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In the accompanying article in this issue of Public Health
Reports, “Integrating Competencies and Learning Outcomes in Core Courses for the MPH,”1 we applied seven
principles for effective learning, taken from Ambrose et
al.,2 to the design and implementation of core courses
for the master of public health (MPH) degree. In this
article, we apply those principles specifically to the
core course in biostatistics. Many schools of public
health offer concentration areas for the MPH, yet the
proportion of MPH students who select biostatistics is
consistently low.3 Thus, the biostatistics core course may
be the only exposure that many MPH students have to
formal training in biostatistics. It is therefore critically
important that key skills and knowledge in biostatistics
are developed by all students. We outline strategies
to maximize learning in the biostatistics core course,
taking into account students’ diverse backgrounds,
training, and comfort with quantitative material.
DEFINING THE BIOSTATISTICS COMPETENCIES
In 2006, the Association of Schools of Public Health
(ASPH) Education Committee published its Master’s
Degree in Public Health Core Competency Model,
which provides competencies for each of the five
core disciplines—biostatistics, environmental health,
epidemiology, health policy and management, and
social and behavioral sciences—as well as for seven
cross-cutting areas.4 Schools and programs of public
health can adopt the ASPH core competencies in
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biostatistics, derive their own, or use a combination of
the two. The core competencies in biostatistics used
by the Boston University School of Public Health and
the Columbia University Mailman School of Public
Health are shown in Figure 1. These competencies
were identified through a multifaceted process with
input from alumni surveys (on knowledge and skills
needed for success) as well as meetings with students,
faculty, and potential employers. Next, we outline each
of the seven learning principles set forth by Ambrose
et al.2 and discussed in Hooper et al.1 and apply them
specifically to the core course in biostatistics.
Principle 1: students’ prior knowledge can help or
hinder learning
Students often view biostatistics as a requirement that
simply must be completed, and they approach it with
apprehension. They are, however, passionate about other
areas of public health. Capitalizing on this passion and
helping students to connect biostatistics to these other
areas that greatly interest them opens a door.
Pre-assignments that focus on timely and exciting
topics, a new study, or a report and use specific biostatistical techniques before the technical biostatistical details are discussed in class can engage students.
This approach activates students’ prior knowledge on
a subject and encourages them to work through the
biostatistical component as it applies to the subject at
hand. As part of the pre-assignment, the instructor
can pose questions such as, “What was the goal of the
study?”, “How did the investigator propose to prove his/
her assertions?”, “What evidence did the investigators
provide?”, “Do you agree with the conclusions they
reached?”, and “Is there another approach that could
have been used?” Keeping the focus on the bigger picture can help students stay engaged and comfortable,
and also minimize the likelihood that they get lost in
the technical details of the biostatistical computations,
which can be discussed together in class. Then, after
discussing the technical details of the specific application in a clear and organized way in class—10- to
15-minute mini-lectures are ideal—the instructor can
then ask, “Why was such a method used here?”, “What
kinds of inferences can be made?”, and “What are the
limitations?” Recently published articles or studies that
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Figure 1. Boston University School of Public Health and Columbia University Mailman School
of Public Health core competencies in biostatistics, 2012
Boston University School of Public Health core competencies in biostatistics
1.
2.
3.
4.

5.
6.
7.
8.

Explain the role and importance of biostatistics in public health research and practice.
Generate appropriate descriptive statistics to summarize public health data.
Explain basic concepts of probability, random variation, and commonly used statistical probability distributions.
Distinguish among different study designs (e.g., case-control, cohort, and randomized controlled trial) and different measurement
scales (e.g., continuous and categorical) and select the appropriate analytic method for data arising from these different research
situations.
Carry out and present results from basic statistical analyses of data relating to important public health problems.
Interpret statistical results, tables, and figures from public health literature.
Develop research questions and select appropriate outcome variables to address important public health problems.
Evaluate the methodological strength of published public health research papers on the basis of the appropriateness of statistical
methods, internal validity, and the extent to which the results can be generalized.

