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Simple Stats for STEM 

 
What is “Statistics”? 
● Statistics is a branch of math that deals with collecting and 

analyzing data so we can draw conclusions about the world. 
 
Why is Statistics important? 
● The word “science” means “to know”, and the purpose of 

science is to build new knowledge. 
● Math is the language of science--The two subjects go hand-

in-hand! Math helps us support our findings and gives our 
conclusions more credibility. 

● Statistics tells us if what we’ve discovered is remarkable or if it 
is just coincidental. Stats answers the question, “Is this worth 
telling other people about?” 

 
This handbook provides several simple statistics you can use to 
analyze data you collect and make valid conclusions.  
 

Types of Statistics 

 
● Descriptive Stats 

○ Central tendency: Mean, Median, and Mode are three simple 
ways to describe your set of data as a whole. 

○ Standard deviation: This stat explains the “spread” of the data 
and how far the data is from the center. 

● Standard deviation allows us to see how different groups 
compare to each other. 

● Standard deviation helps us create graphs, such as  
histograms, to help us see all the pieces of data at once. 

○ Some other descriptive stats are range, percentage, and total. 
 
● Inferential Stats 

○ Inferential statistics are those that can be used to draw a 
conclusion about some observation we have made. 
● Variable comparisons show how two variables relate to 

each other. 
● Group comparisons show how two groups relate to each 

other. 



 

● Inferential stats go further than descriptive stats by 
answering these questions: 
● Is what we observed just coincidental? 
● Is the difference probably because of something we did? 

 
● Inferential stats consider something called “probability” 

● Probability is the likelihood of something happening. 
● If we are 95% sure that something is not by accident, we 

can be fairly sure that it would happen again. 
○ We would say there is a 95% certainty that the 

finding is not by coincidence--it happened on purpose 
and was not accidental. 

○ This would also mean there is less than a 5% chance 
that the finding is just coincidental. 

○ Most of the time, we are hoping for a probability value 
(p-value) of less than .05. This means there is less 
than a 5% chance the outcome was by accident. 

 

Types of Variables: 

 
● The two most common types of variables are: 

○ Nominal (categorical): Gender, hair color, political party, 

religion, location, labels 

○ Ratio (continuous): Weight, height, distance, speed, attitude, 

time 

 

 

 

 

 

 

 

 

 

 

 

 



 

Scenario 1: Creating Histograms and the Normal Curve 

Before analyzing a set of data, we should determine if that set of data 
is “normal”. A normal data set is one in which: 
1. Many of the values are clustered around the average (mean). 
2. The rest of the values taper away symmetrically on both sides of 

the average. 
When viewed as a graph, a normal data set forms a curve in the 
shape of a bell. 

Histogram: A histogram is a graph that groups the individual pieces 
of data into a “bins” or bars. Once all the data has been placed into 
bars, the histogram gives us a nice visual of how the set of data is 
distributed. 

Normal Curve: A normal curve can be placed over a histogram to 
compare the collected data with normal data. This gives us a nice 
visual of how “normal” our data set is. 

Example: A teacher wants to know if the amount of sleep students 
get each night has a relationship to their GPA. The teacher asks 
students to record the number of hours they sleep each night and then 
averages those values at the end of the semester. The average hours 
of sleep are then compared to those students’ GPA scores. 

Task: Create histograms for two variables: Hours of Sleep and GPA. 

Data: 

N Sleep GPA Steps: 
1. Calculate the mean and standard deviation 

for both variables. 
a. Use “=average” for mean 
b. Use “=STDEVP” for standard deviation 

2. Create bars into which the data will be 
distributed. 

3. Use “=FREQUENCY” to distribute the data 
into the bars. 

4. Use “=NORMDIST” to create normal curve 
values based on the bars. 

5. Multiply the normal curve values by 20 

1 6.80 2.37 

2 7.27 2.69 

3 6.68 3.67 

4 6.37 3.34 

5 5.44 3.82 

6 7.50 3.19 

7 7.36 3.54 



 

8 7.21 3.63 (number of participants). 
6. Select the bar, frequency, and normal curve 

values. 
a. Include the column headings 
b. Select Insert < “Chart” 

7. Choose the “Combo Chart” 
a. Adjust the chart so the bar values are on 

the X-axis 
b. Adjust the chart so the frequency and 

normal curve values are on the Y-axis 
8. Under the “Customize” tab: 

a. Chart style: select “smooth” 
b. Chart & axis titles: adjust as needed 
c. Series: show Data Labels for the 

frequency values 
d. Adjust other settings as needed 

9. See “Normality and Histograms” videos for 

full instructions. 

