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Motivation

Molecular Biology of the Cell Perspective November 2014

Teaching quantitative biology: goals,
assessments, and resources

Melissa L. Aikens and Erin L. Dolan

Texas Institute for Discovery Education in Science, College of Natural Sciences, University of Texas, Austin, TX 7

ABSTRACT More than a decade has passed since the publication of BIO2010, calling for an
increased emphasis on quantitative skills in the undergraduate biology curriculum. In that
time, relatively few papers have been published that describe educational innovations in
quantitative biclogy or provide evidence of their effects on students. Using a “"backward
design” framework, we lay out quantitative skill and attitude goals, assessment strategies,
and teaching resources to help biologists teach more quantitatively. Collaborations between
quantitative biologists and education researchers are necessary to develop a broader and
more appropriate suite of assessment tools, and to provide much-needed evidence on how

particular teaching strategies affect biology students’ quantitative skill development and at-
titudes toward quantitative work.

Mol. Biol. Cell 2014, 25, 3478-34813



Actual Motivation

October 2012 — HHMI Program Director’'s Meeting, collaborative
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1st year science students

Bryn Mawr:
Increase computational
and math competency in
biology courses

Harvey Mudd:
Infusing introductory life
sciences courses with
quantitative skills
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Computation and
Quantitative Skills for
Incoming Science
Students

Lewis an_d C.Iark: St. Olaf: Monitoring
Quantitative incoming students in
Reasoning for the BRIDGE program

Life Sciences

Oberlin:
Creation of a
Quantitative Skill Center

Graphic — Paul Overvoorde (Macalester)




BioSQuaRE

Target Populations:
(1) Students entering or prior to biology intro sequence (“pre”)
(2) Biology majors beyond intro sequence (“post”)

Focus Areas:

Algebra, Probability, Statistics, Modeling, Visualization **

Utility:

* Individual Student
* Individual Faculty Member
« Department/Institution



BioSQuaRE Development

January 2013:

January
Draft Knowledge 2014: January 2015:
Domain and BioSQuaR BioSQuaREv3
Learning Evi (107 in — ~300in SP May 2015
Qutcomes SP 2014) 2015 BioSQuaRE v4
July 2013: July 2014:
1%t Instru ment- BES(?Q":JEE‘E
Process: 5“‘;1':‘25“{113‘33 in FA 2014)
SQuaRE — mix of multiple choice and open-ended
qguestions to generate distracters. Increasing
BioSQuaRE vl — mostly multiple choice CB'OtIOgt'CG‘Id
_ _ _ ontext an
BioSQuaRE v2 — almost all multiple choice Percent of
BioSQuaRE v3 — all multiple choice Visualization
BioSQuaRE v4 - elimination/modification of Vv Questions

redundant/problematic questions, ready for general use.



Topic

BioSQuaRE v3

BioSQuaRE

Learning Outcome question number

Be able to choose the appropriate type of graph. 2

Be able to interpret a graph {e.q., functional relationships, logarithmic relationships).
rpret a graph (€.0 ps, 108 ps) 10, 15, 16, 17, 18, 19,

Visualization Examples: heat map, clustering, time as independent variable, saturation curve, 20, 24, 2526, 27, 28
multidimensicnal representations
Be able to usa a table to perform computations. 7.8 14
Understand what summary statistics represent. 10.21. 22. 23
Examples: mean, median, standard deviadtion, standard error, proportions
Be able to recognize types of error. 7.9 14
Examples: systmatic vs. noise; precision vs, accuracy
Be able to recognize that biolegical systems are inherently vanable {e.g.. stochastic vs. ;
Statistics deterministic)
Be able to formulate hypothesis statements. 11
Be able to make an evidence-based decision. 12. 20
Example: p-value interpretation
Lnderstand when causal claims can be made (e.g., correlation vs. causation). 13
Lnderstand when generalizations can be made.
Be able to fit a model such as population growth, l
Modeling Use a representation or a model to make predictions. 3. 14. 16
Example: decision tree, graph to forumla
Notra Sl o cary ot bk bt ompuisions (.. eoreporonal 8. 1. 14,21,2,2
Probability Be able to calculate the likelihood of an event happening. 14

Example: mutation rate

LUnderstand logarithmic/exponential relationships. 8,21, 22, 23



Interpret a graph (e.g., funchional relationships, logarithmic relationships).

Choose the appropriate type of graph. ‘ \
2
¥

Visualization 15 Te 1o use a table.
Spatial reasoning and interpret multidimensional numerical and visual data {geographic
information ).
Understand what summary stalishics represent. T
Recognize types of error. E 7
Statistics Hecognize thal biological syslems are innerently vanable (e.g., stochashs ve, delerminisbc).
Formulale hypothesis slatements. b
Understand what a p-value is. 4
Understand when causal claims can be made {e.q., correlation vs. causation). K 4
Fit a model such as population growth.
Use a representation o a model 1o make pradiclions.
Modeling |Describedafer relalionships batween varnables (scatterplots, regression, network diagrams, |
maps)
Perform logicalialgerthmic reasoning 1
Algebra and Carry out t:-as.t_“ ﬁ?a.!.'rama.!r'r:ar computations. {e.g. raliv/oroporiional reasoning, i ConVersion,
Functions cantar and vanabon, calewals relurm on imvestment) #
Understand logarithmic/exponental relationships.
Probability Calculate or use the concep! of the lkelhood of an event.
Understand conditional probability |




Examples of Test Items Removed

Please Contact Paul Overvoorde
if you would need to see
examples.



Probatity

Iltem Response Theory

The probability of a correct response for a particular item can be
depicted in the item characteristic curve (ICC).

Item Characteristic Curves

1.0

ltem Discrimination

ltem discrimination is a
measure of how well the
item differentiates
between lower and higher
s ability students. This can
be seen in the "steepness”
of the curve.
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Probability
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BioSQuaRE v2

Item Characteristic Curves

Ability

Here are the ICCs
for all of the items
on BIOSQUARE
V2.

The items show a
good range of
difficulty.

Most items have
reasonable
discrimination.

Q17 is an
example of a
problematic item.
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ltem Information Curves
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Ability Estimates

BioSQuaRE v2

Person Estimates

Once we know the item
characteristics, we can
use students' response
patterns to estimate their
ability level.

This suggests our sample
Included students with a
wide range of ability
levels.
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In Progress and Next Steps

-We have a link that allows instructors across the country to have
their students take BioSQuaRE v4 (online, via Qualtrics) and a
web site iIs coming soon.

https://umn.qualtrics.com/SE/?SID=SV 40dNrA9pn6WKuvl|

(look forward to seeing how the test performs with a large range of
Institutions (beyond liberal arts) and types of students)

-We are working on a manuscript about the initial development of
the instrument (in revision).


https://umn.qualtrics.com/SE/?SID=SV_40dNrA9pn6WKvlj
https://umn.qualtrics.com/SE/?SID=SV_40dNrA9pn6WKvlj
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