Columbia University Mailman School of Public Health core competencies in biostatistics
1. Describe the role of biostatistics in public health and biomedical research.
2. Become familiar with the statistical notation and terminology to understand the analysis presented in many research papers and
apply them in your own projects.
3. Apply numerical, tabular, and graphical descriptive techniques commonly used to characterize and summarize public health data.
4. Identify appropriate statistical methods to be applied in a given research setting, analyze these methods, and acknowledge their
limitations.
5. Translate research objectives into clear, testable statistical hypotheses.
6. Explain general principles of study design and its implications for valid inference when, for example, identifying risk factors for
disease, isolating targets for prevention, and assessing the effectiveness of one or more interventions.
7. Assess data sources and data quality for the purpose of selecting appropriate data for specific research questions.
8. Describe basic principles and the practical importance of key concepts from probability and inference, including random variation,
normal distribution, hypothesis testing, type I and type II errors, and confidence bounds.
9. Differentiate between quantitative problems that can be addressed with standard and commonly used statistical methods and
those requiring input from a professional biostatistician.
10. Evaluate computer output containing statistical procedures and graphics and interpret it in a public health context.

are highlighted in the news or on popular websites are
good sources of timely and relevant examples.
Principle 2: how students organize knowledge
influences how they learn and apply what they know
In the biostatistics core course, we present students
with many tools and techniques. Guiding students to
develop decision trees or flow charts to assist them in
organizing what applications are appropriate when and
how specific applications are dictated by the nature of
the outcome variable (e.g., continuous, dichotomous,
or time-to-event), the number of and relationship
among comparison groups, and the sample size is a
learning opportunity in and of itself.

students’ motivation to learn biostatistics. We must
emphasize the importance of biostatistical techniques
in solving public health problems. We can help students appreciate this importance by sharing details of
our own work and by encouraging students to bring
projects, research papers, or studies they are working
on in other courses into the biostatistics course to connect biostatistics to other areas of public health. Other
opportunities to connect the often theoretical realm
of biostatistics to real-world situations can be found
in case studies, in which students see how quantitative
foundations for decision-making have consequences
for individual and population health. When students
make the connections, understanding deepens.

Principle 3: students’ motivation generates, directs,
and sustains what they do to learn
Students generally appreciate the need to learn the
other core public health disciplines. As instructors in
the biostatistics core course, we must provide direct
links with the other core disciplines to enhance

Principle 4: to develop mastery, students must
acquire component skills, practice integrating them,
and know when to apply what they have learned
Separating complicated biostatistical analyses into discrete and more manageable pieces allows students to
master each step before progressing to the next one.

Public Health Reports / July–August 2014 / Volume 129

From the Schools and Programs of Public Health

Students must have the opportunity, through authentic
examples and scenarios, to apply biostatistical techniques. For example, students must understand how
to compute and interpret descriptive statistics before
constructing confidence intervals. Class time can be
used to allow students to practice biostatistical applications and appropriate interpretation of results with
carefully designed, realistic, and practical examples.
The critical component is on the authenticity of the
exercises—realistic rather than hypothetical. Some
exercises may even extend beyond in-class time, with
students continuing to work together outside of class,
staying engaged with the material. A key issue when
designing these activities is the use of real data where
possible and a constant reminder of the big picture
by asking, “Why are we doing this?” and “How does
the analysis support this study, program, or project?”
Principle 5: goal-directed practice and targeted
feedback are critical to learning
Students in the biostatistics core course often lack
confidence with the material; thus, the instructor must
be even more deliberate with feedback to ensure that
students continue to progress. Peer-to-peer exchange,
where students practice a technique through a short,
targeted in-class activity (see Principle 4) and share
their results with their neighbor, is an engaging technique. Multiple-choice questions posed to the class
on specific concepts can be used to assess knowledge
and comprehension. Students can respond by a show
of hands or using an audience response system (e.g.,
clickers). In biostatistics, we favor using clickers anonymously, as students often feel more comfortable with
this approach. In structuring questions, instructors
should try to develop questions with several plausible answers and include issues subject to common
misunderstandings.
Principle 6: students’ current level of development
interacts with the social, emotional, and intellectual
climate of the course to impact learning
We have found a number of ways to nurture a supportive environment in the biostatistics core course
without reducing its rigor. Setting out expectations at
the start of the course clearly in the syllabus helps to
align expectations. Seeking input and feedback from
students throughout the course, through e-mail or
a mid-course survey, keeps lines of communication
open. A critical component is that the instructor must
respond to student feedback. It may be possible, for
example, to change specific aspects of the course to
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address student requests (e.g., more practice problems). When students realize that their input matters,
they are more engaged in the course. However, it may
not be possible to address some requests, and it is
equally important that the instructor provides reasons
as to why certain requests cannot be met.
Principle 7: to become self-directed learners,
students must learn to assess the demands of a task,
evaluate their own knowledge and skills, plan their
approach, monitor their progress, and adjust their
strategies as needed
Varying backgrounds, abilities, and comfort with
quantitative material directly affect the amount of time
required for students to master biostatistical concepts.
Multiple, sequenced assessments can help monitor
student progress. If students have not mastered the
computation of descriptive statistics, they cannot move
on to generate confidence interval estimates or conduct hypothesis tests. Feedback helps students identify
problem areas and make modifications as needed to
stay on schedule to achieve course goals.
MAPPING THE BIOSTATISTICS
CORE COMPETENCIES
In Figure 2, we list focused and measurable learning
objectives for each core competency in biostatistics.
Again, the process of moving from competencies to
learning objectives is one of deconstruction, in which
we identify measurable objectives (Figure 3). We must
ask, “What would a student need to know to perform
this competency?” And to ensure that these objectives
are measurable, we ask, “How will I know the students
have met this learning goal?”
Activities and assessments
Different activities assess different levels of learning
and competency. Knowledge and comprehension can
be assessed with targeted questions. Some examples are
contained in Figure 4. These questions can be used in
class with students responding by a show of hands or
using clickers. They can also be used on quizzes, graded
or not, taken in class or online, before or after specific
biostatistical techniques are discussed. Subsequent
and more involved in- and out-of-class activities can be
designed to assess application and analysis. Examples
are contained in Figure 5, and a key component of
each activity is feedback, through which students learn
whether they’ve mastered a skill.
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Figure 2. Learning objectives for each core competency in the core course in biostatistics
at Boston University School of Public Health, 2012
Competency
Explain the role and importance
of biostatistics in public health
research and practice.