9 6.46 3.61 

10 6.08 2.23 

11 7.32 3.26 

12 6.31 3.45 

13 5.08 1.79 

14 6.97 2.35 

15 6.50 3.24 

16 6.13 3.49 

17 5.65 2.24 

18 7.20 1.46 

19 4.68 1.73 

20 4.75 3.06 

 

 

 
 



 

Scenario 2: Creating Scatterplots 

Scatterplot: A scatterplot is a useful graphic for illustrating how two 
variables are related. The scatterplot gives a “big picture” view of how 
the data from the variables rises or falls together. A scatterplot can 
also provide a mathematical equation that describes the relationship 
between the variables. 

Task: Using the same date from Scenario 1, create a scatterplot for 
Hours of Sleep and GPA. 

Steps: 
1. Select the both data columns. 

a. Hold down the CTRL button to select multiple columns. 
b. Be sure to include the column labels. 
c. (It may be easier to simply place the columns side-by-side and 

then select them.) 
2. Select: Insert < “Chart” and under “Chart type” select 

“Scatter/Dot” 
3. Under the Customize tab 

a. Select “Chart and axis titles” and enter titles as needed. 
b. Select “Series” and check “Trendline” to give the Line of Best 

Fit 
i. Under “Label”, select “Use Equation”. This gives the slope-

intercept form equation of the trendline. 
c. Adjust other settings as desired. 

 

 
 



 

Scenario 3: Correlation 

What it does: A correlation shows the strength of the relationship 

between two variables. 

Types of variables: Continuous 

Example: A student wants to determine the correlation between 

average hours of sleep and GPA for high school students. 

Null hypothesis: There is no relationship between the average 

number of hours a student sleeps and GPA. 

Task: Using the same data set from Scenarios 1 and 2, run a 

correlation analysis and interpret the results. 

Steps: 

1. Select an open cell and enter the formula “=correl” 

2. Highlight the two columns of data; The formula will return the 

correlation coefficient (the “R” value). 

a. Square the R value to find the effect size. 

b. The effect size approximates the amount “GPA” that is 

accounted for by “sleep”. 

3. For a more complete analysis, use the “XL Miner Analysis 

Toolpak” add-on (free). 

a. Select “Correlation” and highlight the two columns containing 

data (this is easiest if the columns are side-by-side first). 

i. Click on “Input range” 

ii. Select an open cell and click on “Output range” 

4. For a complete analysis, use www.socscistatistics.com 

a. Under “Calculators” select the “Pearson Correlation” calculator 

b. Locate the R value and R2 value at the bottom. 

c. Use the link at the bottom of the page to calculate the p-value. 

Results: 

The value of R is 0.252. This is a positive correlation, which means 

there is a tendency for high sleep scores to correlate with high GPA 

scores. The value of R2, the coefficient of determination, is 0.063 

which indicates that about 6.3% of GPA is accounted for by sleep. 

http://www.socscistatistics.com/


 

The p-value is 0.282. The result is not significant since the p-value is 

greater than .05. 

Sample write-up: A Pearson correlation coefficient was computed to 

determine the relationship between high school students’ average 

amount of sleep and grade point average. There was a positive 

correlation between the two variables (R = 0.252, N = 20) with a small 

effect size (R2 = 0.063). However, the results were not statistically 

significant (p = .282). There is no significant relationship between 

amount of sleep and grade point average. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Scenario 4: Chi Square (Goodness of Fit Test) 

What it does: A Chi Square examines the difference between an 
mathematically-expected outcome and an actual outcome. 

Type of variable: Categorical 

Example: A teacher wants to determine if there is a difference 
between the number of students who enjoy math and those who do 
not. The teacher asks students to indicate if they find math enjoyable or 
unenjoyable. 

Null hypothesis: There is no difference between the number of 
students who enjoy math and those who do not. 

