylor’s formula; improper integrals; series and tests for convergence; power series

and Taylor series; complex numbers.

Students taking this course have already successfully completed Calculus I. The

course is intended for students planning to continue in math, science engineering, or

one of a few other topics. Data analyzed for this course included five sections from

the Spring 2008 term and two sections from the Spring 2009 term. The seven sections

included were taught by five different instructors. A total of 485 students from the

included Spring 2008 sections wrote the final exam, and 153 students wrote the final

exam from the Spring 2009 sections included.

Each of the five sections from the Spring 2008 term that were analyzed had four

graded homeworks in common and three midterms. Each of the two sections from

the Spring 2009 term that were analyzed had seven common graded homeworks and

two midterms. The course coordinator for Spring 2009 reported that each graded

homework assignment consisted of three questions and were assigned in such a way
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that there was an assignment or test approximately biweekly. The goal of these

assignments was to help the student develop the ability to clearly explain concepts

and so the assignments required detailed, careful and thorough explanations. Graded

homework questions were typically more difficult than those on the final exam. The

Spring 2008 term was the first time graded homeworks were assigned for this course,

and that long answer questions were asked on the final exam in more than ten years.

3.1.4 Math 102 – Calculus for Students in the Social and Biological Sci-

ences

This course focuses on calculus of one variable with applications to the social and bio-

logical sciences. The following topics are included: limits; continuity; differentiation;

applications of the derivative; exponential and logarithmic growth and integration.

Students taking this course must have successfully completed Principles of Math

12 or equivalent, or the UVic course Math 120. This course is intended to be the only

calculus required by programs in the social and biological sciences. Data analyzed

for this course included two sections from the Spring 2008 term and one section from

Fall 2008. The sections in Spring 2008 were taught by two different instructors. A

total of 121 students from the two Spring 2008 sections wrote the final exam for this

course and 82 from the Fall 2008 section.

All sections had very similar lecture schedules on required topics from the same

textbook. Each of the Spring 2008 sections had thirteen or fourteen graded home-

works (homeworks may have differed between sections), two or three in-class tests

and a final exam. The Fall 2008 section had eight graded homeworks, the midterms

and a final exam. The course coordinator reported that weekly graded homeworks

consisted of five or six questions that required some thought and background knowl-

edge. Typical assignment questions were a little more difficult than those on the

final exam. During the Spring 2008 term the course coordinator noted that it was

possible some students were doing only the graded homeworks and not the suggested

exercises – thus in subsequent terms the graded homeworks were easier if the student
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had completed the suggested exercises. During the first five weeks of the course some

of the assignments due were reviews of algebra.

3.1.5 Math 122 – Logic and Foundations

During the Spring 2008, Fall 2008 and Spring 2009 terms, the course included the

following topics: basic set theory; counting; solution to recurrence relations; logic

and quantifiers; properties of integers; mathematical induction; asymptotic notation;

introduction to graphs and trees.

Students taking this course must have successfully completed Math 100, 102 or

151, or scored more than 90% in Principles of Math 12 and obtained permission from

the department. Data analyzed for this course included two sections from the Spring

2008 term, two sections from the Fall 2008 term and one section from the Spring

2009 term. Each section included had a different instructor. A total of 126 students

wrote the final exam for this course in the included Spring 2008 sections, 116 from the

included Fall 2008 sections and 52 from the included Spring 2009 section. All sections

had very similar lecture schedules on required topics from the same textbook.

Each of the 2008 sections analyzed had six graded homeworks (possibly different

for each section), two midterms and a final exam. The 2009 section had four graded

homeworks (possibly different for each section), two midterms and a final exam.

The course coordinator reported that the majority of graded homework questions

were significantly more difficult than the questions on the final exam but similar

in difficulty to some of the suggested problems. The primary focus of the graded

homework assignments was on proof techniques. It was necessary to have a thorough

understanding of the concepts in the course to do the graded homework.

3.1.6 Math 151 – Finite Mathematics

This course includes the following topics: geometric approach to linear programming;

linear systems; Gauss-Jordan elimination; matrices; compound interest and annuities;

permutations and combinations; basic laws of probability; conditional probability; in-
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dependence; urn problems; tree diagrams and Bayes formula; random variables and

their probability distributions; Bernoulli trials and the binomial distribution; hyper-

geometric distribution; expectation; applications of discrete probability and Markov

chains.

Students taking this course must have successfully completed Principles of Math

11 or equivalent. Students in this course were enrolled in one of six sections taught by

six different instructors from the Spring 2008 term, four sections from the Fall 2008

term taught by four different instructors or four sections from the Spring 2009 term

taught by three different instructors. A total of 431 students from the Spring 2008

sections included wrote the final exam for this course, 378 from the Fall 2008 sections

included and 324 from the Spring 2009 sections included.

Five sections from the Spring 2008 term, all four sections included from the Fall

2008 term and all four sections included from the Spring 2009 term had two midterms

and one section from the Spring 2008 term had four midterms. All six sections

analyzed from the Spring 2008 term, all four from the Fall 2008 term and three of the

four sections included from the Spring 2009 term also had four graded homeworks

and a final exam. The course coordinator reports that each section typically makes

up their own unique homework assignments. The remaining Spring 2009 section had

five graded homeworks and a final exam. The course coordinator reported that all

graded homework for this course was calculation based and involved applying the

more challenging concepts learned in the course. The graded homework questions

were approximately the same difficulty level as the more challenging questions on the

final exam. It was also reported that the majority of students indicate on their course

evaluation forms that they take this course because it is a requirement of their degree

program.

3.1.7 Analysis of Course Grading Sheets

The data from the course grade sheets submitted by these instructors to the depart-

ment were analyzed through calculation of descriptive statistics, relative risk, analysis
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of variance and regression techniques to determine the relationship between student

engagement with homework and course outcomes. Students who did not write the

final exam during the regularly scheduled exam period (i.e. the students who did

not show up for the final exam and the few students with a deferred exam) were

not included in the analysis since final exam score was used as a measure of student

learning.

Throughout the term, students can work on suggested exercises and graded home-

works. Suggested exercises are completed by the student in their own time and stu-

dents can often check the answers to these but they are not submitted for marking

or tracked. Graded homeworks are meant to be submitted for marking and count

towards the student’s overall course percentage. Graded homeworks are typically

weighted no more than 10%.

For each course, grading spreadsheets were analyzed and summarized in Tables 1,

2, 3, 4, 5, 6, 7, 8 and 9. Since data collected and results were somewhat different for

each course/term the data is stratified by course/term.

Table 1: Assigned versus Submitted Homework Spring 2008
Mean Number of 101 102 122 151

Assigned Homeworks 4 13.51 5.46 4
Submitted Homeworks 3.51 9.96 4.1 3.36

Mean Pct Submitted 87.75 73.72 75.09 84.00

Table 2: Assigned versus Submitted Homework Fall 2008
Mean Number of 100 102 122 151

Assigned Homeworks 4 8 6 4
Submitted Homeworks 3.59 6.57 4.43 3.63

Mean Pct Submitted 89.75 82.13 73.83 90.75

Tables 1, 2 and 3 list the mean number of graded homeworks assigned per student

and the mean number submitted per student. The last row shows the mean percent-

age of assigned homeworks that were submitted per student (submitted divided by

assigned). Students in different sections may have had different numbers of assigned

graded homeworks.
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Table 3: Assigned versus Submitted Homework Spring 2009
Mean Number of 100 101 122 151

Assigned Homeworks 5 7 4 4.25
Submitted Homeworks 4.02 6.18 3.12 3.63

Mean Pct Submitted 80.4 88.29 78.00 85.41

Table 4: Summary of Performance by Course Spring 2008
Mean Score 102 101 151 122
Final Exam 54.03 50.66 66.44 55.97

Course 53.59 52.44 63.82 54.79
Term Tests 52.37 50.62 59.07 53.37

All Term Work 52.67 54.91 59.75 52.70
Homework 53.57 67.78 61.81 50.48

Table 5: Summary of Performance by Course Fall 2008
Mean Score 100 102 122 151
Final Exam 59.09 48.19 57.54 57.85

Course 58.53 49.03 57.74 58.53
Term Tests 49.17 48.69 62.72 58.58

All Term Work 54.84 50.3 58.03 53.73
Homework 70.15 55.14 49.20 70.48

Table 6: Summary of Performance by Course Spring 2009
Mean Score 100 101 122 151
Final Exam 52.85 44.58 55.89 53.44

Course 52.61 49.99 51.57 56.22
Term Tests 49.28 53.02 44.34 60.05

All Term Work 48.99 58.11 45.08 56.32
Homework 48.23 73.35 47.30 61.56

Tables 4, 5, 6 list mean score per student on various portions of the course

work. Course score includes all graded homework and term tests plus the final exam

weighted as in the course outlines. All Term Work includes all graded homeworks

and term tests. Weights for graded homeworks and midterms tests are as reported

to students in their course outlines. Reported scores are out of 100.

Tables 7, 8 and 9 list the proportion of students who were identified in the cate-

gories listed. A downward trend in homework is a categorical (yes/no) variable which
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Table 7: Proportion of Students Who... for Spring 2008
102 101 151 122

Missed 1st Homework 0.12 0.06 0.06 0.10
Had a Downward Trend in Homework 0.17 0.34 0.22 0.36

Scored at Least 50 in Course 0.58 0.51 0.82 0.63
Scored at Least 50 on Final 0.57 0.48 0.85 0.65

Table 8: Proportion of Students Who... for Fall 2008
100 102 122 151

Missed 1st Homework 0.04 0.07 0.09 0.03
Had a Downward Trend in Homework 0.18 0.28 0.18 0.12

Scored at Least 50 in Course 0.67 0.47 0.70 0.68
Scored at Least 50 on Final 0.68 0.47 0.66 0.67

Table 9: Proportion of Students Who... for Spring 2009
100 101 122 151

Missed 1st Homework 0.18 0.06 0.00 0.06
Had a Downward Trend in Homework 0.15 0.07 0.04 0.14

Scored at Least 50 in Course 0.48 0.53 0.50 0.64
Scored at Least 50 on Final 0.52 0.44 0.63 0.59

is set to yes if a student’s achievement on their second graded homework assignment

is less than 75% of their first (including failure to submit the second assignment).

3.1.8 Relative Risk

Tables 10, 11 and 12 list three factors in an attempt to identify which ones are

significant risk factors for scoring less than fifty percent on the final exam.

The first risk factor listed is missed more than one homework. A student belongs

in this category if he, or she, missed submitting more than one graded homework.

The second risk factor is missed first homework. A student belongs in this category

if they did not submit the first graded homework assignment. The third risk factor

is a downward trend on first two homeworks.