Learning objectives
•
•
•
•

Generate appropriate descriptive
statistics to summarize public
health data.

•
•
•
•
•
•

Compute mean, median, SD, quartiles, and range for a continuous variable.
Provide an example of when the mean is a better measure of location than the median or
vice versa.
Interpret the SD of a continuous outcome.
Construct frequency distribution tables for categorical and ordinal variables.
Generate and interpret a box plot or histogram for a continuous variable.
Produce and interpret side-by-side box plots.
Generate a bar chart for a categorical variable and a histogram for an ordinal variable.
Differentiate between a histogram and a bar chart.

•
•
•
•
•
•
•
•
•
•
•
•

Define the terms “equally likely” and “at random.”
Define probability, risk, and rate.
Compute and interpret unconditional and conditional probabilities.
Evaluate and interpret independence of events.
Explain the key features of the binomial distribution model.
Calculate probabilities using the binomial formula.
Explain the key features of the normal distribution model.
Calculate probabilities using the standard normal distribution table.
Compute and interpret percentiles of the normal distribution.
Define and interpret the SE.
Explain sampling variability.
Apply and interpret the results of the Central Limit Theorem.

Sub-competency: distinguish
among different study designs
(e.g., case-control, cohort, and
randomized controlled trial).

•
•
•
•

Compare and contrast observational and experimental study designs.
Summarize the advantages and disadvantages of alternative study designs.
Describe the key features of a randomized controlled trial.
Identify the study designs used in published public health and medical studies.

Sub-competency: distinguish
between different measurement
scales (e.g., continuous and
categorical).

•
•
•

Distinguish among dichotomous, ordinal, categorical, continuous, and time-to-event variables.
Distinguish between a population parameter and a sample-based estimate.
Describe the implications of using a sampling plan for parameter estimation.

Sub-competency: select the
appropriate analytic method for
data arising from different study
designs with different types of
outcomes.

•

Identify the appropriate CI formula based on type of outcome variable and number of
samples.
Identify appropriate hypothesis testing procedure based on type of outcome variable and
number of samples.

Explain basic concepts of
probability, random variation,
and commonly used statistical
probability distributions.

•
•

Define biostatistics research and practice.
Identify the responsibilities of a biostatistician in study design, analysis, and interpretation
of results.
Give examples of interactions/collaborations between biostatisticians and practitioners in the
other core areas of public health.
List employment opportunities for biostatisticians.

Distinguish among different study
designs (e.g., case-control, cohort,
and randomized controlled trial)
and different measurement scales
(e.g., continuous and categorical)
and select the appropriate analytic
method for data arising from these
different research situations.

•

continued on p. 385
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Figure 2 (continued). Learning objectives for each core competency in the core course in biostatistics
at Boston University School of Public Health, 2012
Competency
Carry out and present results from
basic statistical analyses of data
relating to important public health
problems.