 Observed Expected (O-E) (O-E)2 (O-E)2 / E 

Enjoy 39 31   1 

UnEn 23 31   2 

Total 62 62   X2 = 

Steps: 
1. Calculate the Chi Square statistic by adding cells 1 and 2 
2. In Google Sheets, select an open cell and use the formula 

“=chidist” 
a. For x, select the Chi Square stat 
b. For degrees of freedom, enter “1” 
c. This formula returns the p-value for the Chi Square statistic 

3. You can also use www.socscistatistics.com to perform this 
analysis. 
a. Use the “Chi Square Calculator for Goodness of Fit” 
b. Enter category labels; Enter corresponding totals 
c. Calculate Chi Square 
d. Obtain p value 

Results: 
The Chi Square stat is 4.129. The p-value is 0.04215. The result is 
significant at p < 0.05. 

http://www.socscistatistics.com/


 

Sample write-up: A Chi Square analysis was conducted to examine 
the difference between the number of students who enjoy math and 
those who do not. Students chose “Enjoyable” or “Unenjoyable” when  
asked to indicate their preference about math, and the collected values 
were compared to expected values. The result of the analysis was 
significant (X2 = 4.129, p = .042) indicating that more students found 
math to be enjoyable than were expected and fewer students found 
math to be unenjoyable than were expected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Scenario 5: Chi Square (2 x 2 Contingency Table) 

What it does: A Chi Square examines the difference between an 
mathematically-expected outcome and an actual outcome. 

Type of variables: Categorical 

Example: A teacher wants to determine if there is a difference 
between the number of males and females who enjoy math and those 
who do not. The teacher asks students to indicate if they find math 
enjoyable or unenjoyable. 

Null hypothesis: There is no difference between the number of 
students who enjoy math and those who do not. 

 Males Females  

 Observed Expected Observed Expected Total 

Enjoy 17 20.76 22 18.24 39 

UnEn 16 12.24 7 10.76 23 

Total 33 29 62 

Steps: 
1. Find the expected values: 

a. Ex: (Total Males/Total Students) * Total Enjoy = Expected Males 
who Enjoy (20.76) 

b. Create a contingency table as in Scenario 3. 
c. These values can be calculated by hand or by using formulas in 

a Google Sheet. 

 

 

 

 

 

 

 



 

 

 Obs Exp (O-E) (O-E)2 (O-E)2 / E 

M/Enj 17 20.76   1 

M/Unenj 16 12.24   2 

F/Enj 22 18.24   3 

F/Unen 7 10.76   4 

    X2 =  

Steps: 
1. Calculate the Chi Square statistic by adding cells 1-4 
2. In Google Sheets, select an open cell and use the formula 

“=chidist” 
a. For x, select the Chi Square stat 
b. For degrees of freedom, enter “1” 
c. This formula returns the p-value for the Chi Square statistic 

3. You can also use www.socscistatistics.com to perform this 
analysis. 

a. Use the “Chi Square Calculator for 2 x 2 Contingency Table” 
b. Enter category labels; Enter corresponding totals 
c. Calculate Chi Square 
d. Obtain p value 

Results: 
The Chi Square stat is 3.921. The p-value is 0.0477. The result is 
significant at p < 0.05. 

Sample write-up: A Chi Square analysis was conducted to examine 
the difference between the number of male and female students who 
enjoy math and those who do not. Students chose “Enjoyable” or 
“Unenjoyable” when  asked to indicate their preference about math, 
and the collected values were compared to expected values. The 
result of the analysis was significant (X2 = 3.921, p = .047) indicating 
that more females students found math to be enjoyable than were 
expected and more male students found math to be unenjoyable than 
were expected. 
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Scenario 6: Dependent Sample TTest (One group; Paired 

TTest; Repeated measures) 

What it does: A Dependent Sample TTest shows the “before and 
after” effect of a treatment on one group of participants. This Ttest is 
useful for comparing 1 group. 

Types of Variables: Categorical IV; Continuous DV 

Example: A school principal wants to determine if students’ math 
attitude improves after attending math tutoring. All students are given 
a math attitude survey at the start of the semester and then all attend 
math tutoring for several weeks. Students are then given the same 
survey at the end of the semester to see if their math attitude has 
changed. 

Null Hypothesis: There is no statistically significant difference in 
math attitude (DV) of middle school students when attending math 
tutoring (IV). 