For the population of students involved in this study, the relative risk of earning

less than 50% on the final exam (course outcome) for the risk factor of missing more

than one graded homework (risk factor) was substantially different across course and
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term. Since these risk ratios are substantially different the data is stratified by course

and term to avoid mistakes in computing correlation between student engagement

levels and course outcomes (Epidemiology in Medicine, 1987).

Table 10: Relative Risk of Earning Less than 50% on the Final Exam Spring 2008
Risk Factor 101 102 151 122

Missed More Than One Homework 1.92 4.14 6.75 2.73
Missed First Homework 1.88 ∗∗ 4.57 1.93

Downward Trend on First Two Homeworks 1.42 ∗∗ 2.27 ∗∗

Table 11: Relative Risk of Earning Less than 50% on the Final Exam Fall 2008
Risk Factor 100 102 122 151

Missed More Than One Homework 2.69 1.73 3.87 2.71
Missed First Homework 2.8 ∗∗ 1.87 ∗∗

Downward Trend on First Two Homeworks 1.5 ∗∗ 2.18 ∗∗

Table 12: Relative Risk of Earning Less than 50% on the Final Exam Spring 2009
Risk Factor 100 101 122 151

Missed More Than One Homework 1.72 1.76 3.73 2.56
Missed First Homework ∗∗ 1.66 ∗∗ 1.87

Downward Trend on First Two Homeworks ∗∗ ∗∗ ∗∗ 1.79
Note : ** indicates there is little or no evidence that the risk factor and final exam

score are dependent variables.

Thus a student of Math 151 in the Spring 2008 term who missed more than one

graded homework was almost seven times more likely to score less than 50% on the

final exam than a student who missed at most one homework. All relative risks quoted

in the table above have p-values for independence tests with the course outcome of

less than 0.10 for each course.

The following histograms further explore the relationship between missing more

than one graded homework and earning less than 50% on the final exam for the

Spring 2008 term. The first histogram focuses on students who scored less than 50%

on the final exam and for each course it lists the proportion of these students who

missed more than one graded homework. The second histogram focuses on students
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who missed more than one graded homework and reports the proportions of these

students who earned less than 50% on the final exam.

3.1.9 Analysis of Variance

Tables 13, 14 and 15 list mean final exam scores (out of 100) for students categorized

by the number of graded homeworks that were not submitted by the student. Data

is stratified by course and term.
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Table 13: ANOVA Analysis of Final Exam Percentages for Spring 2008
Student Missed 101 102 151 122
No Homeworks 55.57 74.12 73.05 63.04
One Homework 44.32 64.71 61.65 60.60

More Than One Homework 31.9 47.09 46.66 42.55

Table 14: ANOVA Analysis of Final Exam Percentages for Fall 2008
Student Missed 100 102 122 151
No Homeworks 63.2 54.9 69.3 61.9
One Homework 50.4 47.8 61.6 49.2

More Than One Homework 37.2 38.2 42.9 37.5

Table 15: ANOVA Analysis of Final Exam Percentages for Spring 2009
Student Missed 100 101 122 151
No Homeworks 60.8 49.5 66.3 59.5
One Homework 45.4 41.0 52.6 47.2

More Than One Homework 42.0 31.7 37.5 36.1

3.1.10 Proportion of Variation R2

A value of the Pearson-R coefficient R that is less than 0.40 (i.e. R2 < 0.16) may

indicate a less than significant influence of the independent variable on the dependent

variable.

Table 16: Proportion of Variation R2 in Final Exam Score for Spring 2008
101 102 151 122

Proportion of Homework Submitted ∗ ∗ 0.14 0.35 0.31 0.25
Performance on Term Work 0.61 0.77 0.61 0.72

Table 17: Proportion of Variation R2 in Final Exam Score for Fall 2008
100 102 122 151

Proportion of Homework Submitted 0.16 ∗ ∗ 0.09 0.38 ∗ ∗ 0.13
Performance on Term Work 0.57 0.63 0.72 0.31

(** indicates a Pearson-R coefficient of less than 0.4 which may indicate a less

than significant correlation).
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Table 18: Proportion of Variation R2 in Final Exam Score for Spring 2009
100 101 122 151

Proportion of Homework Submitted 0.18 0.18 0.41 0.18
Performance on Term Work 0.59 0.58 0.78 0.59

The first line in each of the above tables reports the proportion of variation in final

exam score (dependent variable) that can be attributed to variation in the proportion

of graded homework submitted by the student. The second line in Tables 16, 17 and

18 reports the proportion of variation in final exam score that can be attributed to

variation in performance on term work, i.e. the student’s mean score on midterms

and graded homeworks.

3.2 The Relationship Between Support Factors and Student

Engagement

At the end of the the Spring 2008 and the Spring 2010 terms, the Student Satisfaction

Survey (see Appendix) was given in class to all first year math, second year math and

second year statistics courses at UVic. The purpose of the survey was to measure

student engagement with support services offered by the Department of Mathematics

and Statistics, with their courses, and their level of satisfaction.

The Mathematics and Statistics Assistance Centre is a support service offered by

the Department of Mathematics and Statistics at UVic. In the Spring 2008 term it

existed at two locations on campus, a room in the basement of the Clearihue building

(CLE-B109) with a seating capacity of 28 and a small classroom in the Engineering

Lab Wing (ELW A228) with a seating capacity of approximately six. In the Spring

2010 term it existed at three locations on campus, a room in the new Social Sciences

and Mathematics building (SSM A102) with a seating capacity of approximately 50,

the Learning Commons in the McPherson library (seating for approximately twelve)

and the foyer on the third floor of the Engineering Lab Wing with a seating capacity

of approximately 20. It operates as a drop in service for students of first and second
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year math, and second year statistics undergraduate courses. It is staffed by tutors

who are usually graduate students in statistics and mathematics. During the Spring

2008 term, students of any of these courses could drop in to the Math Assistance

Centre while it was open and receive help. During the Spring 2010 term, the format

was changed slightly so that each course had specific drop in times.

In addition to the Math Assistance Centre, each ELUM course instructor has

office hours during which he, or she, commits to being in their office, ready and

willing to help students who show up asking for help in their courses. A typical

ELUM instructor has 2-3 office hours per week per course.

In the Spring 2008 term, 849 surveys were turned in by the 1792 students enrolled

in first year math courses surveyed, of which 633 had some response to the long answer

portion of the survey. In the Spring 2010 term, 690 surveys were turned in by the

1305 students in first year math courses surveyed, of which 511 had some response to

the long answer portion of the survey.

3.2.1 Responses to Long Answer Portion of the Survey

Commonly reported responses to the long answer portion of the survey are reported

below for Spring 2010. A breakdown by course is available upon request for the Spring

2010 term only.

The table above includes data collected for first year math courses in the Spring

2010 term, it does not include 2nd year math or 2nd year statistics courses. An

equivalent breakdown for the Spring 2008 term data is not available but the original

report did contain some statistics for common answers to question one that includes all

first year math, 2nd year math and 2nd year statistics courses surveyed in the Spring

2008 term. For example, in the Spring 2008 term 27% of students who responded

to the long answer portion of the survey indicated scheduling conflicts as a reason

why they were unable to access the assistance centre as frequently as desired; 10%

indicated they were unaware of the centre; 25% indicated that the centre was too

busy; and 13% indicated problems with the individual tutors.
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Table 19: Common Responses for Long Answer Portion of Survey by 511 Students
in First Year Math Courses Surveyed in the Spring 2010 Term
Q1 Why Un-

able to Visit
Assistance
Centre

Scheduling
Conflicts 28%

Unaware of
the Centre
5%

Centre Too
Busy 13%

Problems
with Tutors
13%

Q2 Why Un-
able to
Visit Office
Hours

Scheduling
Conflicts 23%

Got Help
Elsewhere 9%

Problems
with Instruc-
tors 5%

Q3 Other Re-
sources
Used

Friends 44% Online 38% Books 5% Private Tu-
tors 11%

Q4 Suggestions More Tutors
6%

Better Service
5%

3.2.2 Responses to Multiple choice portion of the Survey

The following table shows a list of average responses to each question for each term.

Most frequent responses are in plain text and (rounded) mean responses are in italics.

Table 20: Average Responses for Multiple Choice Portion of Survey – ELUM Courses

Spring 2010 Spring 2008
Q1 Math and stats support Indifferent Indifferent

satisfaction. Somewhat satisfied. Indifferent
Q2 Frequency of visits to Never Never

the assistance centre. Once or Twice Once or Twice
Q3 Frequency of visits to Never Never

office hours. Once or Twice Never
Q4 Percentage of graded 100% 100%

homework completed. 90% to 99% 90% to 99%
Q5 Percentage of suggested 75% to 89% 75% to 89%

problems attempted. 75% to 89% 75% to 89%
Q6 Frequency of math and 1-2 times/week 1-2 times/week

stats practice outside of
class.

1-2 times/week 1-2 times/week

Q7 Number of classes Missed 1-3 lectures. Missed 1-3 lectures.
missed. Missed 1-3 lectures. Missed 1-3 lectures.

Q8 Individual performance Somewhat satisfied. Somewhat satisfied.
satisfaction. Indifferent Indifferent
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Although the most popular response for Q7 in the Spring 2010 and Spring 2008

terms was that students missed one to three lectures, there are anecdotal reports from

instructors that this is not a good point estimate for individual attendance, i.e. during

midterm exams instructors noted many more students present than at lectures. Note

that students from both terms report a mode of 100% of graded homework submitted.

However, course grading sheets suggest a different inference, e.g. that an average

Calculus II student submitted around 88% of graded homework from the sections

analyzed. These discrepancies may be due to a number of factors including response

bias or the difference in sampling methods (i.e. the student satisfaction survey was

administered in class thus students who were more likely to miss class may also have

been less likely to complete a survey). For course grading sheets, information for all

available sections of a course has been analyzed. For the student satisfaction survey,

students can self-select whether to turn in the survey or not, and some students may

not have been present in class to complete the survey.

Kruskal-Wallis non-parametric location tests revealed at least moderate evidence

that for each question on the bubbled portion of the survey there were differences

between the courses surveyed. A discussion of results unique to each course fol-

lows. The relationship between each pair of variables (questions) was analyzed using

Spearman’s ranked correlation coefficient and in the following analyses by course, all

correlations at the moderate (absolute value greater than 0.40) or greater level are

reported. Multiple linear regression analysis was performed to try to explain some of

the variation in student engagement (measured by the reported proportion of assign-

ment questions submitted Q4) by other factors that were collected on the survey. For

each course, an iterative approach was used (using the statistical software package

R). On each iteration the model was tested to see if the proportion of variability in

the dependent variable accounted for by the model was significantly decreased when

a particular variable was excluded. Using this backwards stepwise AIC regression

(Yamashita et al., 2007), a model was produced for each course that only included

independent variables which would significantly change the strength of the model if
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they were excluded. Linear models are reported if and only if they accounted for

over 50% in the variation of assigned homework submitted and there was very strong

evidence that the model was relevant (p-value less than 0.01).
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3.2.3 Math 100 – Calculus I

Table 21: Average Responses for Multiple Choice Portion of Survey – Math 100
Spring 2010 Spring 2008

Q1 Math and stats support Somewhat satisfied. Indifferent
satisfaction. Somewhat satisfied. Somewhat satisfied.