Learning objectives
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Interpret statistical results, tables, and •
figures from public health literature. •
•
•
•
•
•
•
•
•
•

Define point estimate, SE, CI, and margin of error.
Compare and contrast SE and margin of error.
Compute and interpret CIs for means and proportions.
Differentiate independent and matched or paired samples and implications for analysis.
Compute CIs for the difference in means and proportions in independent samples and for the
mean difference in paired samples.
Define null and alternative/research hypotheses, test statistic, level of significance, and
decision rule.
Explain the difference between one- and two-sided tests of hypothesis.
Estimate and interpret p-values.
Perform ANOVA by hand and using statistical software.
Appropriately interpret results of ANOVA tests.
Distinguish between one- and two-factor ANOVA tests.
Perform Chi-square tests by hand and using statistical software.
Appropriately interpret results of Chi-square tests.
Construct a life table using the actuarial approach.
Construct a life table using the Kaplan-Meier approach.
Perform and interpret the log rank test.
Compute and interpret a hazard ratio.
Explain the relationship between CI estimates and p-values in drawing inferences.
Distinguish between type I and type II errors and discuss the implications of each.
Define and provide examples of dependent and independent variables in a study of a public
health problem.
Explain the principle of statistical adjustment to a lay audience.
Define and provide an example of confounding.
Define and provide an example of effect modification.
Interpret coefficients in multiple linear regression analysis.
Interpret unadjusted and adjusted odds ratios.
Interpret coefficients in multiple logistic regression analysis.
Interpret coefficients in Cox proportional hazards regression analysis.
Define statistical power in tests of hypotheses.

Develop research questions and
•
select appropriate outcome variables •
to address important public health
•
problems.

Formulate a testable research hypothesis.
Define reliability, internal validity, external validity, and construct validity.
Identify possible outcome measures that reflect the true, underlying health condition and
select those that best match the study’s goals and are acceptable with respect to validity
and reliability.

Evaluate the methodological
strength of published public health
research papers on the basis of
the appropriateness of statistical
methods, internal validity, and the
extent to which the results can be
generalized.

Critique the degree of coherence between the chosen study design and the study’s overall
goals.
Evaluate the assumptions behind the statistical methods used and their appropriateness for
the problem at hand.
Assess the sampling design and resulting representativeness of the study sample vs. the
intended population to which you wish to draw inferences.
Describe the extent of missing data in the study and their possible implications for statistical
inference.
Assess the degree to which the study may be affected by various types of bias.

•
•
•
•
•

SD 5 standard deviation
SE 5 standard error
CI 5 confidence interval
ANOVA 5 analysis of variance

Public Health Reports / July–August 2014 / Volume 129

386  From the Schools and Programs of Public Health

Figure 3. Measurable learning objectives for one competency in the core course in biostatistics at
Boston University School of Public Health, 2012

Competency
Generate appropriate descriptive statistics to summarize public health data

Learning objective
Compute mean,
median, standard
deviation, quartiles,
and range for a
continuous variable.

Learning objective
Provide an example
of when the mean
is a better measure
of location than the
median or vice versa.

Learning objective
Construct frequency
distribution tables
for categorical and
ordinal variables.

Learning objective
Differentiate between
a histogram and a
bar chart.

— How will I teach it?
— How will I know
they learned it?

— How will I teach it?
— How will I know
they learned it?

— How will I teach it?
— How will I know
they learned it?

— How will I teach it?
— How will I know
they learned it?

CONCLUSION
In this article, we apply a competency-based approach
to the design and implementation of the biostatistics
core course for the MPH. Most public health students
will not pursue additional coursework in biostatistics;
as such, the core course provides their only exposure
to concepts and methods in biostatistics. Given the
brevity of the exposure, we must be realistic about
the breadth and depth of the competencies and corresponding curriculum.5,6 What level of mastery can
reasonably be expected after a one-semester course
in biostatistics? It might be feasible, in a one-semester
course, to attain the competent mastery level of a
carefully selected set of statistical procedures, but we
must take care to limit the list (e.g., focus on the basic
and essential methods of bivariate analysis such as the
Chi-square test, t-test, and analysis of variance). If we
expand the list to include extensive coverage of regression analysis, the depth of each topic would have to be
reduced, leaving the students with lesser knowledge of
a greater number of topics.

