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* When should science students learn statistics?

» What are the standards asking of teachers regarding statistics?

* How | introduce statistics in high school biology by modeling scientific methodology,
testing a hypotheses, and generating and analyzing real and really messy data

* Presentation and Discussion: How to build statistics into lab activities we already do




College Science Departments want their students to know
statistics
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ABSTRACT: Our ahility to statistically analyze data has grown sigmificantly
with the maturing of computer hardware and software. However, the
evolution of our statistics capabilities has taken place without a
corresponding evolution in the curriculum for the undergraduate chemistry
major. Most faculty understands the need for a statistical educational
component, but there is little consensus as to the exact nature of what is to

be taught and who should teach it;Nf the large number of courses
required for the undergraduate cheMisss’ major, it seems unlikely that
Additionally, it is unlikely that the typical high schoal education will address
the needed stabistics or the software traming to prepare students for the
chemistry courses. Therefore, the chemistry faculty must teach the statistics
needed by the majors. The faculty needs to focus on statistics useful to the

chemust and ths 1s distinctly ditferent than what s olten encountered in biology, medicine, psychology, and business. A starting
point is suggested for a discussion on a statistics curriculum that addresses the needs of the chemistry majors.

Schlotter, N. E. 2013. A statistics curriculum for the undergraduate chemistry major. Journal of Chemical Education 90:51-55.



The undergraduate chemistry statistics curriculum

Table 2. Summary of Statistics Topics for the Undergraduate Chemistry Program

Topic Introductery Cousses Advanced Courses

Distribubons Basic structure, graphuca] representations, expect  Add the mathematicl definifions of the distributions, Induede Boltzmann and Maxw ell-Boltzmann
(Gaussian or the students to understand how to find the destnbutions.
rancdom, Stu. Student r value from a table, or using Microsoft
dent ¢t distri- (MS) Fxcel, or cquivalent program, Know the
hation, and difference between two-tall and one-tail prob-
Poisson) lemns.
Mean Lxpect students to be able to calenlate the Add the calculation of maoments of the distnbutions
quantity, understand the difference batween
the toe mean and the sample mean

Standard Devia  Expect students to be able to calculate the Add the clcdlabion of muments of te distnbutions
tion (and quantity, undesstand the difference betwzen
Vanance) the true SD and the sample SD

Confidence 1n- Expect students to be able to alalate the C1 for
terval the mean using MS Excel
Ermr propaga- Know that all the measurements ta determine 8 Be able to apply the full mathematica! farm for the error propagation to 2 variety of quantitics, Tmplement
tdon quantity Impact the total arror, identify most in Excal or Mathematica.
significant emror. Possibly use relative errors to
get sume total eror, (Percentage errors)
Be shle to obtain the hest-fit lne from Facel In addition ta obtaining learn the mathemancal denvation of the best-fit line. Passing knowledge of how
one might derlve the nonlnear best it

Understand that ane is testing whether two S
means are statistically the same and be able to
use FPxcel to ran the test,

Error in slop= of — Calculation introduced in Advanced Lb. Implement i Excel or Mathematica
best-ft lina"

Error in inter- Caculation Introduced In Advanced kab. Implement in BExcel or Mathematica
cept of best-it
kne’
Error In predict- Calculation Introduced in Advanced kab. Implement in Excel or Mathematica.
Ing a depend-
ent y value for
2 given x value
based on a
data set®

Schlotter, N. E. 2013. A statistics curriculum for the undergraduate chemistry major. Journal of Chemical Education 90:51-55.



College Science Departments want their students to know
statistics

B CONCLUSIONS

The ability to use statistics in the undergraduate curriculum has
been greatly expanded by the availability of computers and
software that have eliminated the tediousness of doing such an
analysis. However, this has put a heavier load on understanding
statistical concepts in order to use them appropriately than was
required in the past. This evolution in statistics capability has
taken place without a corresponding evolution in the
curriculum for the undergraduate chemistry major. As chemists,
we need to address this curriculum issue.

Requiring an additional course in statistics is difficult in most
programs given the course requirements for most under-
graduate chemistry degrees. This means that the chemistry
faculty will need to cover the educational statistics needs of the
undergraduate chemistry major program. A way must be found
to cover the statistics needs as efficiently as possible. To cover
the statistics needs, a well thought-out curriculum would be a
positive step forward. A draft version of such a curriculum is
outlined to describe a minimal statistics program to deliver the
basic statistics to an undergraduate chemistry major who will
work in industry or to continue to graduate programs. The
biggest challenge to preparing such a curriculum is keeping it to
a minimum, as there are many interesting and useful topics in
statistics.

Schlotter, N. E. 2013. A statistics curriculum for the undergraduate chemistry major. Journal of Chemical Education 90:51-55.