Q2 Frequency of visits to Never Never
the assistance centre. Once or Twice Once or Twice

Q3 Frequency of visits to Never Never
office hours. Once or Twice Once or Twice

Q4 Percentage of graded 100% 100%
homework completed. 90% to 99% 90% to 99%

Q5 Percentage of suggested 50% to 74% 75% to 89%
problems attempted. 50% to 74% 75% to 89%

Q6 Frequency of math and 1-2 times/week 1-2 times/week
stats practice outside of
class.

1-2 times/week 1-2 times/week

Q7 Number of classes Missed 1-3 lectures. Missed 1-3 lectures.
missed. Missed 1-3 lectures. Missed 1-3 lectures.

Q8 Individual performance Somewhat satisfied. Somewhat unsatis-
fied.

satisfaction. Indifferent Indifferent

Stepwise AIC regression was able to produce a linear model that accounted for

77% of the variation in the proportion of assigned homework problems submitted for

the Spring 2008 term in Math 100. The greatest influences on this model were Q1 and

Q6. A decrease with the level of satisfaction in support predicted an increase in the

percentage of assignment questions submitted and a decrease in the number of times

outside of class they did practice problems predicted an increase in the percentage

of assignment questions submitted. The Spring 2010 model produced was unable to

account for a significant proportion of variation in the amount of assigned homework

submitted, i.e. only 21%.
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Table 22: Variables at Least Moderately Associated on Multiple Choice Portion of
Survey – Math 100

Term r Interpretation
Spring 2008 Q1, Q4 −0.41 A decrease in the level of satisfaction with the amount

of Mathematics and Statistics support available is mod-
erately associated with an increase in the percentage of
assignment questions submitted.

Q5, Q6 0.60 An increase in the percentage of suggested problems at-
tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.

Spring 2010 Q2, Q3 0.42 An increase in the frequency of visits to the Math and
Stats assistance centre is moderately associated with an
increase in the frequency of visits to instructor office
hours.

Q5, Q6 0.50 An increase in the percentage of suggested problems at-
tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.

3.2.4 Math 101 – Calculus II

Table 23: Average Responses for Multiple Choice Portion of Survey – Math 101
Spring 2010 Spring 2008

Q1 Math and stats support Indifferent Indifferent
satisfaction. Indifferent. Indifferent

Q2 Frequency of visits to Never Never
the assistance centre. Once or Twice Once or Twice

Q3 Frequency of visits to Never Never
office hours. Once or Twice Never

Q4 Percentage of graded 100% 100%
homework completed. 100% 90% to 99%

Q5 Percentage of suggested 75% to 89% 90% to 99%
problems attempted. 75% to 89% 75% to 89%

Q6 Frequency of math and 1-2 times/week 1-2 times/week
stats practice outside of
class.

1-2 times/week 1-2 times/week

Q7 Number of classes Attended every class. Missed 1-3 lectures.
missed. Missed 1-3 lectures. Missed 1-3 lectures.

Q8 Individual performance Somewhat satisfied. Somewhat satisfied.
satisfaction. Somewhat satisfied. Indifferent
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Table 24: Variables at Least Moderately Associated on Multiple Choice Portion of
Survey – Math 101

Term r Interpretation
Spring 2008 Q5, Q6 0.44 An increase in the percentage of suggested problems at-

tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.

Spring 2010 Q5, Q6 0.55 An increase in the percentage of suggested problems at-
tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.

Stepwise AIC regression was unable to produce a model that accounted for a

significant proportion of the variation in assigned problems submitted for either the

Spring 2008 term (32%) or the Spring 2010 term (28%).
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3.2.5 Math 102 – Calculus for the Social and Biological Sciences

Table 25: average Responses for Multiple Choice Portion of Survey – Math 102
Spring 2010 Spring 2008

Q1 Math and stats support Indifferent Somewhat satisfied.
satisfaction. Indifferent Somewhat satisfied.

Q2 Frequency of visits to Never Never
the assistance centre. Once or Twice Once or Twice

Q3 Frequency of visits to Never Never
office hours. Once or Twice Never

Q4 Percentage of graded 100% 90% to 99%
homework completed. 90% to 99% 90% to 99%

Q5 Percentage of suggested 90% to 99% 75% to 89%
problems attempted. 75% to 89% 75% to 89%

Q6 Frequency of math and 1-2 times/week 1-2 times/week
stats practice outside of
class.

1-2 times/week 1-2 times/week

Q7 Number of classes Missed 1-3 lectures. Missed 1-3 lectures.
missed. Missed 1-3 lectures. Missed 1-3 lectures.

Q8 Individual performance Somewhat satisfied. Somewhat satisfied.
satisfaction. Indifferent Indifferent

Table 26: Variables at Least Moderately Associated on Multiple Choice Portion of
Survey – Math 102

Term r Interpretation
Spring 2008 Q2, Q3 0.41 An increase in the frequency of visits to the Math and

Stats assistance centre is moderately associated with an
increase in the frequency of visits to instructor office
hours.

Spring 2010 Q5, Q6 0.57 An increase in the percentage of suggested problems at-
tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.

Stepwise AIC regression was unable to produce a linear model accounting for more

than 26% of the variation in assigned homework problems submitted for the Spring

2008 term. For the Spring 2010 term, a model was produced that accounted for 42%

of the variation in assigned homework problems submitted. The strongest influences
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on this model were Q1 and Q7. A decrease in the amount of math and stats sup-

port available predicted a decrease in the percentage of assigned homework problems

submitted. An increase in the number of lectures missed predicted a decrease in the

percentage of assigned homework problems submitted.
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3.2.6 Math 120 – Pre-calculus

Table 27: Average Responses for Multiple Choice Portion of Survey – Math 120
Spring 2010 Spring 2008

Q1 Math and stats support Somewhat satisfied. Indifferent
satisfaction. Somewhat satisfied. Somewhat satisfied.

Q2 Frequency of visits to Once or Twice Never
the assistance centre. Once or Twice Once or Twice

Q3 Frequency of visits to Never Never
office hours. Once or Twice Never

Q4 Percentage of graded 90 to 99% 100%
homework completed. 90% to 99% 90% to 99%

Q5 Percentage of suggested 50% to 74% 75% to 89%
problems attempted. 75% to 89% 75% to 89%

Q6 Frequency of math and 1-2 times/week 3-4 times/week
stats practice outside of
class.

1-2 times/week 1-2 times/week

Q7 Number of classes Missed 1-3 lectures. Missed 1-3 lectures.
missed. Missed 1-3 lectures. Missed 1-3 lectures.

Q8 Individual performance Somewhat satisfied. Somewhat satisfied.
satisfaction. Indifferent Somewhat satisfied.

For the Spring 2008 term, a multiple regression model was produced that ac-

counted for 63% of the variation in assigned homework problems submitted. The

strongest influence on this model was Q7. An increase in the number of lectures

missed predicted a decrease in the percentage of assigned homework problems sub-

mitted. For the Spring 2010 term, a model was produced that accounted for 74%

of the variation in assigned homework problems submitted. The strongest influences

on this model were Q5 and Q6. An increase in the amount of suggested problems

attempted predicted a decrease in the percentage of assigned homework problems

submitted. An increase in the number of times math and statistics was practiced

outside of class predicted a decrease in the percentage of assigned homework prob-

lems submitted.
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Table 28: Variables at Least Moderately Associated on Multiple Choice Portion of
Survey – Math 120

Term r Interpretation
Spring 2008 Q1, Q2 −0.66 A decrease in the level of satisfaction with the amount of

Mathematics and Statistics support available is moder-
ately associated with a decrease in the frequency of visits
to the Math and Stats Assistance Centre.

Q2, Q4 0.55 An increase in the frequency of visits to the Math and
Stats Assistance Centre is moderately associated with a
decrease in the percentage of assignment questions sub-
mitted.

Q5, Q8 0.62 An increase in the percentage of suggested problems at-
tempted is moderately associated with an increase in
level of satisfaction with performance in the course.

Spring 2010 Q3, Q7 −0.41 An increase in the frequency of visits to the instructor’s
office hours is moderately associated with a decrease in
the number of lectures missed.

Q4, Q5 0.46 An increase in the percentage of suggested problems at-
tempted is moderately associated with an increase in the
percentage of assigned problems submitted.

Q4, Q7 0.41 A decrease in the percentage of assigned problems sub-
mitted is moderately associated with an increase in the
number of lectures missed.

Q4, Q8 0.51 A decrease in the percentage of assigned problems sub-
mitted is moderately associated with a decrease in level
of satisfaction with performance in the course.

Q5, Q6 0.48 An increase in the percentage of suggested problems at-
tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.

Q5, Q7 0.41 A decrease in the number of suggested problems at-
tempted is moderately associated with an increase in the
number of missed lectures.

Q7, Q8 0.50 An increase in the number of lectures missed is moder-
ately associated with a decrease in the level of satisfaction
with performance in the course.

3.2.7 Math 122 – Logic and Foundations

For the Spring 2008 term, a multiple regression model was produced that accounted

49% of the variation in assigned homework problems submitted. The strongest in-



32

Table 29: Average Responses for Multiple Choice Portion of Survey – Math 122
Spring 2010 Spring 2008

Q1 Math and stats support Indifferent Somewhat satisfied.
satisfaction. Somewhat satisfied. Somewhat satisfied.

Q2 Frequency of visits to Never Never
the assistance centre. Once or Twice Once or Twice

Q3 Frequency of visits to Never Never
office hours. Never Once or Twice

Q4 Percentage of graded 100% 100%
homework completed. 90% to 99% 90% to 99%

Q5 Percentage of suggested Less Than 50% 100%
problems attempted. 50% to 74% 75% to 89%

Q6 Frequency of math and 1-2 times/week 1-2 times/week
stats practice outside of
class.

1-2 times/week 1-2 times/week

Q7 Number of classes Missed 1-3 lectures. Attended every class.
missed. Missed 1-3 lectures. Missed 1-3 lectures.

Q8 Individual performance Somewhat satisfied. Somewhat satisfied.
satisfaction. Somewhat satisfied. Indifferent

Table 30: Variables at Least Moderately Associated on Multiple Choice Portion of
Survey – Math 122

Term r Interpretation
Spring 2008 Q5, Q6 0.52 An increase in the percentage of suggested problems at-

tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.