There are several challenges in teaching a biostatistics course. One challenge for faculty teaching the
core course in biostatistics is to stay focused on the
big picture. Another challenge is that students can
struggle with the technical details, which are critically
important, but the big-picture focus can help them stay
grounded. No matter how well a course is planned,
instructors must be open to change as it befits each
class. Engaging students in making the connections
between biostatistics and the other public health disciplines is very helpful. Lastly, instructors must strive
to create excitement in the classroom, which can be
achieved when students appreciate the value of a
technique and gain confidence in its application. We
hope that the examples provided allow instructors to
experiment with various methods of hands-on, actionbased learning.
Lisa Sullivan is Associate Dean for Education and Professor and
Chair of Biostatistics at the Boston University School of Public
Health in Boston, Massachusetts. Leah Hooper is Senior Director
of Educational Initiatives and Melissa Begg is Vice Dean for
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Figure 4. Examples of short questions to assess knowledge and comprehension of competencies in the core
course in biostatistics at Boston University School of Public Health, 2012
Competency 2. Generate appropriate descriptive statistics to summarize public health data
•
•
•
•
•
•
•
•

Compute mean, median, standard deviation, quartiles, and range for a continuous variable.
Provide an example of when the mean is a better measure of location than the median or vice versa.
Interpret the standard deviation of a continuous outcome.
Construct frequency distribution tables for categorical and ordinal variables.
Generate and interpret a box plot for a continuous variable.
Produce and interpret side-by-side box plots.
Generate a bar chart for a categorical variable and a histogram for an ordinal variable.
Differentiate between a histogram and a bar chart.

We are interested in assessing whether there are disparities in infant morbidity by race/ethnicity. What kind of variable is race/ethnicity?
a) Dichotomous
b) Ordinal
c) Categorical
d) Continuous
A survey of middle school children’s exposure to secondhand smoke would likely measure their age, sex, and year in school as:
a) Ordinal, categorical, continuous
b) Continuous, dichotomous, categorical
c) Continuous, dichotomous, ordinal
d) Continuous, categorical, ordinal
What type of display is shown below?

a)
b)
c)
d)

Frequency bar chart
Relative frequency bar chart
Frequency histogram
Relative frequency histogram

The distribution of length of stay, in days, in the hospital following total knee replacement is shown below. What is the best summary of
a typical length of stay?

a)
b)
c)
d)

Mean
Median
Interquartile range
Standard deviation

Triglyceride levels and total serum cholesterol levels are often skewed. When data are skewed, the mean is higher than the median.
a) True
b) False

continued on p. 388
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Figure 4 (continued). Examples of short questions to assess knowledge and comprehension of competencies in
the core course in biostatistics at Boston University School of Public Health, 2012
If a variable is subject to outliers (e.g., body mass index in women), the median is the best measure of variability.
a) True
b) False
The distribution of systolic blood pressure in men aged 20–29 years is shown below. What is the best summary of variability in systolic
blood pressure?

a)
b)
c)
d)

Mean
Median
Interquartile range
Standard deviation

Competency: Distinguish among different study designs (e.g., case-control, cohort, and randomized controlled trial) and different
measurement scales (e.g., continuous and categorical) and select the appropriate analytic method for data arising from these different
research situations
Sub-competency: select the appropriate analytic method for data arising from different study designs with different
types of outcomes
• Identify appropriate confidence interval formula based on type of outcome variable and number of samples.
• Identify appropriate hypothesis testing procedure based on type of outcome variable and number of samples.
In the Framingham Heart Study, we want to assess risk factors for diabetes. The primary outcome is glucose category, and patients are
categorized as having diabetes (glucose 126 milligrams per deciliter [mg/dL]), impaired fasting glucose (glucose 100–125 mg/dL), or
normal glucose (glucose 100 mg/dL). We want to assess the association between glucose category and the following risk factors: sex,
age (years), and BMI (normal weight, overweight, or obese).
For each of the following questions, choose the appropriate statistical analysis from the following list.
a) Analysis of variance (ANOVA)
b) Chi-square goodness-of-fit test
c) Chi-square test for independence
d) Test for equality of independent means
e) Test for equality of proportions
f) Correlation analysis
What test would be used to assess whether sex is a risk factor for glucose category?
What test would be used to assess whether age is a risk factor for glucose category?
What test would be used to assess whether BMI is a risk factor for glucose category?
Suppose we consider a secondary outcome, fasting glucose level (mg/dL), and want to assess the association between fasting glucose
level and the following risk factors: sex, age (years), and BMI (normal weight, overweight, or obese).
What test would be used to assess whether sex is a risk factor for glucose level?
What test would be used to assess whether BMI is a risk factor for glucose level?
What test would be used to assess whether age is a risk factor for glucose level?
Suppose we consider a tertiary outcome, diabetes (yes/no), and want to assess the association between diabetes and the following risk
factors: sex, age (years), and BMI (normal weight, overweight, or obese).
What test would be used to assess whether sex is a risk factor for diabetes?
What test would be used to assess whether BMI is a risk factor for diabetes?
What test would be used to assess whether age is a risk factor for diabetes?
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Figure 5. Brief in-class activities to assess application and analysis of competencies in the core course in
biostatistics at Boston University School of Public Health, 2012
Competency 2: Generate appropriate descriptive statistics to summarize public health data
•
•
•
•
•
•
•
•

