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3.1

The Importance of Projects in
Applied Statistics Courses

Tim O’Brien
Loyola University Chicago

3.1.1 Introduction

While in the past statistics courses may have emphasized formulae and summarizring data, the focus today
is more on the importance of statistics in answering researchers’ queries by obtaining essential information,
As a result, today’s students see statistics as an aid to the research process. For example, statistical methods
associated with the field of bioinformatics have come into prominence over the past decade to -provide
biomedical researchers with the statistical tools necessary to detect patterns in very large genetic data sets
similar to those resulting from the U5, Human Genome Project. Modern statistics courses stress both the
practical applications of statistical methods and the active participation of students in the learmning process.
Undergraduate and graduate programs in statistics, such as the ones recently revised at Loyola University
Chicago, typically emphasize both the statistical applications in coursework and the involvemnent of students
in the statistical consulting activities of faculty members. One tangible result has been the development of
a sense of confidence on the pant of students when tackling methodological challenges that go beyond the
classical course in introductory Statistics.

Like many LI 8. universities, faculty at Loyola are involved in teaching an amray of courses in theoretical
and applied statistics. These include introductory courses for less technically oriented students and more
mainstream undergraduate courses for statistics and biostatistics majors and minors. Many of these courses
require student participation through projects, papers and/or class presentations, The focus of this article is
to discuss some of the ways in which these activities help students understand the usefulness of statistical
tools in & broad spectrum of fields. Specifically, the focus here is on the use of projects in Loyola's one-
year biostatistics sequence (which is typically attended by premed students majoring in biology) and in
follow-up courses in applied regression analysis, categorical data analysis, experimental design, statistical
software packages, nonlinear modefling, and optimal experimental design. We provide several examples
that illustrate how these projects have become an invaluable tool in the teaching of applied statistics and
biostatistics courses and how they provide students with increased confidence by allowing them to obtain
the tools necessary to master sophisticated statistical technigues.
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3.1.2  An Introductory Biostatistics Course

The public understandably can become confused when studies such as the ane described in Pope et al. [23]
report an association between sulfur-oxide pollution and both lung cancer and cardiopulmaonary mortality
while other studies find no such association. Modern students of biostatistics are taught to critically examine
the underlyving statistical techniques used in these studies before considering the conclusions reached.
Thus the fact that Pope &t al, [23] adjusts for study biases by using an extension to the commonly-used
Cox proportional hazards statistical survival model (Zar, [28]) to adjust for dependent observations lends
significant credence 1o the paper’s findings. Students now understand that merely applying a statistical
technique without regard for necessary assumptions can easily lead researchers to dubious or incorrect
conclusions,

In order to provide introductory biostatistics students with basic statistical tools, these courses tvpically
cover an introduction to probability (including an appreciation of the relevance of the Central Limit
Thearem), regression and correlation, one- and two-sample t-tests and generalizations to single- and multi-
factor analysis of vanance (ANOVA) and covariance, and an introduction to categorical data analysis that
includes basic chi-square tests, Instructors in these courses usually find that they do not have enough time
v cover very relevant intermediate-level topics such as odds-ratios and relative risk, logistic and mon-
linear regression, non-parametric methods, bascline-categary logits, the proportional odds model, ete. Asa
result, introductary students often are left unaware not only of some of the limitations of and gssumptions
underlying introductory statistical methods but also of the relevant extensions of these methods provided
in more intermediate-level courses, Equally disturbing is the (not infrequent) situation in which courses
in statistical methods are taught by non-statisticians (such as biologists or psvchologists), who may be
unaware of these limitations and assumptions. For example, Samuels and Witmer [24] provide a 4 x 1
tahle of data relating pain relief (with levels none, some, substantial, and complete) to treatment received
by the patient (drug A versus drug B) with the cavea that the usual chi-square test is inappropriate in
this situation. Yet it is unclear how many non-statisticians would know the correct statistical technique 0
analyze these data. Statistical educators must do a better job of helping students develop skills beyond the
level of the usual introductory course, We have found that class projects provide an excellent opportunity
o do just that,

Loyola's introductory undergraduate biostatistics course is offered through the Department of Math-
ematics and Statistics and cross-Hsted in the Biclogy Department. The course has been redesigned with
the idea of developing a student’s critical eye through the use of course projects. This course is called
STAT/BIOL 335 and usually enrolls about 40 to 50 students per semester. The course syllabus can be
viewed on the Web at

http://www.math.luc .edu/"tobrisn/courses/stat33s/ Fall-2003/syllabus html,

Instructors of this course invariably point out the advantages and limitations of each of the techniques
discussed int the course. As a result, students leamn 10 be somewhat skeptical of studies employing dubious
assumptions or involving only ten subjects in each treatment arm. Since time constraints do not permit
exposure to many of the intermediate topics mentioned above, we have found that these subjects are well
suited for students’ class projects,