Spring 2010 Q1, Q2 −0.48 A decrease in the level of satisfaction with the amount of
Mathematics and Statistics support available is moder-
ately associated with a decrease in the frequency of visits
to the Math and Stats Assistance Centre.

Q2, Q3 0.59 An increase in the frequency of visits to the Math and
Stats assistance centre is moderately associated with an
increase in the frequency of visits to instructor office
hours.

Q5, Q6 0.44 An increase in the percentage of suggested problems at-
tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.
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fluence on this model was Q3. An increase in the frequency of attending instructor

office hours predicted a decrease in the percentage of assigned homework problems

submitted. For the Spring 2010 term, a model was produced that accounted for 56%

of the variation in assigned homework problems submitted. The strongest influence

on this model was Q7. An increase in the amount of missed lectures predicted a

decrease in the percentage of assigned homework problems submitted.
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3.2.8 Math 151 – Finite Math

Table 31: Average Responses for Multiple Choice Portion of Survey – Math 151
Spring 2010 Spring 2008

Q1 Math and stats support Indifferent Indifferent
satisfaction. Somewhat satisfied. Indifferent

Q2 Frequency of visits to Never Never
the assistance centre. Once or Twice Once or Twice

Q3 Frequency of visits to Never Never
office hours. Once or Twice Never

Q4 Percentage of graded 100% 100%
homework completed. 90% to 99% 100%

Q5 Percentage of suggested 75% to 89% 90% to 99%
problems attempted. 75% to 89% 75% to 89%

Q6 Frequency of math and 1-2 times/week 1-2 times/week
stats practice outside of
class.

1-2 times/week 1-2 times/week

Q7 Number of classes Missed 1-3 lectures. Missed 1-3 lectures.
missed. Missed 1-3 lectures. Missed 1-3 lectures.

Q8 Individual performance Somewhat unsatis-
fied.

Somewhat satisfied.

satisfaction. Indifferent Indifferent

Table 32: Variables at Least Moderately Associated on Multiple Choice Portion of
Survey – Math 151

Term r Interpretation
Spring 2010 Q2, Q5 −0.42 An increase in the frequency of visits to the Math and

Stats Assistance Centre is moderately associated with
an increase in the percentage of suggested problems at-
tempted.

Q5, Q6 0.40 An increase in the percentage of suggested problems at-
tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.

A multiple regression model could not be produced use stepwise AIC regression for

the Spring 2008 term that accounted for more than 23% of the variation in assigned

homework problems submitted. A multiple regression model could not be produced
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using stepwise AIC regression for the Spring 2010 term that accounted for more than

26% of the variation in assigned homework problems submitted.
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3.2.9 Math 162 – Math for Elementary School Teachers II

Table 33: Average Responses for Multiple Choice Portion of Survey – Math 162
Spring 2010 Spring 2008

Q1 Math and stats support Indifferent Indifferent
satisfaction. Somewhat satisfied. Indifferent

Q2 Frequency of visits to Never Never
the assistance centre. Once or Twice Once or Twice

Q3 Frequency of visits to Never Never
office hours. Never Never

Q4 Percentage of graded 100% 100%
homework completed. 100% 90% to 99%

Q5 Percentage of suggested 75% to 89% 75% to 89%
problems attempted. 75% to 89% 75% to 89%

Q6 Frequency of math and 1-2 times/week Less than once/week
stats practice outside of
class.

1-2 times/week 1-2 times/week

Q7 Number of classes Missed 1-3 lectures. Missed 1-3 lectures.
missed. Missed 1-3 lectures. Missed 1-3 lectures.

Q8 Individual performance Somewhat satisfied. Somewhat satisfied.
satisfaction. Somewhat satisfied. Indifferent

Table 34: Variables at Least Moderately Associated on Multiple Choice Portion of
Survey – Math 162

Term r Interpretation
Spring 2008 Q5, Q6 0.56 An increase in the percentage of suggested problems at-

tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.

Spring 2010 Q1, Q2 −0.55 A decrease in the level of satisfaction with the amount of
Mathematics and Statistics support available is moder-
ately associated with a decrease in the frequency of visits
to the Math and Stats Assistance Centre.

Q5, Q6 0.53 An increase in the percentage of suggested problems at-
tempted is moderately associated with an increase in the
number of times per week the student did Mathematics
and Statistics practice outside of class.

Q6, Q7 0.53 A decrease in the number of times per week the students
practiced Math and Stats is moderately associated with
an increase in the number of missed lectures.
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For the Spring 2008 term, a multiple regression model could not be produced using

stepwise AIC regression that accounted for more than 35% of the variation in assigned

homework problems submitted. For the Spring 2010 term, a model was produced

that accounted 89% of the variation in assigned homework problems submitted. The

strongest influence on this model was Q3. A decrease in the frequency of visits to

office hours predicted a decrease in the percentage of assigned homework problems

submitted.
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3.3 Analysis of Course Outcomes in Math 122 – Logic and

Foundations for Fall 2009

This section describes a change in pedagogy to Math 122 by the Department of

Mathematics and Statistics at UVic in Fall term 2009 which had the goal of influencing

student engagement in the class. These changes were in response to research by Dame

et al. (2009) which indicated that increases in student engagement are associated with

increases in student success. We emphasize that this research is only a post-analysis

of the effect of the changes. What was changed and how were decisions made by the

Department and not part of this work.

3.3.1 Departmental Changes to Math 122

The course Math 122 Logic and Foundations has been previously described. The

students in the class are those whose program requires more mathematics than the

basic calculus and linear algebra courses. The pre-requisite is one of Math 100, 102, or

151. Having an ELUM course as a prerequisite makes Math 122 have more in common

with Math 101 than with the other entry-level classes described in this report. Most

students in the class have used Math 100 to satisfy the pre-requisite. The students

in a Fall offering of Math 122 are necessarily mostly in second year.

The changes to Math 122 were: a new textbook; more weight on the assignments

and less on the common final exam; in-class work (for marks); a deliberate attempt to

create a positive, supportive atmosphere starting with the first contact; and emails to

students in section A02 (only) that were identified as at-risk. The Fall 2009 final exam

was constructed starting with the Spring 2005 final (to which the students did not

have access) in an effort to maintain consistency of performance expectations. One

purpose of the changes made to Math 122 was to somehow encourage more students

to complete the term work (a way of engaging with the course) in the hope that this

would lead to more students succeeding in the course (by passing it).

To begin creating a positive and supportive atmosphere, each student was given



39

a welcome letter which explained the course, its importance, and the recent changes

to the course. A list of Math Study Tips (see the Appendix) was also given to each

student.

Even though past Math 122 instructors had uniformly reported that the previous

text was an excellent reference with a wonderful, comprehensive collection of examples

and problems, students had reported that they did not like it. They reported that

they found it unfriendly to read, long-winded, and bulky to carry around. It could

be that the value of the text is not apparent until long after the course is over. Since

a good number of past students sold their 122 textbook after the course, it could not

be used as a reference later. Prior to Fall 2009, Math 122 did not proceed linearly

through the book. The students had been inadvertently given the impression that

the course was a collection of disconnected topics rather than a collection of pieces

that fit together well.

The new textbook for Fall 2009 was a custom edition that included only the

material to be covered in Math 122. It was smaller, cheaper, and much easier to carry.

The text happened to be organized so that the course proceeded linearly through it.

The course leader noted that while the text had a good collection of problems, some

of which were quite difficult, the explanations and examples were shorter and more

readable.

One goal of placing more of the overall course percentage in assignments was

that this would lead more students to do them. Another consequence of taking this

approach was that students were strongly encouraged to build their mark by working

throughout the term; it was not possible to pass the course by simply doing really well

on the final exam when the final exam was worth 35% instead of 60%. A legitimate

fear was that student copying of assignments could lead to a higher grade than was

deserved. For this reason, students who did not achieve a minimum of 40% on the

final exam could not pass the course. The Fall 2009 course outline showing this, and

other course practices, is included in the Appendix.

The 5-minute in-class assignments consisted of one to three short-answer ques-
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tions, on key points, that often required some sort of written explanation. A sample

is given in the Appendix. The students were encouraged to talk to each other, and

to the instructor. The assignments were designed for success in the sense that they

required no more preparation than being present and paying attention at the previ-

ous lecture. In section A02 they were often used as a division between building on

last class’s material and introducing new material, and were completed while relevant

material remained on the blackboard. In section A01 they were used to begin class.

The assignments were graded 3/3 for a complete and correct answer (up to minor

errors), 2/3 for a sincere effort, and 0/3 otherwise. The in-class assignments were

sometimes returned in section A01, and never returned in section A02. Complete

solutions were posted on the course page (usually) shortly after the assignment was

done, and in plenty of time to be used for review.

The term work was designed to take the students beyond what would be required

on exams. It was designed to take time and thought, but in such a way that students

who had completed the suggested practice problems and absorbed the material would

be able to do (almost all) of it (sometimes there was a question that required a special

idea or insight).

3.3.2 Analysis of Course Outcomes in Math 122 Fall 2009

Some historical data is shown in Table 35. An important point is that the sum of the

percentage of F grades and the percentage of N grades roughly equals the percentage

of students who miss more than one piece of course work. Indeed, the failure rate

is much higher among the group of students who miss more than one piece of term

work than among the complementary group.

Another point of note with respect to Table 35 is the inclusion of the Spring 2005

term. This was the last time the course was taught by the same two instructors as in

Fall 2009, Peter Dukes (section A01) and Gary MacGillivray (section A02).

Throughout the term, more students than in previous terms were observed carry-

ing the text around (bringing it to office hours and class). The text was paperback,
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Table 35: Math 122 historical data

Term % F % N %Miss > 1 CW Total # Grades
Spring 05 13.6 11.4 25.2 88
Fall 07 32.0 11.7 39.1 128
Spring 08 26.5 3.8 35.6 132
Fall 08 21.7 4.2 35.0 120
Spring 09 31.5 11.5 32.3 130

so it was also possible to observe that it was in general well-used. The students com-

mented that the new book was way easier to read (these were obviously students who

had attempted the class before).

A final exam worth a less significant proportion of the grade was arguably less

stressful, which may have made a difference to some students.

Taken over the terms in Table 35, the average number percentage of students who

missed at most one piece of term work (assignments or mid-terms) for any reason

was 66%. For Fall 2009 it was 80.2%. The correlation between percent of take home

assignments and mid-terms completed and final exam percent was 0.55. When in-

class assignments are included in the analysis, the correlation rises to 0.88. Only one

student failed the course because of not achieving the required 40% on the final exam.