What the Standards are asking

This PDF is available from The National Academies Press at hitp://www_nap.edu/catalog.php?record id=13165

A Framework for K-12 Science Education: Practices,

Crosscutting Concepts, and Core Ideas

Chapter 3: Dimension 1: Scientific and Engineering Practices; Practice 4: Analyzing and Interpreting Data
The National Academies Press (2011), p. 3-30

3. Using Mathematics and Computational Thinking
In science, mathematics and computation are In eng
fundamental tools for representing physical compu
variables and their relationships. They are used relatio
for a range of tasks. such as constructing of desi
simulations statistically analyzing data. and create
recognizing. expressing. and applying design

quantitative relationships. Mathematical and to the
computational approaches enable predictions be con
of the behavior of physical systems. along with Moreo

=

the testing of such predictions. Moreover.
statistical techniques are invaluable for
assessing the significance of patterns or
correlational.




What the Standards are asking

This PDF is available from The National Academies Press at hitp://www_nap.edu/catalog.php?record id=13165

A Framework for K-12 Science Education: Practices,
Crosscutting Concepts, and Core Ideas

Chapter 3: Dimension 1: Scientific and Engineering Practices; Practice 4: Analyzing and Interpreting Data
The National Academies Press (2011), p. 3-12

By grade 12 students should be able to:

* Analyze data systematically, either to look for salient patterns or to test whether the
data are consistent with an initial hypothesis.

* Recognize when the data are in conflict with expectations and consider what revisions
1n the mitial model are needed.

® Use spreadsheets. databases, tables, charts. graphs  statistics. mathematics. and
information technology to collate, summanze_ and arspray aata and to explore
relationships between vanables, especially those representing input and output.

As students progress through various science classes in high school and their
investigations become more complex, they need to develop skill in additional techmques for
displaying and analyzing data, such as x-y scatterplots or cross-tabulations to express the
relationship between two vaniables. Students should be helped to recognize that they may need to
explore more than one way to display their data in order to identify and present significant
features. They also need opportunities to use mathematics and statistics to analyze features of
data such as covanation. Also at the high school level, students should have the opportunity to
use a greater diversity of samples of scientific data and to use computers or other digital tools to
support this kind of analysis.




What the Standards are asking

2013 nextgenscience.org



What ARE the Standards asking?

NEXT GERERATION

CIENCE

P STARDARTS

Far Stoton, By Stodes

APPENDIX K - Connections to the Common Core State Standards for Mathematics

MS.ETS1 Engineering, Technology, and Applications of Science
HS.ETS1 Engineering, Technology, and Applications of Science
2013 nextgenscience.org



The College Board gets a little specific

s AP" BIOLOGY

Course and Exam Description The C0||ege Board (2012), p. 08
Effective Fall 2012

Science Practice 2: The student can use
mathematics appropriately.

The student can routinely use mathematics to solve problems, analyze

experimental data, describe natural phenomena, make predictions,

and describe processes symbolically. The student also can justify the

selection of a particular mathematical routine and apply the routine to

describe natural phenomena. The student is able to estimate the answers

to quantitative questions using simplifying assumptions and to use
Examples of the use of mathematics in biology include, but are not

limited to, the use of Chi-square in analyzing observed versus predicted
inherited patterns; determination of mean and median; use of the Hardy-

Al tflllUt'lg CqullUll (L8 }.’l CuiILtL LlldllBCb 111 gCllt’ 11 CqUCllLle il a PUPlUdLlUll;
measurements of concentration gradients and osmotic potential; and
determination of the rates of chemical reactions, processes and solute
concentrations. The student is able to measure and collect experimental
data with respect to volume, size, mass, temperature, pH, etc. In addition,
the student can estimate energy procurement and utilization in biological
systems, including ecosystems.




sment statement

State that error bars are a graphical

representation of the variability of

| data.

Calculate the mean and standard
deviation of a set of values.

State that the term standard deviation

is used to summarize the spread of
values around the mean, and that
68% of the values fall within one

standard deviation of the mean.

Explain how the standard deviation is

useful for comparing the means and
the spread of data between two or

more samples.

| Deduce the significance of the

difference between two sets of data
using calculated values for t and the
appropriate tables.

Explain that the existence of a
correlation does not establish that
there is a causal relationship between
two variables.
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tudents could
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normal d
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will not be expe
two-tailed, unpaired t
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Why not give students five basic tools?

1. 95% Confidence Intervals to illustrate uncertainty in summarized data

2. The Student’ s t-Test to compare two means

3. One-Way Analysis of Variance (ANOVA) to compare more than two means
4. The Chi-square Test to compare observed with expected distributions

5. The Pearson Product-moment Correlation Coefficient (r) and Linear
Regression (r?) to determine the strength of a relationship

But we also must build a solid foundation:

«  The meaning of the hypothesis in science.