Class Projects

For their projects, students are given the choice of either (1) analvring a sufficiently nich data set and
writing up and presenting their findings to the class or {2} critiguing the statistical aspects of two research
articles of their choosing from professional journals such as The Lancet, New England Journal of Medicine,
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AIDS Journal, Ecology, and the like. The only requirement of the data set or research articles is that the
statistical methods involved in the data set or article go beyond the level of the class, including topics
from such fields as survival analysis, nonlinear or logistic regression, and repeated measures. In order to
find & relevant data set or collection of articles, students first identify research fields of interest to them,
This usually requires several meetings between the instructor and each student in order to get the students
focused on a data set or articles at an appropriate level. Students then are required to obtain the tools
needed to critique or implement the given statistical techniques by consulting intermediate biostatistics
textbooks such as Zar [28] or the Encyelopedia of Biostatistics (Armitage and Colton [2]). Ultimately,
students are required to write up their findings or critique in a three to five page paper.

We have found that in the early stages of a project instructors act as mentors only to the extent of helping
students to identify relevant research articles or data sets or to find resources such as textbooks where the
students can then leamn about the statistical techniques employed in their articles or needed 1o analyze their
data. After this initial phase, students learn via self-study the relevant statistical methodologies so that they
can then critique the use of these methodologies in the chosen research articles. For example, a student
may need to read through a textbook's chapiers on bipassay analysis and mixed nonlinear regression. In
student evaluations, students have commented how this latter phase has helped them develop confidence
in their ability to further their own formal and informal study of intermediate and advanced statistical
methods.

In their class papers, students first give a short summary of the goal of the research and the hypotheses
studied in each article or provide the important characteristics of the data set they have analyzed. They then
focus on the mechanics of the new statistical tools encountered and on the adequacy of their implementation
in the article ot data set. Students’ projects and papers are then evaluated on their criticism of the statistical
techniques emploved in the two articles, their understanding of these techniques as evidenced by their
criticism, and their writing style, including grammar end punctuation. Since undergraduate students rarely
have access to rich data sets, our STAT 335 students almost invariably choose to critique research articles.
Yet when the author offered a similar introductory biostatistics course to graduate students at Loyola's
Medical School during the Spring, 1999 semester, the opposite situation occurred. These latter students
opted to use sophisticated statistical techniques on the data sets provided by their research advisors. The
class project helped show these students the usefulness of applying intermediate statistical techniques in
their own research,

To illustrate some of the mechanics of the class project for this introductory biostatistics course, we
now describe the projects of two undergraduate Biology students, Jennifer Huston and Nick Moisan.

Example; Jennifer Huston

For her class project and paper, Jennifer Huston critiqued the statistical techniques used in the article by
Walrand et al. [27], which investigates the relationship between age and the ability to renourish the body,
and by Lau eral. [17], which examines the relevance of mite and cat allergen exposure for the development
of childbood asthma The former article used & two-way ANOVA design and analysis for some response
variahles and & principal components analysis (a data-reduction technique) for other variables for a small rat
study. Thus, as was the case for all students, it was necessary for Jennifer to learn the necessary assumptions
required to use these advanced technigues. In her paper, she correctly pointed out the limitations (such as
the inherent assumption of normality) and potential biases in their application in a study involving only 6
rats in one of the study groups.

For her second article, one of the response varighles was ordinal in nature (“current wheeze," “wheeze
ever,” and “doctors’ diagnosis of asthma™), so a multiple logistic proportional odds model regression was
used. Once again Jennifer focused her comments on potential shortcomings of the use of this model in




118 3. Papers on Special Topics

light of influential observations and potential outliers. Jennifer's project thus showed her the usefulness of
statistical technigues in medical ressarch and underscored the often-overlooked underlying model assump-
tions. Jennifer also mastered some rather sophisticated statistical techniques. In her course evaluation she
mentioned that she now felt confident that by knowing where to obtain the necessary resources she could
seach herself the statistical methodology useful in analyzing many medical studies.

Example: Nick Moisan

While the articles critiqued by Jeanifer were relatively similar and typical of clinical and pre-clinical re-
search, the articles examined by Nick Moisan provided a study in contrasts. Mick's first article, Krabbendam
et al [16], which appeared in the Journal of Newropsychiarry, examined whether a relationship exists be-
tween deficits in cognitive processing and the temporal and limbic volumes in the brains of humans.
Typical of many articles appearing in psychology-related joumals, this study based its conclusions on a8
small number of subjects and used a multivariate analysis of variance (MANOVA) design and seversl
MANOVA analyses. In contrast, Nick's second article, Kernan er af [15], used & case-control study to test
for & link between phenylpropanolamine {present in cough and cold remedies) and hemorrhagic stroke,
This latter article appeared in the New England Journal of Medicine, and (as is often the case in medical
research) emploved logistic regression and odds ratios to draw inferences. Its conclusions were based on &
very large study enrolling over 2100 subjects randomly selected throughout the United States. As a result
of this project, Nick was able to see the wide application of statistical methods in diverse settings and to
understand some of the subtle distinctions in the level of statistical sophistication in disciplines soch as
psychiatry and medicine. As was the case with Jennifer, Nick developed a great deal of confiderice in being
able to teach himself complex statistical techniques. Not surprisingly, both of these students continued their
studies in applied statistics by taking additional statistics courses offered by our department. In addition,
several Biology students with similar interests have decided 1o pursue Loyola’s new minor in Biostatistics.