As a result of having the in-class assignments, students engaged with the course

material two or three times per week (if only for 5 minutes); lectures were broken

up by including some activities (in A02); students talked math with each other and

practiced explaining concepts. A side-effect was the ability to track attendance.

Another side-effect was that the instructor who marked these became aware of which

key concepts the students were mastering and which key concepts they were struggling

with. Students in A01 received some of their marked in-class assignments back in

class. Students in section A02 were told that they were welcome to collect assignments

during office hours but none did.

The students reported that they liked the format of the in-class work, and that

it kept them on top of things. The section A02 instructor observed that following

the second in-class assignment students were introducing themselves to each other,
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shaking hands, and making plans to study together. A positive consequence of the

in-class work that had not been anticipated was that it communicated to the students

the key concepts in the course.

As measured by the in-class assignments, homework submitted, and mid-term

exams, attendance averaged about 80% throughout the term, with a serious drop off

towards 60% in the final three weeks of term. The days with the largest proportion

of students present were mid-term exam days, followed by days on which take-home

assignments were due. The days with the lowest proportion of students present were

the ones that immediately followed mid-terms and assignment due dates.

Both instructors were positive, welcoming, accepting, and encouraging in every

student interaction.

In section A01 the average score on take-home assignments was 66.5%, the average

score on the three mid-term tests was 65.3%, and the average final exam score was

67.2%. In section A02, the average score on take-home assignments was 64.4%, the

average score on the three mid-term tests was 60.4%, and the average final exam score

was 65.7%. (The average mid-term exam scores were each about 1.5 marks out of 30

less than in section A01.) Other than normal variation, a possible partial explanation

for the difference in the two sections can be found in the discussion of the outreach

to students at risk.

Table 36 compares Fall 2009 course outcomes to previous terms listed in Table 35.

It should be noted that in Fall 2009 one of the 7 Fs was for cheating on a midterm.

Data for previous terms likely also includes Fs for cheating.

Table 36: Math 122 Fall 2009 Comparison with Historical Proportions
Historical Fall 2009 Test of H0: no improve-

ment
Fs 155/598 = 25.9% 7/113 = 6.2% very strong evidence against H0

Ns 50/598 = 8.4% 4/113 = 3.6% moderate evidence against H0

Missed More
Than One
Course Work

203/598 = 34% 22/113 = 19.5% very strong evidence against H0
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At the end of the of September, students in section A02 who were deemed at-risk

of failure were emailed by the course instructor. A copy of the message is included

in the Appendix; it was blind copied to all at risk students, they were not contacted

individually. To be deemed at risk a student had to have missed at least three of

the nine pieces of work graded by then (one take-home assignment and eight in-

class assignments; the second take-home assignment had been submitted but not yet

marked). Thirteen of the 65 students in section A02 met the criteria. Eleven of the 65

students in section A01 also met the criteria, but were not emailed as the instructor

chose not to participate. Only three of the 13 students in section A02 responded to

the message. One of them came by for a chat at the instructors insistence. At least

two of the respondents cited having a job as a reason for not coming to class and not

getting the work done. Of the 13 students in A02 who were contacted, one student

dropped, two failed with an F (one for cheating on a midterm), one failed with an N,

and the remaining nine students all passed the course (1 D, 2 C, 3 C+, 1 B-, 2 B).

Of the eleven at risk students in A01, eight dropped the course, two failed with an

N, and one passed with a D.
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4 Discussion, Questions and Conclusions

Although the analyses of course grading sheets and the student satisfaction surveys

were administered in different terms, it is possible to make some separate inferences

from each one of these activities about ELUM courses.

4.1 Math 100

This course is an important Fall term offering from the Department of Mathematics

and Statistics. For many students entering sciences, mathematics and engineering

programs, Math 100 and Math 101 are an essential and required part of their pro-

grams. Improving retention in these courses could improve retention across many

programs at UVic.

There appears to be a difference in student engagement and achievement between

the Fall 2008 term (a mean of 90% homework submitted, mean homework score 70%,

67% of students scored at least 50% in the course) and the Spring 2009 term (mean

of 80% homework submitted, mean homework score 48%, 48% of students scored

at least 50% in the course). Does this reflect different student populations in these

two terms? Are most Fall term students coming straight out of high school while

most Spring term students needed remedial math or needed to repeat Math 100?

The relative risk of earning less than 50% on the final exam was greater (2.69) in

the Fall 2008 term than the Spring 2009 term (1.72) for students missing more than

one homework. It is possible that different measures should be used in each term to

improve retention.

It is important to note that in both the Fall 2008 and Spring 2009 terms, the mean

final exam score for students missing more than one homework was well below 50%.

In the Fall 2008 term, students missing more than one homework scored an mean of

37.2% on the final exam while in Spring 2009 they scored 42.0%. The proportion of

variation in final exam scores explained by proportion of homework submitted was

approximately consistent across the two terms. In the Fall 2008 term, the probability
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of scoring less than 50% on the final exam was 73% for a student missing more than

one homework, and it was 72% in the Spring 2009 term for sections included.

Despite the high proportion of students struggling in the course, i.e. 95/298 in the

Fall 2008 term and 34/68 in the Spring 2009 term sections included scored less than

50% on the final exam, responses to the Student Satisfaction Survey indicate that

students infrequently engage with supports offered by the Department (i.e. the Math

Assistance Centre and office hours). The most common reason given on the long

answer portion of the survey is scheduling conflicts. If tutor resources are spread out

across more open hours will more students use the Math Assistance Centre? Another

idea is to allow students from any section of Math 100 the opportunity to go to any

of the office hours of the Math 100 instructors. This could be especially helpful in

the Fall term when there are sometimes nine or ten sections of Math 100.

There is quite a discrepancy between the amount of graded homework submitted

(mean 90% to 99% in the Spring 2010 term) and the amount of suggested exercises

attempted (mean 50% to 74% in the Spring 2010 term). If marks are an incentive

for students to work, it may be possible to get more students to do more of their

suggested exercises if they are graded somehow.

According to Astin (1984) increasing student engagement positively correlates

with an increase in their satisfaction levels. There appears to be an opportunity to

increase student engagement in terms of attendance and frequency of practice outside

of class (currently a mean of 1-2 times per week). The frequency of practice outside of

class was moderately associated with an increase in the amount of suggested problems

attempted. The multiple regression model developed from factors collected on the

student satisfaction survey accounted for a large proportion 77% of the variation in

engagement measured by proportion of graded homework submitted in the Fall 2008

term but not in the Spring 2010 term. It seems that perhaps improving their level

of satisfaction with supports and increasing the frequency of practice outside of class

could lead to an increase in student engagement.

A somewhat non-intuitive result of the multiple regression analysis is that an
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increase in suggested problems attempted was associated with a decrease in assigned

problems submitted. Are students devoting a fixed amount of time to math work

outside of class which they have to divide between suggested and graded work? Or

are they doing practice problems to try to learn how to do the graded ones, and

not succeeding? Are they starting homework assignments too late to get meaningful

help?

4.2 Math 101

For many students entering sciences, mathematics and engineering programs, this

course is an essential part of their programs. Students must pass Math 100 or have

an equivalent transfer credit before entering Math 101.

There appears to be consistency in student engagement and achievement between

the Spring 2008 term (a mean of 88% homework submitted, mean homework score

68%, 51% of students scored at least 50% in the course) and the Spring 2009 term

(mean of 88% homework submitted, mean homework score 73%, 53% of students

scored at least 50% in the course). Students in this course had the highest mean

percentage of homework submitted across all courses studied here. Are students who

engage more in their coursework more likely to be retained through both Math 100

and Math 101? The relative risk of earning less than 50% on the final exam was also

somewhat consistent (1.92) in the Spring 2008 and the Spring 2009 term (1.76) for

students missing more than one homework (relatively low compared to other courses).

Thus in Spring 2008 the probability of earning less than 50% on the final exam was

91% for students who missed more than one homework. In Spring 2009 the probability

of earning less than 50% on the final exam was 84% for students who missed more

than one homework.

Students from sections included in both terms had both the highest mean home-

work scores across all courses studied and the lowest mean final exam scores across

all courses studied. What causes this discrepancy? What could addressing it mean

for student learning and retention?
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In both the Spring 2008 and Spring 2009 terms, the mean final exam score for

students missing more than one homework was well below 50%. In the Spring 2008

term, students missing more than one homework scored a mean of 31.9% on the

final exam while in Spring 2009 they scored a mean of 31.7%. The proportion of

variation in final exam scores explained by proportion of homework submitted was

small and approximately consistent across the two terms. In the Spring 2008 term,

the probability of scoring less than 50% on the final exam was 91% for a student

missing more than one homework, and it was 84% in the Spring 2009 term for sections

included. It was noted by the course coordinator for Spring 2008 that scores in Math

101 were reduced from previous terms due to the introduction of graded homeworks

and long answer questions on the final exam.

Despite the high proportion of students struggling in the course, i.e. 252/485 in

the Spring 2008 term and 85/153 in the Spring 2009 term sections included scored less

than 50% on the final exam, responses to the Student Satisfaction Survey indicate

that students infrequently engage with supports offered by the Department (i.e. the

Math Assistance Centre and office hours). The most common reason given on the long

answer portion of the survey is scheduling conflicts. If tutor resources are spread out

across more open hours will more students use the Math Assistance Centre? Another

idea is to allow students from any section of Math 101 the opportunity to go to any

of the office hours of the Math 101 instructors.

There is less of a discrepancy between the amount of graded homework submitted

(mean response of 100% in the Spring 2010 term) and the amount of suggested exer-

cises attempted (mean 75% to 89% in the Spring 2010 term) than in Math 100. Are

students who engage more with their homework more likely to be retained through

Math 100 to the end of Math 101?

There may be an opportunity to increase student engagement in terms of atten-

dance and frequency of practice outside of class (currently a mean of 1-2 times per

week). Frequency of practice outside of class was moderately associated with an

increase in the amount of suggested problems attempted.
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4.2.1 Suggested Changes to Math 101

The Department of Mathematics and Statistics will modify Calculus II by adding

one mandatory tutorial session per week led by a teaching assistant, modifying the

content of written assignments and assigning different weights to course components

including the final exam.

Changes to Math 101 will be based on findings from this and other projects

which tend to indicate that assigning students work they can succeed at leads to

increased student learning (measured by final exam score). A committee will be

designated by the department to supervise changes to this course and monitor progress

throughout the term. The exact nature of these changes will be decided by the

committee with advice from the authors of this report. Will the changes implemented

positively influence student engagement? How will the correlation between homework

completion and final exam performance change?

Two suggestions for changes to supports offered by the Department are to influence

under what circumstances students use the Math Assistance Centre, and to increase

the availability of instructor office hours. If students view the Math Assistance Centre

as a place where they normally go to study and learn about math they may be more

likely to use it than if they see it as only a place they go to get unstuck.