Compute mean, median, standard deviation, quartiles, and range for a continuous variable.
Provide an example of when the mean is a better measure of location than the median or vice versa.
Interpret the standard deviation of a continuous outcome.
Construct frequency distribution tables for categorical and ordinal variables.
Generate and interpret a box plot for a continuous variable.
Produce and interpret side-by-side box plots.
Generate a bar chart for a categorical variable and a histogram for an ordinal variable.
Differentiate between a histogram and a bar chart.

The following exercises can be prepared and handed out or projected on-screen to students during class. Students work in groups to
discuss and solve the problems posed.
Appropriately summarizing information captured in a sample is the first important step in any statistical analysis. While there are
clearly many applications of more sophisticated statistical analyses, much can be learned from descriptive information. In addition, a
descriptive summary is also an indispensable means for identifying potential data problems or coding errors. In most scientific articles,
authors will present descriptive information on their study participants in the first table.
Exercise 1. A small pilot study is conducted (n=10) to assess demographic characteristics of people who suffer untimely myocardial
infarction. The following data are measured in participants aged 30–39 years who are hospitalized for myocardial infarction.

Identification number
1
2
3
4
5
6
7
8
9
10
a)
b)
c)
d)
e)

Sex

Systolic blood
pressure in mm/Hg

Total serum
cholesterol in mg/dL

Current smoker

Male
Male
Female
Male
Female
Male
Male
Female
Male
Male

139
120
142
115
140
161
125
133
125
136

210
240
390
195
220
245
260
210
215
195

No
Yes
No
Yes
No
No
No
No
Yes
No

Compute the mean, standard deviation, and range of systolic blood pressure and total serum cholesterol in the study sample.
Compute the median and quartiles of systolic blood pressure and total serum cholesterol.
Which descriptive statistics best summarize systolic blood pressure and total serum cholesterol in the study sample?
Summarize sex and current smoking status in the study sample.
Generate a histogram to display the distribution of systolic blood pressure in the study sample.

continued on p. 390
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Figure 5 (continued). Brief in-class activities to assess application and analysis of competencies in the core course
in biostatistics at Boston University School of Public Health, 2012
Exercise 2. The following summary statistics were reported in a study assessing the likelihood of stroke during pregnancy and
childbirth in 1,545 pregnant women aged 20–39 years. The following characteristics were measured at the time of enrollment into the
study, which was during the first trimester of pregnancy.

Characteristic
Age in years: mean (SD)
Race/ethnicity: n (percent)
Black
Hispanic
Other
White
BMI in kg/m2: median (Q1–Q3)
Obese (BMI $30 kg/m2): n (percent)
Systolic blood pressure in mm/Hg: mean (SD)
Systolic blood pressure categories: n (percent)
Normal blood pressure
Pre-hypertension
Hypertension
Total cholesterol level in mg/dL: mean (SD)
Diabetes: n (percent)

Age 20–29 years
(n5895)

Age 30–39 years
(n5650)

24.2 (1.9)

32.7 (3.1)

276 (31)
175 (20)
129 (14)
315 (35)
28.9 (23.2–32.7)
358 (40)
135 (16)

140 (22)
121 (19)
113 (17)
276 (42)
29.1 (22.6-36.4)
341 (53)
137 (18)

376
340
179
207
28

(42)
(38)
(20)
(22)
(3)

215
273
162
215
30

(33)
(42)
(25)
(25)
(5)

a) Compare and contrast the standard deviations of age in women 20–29 years vs. 30–39 years of age.
b) Generate side-by-side box plots to summarize BMI in women 20–29 years vs. 30–39 years of age. The range of BMI in women aged
20–29 years is 21.5–40.3 kg/m2 and the range of BMI in women aged 30–39 years is 23.6–47.4 kg/m2.
c) Generate a graphic display of race/ethnicity in women aged 20–29 years.
d) Generate a graphic display of blood pressure categories (normal, pre-hypertension, and hypertension) in women aged 30–39 years.