N Before After  

 

Steps: 

1. Create histograms for the two sets of data 

(See Scenario 1). 

2. Open the “XL Miner Analysis ToolPak” 

add-on in Google Sheets 

3. Select “T-Test Paired Two Sample for 

Means” 

a. Select the “Before” values (include 

label) and click on “Variable 1 Range”. 

b. Select the “After” values (include label) 

and click on “Variable 2 Range”. 

c. Hypothesized Mean Difference = 0 

d. Click the “Labels” box 

e. Select a cell for the output then click on 

“Output Range” 

4. Collect the “T Stat” value 

5. Collect the “P two-tail” value (p-value) 

 

1 12.0 12.7 

2 14.3 15.4 

3 14.3 16.7 

4 13.3 13.2 

5 12.6 14.3 

6 11.6 14.6 

7 14.8 12.7 

8 14.3 14.1 

9 10.4 16.2 

10 16.0 14.8 

11 12.2 14.1 

12 13.3 12.2 



 

13 10.4 15.6 6. This analysis can also be conducted using 

www.socscistatistics.com 

a. Use the “T Test for 2 Dependent 

Means” calculator 

14 11.4 14.3 

15 12.3 13.6 

16 12.7 15.7 

17 12.3 13.8 

18 12.9 16.3 

19 11.5 13.7 

20 13.8 13.0 

M 13.2 14.4 

SD 1.38 1.27 

Results: 
The value of T is -3.287. The p-value is 0.0039. The result is 
significant at p < 0.05. 

Sample write up: A repeated-measures TTtest was conducted to 
compare math attitude before and after math tutoring. There was a 
significant difference in math attitude scores before tutoring (M = 13.2, 
SD = 1.38) and after tutoring (M = 14.4, SD = 1.27) (t(19) = 3.287, p = 
0.0039). This results suggests that math tutoring does affect math 
attitude scores. 
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Scenario 7: Independent Samples TTest (Two Groups) 

What it does: An Independent Samples TTest shows if a treatment 
affected one group by comparing it to another group that did not 
receive the treatment. This Ttest is useful for comparing just 2 groups. 

Types of Variables: Categorical IV, Continuous DV 

Example: A school principal wants to determine if students’ math 
attitude improves after attending math tutoring. All students are given 
a math attitude survey at the start of the semester and then half of the 
students (treatment group) attend math tutoring for several weeks. All 
students are then given the same survey at the end of the semester 
to see if their math attitude has changed. 

Null hypothesis: There is no statistically significant difference in 
math attitude (DV) between students who attend math tutoring (IV) 
and those who do not. 

N 
Contr
ol 

Treat
ment 

 
 
Steps: 

1. Create histograms for the two sets of data 

(See Scenario 1). 

2. Open the “XL Miner Analysis ToolPak” 

add-on in Google Sheets 

3. Select “T-Test Two-Sample Assuming 

Equal Variances” 

a. Select the “Control” values (include 

label) and click on “Variable 1 Range”. 

b. Select the “Treatment” values (include 

label) and click on “Variable 2 Range”. 

c. Hypothesized Mean Difference = 0 

d. Click the “Labels” box 

e. Select a cell for the output then click on 

“Output Range” 

4. Collect the “T Stat” value 

5. Collect the “P two-tail” value (p-value) 

 

1 12.0 12.7 

2 14.3 15.4 

3 13.8 16.7 

4 13.3 13.2 

5 12.6 14.3 

6 11.6 14.6 

7 14.8 12.7 

8 14.3 14.1 

9 10.7 16.2 

10 15.8 14.8 

11 12.2 14.1 



 

12 13.3 12.2 6. This analysis can also be conducted using 

www.socscistatistics.com 

a. Use the “T Test for 2 Independent 

Means” calculator. 

b. After the main analysis, calculate the 

effect size. Click on the link at the 

bottom of the output area. 

13 10.4 15.6 

14 11.4 14.3 

15 12.3 13.6 

16 12.7 15.7 

17 13.3 13.8 

18 12.9 16.3 

19 11.5 13.7 

20 12.8 13.0 

M 12.8 14.4 

SD 1.34 1.27 

Results: The T-value is -3.665 and the p-value is 0.00075. The result 
is significant at p < 0.05. The effect size is d = 1.23. 