It is proposed that the material covered in the weekly tutorials be relevant to the

lecture material covered during the most recent 2-3 lectures. The desired effect is to

keep students moving through the course work at a steady pace. We also suggest

that any student work in the tutorials be designed for success in the sense that any

capable student who is attending all lectures and doing the readings will be able to

succeed at work performed during the tutorials. We propose that all work assigned

in the tutorial be designed to be completed and handed in at the end of the tutorial,

and that it be graded and returned at the next lecture. The desired effect is that all

students will attend the tutorials, actively learn, complete the work and get timely

feedback.
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It is proposed that at the beginning of each tutorial session, each student will

receive a checklist of learning objectives for the tutorial that they are encouraged

to complete and comment on throughout the session. It is suggested that activities

during the tutorial include a brief demonstration by a teaching assistant followed by

organized small group work on a tutorial worksheet. The end result of a tutorial

session will hopefully be that a capable student will know which basic skills from

recent material they are comfortable with (checked off on the checklist) and which

ones they need more help on. The authors suggest that students be encouraged to

complete additional suggested exercises and visit the Math Assistance Centre for any

basic skills they are not yet comfortable with. Additional suggested exercises will be

listed on the tutorial worksheet organized by basic skills. We suggest that tutorial

worksheets be worth 15% of the overall grade.

It is proposed that written assignments be modified to involve the critical thinking

skill of deciding which concepts and methods are relevant to specific types of ques-

tions. The authors suggest that students be encouraged to read and review these

assignments as soon as they are assigned; and revisit assignments each week to de-

termine which problems can be completed with concepts learned. We suggest that

written assignments involve real world problems (word problems) that students need

to interpret using math concepts. It is suggested that these assignments encourage

deep understanding of concepts rather than methods for completing certain types of

problems (surface learning). We suggest that they are worth 25% of the overall course

grade and that students be encouraged to work together but hand in their individual

results without any copying.

We recommend that midterms are worth a total of 20% and the final exam worth

40%. The desired effect of the redistribution of these weights is to emphasize the im-

portance of staying engaged with the material on a continuous basis and completing

all assignments. The difficulty level of questions on the midterms and final exams

should be between tutorial questions and written assignment questions while contin-

uing to evaluate all concepts possible from the course. In previous terms it has been
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reported to students that they must achieve 50% in the course to pass but this has not

been practiced. For example, in Spring 2009, students who achieved an overall course

percentage of 36% or better were awarded a passing grade. We also recommend that

evaluation be adjusted so that students who would currently be given a passing grade

can achieve 50% on a midterm or final exam.

We propose a threshold for minimum achievement on the final exam, i.e. students

who do not achieve this threshold can not pass the course. The idea behind this is

that students who simply copy assignments from their peers and turn them in have

not learned the material and will not achieve the minimum threshold on the final

exam.

It is also suggested that students be given a letter (hard copy) by the department to

set a friendly and welcoming atmosphere and let students know of supports available

to them.

4.3 Math 102

For many students entering social and biological sciences this course is an essential

and required part of their program.

There appears to be some consistency in student engagement and achievement

between the Spring 2008 term (a mean of 74% homework submitted, mean homework

score 54%, 58% of students scored at least 50% in the course) and the Fall 2008 term

(mean of 82% homework submitted, mean homework score 55%, 57% of students

scored at least 50% in the course). Students in this course had the highest number of

assigned homeworks across all courses studied here. The relative risk of earning less

than 50% on the final exam was very different (4.14) in the Spring 2008 and the Fall

2008 term (1.73) for students missing more than one homework. Do students who

have fewer assigned homeworks (across the two terms it was decreased from 13 to 8)

also have a decrease in the risk of scoring less than 50% on the final exam and an

increase in the number of homeworks submitted?

In both the Spring 2008 and Fall 2008 terms, the mean final exam score for
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students missing more than one homework was below 50%. In the Spring 2008 term,

students missing more than one homework scored a mean of 47.1% on the final exam

while in Fall 2008 they scored a mean of 38.2%. The proportion of variation in final

exam scores explained by proportion of homework submitted was inconsistent across

the two terms. Are students who have more assigned homeworks learning more from

completing them? In the Spring 2008 term, the probability of scoring less than 50%

on the final exam was 56% for a student missing more than one homework, and it

was 73% in the Fall 2008 term for sections included. Is the proportion of graded

homework submitted a better measure of engagement than whether or not a student

missed more than one homework?

Despite the high proportion of students struggling in the course, i.e. 52/121 in

the Spring 2008 term and 44/82 in the Fall 2008 term sections included scored less

than 50% on the final exam, responses to the Student Satisfaction Survey indicate

that students infrequently engage with supports offered by the Department (i.e. the

Math Assistance Centre and office hours). The most common reason given on the

long answer portion of the survey is scheduling conflicts.

There may be an opportunity to increase student engagement in terms of atten-

dance and frequency of practice outside of class (currently a mean of 1-2 times per

week). Frequency of practice outside of class was moderately associated with an

increase in the amount of suggested problems attempted.

There was a significant positive correlation between performance on the algebra

review assignments and performance on the final exam for these students.

4.4 Math 120

For students who do not have a B or better in Principles of Math 12, a pass in Math

120 is an equivalent method of obtaining the prerequisite for Math 100. For students

seeking entry to Math 102, a pass in Math 120 is an alternative to a pass in Principles

of Math 12 for obtaining the prerequisite. This course was not included in the analysis

of course grading sheets but it was included in the Student Satisfaction Survey.
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Despite the likelihood that these students lack adequate preparation for Calculus

and other courses, responses to the Student Satisfaction Survey indicate that stu-

dents infrequently engage with supports offered by the Department (i.e. the Math

Assistance Centre and office hours). The most common reason given on the long an-

swer portion of the survey is scheduling conflicts. There is a decrease in the reported

modes for graded homework completed, assigned homework completed and frequency

of practice outside of class between the Spring 2008 and Spring 2010 terms. One

difference between the two terms was the addition of experimental tutorial sessions

to the Spring 2010 classes.

Multiple linear regression models were able to account for a large proportion

of variation in student engagement, measured by proportion of graded assignments

completed, in both the Spring 2008 and Spring 2010 terms. Moderate or better

correlations between factors existed for more pairs of factors in this course than for any

other course studied here. Does student satisfaction and performance depend more on

engagement with supports for students who are less well prepared? In particular, the

proportion of assigned problems submitted was moderately associated with several

factors in Spring 2010.

There appears to be an opportunity to increase student engagement in terms of

attendance and frequency of practice outside of class (currently a mean of 1-2 times

per week). The frequency of practice outside of class was moderately associated with

an increase in the amount of suggested problems attempted. It seems that perhaps

improving their level of satisfaction and engagement with supports and increasing the

frequency of practice outside of class could lead to an increase in student engagement

and satisfaction.

4.5 Math 151

There appears to be consistency in student engagement and achievement between

the three terms (a mean of 84 − 91% homework submitted, mean homework score

62 − 71%). There was a discrepancy between the proportion of students who scored
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at least 50% in the course in Fall 2008 (82%) versus the other two terms (68% and

64%). Students in this course had among the lowest number of homeworks assigned

(4 to 4.25) of all courses studied and a high percentage submitted. The relative risk of

earning less than 50% on the final exam was also consistent (2.71) in the Fall 2008 and

the Spring 2009 term (2.56) for students missing more than one homework. However,

students missing more than one homework in Spring 2008 were 6.75 times more likely

to score less than 50% on the final exam than students who missed at most one.

In both the Fall 2008 and Spring 2009 terms, the mean final exam score for

students missing more than one homework was well below 50%, i.e. 37.5 and 36.1

respectively. In the Spring 2008 term, students missing more than one homework

scored a mean of 46.7% on the final exam. The proportion of variation in final exam

scores explained by proportion of homework submitted was small and approximately

consistent across Fall 2008 (13%) and Spring 2009 (18%) but slightly larger in Spring

2008 (31%). In the Spring 2008 term, the probability of scoring less than 50% on the

final exam was 51% for a student missing more than one homework, it was 77% in

the Fall 2008 term and 85% in the Spring 2009 term for sections included.

Despite the high proportion of students struggling in the course in Fall 2008 and

Spring 2009, i.e. 123/378 and 134/324 respectively scored less than 50% on the final

exam, responses to the Student Satisfaction Survey indicate that students infrequently

engage with supports offered by the Department (i.e. the Math Assistance Centre

and office hours). The most common reason given on the long answer portion of the

survey is scheduling conflicts.

There may be an opportunity to increase student engagement in terms of atten-

dance and frequency of practice outside of class (currently a mean of 1-2 times per

week). Frequency of practice outside of class was moderately associated with an

increase in the amount of suggested problems attempted.
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4.6 Math 122

There appears to be consistency in student engagement and achievement between

the three terms (a mean of 74 − 78% homework submitted, mean homework score

47−51%, 53−70% of students scored at least 50% in the course) The relative risks of

earning less than 50% on the final exam were 2.7, 3.9 and 3.7 in the three consecutive

terms for students missing more than one homework.

It is important to note that in all three terms, the mean final exam score for

students missing more than one homework was well below 50%, i.e. 42.6, 42.7 and

37.5. The proportion of variation in final exam scores explained by proportion of

homework submitted was low across the three terms. The probabilities of scoring less

than 50% on the final exam for a student missing more than one homework were 61%

in Spring 2008, 62% in Fall 2008 and 79% in Fall 2009 for the three terms for sections

included.

Despite the high proportion of students struggling in the course, i.e. 44/126,

40/116 and 19/52 in the three terms scored less than 50% on the final exam, responses

to the Student Satisfaction Survey indicate that students infrequently engage with

supports offered by the Department (i.e. the Math Assistance Centre and office

hours). The most common reason given on the long answer portion of the survey is

scheduling conflicts.

There is quite a discrepancy between the amount of suggested exercises attempted

between the two terms, with the Spring 2010 survey respondents’ most frequent an-

swer as less than 50% down from 100% in Spring 2008.

4.7 Math 162

This course was not included in the analysis of course grading sheets but it was

included in the Student Satisfaction Survey.

Responses to the Student Satisfaction Survey indicate that students infrequently

engage with supports offered by the Department (i.e. the Math Assistance Centre
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and office hours). Average responses are fairly consistent over Spring 2008 and Spring

2010 surveys.

Multiple linear regression models were able to account for a large proportion

of variation in student engagement, measured by proportion of graded assignments

completed in the Spring 2010 term. Moderate or better correlations between factors

existed for several pairs of factors in this course. Does student satisfaction and per-

formance depend more on engagement with supports for students who are less well

prepared?