The difference between a hypothesis and a prediction.
«  The null statistical hypothesis (H,)

. p-values

 Degrees of freedom (df)



Statistics for Sophomores ies: 10m craders can o this)

My Statistics Modules (https://www.fairviewhs.org/staff/paul-strode)

One Way Analysas of Vanance (ANOVA)
Paad K. Strode, Ph.D., Faircvew Eigh School, Bowlder, CO
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But, before we discuss how we can weave stats into high school
biology, | think it is important, at the beginning of the year, to walk
your students through an example of messy data collection.


https://www.fairviewhs.org/staff/paul-strode
https://www.fairviewhs.org/staff/paul-strode
https://www.fairviewhs.org/staff/paul-strode
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Cold Hands and Loss of Fine Motor
’ Skills E
' 4, Observation: When my hands are cold, Ir
Coin .,;_.; ¢ 'can’ t buckle my ski boots.

. Questlon: Why can’ t | buckle my ski boots when my hands are
cold?

« Experimental Hypothesis: Cold temperatures may suppress fine
motor skKills.

* Prediction (with method): If | break toothpicks for one minute with
my warm hand and then with my cold hand after soaking it in ice
water for 5 minutes, then | will break more toothpicks with my hand

when it is warm.



Statistics for Sophomores ies: 10m craders can o this)

Cold Hands and Loss of Fine Motor
Skills
F
4 —=
' 4, Observation: When my hands are cold, Ir
-;,;; ¢ 'can’ t buckle my ski boots.

« Hypothesis in science: a tentative and testable EXPLANATION for
an observed phenomenon in nature.

 Prediction: a specific and measurable forecast or prophecy about
some future event—e.g. the outcome of an experiment.

* The following statement IS NOT a hypothesis:

If | add salt to water then the water will boil at a higher temperature
compared to distilled water.
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Cold Hands and Loss of Fine Motor
Skills

I

4 —=

' 4, Observation: When my hands are cold, Ir

Coin .,;_.; ¢ 'can’ t buckle my ski boot.

. Experlmental Hypothesis: Cold temperatures may suppress fine
motor skKills.

 Null Statistical Hypothesis (H,): There is no difference between
the mean number of toothpicks broken by the cold hand and the
mean number of toothpicks broken by the warm hand and any
observed differences likely occurred by chance.

* I.e. the means are statistically indistinguishable.



Stat|St|CS fOr SOphOmOFES (Yes! 10" Graders can do this!)

Dominant/Nondominant Hands

> /& B Observation: | use one hand more often
. /= than the other hand.

* Question: Why do | use one hand more often than the other
hand?

* Experimental Hypothesis: The dominant hand may perform
fine motor skills better than the nondominant hand.

* Prediction (with method): If | break toothpicks for one minute
with my nondominant hand and then with my dominant hand,
then | will break more toothpicks with my dominant hand.



Statistics for Sophomores ies: 10m craders can o this)

Dominant/Nondominant Hands

B Observation: | use one hand more often [
~ than the other hand.

» Experimental Hypothesis: The dominant hand may perform
fine motor skills better than the nondominant hand.

* Null Statistical Hypothesis (H,): There is no difference
between the mean number of toothpicks broken by the
dominant hand and the mean number of toothpicks broken by
the nondominant hand and any observed differences likely
occurred by chance.

* |.e. the means are statistically indistinguishable.



Your investigation...

With your non-dominant hand, you will break as many
toothpicks as you can in 60 seconds.

Repeat with your dominant hand.

Rules:

-toothpicks must be taken from the container, one at a
time

-you must pick up the toothpick by the tip

-you may only use one hand during the 60 second
testing period

-break one toothpick at a time




Calculate t-test on EXCEL

Input
Variable 1 Range: §B52:EB521 ||

Cancel

Variable 2 Range: SCE2:8C521 [Ei:

Hypothesized Mean Difference: Help

v| Labels
Alpha: |0.05

Qutput options

'!:} QOutput Range:

(*) Mew Worksheet Ply:
() Mew Workbook




Calculate t-test on a graphing calculator:

Press STAT

Select 1:Edit

Enter the data as two lists

Press STAT

Highlight TESTS

Select 4:2 Sample T Test

Scroll down and select CALCULATE




Calculate stats online:

e t-Test: http://studentsttest.com/

 ANOVA:
http://turner.faculty.swau.edu/mathematics/math241/material
s/anova/

 Chi-square:
http://graphpad.com/quickcalcs/chisquaredl.cfm
 Correlation Coefficient:
http://www.alcula.com/calculators/statistics/correlation-
coefficient/



http://studentsttest.com/
http://turner.faculty.swau.edu/mathematics/math241/materials/anova/
http://turner.faculty.swau.edu/mathematics/math241/materials/anova/
http://graphpad.com/quickcalcs/chisquared1.cfm
http://www.alcula.com/calculators/statistics/correlation-coefficient/
http://www.alcula.com/calculators/statistics/correlation-coefficient/
http://www.alcula.com/calculators/statistics/correlation-coefficient/
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Whenever we are doing a lab activity where we are comparing two treatment means
students can:
« quantify experimental error by calculating variance and standard deviation
« show uncertainty regarding the means on bar graphs with 95% CI error bars
* Analyze the data with a t-Test
« determine the probability that the null statistical hypothesis (mean, = mean,)
Is valid by calculating the p-value
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44
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0
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Whenever we are doing a lab activity where we are comparing expected to observed
outcomes for categorical data students can:

« analyze the data with a Chi-square Test
« determine the probability that the null statistical hypothesis (observed
distribution = expected distribution) is valid by calculating the p-value

« Note: many teachers think that the Chi-square Test was invented to analyze
Mendelian probabilities. It is important to introduce the Chi-square test with
non-genetics data so that students think of the test as just another tool in
their tool box for analyzing particular types of data.
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Whenever we are doing a lab activity where we are comparing more than two
treatment means (looking for a treatment effect) students can:
« quantify experimental error by calculating variance and standard deviation
» show uncertainty regarding the means on bar graphs with 95% CI error bars
* Analyze the data with an ANOVA (analysis of variance) Test
« determine the probability that the null statistical hypothesis (mean, = mean, =
mean,...etc.) is valid by calculating the p-value

ANOVA
Source of Variation SS df MS F obs F crit p-value

Between Groups 216649 4 54162 753.0 2.4 < 0.001
Within Groups 38844 540 72

2 =0.96
r=0.98
p (r=0)<0.001

Mean % Change in Mass of Potato

EP
1

= ==1=ut C‘Dﬂ
Sucrose Solution Molarity \ y




ght of two populations of bean seedlings after 20 days of growth

3 The data below show the hei 1Tk
Population | was grown under incandescent (white) light on a imer that gave a 12-hour

hght/dark cycle. Population 2 was grown under the same conditions as Population I and the
same light dark cycle, but with @ and blue light only. Analyze the data with a t-Test and
answer a - d below. Show all work in both the extra table columns and the space below the
table. The directions for a -Test are on page 4 of this packet. (10 pts 1otal, broken down bcl‘m\ )
veak ]l Treab 2 Teot ] Treale &

Height of | Tieight of Population

Plant in
2 (em)

Population ' Population 1 (cm)
I |

What does
assessment
of statistics EENEET
look like?
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What does
assessment

of statistics
look like?
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lable 2. Statistical output for the resuits

- S of exercise on muscle respiration.
—2ource of Variation 55 df

Betwe , = MS F____ P-value F crit
Jetween Groups 3661.72 2 1830.86 3 087 0.057 3 2738
Within Groups 23133.15 39 593.16

a.  State the name of the statistical test that w as used to

analyze the data and justify why
Hm was the correct st: atistical test to use for these d

ata. (1 pv)
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What does assessment of statistics look like?
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What are the graduates saying?

Soyeun at Dartmouth: “Knowing statistics makes it easier to assess the credibility of research.”

Evan at Wash U.: “It's quite easy now to dismiss studies and evidence because of a high margin of
error or small sample size.”

Lulu at American: “Simply put, learning statistics in high school biology really just helped overall
in providing a sharper grasp of critical thinking and analysis that can be applied in myriad
aspects.”

Claire at U. of Colorado: “Learning statistics definitely gave me an advantage in my college
biology classes. Understanding the applications and meanings of the different tests helped me a
lot because we have to do a lot of higher level critical thinking, and it is considerably easier
knowing the mechanics and implications of the tests.”

Nate at Trinity: “I've found the knowledge of statistics | was given in HS Biology to be absolutely
essential in the physics labs | have done thus far. While | also took a statistics class in high school,
| don't think | really retained any of that.”

Nina at U. of Miami: “I found that learning statistics and specifically how statistics apply to
sciences in high school biology was essential to college understanding. Primarily, it helped me to
better read and understand scientific papers. But it also put me ahead of the curve--many if my
peers still do not understand how to properly use a t-test.”

Ved at Harvard: “It's irresponsible to not teach statistics in biology. Many of the common
misconceptions that are held by large numbers of people in the United States stem from not
understanding how data are interpreted to draw conclusions that end up affecting our day-to-day
lives. Teaching statistics is a good place to start fixing this widespread problem.



Where to find these resources:

e www.fairviewhs.org/staff/paul-strode

® Paul Strode: paul.strode@bvsd.org

Thank you for coming!
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