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• When should science students learn statistics? 

• What are the standards asking of teachers regarding statistics? 

• How I 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   

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

Chapter 3: Dimension 1: Scientific and Engineering Practices; Practice 4: Analyzing and Interpreting Data 

The National Academies Press (2011), p. 3-30 
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What ARE the Standards asking? 



The College Board gets a little specific 

The College Board (2012), p. 98 



The IBO does even better, but really? 

Error bars to indicate 

uncertainty 

Mean and Standard 

Deviation 

Student’s t-Test 

Correlation and 

Regression 

Impossible! 



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 (r2) 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 (H0) 

•  p-values 

• Degrees of freedom (df) 
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My Statistics Modules (https://www.fairviewhs.org/staff/paul-strode) 

But, before we discuss how we can weave stats into high school 

biology, I 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 

 

Observation: When my hands are cold, I 

can’t buckle my ski boots. 

• Question: Why can’t I buckle my ski boots when my hands are 

cold? 

 

• Experimental Hypothesis: Cold temperatures may suppress fine 

motor skills. 

 

• Prediction (with method): If I 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 I will break more toothpicks with my hand 

when it is warm. 
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Cold Hands and Loss of Fine Motor 

Skills 

 

Observation: When my hands are cold, I 

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 I 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 

 

Observation: When my hands are cold, I 

can’t buckle my ski boot. 

• Experimental Hypothesis: Cold temperatures may suppress fine 

motor skills. 

 

•  Null Statistical Hypothesis (H0): 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. 
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Dominant/Nondominant Hands 

 

Observation: I use one hand more often 

than the other hand. 

• Question: Why do I 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 I break toothpicks for one minute 

with my nondominant hand and then with my dominant hand, 

then I will break more toothpicks with my dominant hand. 
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Dominant/Nondominant Hands 

 

Observation: I 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 (H0): 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. 

 

• i.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 



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: 

• t-Test: http://studentsttest.com/ 

• ANOVA: 

http://turner.faculty.swau.edu/mathematics/math241/material

s/anova/ 

• Chi-square: 

http://graphpad.com/quickcalcs/chisquared1.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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t = 2.19 

p = 0.03 

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 (mean1 = mean2) 

is valid by calculating the p-value 
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Cat Obs Exp Chi	sq

I 2222 2363 8.41

P 371 162 268.45

M 91 37 78.76

A 55 31 17.91

T 108 253 83.42

Sum	Chi	Sq 456.95

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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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

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 (mean1 = mean2 = 

mean3…etc.) is valid by calculating the p-value 



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



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 I was given in HS Biology to be absolutely 
essential in the physics labs I have done thus far. While I also took a statistics class in high school, 
I don't think I 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: 

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

 

Paul Strode: paul.strode@bvsd.org 

 

Thank you for coming! 

http://www.fairviewhs.org/staff/paul-strode
http://www.fairviewhs.org/staff/paul-strode
http://www.fairviewhs.org/staff/paul-strode
mailto:paul.strode@bvsd.org