There appears to be an opportunity to increase student engagement in terms of

attendance and frequency of practice outside of class (currently a mean of 1-2 times

per week). The frequency of practice outside of class was moderately associated with

an increase in the amount of suggested problems attempted. It seems that perhaps

improving their level of satisfaction and engagement with supports and increasing the

frequency of practice outside of class could lead to an increase in student engagement

and satisfaction.

4.8 Course Outcomes in Math 122 Fall 2009

The comprehensive suite of interventions implemented appears to have had an impact

on factors associated with student engagement, and in turn this appears to have had

an impact on student success. It is possible that some of the interventions played a

more important role than others, but at this time we don’t know which those are.

Reaching out to students at risk also appears to have paid dividends. It is possible

that the more friendly character of the textbook made it possible for students who

had fallen behind to get back on track once they were made aware that there was a

potential problem and that help was available. It is also possible that there was a

connection with the atmosphere the instructors sought to create.

The take-home assignments pose an ongoing challenge. The instructors observed

that a significant number of students did not start them until very near the due

date, perhaps even the night before. Since these required more than a few moments
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of thought, not only was there insufficient time to do them properly, there was no

time to get help with things that were not working out. As a consequence, some

students did not submit the more difficult questions. Even when it was repeatedly

communicated to students that starting early was necessary, some students apparently

neither heeded the advice nor learned from their own experiences.

4.9 Conclusions

It is reasonable to infer that an improvement in academic support services related to

class attendance, individual performance satisfaction, number of suggested problems

completed, satisfaction with math and stats support and frequency of visits to the

assistance centre and office hours may have a positive impact on student success rates.

It should be emphasized that no cause and effect relationships can be concluded

(in part because this is an observational study).

Across most ELUM courses studied, an increase in the frequency of math and

stats practice outside of class was at least moderately associated with the amount of

suggested exercises completed.

Missing a graded homework assignment is an early warning signal that a student

is at a significantly higher risk of failing a first year math course than his or her

classmates. Many of these students currently face the likely future penalty of failing

the course.

Although many students in ELUM courses at UVic struggle to achieve 50% on the

final exam, we can also infer that ELUM students infrequently engage with support

services. Additionally, many of these students are indifferent to the support offered

and their own performance.

However, when increased student engagement is designed into the pedagogy of a

course and successfully implemented, there can be a significant improvement in course

outcomes as demonstrated in Math 122 in Fall 2009.
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4.10 Further Research Questions

The authors would like to thank the course coordinators for contributing some of the

questions for possible future research.

1. Does the use of technology in the classroom (e.g. clickers) effect student out-

comes?

2. What other academic factors are strong predictors of failure outcomes?

3. Are the results similar in other disciplines such as social sciences and the arts?

4. What forms of intervention for at-risk students are successful?

5. Does a significant discrepancy in midterm test scores and homework scores

indicate a higher risk of failure (possibly indicating a student who is familiar

with the material but does not test well)?

6. What factors effecting student involvement can a university significantly influ-

ence?

7. Do institutional changes designed to increase student engagement also improve

course outcomes?

8. Can lack of engagement in math courses be related to overall success in univer-

sity?

9. Is there a relationship between the year of study in which a student takes a

math course and their success in it?

10. What proportion of students who fail their term work also fail the final exam?

11. What do students report as common reasons for not submitting graded home-

work?
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Appendix – Attachments
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If you were unable to visit the Math and Stats Assistance Centre as often as you would 
have liked, please explain. (e.g. The hours did not agree with my schedule, the Centre 
was too busy, I did not like the tutors, etc.)
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________

If you were unable to attend office hours as often as you would have liked, please 
explain. (e.g. The hours did not agree with my schedule, I was able to get help elsewhere, 
I did not find the instructor helpful, etc.)
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________

In addition to those discussed in this questionnaire, are there other resources that you 
used in studying for this course? Please specify. (e.g. Friends, a private tutor, online 
resources, etc.)
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________

Do you have any further comments or suggestions you would like to share regarding 
Math and Stats student resources at UVic?
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
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Email to students identified as at-risk in Math 122 Fall 2009

Hello,

You’re receiving this message because my records indicate that

you’ve missed at least three of the nine pieces of term work we

had in Math 122 before the midterm. If that’s not correct,

please let me know.

Our long-term research indicates that students who complete the

term work have a much greater success rate in the course than

those who don’t. I’m writing to you now because I want you to

succeed in the course. It is still relatively early in the term

and not too late to put things right.

So you know where I’m coming from, we know that students who

don’t complete the term work have an average overall mark of

about 40\% and an average failure rate of about 60%. Students who

complete the term work have an average overall mark of about 68%

and an average failure rate of about 8%. It pays to belong to

the group that does the term work. The stats for the other group

are depressing.

I know there can be all kinds of reasons for what’s happening.

They can range from having other priorities, to various troubles

with studying, to things that happen in life. Obviously, I can’t

know what’s happening with you unless you tell me. It is your

decision to do that or not.

Here are a number of resources on campus that might be useful to
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you:

* A list of Math Study Tips is on our course web page (www.math.uvic.ca

-> Course Pages -> 122). It pays to follow these excellent

suggestions.

* The Math Assistance Centre offers learning support for 122 and

other classes. Look at www.math.uvic.ca -> Assistance Centre.

* My office hours are under-utilized. If they aren’t convenient,

let me know.

* Learning / study skills workshops, exam writing workshops,

stress management workshops and many similar, wonderful resources

are available through Counselling Services: http://coun.uvic.ca/

* Peer Helping (organized through Counselling) is available in

the Learning Commons area of the main Library

* Help with medical problems is available at UVic Health Services

(academic concessions can also be available in you have been

unwell).

* The people in Counselling are great at talking out a lot of the

"stuff" that happens in the course of life and gets in the way of

getting things done. (Aside: Did you know that personal

relationships are the biggest cause of stress for students?)

The midterm we wrote today might have given you a better idea of



64

how things are going. If they are not going the way you want or

hope, the important thing to realize is that you can still

succeed if you act now. My door is open if I can help in any way.

Thanks for reading.

--Gary
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Sample Math 122 In-class Assignment and Solutions

Sept. 15, 2009.
Answer each question TRUE, or FALSE.

1. The negation of “x > 0 and y > 0” is “x ≤ 0 and y ≤ 0”.
FALSE. The negation is “x ≤ 0 or y ≤ 0”.

2. If p and q have different truth values, then the statements p → q
and q → p have different truth values.
TRUE. Make the two rows of a truth table corresponding to p
and q having different truth values.

3. To prove that “if p then q” is true one can instead prove that if q
is false then p is false.
TRUE. The statement p → q is logically the same as (i.e. logi-
cally equivalent to) its contrapositive: ¬q → ¬p.

1
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Math Study Tips 
 

Learning 
 

Be responsible for your own learning.  Know your own learning style and use it in studying.  Don!t 

give up on concepts you don!t understand.  It is never too late.  Mathematics is logical and cumulative.  The more 

material from previous courses and from earlier in current courses that you understand, the better equipped you are to 

understand what comes next, connect it to other material, and apply it in different contexts. 

 

Get involved and stay involved.  Always go to class (on time).  Listen actively.   Participate whenever 

the opportunity is offered.  Don!t be afraid to ask questions.  Probably over half of the students there are wondering the 

same thing. Think about mathematical concepts every day.  Do some mathematics every day.  Join a study group. 

Learning mathematics is a lot like learning a language.  It happens gradually over time with commitment to immersing 

yourself in it.  In mathematics, measures of engagement turn out to be measures of success; students who are 

fully engaged in a course experience greater satisfaction and get better grades. 

 

Keep the odds in your favour.  We know that the average course grade for students who do all the 

term work is in the B range, compared to the F range for students who don!t.  We also know that students who neglect the 

term work are between 2 and 7 times more likely to fail than students who do all of the term work.  Do all you can to help 

yourself. 

 

Set specific, clear, study goals. “Do the practice problems until I get them all right”, or “work through 

the examples in Section 6.4”, or “write the practice midterm” are examples of objectives where it is clear what you need to 

do and when you!re done.  Not only that, the outcome will give you clear feedback on how you!re doing.   By contrast, a 

goal like “understand everything” or “study math for an hour” frequently leads to flipping through your notes or the text 

without active participation or constructive feedback. 

 

Get out a pencil and paper, and try to work through every step of each example or proof rather than trying to 

read your text or notes like a novel.  If you get stuck, don!t give up.   Go to the Assistance Centre and / or Office Hours, 

and bring your work. 

 

Understanding beats memorizing.  If you understand, then you!ll remember.  Unfortunately, it doesn!t 

work the other way around.  The first step in grasping a definition or theorem is being able to write it down, precisely, 

without any help.  Trying to apply concepts when you!re struggling to remember what the words mean is a tough battle.  

Be kind to yourself.  Learn the vocabulary and the methods.   

 

Learn from your mistakes. If you make a mistake, try to understand what went sideways, and then take 

steps to improve your understanding of that.  Keep going until you!re satisfied that you really understand.  Go over 

returned class work and try to take advantage of the feedback you!ve been given.  It will help you identify concepts or 

techniques that need more attention.  Do the same with practice questions.  Remember, your instructor and the 

Assistance Centre are available to help you. 

 

Keep a running list of concepts, methods, and vocabulary.   Keep track of the parts that you have questions 

about, and then seek out help with those questions.  Do the same with problems that you!re having difficulty with.  

Keeping track of how your obstacles were overcome can help you understand how to learn and study. 

 

Get help right away. When you!re having trouble with something, go for help on the same day if possible, 

and don!t wait longer than the next day that help is available. 

 

Be aware of all of the resources available.  Assistance Centres, Office Hours, Study Groups, 

textbooks, notes, friends, supplementary materials (online or otherwise – be sure to check the Bookstore!), Peer Support 

& Learning Skills in the Learning Commons, Study Skills / Anxiety Management Workshops and through Counselling 

Services, Test Writing Workshops, etc. 
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Working 
 

Achieve in practice. Remember that, in the end, it is necessary to answer questions by yourself without any 

help. Prepare for that by learning the material and developing your skills.  Keep trying.  If you!re working through practice 

questions and get one wrong, keep coming back to it and similar questions until you can do them yourself. Reading 

someone else!s solution, or getting help from another person, can give insights and helpful pointers to things that need 

work, but that!s only part of what!s needed.  Like swimming or cycling, mathematics is something that you do.  It is 

tough to learn how by reading about it or watching someone else. When you have learned the concepts, and accumulated 

a lot of experience using them through regular practice, you!ll have confidence in your abilities. Keep your goals in focus. 

 

Start early. Begin thinking about assignments the day you get them.  It takes time to think about the questions 

and how the different methods you know might apply.  Start studying for tests at least four or five days beforehand.  This 

will give you lots of time to fill in any blanks in your understanding. 

