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Curricular Organization as a Data-science
Problem
Prioritization of concepts/skills
Use of education research to guide
pedagogy
Borrowing/adapting existing materials
(downscaling, not dumbing-down)

Sequencing coverage of concepts/skills

Enhancing high priority concepts/skills
through repetition

Assessing success




Training Fearless Biologists: Quantitative
Concepts for all our Students

Rate of change
Modeling

. Equilibria and stability
. Structure

Interactions

. Data and measurement
. Stochasticity

. Visualizing

. Algorithms

Slide presented at Bio2010 public release - Sept. 10, 2002
Listing arose from Workshops at UTK in 1992 and 1994.
See B102010: Transforming Undergraduate Education for
.:%} N |.MfoBiQS Future Research Biologists (NRC, 2003)

©~NOo U~ WNR

O




Mathematics for the Life Sciences — Princeton U. Press

Rule of Five- different learning styles to meet needs of
diverse students: Symbolically, Graphically,
Numerically, Verbally, Data-driven

We use this approach throughout the text which includes
descriptive statistics (regression, semi-log, log-log),
matrix algebra (eigenvalues, eigenvectors), discrete
probability, discrete dynamical systems, basic calculus,
differential equations, emphasizing data and hypothesis
formulation (math and biological) using Matlab and R.

Marthemarics
for The I_II:E SCiENCES




What evidence Is there that
Indeed Introducing and/or
motivating quantitative
concepts through inclusion
of data and models from
the life sciences actually
enhances learning of these
concepts by our students?
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What instruction is best?

{ ¥ )

Spacing of practice Focused practice Gradually widen Distributed practice
Example-problem Study 50/50 Teston Study 50/50 Teston Study 50/50 Teston
ratio examples mix problems examples mix problems examples mix  problems
Concreteness of Concrete Mix Abstract Concrete Abstract Mix

examples T r—l——]

Timing of Immediate Delayed No feedback Immediate Delayed No feedback

feedback r_r—]

Grouping of Block topics Fade Interleave Block topics Fade  Interleave

topics/skills in chapters topics in chapters topics

Who explains Explain Mix Ask for explanations Explain Mix Ask for explanations

g 0 T !

Instructional design choices. Different choices along different instructional dimensions can be combined
to produce a vast set of instructional options. The path with thicker arrows illustrates one set of choices within

a space of trillions of such options.

Koedinger, K. R., J. L. Booth, and D. Klahrl Instructional Complexity
and the Science to Constrain It. Science 342:935-7 (2013)
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Evidence for the effectiveness of learning
guantitative concepts through concrete
examples and real data over abstract methods
IS mostly anecdotal. Very few studies
Investigate learning gains in mathematics
arising from the use of scientific examples.

A first step towards evaluating the potential
Impact of biological examples on
mathematics comprehension is to develop a
robust assessment instrument designed for
college-level math concepts.

Quantitative Biology Concept

National Institute for Mathematical P N I S E R
NATIONAL INSTITUTE FOR STEM EVALUATION AND RESEARCH
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Quantitative Biology
Concept Inventory
Construction




Objectives/Planning

Literature
review of
concept
Inventories
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Content Specification
» Calculus ,
R R
— Rates of Change for the Life Sciences Measurement of the

Effect of Teaching

— Sums and Nithermatis
Integration

— Modeling

— Interpreting D

Graphs and Data

NIMBioS

National Institute for Mathematical
and Biological Synthesis




Item Development (Example 1)

2. Slow motion videos were used to collect time-series data on the vertical position
of a cat’s tongue as it drank water. The graph below shows the vertical position
of the cat’s tongue above a bowl of water during one lap of the tongue.
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Over what interval is the vertical position increasing?
(a) [~150,30]

(b) [~70.0]

(e) [=50,30]

(d) [=30.10]

(e) [=100,=60]
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Test Review and Administration

Expert review

 Student focus group completion ey, REV/ISE
« Fall 2016 Administration —

— Calculus I, Calculus Il, Math for Life Sciences
— Pre-post testing

« Spring 2017 administration (n ~200) __ REVISE
— Calculus I, Calculus Il, Math for Life Sciences

— Pre-post testing
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Validity Analysis

Item Response Theory (IRT): family of latent trait models used to
establish psychometric properties of items and scales
Rasch Modeling: Demonstrate relationship between item
difficulty and person ability
— Probabilistic unidimensional model
« Easier test question, higher likelihood of a correct response

» More capable the student, higher likelihood of getting
questions correct versus less capable (or able) student

— Assumes probability a student correctly answers a guestion Is
a logistic function of the difference between the student’s
ability and the difficulty of a question

PROVIDES A LOT OF INFORMATION ABOUT TEST
QUESTIONS TO HELP EXAMINE THE QUALITY OF

TEST CONSTRUCTION

E)NIMBioS & NISER
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Example distribution of QBCI
responses

Correct responses are In blue

Pre-administration of the QBCI
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Post-administration of the QBCI
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Item discrimination by item
difficulty for QBCI
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Item difficulty by groups of
overall test performance
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(>= 12 correct).



b EVALUATION AND RESEARCH
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There Is some, but not much, evidence that
guantitative education of life science students can
be enhanced by incorporating biological examples
and data In quantitative courses. Many (likely
fundable) projects on this remain to be done by
education researchers.

There Is some, but not much, evidence that
quantitative education of life science students can
be enhanced by incorporating quantitative ideas In
biology courses. Many (likely fundable) projects
on this remain to be done by education
researchers.
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