Both of these examples illustrate some of the benefits of using projects and papers in introductory
hiostatistics courses, Students invariably observe that statistical techniques are misused in otherwise pres-
tigious research journals. Furthermore, these students also develop an important level of confidence in
their ehility to understand the necessary requirements and assumptions for statistical tests: They-also leam
effective communication skills throngh their written papers and/or their class presentations. Finally, they
gain & sense of independence and confidence in their ability to locate resources, both on-line and in the
university library, which further their understanding of advanced statistical techniques,

2.1.3 An Advanced Biostatistics Course

Responding to requests from introductory biostatistics students 1o offer a follow-up biostatistics course,
Loyola’s Department of Mathematics and Statistics offered an advanced-level biostatistics course duning
the Spring 2001 semester. This course focused on many of the theoretical and methodological aspecis of
the statistical techniques highlighted in the introductory projects and papers. These included the statistical
techniques used in survival analysis, nonlinear and generalized linear regression, and clinical trials. The
current class syllabus, notes and assignments can be viewed on the Web at

http://www.math.luc.edu/ tobrien/courses/ab/course-homepage. html

This course, also cross-listed with Loyola’s Department of Biology and called STAT/BIOL 336, was
attended by twelve students, six from the Biology Department and six from Math & Statistics, and presented
the additional challenge of structuring a new course for a rather diverse group. The course was taught using




3.1 The Impartance of Frojects in Applied Statistics Courses e

class-notes based on material from Agresti [1], Bates and Watis [4], Davidian and Giltinan [7], Littell &7
al [18], McCullagh and Nelder [20], Pinheiro and Bates [22], Stokes er af {25], Venables and Ripley [26],
Far [28). Material from Ewens and Grant [9], Harrell [13] and Johnson and Wichem [14] was added for
the Spring 2003 version of the course. The Minitab®, SAS® and S-Plus® statistical computer packages
were used in class handouts and by students in their assignments.

Class projects also were used in this course but, since the class-size was small, students were required
to work in pairs in order to foster interpersonal communication skills, The student population was quite
diverse in terms of mathematical sophistication, so these teams paired one quantitative student and one
biology student. As in the introductory biostatistics course, class projects were used in this course to stretch
students beyond the level of the course. With such a small group of students, each of the six student-pairs
was required to make a presentation to the class. Mentoring and assessment followed along the lines of the
project for the introductory course, but part of the advanced class project grade also reflected the quality
and clearness of the class presentation. The following example, which focuses on the statistical detection
of the interaction of anti-HIV drugs, is typical of the projects from this course.

Example: Mike Evans and Bahram Patel

Since they were interested in HIV research, Mike Evans and Bahram Patel chose to examine the data
provided in Machado and Robinson ([19], p 2304) to test the synergistic or antagonistic nature existing
between the ant-HIV drugs AZT (Zidowvudine) and ddl (Videx). For this study, the amount of the HIV-1
{strain LAV-1) virus present was measured by reverse transcriptase (RT) activity. With the help of the
course instructor, these students used the SAST statistical software package in a somewhar novel fashion
to fit to these data the 5-parameter log-logistic dose-response (nonlinear) model
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where n = E(RT) 15 the expected amount of RT and where

= AZT + Byddl + 05+/04 « AZT » dd]

is the effective dose of the anti-HIV drug. For this study, the key model parameter is o5, the so-called
“eoefficient of synergy.” For this parameter, statistically significant negative values indicate antagonism anid
significant positive values indicate synergy of the study drugs. The instructor pointed out to these students
that this model was applied in Gerig er al. [10] to the detection of the antagonistic joint action of similar
compounds in the growth of cucumber seedlings and the model assumptions were subsequently verified
for Gerig's cucumber data, When this model was fit to the HIV data, Mike and Bahram's preliminary
results failed to detect significant synergy between these two drugs, 2 result which would then lead some
researchers to conclude that the two drugs act independently. But upon inspection of the model residuals;
the students noted that the variability in RT tended to decrease with n, and thus that one of the key
assumptions (equal variances) was violated. When this heterogeneity of variance was then incorporated
into the model by letting the variance be of the form 8gn™, the estimate of the coefficient of synergy
became significantly positive. This led Nick and Bahram to conclude correctly that the two HIV drugs do
indeed enhance one another.

Thus, even though the statistical methods employed in this project were rather sophisticated, Mike
and Bahram observed first-hand the importance of checking the underlying model assumptions. They
also leamed something sbout the wide applicability of nonlinear models in biomathematical modelling.
These students also correctly pointed out that the findings of the above study have led biologists 1o study





