 

Learn to work systematically. Analyzing situations, reasoning logically, connecting what you have so 

far to other things you know, working towards a solution, and finally articulating it clearly in a way that someone else can 

understand, are skills that are developed in math class and applied everywhere in your education, work and life.  When 

working on problems, the first thing you should do is read the question carefully.  And the second thing you should do 

is read the question carefully.   Make sure you understand the vocabulary being used, everything you!re being told, 

and what it means.  If not, review.  Write down what you!re asked to do.  Think about principles and methods that 

apply in these situations.  Usually there are several, and you might need to try more than one before succeeding.  On the 

other hand, often more than one method will work.  There is no right way to solve a problem, but some ways are better 

than others.  Make a summary of what!s given; draw a picture if that!s possible.  Do anything that will help you 

organize your thoughts.  If you can estimate the answer before starting, then you have a chance of figuring out if 

something has gone astray with your work.  At each stage, ask yourself: “What are the consequences of what I have so 

far?  Can I see how to get to the end?  If not, is it possible to break it into small steps?  With the method being tried, 

what is usually done next?  Can I work forwards for a while and backwards for a while and then connect the two parts? 

What facts do I know that might be pertinent?”  Problem solving isn!t always linear.  Only in the end is the solution 

presented as a logical sequence of applications of facts and skills learned earlier.   But it is crucial to carefully write your 

solution in that way so someone else can understand your approach, and believe your answer. 

 

Talk math with your friends and classmates; start a study group.  Trying to explain an idea to someone else is a 

good way to find out how well you understand it.  You!ll find out which concepts you!re comfortable with, and which 

need more time.  Both outcomes are good. 

 

 

Minimizing Anxiety 
 

Be comfortable with the basics. If there is something you never grasped, take the time to learn 

about it now (so it doesn!t bite you later). 

 

Always start with things you can do.   Look over all of the questions on every assignment or test 

and pick the low-hanging fruit first.  Build on success. 

 

Break big tasks into smaller steps.  Don!t be overwhelmed.  Almost every proof or question relies 

on one or two main ideas, principles, concepts, or methods.  Practice and experience can help you see which ones in your 

mathematical tool bag to try.  Once you have the main ideas in place, the rest is filling in details. But, remember that 

solutions don!t always start at the beginning.  Sometimes working backwards from the end helps a lot. 

  

Go into every test knowing you are as well prepared as you can be. This will 

help you do the best you can, not to mention be less anxious. 

 

Rehearse. If you find test situations difficult, practice by simulating them as closely as possible.  Write practice tests 

using the same time limit and resources (no notes, etc.) as you!ll have on exam day.  

 

Keep a positive attitude. Thousands of students before you have succeeded. You are smart, and you 

will succeed too. 
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Welcome to the course "Logic and Foundations".   It formally introduces the main building 

blocks of mathematics and the underlying logic.  We'll adopt a mathematician's point of view and  learn 
about fundamental topics in mathematics (ex. functions), and basic methods of argument.  We will 
also develop the skills needed to read, analyse, construct and communicate detailed logical 
arguments.  The things you can learn in this course are useful everywhere.  The fundamental topics in 
mathematics pervade science, engineering, and social science.  In today's society, every person is 
regularly confronted with materials of a technical nature, for example manuals, newspaper articles, 
financial reports, legal documents, etc. In many of these situations, it can be vitally important to 
carefully analyse the writing and understand precisely what is and isn't being said.  In careers ranging 
from business to journalism to law to the scientifically technical, a person must be able to produce and 
communicate persuasive logical arguments.  

Many students find Math 122 to be a very hard course. It is very different from any other first 
year mathematics course in the perspective, thinking and understanding required.  It is more 
representative of what mathematics is really like, and of what mathematicians really do.  We carefully 
analyse problems, study examples, try to understand what is true, try to decide which collection of the 
methods in our mathematical tool bag might help is prove it, and then (hopefully be able to) use one or 
more of those methods to obtain the desired result. Quite possibly there is more than one method that 
applies, and more than one way to derive the desired conclusion.  Some people find the idea that 
there is no single right way to proceed to be disconcerting, but that's how (real) life is.  It is rarely true 
that there is only one way to do something.  Different methods lead to different connections and 
different insights.  

Research done at UVic and elsewhere indicates that, roughly speaking, student engagement 
implies student success.  That is, students who do all of the suggested studying and all of the term 
work experience greater satisfaction and get better grades.  We know from historical data that the 
average overall percent for students who do all of the work in Math 122 is about 68%, with a failure 
rate of about 8%, compared to less than 40%, with a failure rate of about 60%, for students who miss 
one or more piece of work.  Remarkably, these two groups of students are frequently about the same 
size, which explains the failure rate in the class.  The research suggests that students who make a 
commitment to learning in Math 122 will be be happier with themselves, and successful.

A good way to look at any course is as a package of about 150 hours of learning.  This includes 
about 36 hours spent in class, plus time spent studying / doing the suggested work, plus time spent 
working on assignments and writing them up carefully.  We feel that there is educational value in each 
of these activities. Including the final exam, a course is roughly 13 weeks long, so the suggested 
weekly time commitment is 9-15 hours, depending on the ebb and flow of term work in the class.

Your instructors would like everyone to succeed in this course.  To that end, we're conducting 
an experiment by offering incentives for students to become engaged with it. The Department of 
Mathematics and Statistics has agreed to waive its policy that the final exam be worth 60% so that we 
can increase the value of the assignments.  Our hope is that this will lead more students to do them. 
We will also be giving short “in class” assignments on most days.  These will be designed so that a 
student who has been to the previous class, reviewed her notes, and tried some of the practice 
problems should have no difficulty.  Research done in our department suggests that if more students 
do the work, more students will pass the course.  
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There have been a few curriculum revisions for Math 122.  Some topics have been added and 
others deleted.  The goal was to create a more balanced, less crowded, course.  A nice side effect is 
that our course is now more consistent with courses offered elsewhere.  We have also changed the 
textbook. The previous text was an excellent, bulky, book that sometimes was not read by students (a 
huge mistake).  The new text is excellent, Canadian, and more inviting to read.  We have opted for a 
custom edition to reduce the cost and make it easier to carry around.

We're looking forward to working with you.  Good luck with the course.  

Sincerely,
Peter Dukes and Gary MacGillivray

Math 122 200909 [A01 and A02] Course Outline
Instructors: Section A01, 10:30 Section A02; 11:30

Dr. Peter Dukes Dr. Gary MacGillivray
SSM A525 SSM A442

Phone: 250-472-4272 250-721-7448

Email @uvic.ca: d u k e s g m a c g i l l

Office Hours: W 12:00 – 2:00 T 3:30 – 4:30
Th  2:30 – 3:30 F 2:00 – 3:00
Other times by chance (drop by), or appointment.

Course Title: Logic and Foundations

Textbook: Discrete Mathematics for Logic and Foundations
Custom edition for the University of Victoria
Pearson, ISBN-13:  978-0-558-31046-2

The custom edition is Chapters 0-8 plus appendices of:
Edgar Goodaire and Michael Parmenter
Discrete Mathematics with Graph Theory, 3rd Ed.
Pearson / Prentice-Hall, 2006

Prerequisites: Math 100, or 102, or 151, or permission of the department

Lectures: A01: TWF 10:30-11:20 A02: TWF 11:30-12:20
Clearihue A-201 Elliot 061

Course Support: The department operates the Math and Stat Assistance Centre, the point of  
which is to support learning in our first and second year courses.  There are three 
locations, including SSM A202 and the Learning Commons in the Library.  Opening hours 
and details are available at www.math.uvic.ca under Assistance Centre.

Course Web Page: Look at www.math.uvic.ca  under Course Pages and then 122 to find:
�study tips
�a list of problems you should try
�office hours
�due dates for assigned work 
�dates of tests
�practice tests  
�solution ideas for midterms and major assignments
�lots more

Syllabus: Chapters 0 through 6, excluding Sections 2.4, 2.5, 5.3 and 5.4, plus sections 7.1, 7,2, 
8.1, 8.2 and additional material on divide and conquer recurrences. 
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Grading Scheme:
�Five take-home assignments (6% each) 30%
�In-class assignments (about 25)   5%
�Midterm 1 (Tuesday, October 6) 10%
�Midterm 2 (Tuesday, November 3) 10%
�Midterm 3 (Wednesday, December 2) 10%
�Final Exam (scheduled by Records) 35%
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Grading Notes:

�The assignment of grades in this course is done in accordance with the department's 
multi-section grading policy. You are encouraged to read this policy at 
www.math.uvic.ca under Course Policies.

�Students who achieve less than 40% on the final exam will not pass the course.  We are 
imposing this requirement because so much weight is being put on the assignments.

�The standard table for converting overall course percentages into letter grades is:

Letter 
Grade

D C C+ B- B B+ A- A A+

Lower 
Bound

50% 55% 60% 65% 70% 75% 80% 85% 90%

�We reserve the right to alter the values in the above table if adhering to it would produce 
unfair grades.

Course Policies:
�Assignments are due in class before the lecture begins. Late assignments may be 

submitted before the start of the next class, with a 20% deduction from the grade. 
Marked work will be returned in class, or can be claimed during office hours.  Any term 
work that is uncollected by the end of the final exam period will be recycled.

�Discussing homework exercises with classmates, including homework to be submitted for 
marks, is a useful and mathematically healthy practice. The work you submit must be 
written independently, be in your own words, and reflect your understanding. 

�The only calculator that may be used in any UVic mathematics course is the Sharp 
EL-510R, available from the Bookstore (and elsewhere). 

�If you have a question or concern about an assigned mark, please bring it to your 
instructor's attention within seven calendar days of the date when work is returned to 
the class. After this time has elapsed, your mark will not change except in case of an 
arithmetic error.

�Students are expected to submit your homework and write tests on the date scheduled. 
Concessions are considered only in accordance with the section on Academic 
Concessions in the UVic calendar in cases of illness, accident or family affliction. A note 
from a doctor or counsellor or varsity coach is required for any concession.  'Deferred' 
status applies only to final exams.  It will not be granted if you have been absent from 
class for a substantial portion of the term, or have not completed more than half of each 
course component with reasonable success.  Deferred exams are an academic 
concession available to students who, through no fault of their own, are prevented by 
circumstances from writing the final exam. 
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�UVic has strict policies on Academic integrity (see 'Policy on Academic Integrity' in the 
current calendar).  Any instances of plagiarism or cheating will be dealt with severely.  It 
is in everyone's interest to maintain confidence in, and the integrity of, our degrees.   

Special arrangements will not be made for students who have plans for travel or employment 
during the final examination period. 
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