Sample write up: An independent-samples t-test was conducted to 
compare math attitudes between students who took math tutoring and 
those who did not. There was a significant difference in attitude 
scores for those not attending tutoring (M = 12.8, SD = 1.34) and 
those who did attend tutoring (M = 14.4, SD = 1.27), t(19) = -3.665, p 
= 0.00075). There was a very high effect size (d = 1.23) indicating a 
very strong relationship between math tutoring and math attitude. 
These results suggest that math tutoring strongly affects math attitude 
among middle school students. 
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Scenario 8: One-Way Analysis of Variance (ANOVA) 

What it does: An ANOVA shows if a treatment (or treatments) 

affected several groups by comparing them to another group that did 

not receive the treatment. ANOVA is useful for comparing more than 

2 groups. 

Types of Variables: Categorical, Continuous 

Example: A school principal wants to determine if students’ math 
attitude improves after attending different types of math tutoring. All 
students are given a math attitude survey at the start of the semester 
and then some attend tutoring with a teacher (treatment 1), others 
use math computer software (treatment 2), and others do not attend 
any tutoring (control). All students are then given the same survey at 
the end of the semester to see if their math attitude has changed. 

Null Hypothesis: There is no statistically significant difference in 
math attitude (DV) among middle school students based on type of 
math tutoring (IV). 

 None T 1 T 2  
Steps: 
1. Create histograms for the three sets 

of data (See Scenario 1). 
2. Open the “XL Miner Analysis ToolPak” 

add-on in Google Sheets 
3. Select “ANOVA Single Factor” 
4. Move the three ranges of data so that 

they are side-by-side in the Sheet. 
5. Select all three ranges (include labels) 

and click on “Input Range”. 
6. Click the “Labels” box 
7. Select a cell for the output then click 

on “Output Range” 
8. From the ANOVA tables, collect the “F 

Stat” value 
9. Collect the “P-value” 

 
10. This analysis can also be conducted 

using vassarstats.net  

1 12.0 12.7 12.1 

2 14.3 15.4 13.5 

3 13.8 16.7 15.1 

4 13.3 13.2 14.2 

5 12.6 14.3 14.9 

6 11.6 14.6 13.2 

7 14.8 12.7 10.9 

8 14.3 14.1 13.2 

9 10.7 16.2 13.0 

10 15.8 14.8 12.7 

http://vassarstats.net/


 

11 12.2 14.1 14.4 a. This analysis will reveal between 
which groups the difference (if 
any) lies. 

b. Run “ANOVA”; Select “One-Way 
ANOVA” 

c. Number of samples = 3; Click 
“Independent Samples” 

d. Enter data 
e. Locate the F value and p value 
f. If p > .05, test is done. 
g. If p < .05, a sig. difference exists 
h. The Tukey test shows which 

groups are different. 
11. Calculate the effect size: 

a. SS between / SS Total 

12 13.3 12.2 15.4 

13 10.4 15.6 11.8 

14 11.4 14.3 13.8 

15 12.3 13.6 12.3 

16 12.7 15.7 13.7 

17 13.3 13.8 12.1 

18 12.9 16.3 13.7 

19 11.5 13.7 11.2 

20 12.8 13.0 14.4 

M 12.8 14.4 13.3 

SD 1.34 1.27 1.24 

Results: The Fstat is 7.27 and the p value is .00154. The result is  

statistically significant. The effect size is 0.203. 

A Tukey test revealed significant differences between these groups: 

M1 vs M2   P<.01 

M1 vs M3   nonsignificant 

M2 vs M3   P<.05 

Sample write up: A one-way ANOVA was conducted to compare the 
effect of different types of tutoring for middle school students. There 
was a significant effect on math attitude for the three conditions [F(2, 
57) = 7.27, p = 0.00154]. The Tukey test indicated the mean score for 
the control condition (M = 12.8, SD = 1.34) was significantly different 
than the teacher-tutoring condition (M = 14.4, SD = 1.27). The Tukey 
test indicated the mean score for the teacher-tutoring condition (M = 
14.4, SD = 1.27) was significantly different than the computer 
software condition. These results suggest the group under teacher 
tutoring increased in math attitude more than both the control group 
and the software group. 



 

 