Competency: Explain basic concepts of probability, random variation, and commonly used statistical probability distributions
•
•
•
•
•
•
•
•
•
•
•
•

Define the terms “equally likely” and “at random.”
Define probability, risk, and rate.
Compute and interpret unconditional and conditional probabilities.
Evaluate and interpret independence of events.
Explain the key features of the binomial distribution model.
Calculate probabilities using the binomial formula.
Explain the key features of the normal distribution model.
Calculate probabilities using the standard normal distribution table.
Compute and interpret percentiles of the normal distribution.
Define and interpret the standard error.
Explain sampling variability.
Apply and interpret the results of the Central Limit Theorem.

continued on p. 391
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Figure 5 (continued). Brief in-class activities to assess application and analysis of competencies in the core course
in biostatistics at Boston University School of Public Health, 2012
Exercise 1. Maternal serum screening is routinely performed to assess the likelihood that a baby is at risk for certain birth defects.
Tests are done early in pregnancy (some in the first trimester and others in the second trimester) to screen those women at highest risk
for certain defects (e.g., Down syndrome), who are then referred for more invasive testing. A new serum marker is discovered that is
hypothesized to be related to chromosomal abnormalities. The test is performed in the first trimester of pregnancy and measures the
volume of a protein per milliliter (mL) in the mother’s blood. The distribution of the protein is approximately normally distributed in
women whose babies do not have chromosomal abnormalities (i.e., unaffected), with a mean of 11.2 units/mL and a standard deviation
(SD) of 3.7 units/mL. The volume of the protein is higher in women carrying babies who have chromosomal abnormalities. The
distribution of the protein is again approximately normally distributed in women whose babies have chromosomal abnormalities (i.e.,
affected), with a mean of 31.5 units/mL and an SD of 9.9 units/mL. The distributions are shown graphically below.

a) Approximate the percentage of mothers of unaffected babies who have protein levels ,20 units/mL.
b) Approximate the percentage of mothers of affected babies who have protein levels ,20 units/mL.
c) If we use the volume of the protein as a screening test (i.e., to distinguish unaffected from affected) and use a value of $20
units/mL as the threshold for a positive screening test, what is the sensitivity of the test? What is the false-positive fraction of the
test? Is this a good screening test? Why or why not?
Exercise 2. The following article appeared in the Boston Globe on September 23, 2004.
Hope seen for early test to detect breast cancer
By Robert Cooke, Globe Correspondent, September 23, 2004
Harvard researchers at Children’s Hospital Boston have developed a simple urine test that appears to detect breast cancer early
and accurately track tumor growth. The findings are still preliminary, but if further research supports them, the test could be a major
advance in the effort to catch breast cancer before it turns deadly. The Boston scientists are searching for similar markers in urine for
other cancers. Earlier this year, a team at the National Cancer Institute reported that other tumors, including prostate cancer, may also
be detectable with urine tests that would be more convenient and inexpensive than the scans, blood tests, and biopsies commonly
used to screen for and diagnose cancers. Scientists say a screening test that found cancer without needle jabs, intrusive scopes,
surgery, or exposing patients to radiation would be widely used, improving the odds that tumors would be seen before they spread to
other organs, when they are most treatable and least dangerous. Breast tumors are typically found with a mammogram, a type of X-ray,
or when they become large enough to be felt by a woman or her doctor. By then, they may have spread. Further, almost half of women
do not get annual mammograms. The result is that 37 percent of breast cancers are diagnosed after they have spread, according to
the American Cancer Society. The society estimates that 215,000 new breast cancer cases will be reported this year in the United States
and that about 40,000 women will die of the disease.
Children’s Hospital researchers evaluated their new test, which identifies the presence of an enzyme called ADAM 12, in experiments
using urine samples from 71 women known to have breast cancer, from early to late stages. The test successfully identified 67, or 94
percent, of the cases. In a control population of 46 women without cancer, there were seven false-positive results, or 15 percent. In
these seven women, the amounts of the telltale enzyme were very low, the researchers said. The findings have been accepted for
publication in the Journal of Biological Chemistry. “Our data demonstrate for the first time that ADAM 12 can be detected in the urine
of breast cancer patients,” biochemist Marsha Moses, Roopali Roy, and their co-workers wrote in the paper. “Increased urinary levels
of this protein correlate with breast cancer progression.” If the results can be repeated in a larger group of patients, the urine test
would offer the first noninvasive way to detect breast cancer early, monitor a tumor as it expands, and perhaps keep track of how well
treatment is working. The Harvard research team focused on urine as a place to seek early evidence of cancer, Moses said, because
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Figure 5 (continued). Brief in-class activities to assess application and analysis of competencies in the core course
in biostatistics at Boston University School of Public Health, 2012
“I wanted something that was noninvasive,” a simple, painless, and reliable test that accurately warns when tumor growth is getting
underway. Her goal is to offer a test kit that doctors can use routinely in their offices and in hospital laboratories. Eventually, she hopes
that the test can be done at home. She said that a test could be available within a few years. “This is important and exciting work,”
said Dr. Catherine Park, a cancer specialist at the University of California, San Francisco, because it may link an enzyme that plays a
role in the growth of a tumor with a detectable measure of how fast the tumor is expanding. She added that it remained to be seen
whether the urine test would be accurate enough to provide a “black-and-white answer.” Dr. Sudhir Srivastava, chief of biomarkers
research at the National Cancer Institute, said that until more research is done, ADAM 12 must be considered “a putative marker,
those that are just at the discovery stage and need to be validated with proper studies.” Noting the small number of patients studied
by the Children’s Hospital researchers, he added, “At this point it looks promising, but it’s not ready for prime time.” He also said it
was surprising that a cancer biomarker would be found in urine. The kidneys and liver tend to remove such enzymes and molecules.
A biomarker is a chemical signal. Srivastava’s program is spending $23 million this year to find cancer biomarkers, including those in
urine. National Cancer Institute colleagues reported in February in the Journal of Clinical Oncology evidence that prostate cancer is
also detectable with urine tests. The team, working with the Children’s Hospital and Harvard scientists, found two biomarkers in urine
that seemed to predict the return of cancer in patients who had undergone treatment for prostate cancer.
The urine test for breast cancer seems to identify patients with tumors and also warns of a tumor’s severity, distinguishing among
patients in varying stages of cancer. Moses said her experiments show that when the amount of ADAM 12 in urine spikes sharply,
the tumor may be entering a more dangerous growth phase. As a breast tumor gets bigger, and begins sending its deadly “seeds”
to lymph nodes and various organs, the enzyme level increases. Moses said the warning’s accuracy may improve if ADAM 12 can be
combined with other biomarkers in the urine that her lab is studying. The ADAM 12 enzyme “is a member of a family of enzymes
that were only recently discovered,” Moses said. “Some of them are associated with cancer, but in general their functions are not well
established.” ADAM 12 is suspected of playing a role in remodeling a structure called the extracellular matrix, a cage-like environment
in which each cell lives. It helps the cell see and feel its neighbors, helps anchor the cell in place, and facilitates the flow of chemical
signals, food, and waste into and out of the cell. This structure is apparently constantly changing to meet the cell’s needs, and levels
of ADAM 12 may increase, Moses said, when the enzyme is active in changing the extracellular matrix, perhaps to allow the expanding
tumor to push through surrounding tissues, or to draw in new blood vessels it needs for growth. Moses said one of her coauthors,
Ulla Wewer of the University of Copenhagen in Denmark, “found that it [ADAM 12] is in breast cancer tissue, so she associated it with
breast cancer. But we’re now looking to see if it’s associated with other tumors, too.”
If it is, then ADAM 12 and other enzymes linked to the extracellular matrix might become useful biomarkers to detect and monitor
a variety of dangerous tumors. Preliminary results from urine samples taken from thousands of cancer patients with various types of
tumors suggest such enzyme tests could be useful in detecting these cancers, the Children’s Hospital researchers said. Children’s
Hospital has applied for patents and is negotiating to license its test to a biotechnology company. Moses’s co-workers in this research
included David Zurakowski and Susan Pories, at Harvard Medical School.
a) Use the data presented in the story to complete the following table summarizing the study data:

Test outcome

Breast cancer

No breast cancer

Positive test
Negative test
b) Using the table, estimate the sensitivity and false-positive fraction of the test.
c) Is this a good test? Why or why not?
d) What are the implications of a false-positive result and a false-negative result for a patient undergoing this test? Which type of
error is more important with this test?
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