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SUBMISSION FORMAT

1. Data Set Homepage

· Title: Sleep and Learning Lab

· The Ecological Question: Does a circadian rhythm, the sleep-wake cycle, influence an important mammalian adaptation, the ability to learn in an information-rich environment?
· Ecological Content: circadian biology, animal behavior


· What Students Do: Generate a testable hypothesis and associated prediction, Use R to graph data and perform statistical tests, Interpret results, Use Google Presentations to make a mini-presentation to class, Design the next experiment, Search databases for primary literature, Read a primary research article, Write an interpretation of a primary research article

· Student-active Approaches: think-pair-shares, small group work, student presentations, homework

· Skills: writing testable hypothesis, graphing and analyzing data in R, presenting results, designing an experiment, linking biological processes with social and cultural outcomes

· Assessable Outcomes: verbal presentation of results; written question, hypothesis, experimental design, and prediction for future experiment; written interpretation of a primary research article

· Source: Authors


· Author(s): Jennifer H. Doherty, Gideon P. Dunster, Horacio O. de la Iglesia


· Institution(s): University of Washington


· Acknowledgements:   The authors would like to thank Kyle Loucks for helping manage the data collection process and the students at the University of Washington who volunteered to wear the Actiwatches.
.
· Relevant Cover Image: Data Set Doherty.jpg Copyright Gideon P. Dunster (author)
2. Overview

From mammals to bacteria to plants, most organisms, have a circadian clock, a set of proteins whose expression oscillates with an endogenous rhythm of about 24 hours. The circadian clock regulates the daily timing of a wide variety of ecologically important processes including the sleep-wake pattern, millipede locomotion, Midshipman fish song, and Petunia scent release (Fenske and Imaizumi 2016, McCallum, 2017, Yerushalmi and Green 2009). The circadian system is also used by many organisms for measuring photoperiod length to regulate annual events, such as flowering in plants and long-distance migration in birds (Helm and Lincoln  2017, Song et al. 2015).

The current hypothesis for the evolution of the circadian clock is that it increases fitness by allowing organisms to anticipate cyclic external environmental changes and prepare accordingly. Organisms who have their circadian rhythm disrupted by the environment (e.g., light pollution by artificial light at night) or genetic mutations in clock genes can suffer decreased fitness (Dominoni et al. 2016).

Sleep is a defining trait of mammalian life. Although our impact on the physical and social environment is the result of actions while we are awake, wakefulness is not possible without sleep. As busy humans, we all struggle to get enough sleep and are aware of how much we need it to function optimally (Czeisler 2013). 
In this lab students will generate and test a hypothesis and learn about the how a circadian rhythm, the sleep-wake cycle, influences an important mammalian adaptation, the ability to learn, in the model organism Homo sapiens. They will use data collected from Introductory Biology students who wore watches that measured their sleep-wake cycle for two weeks before a course mid-term. Students can use various sleep variables and Exam scores to test their hypotheses.
Czeisler CA. 2013. Perspective: Casting light on sleep deficiency. Nature. 497(7450):S13.

Dominoni, D. M., Borniger, J. C., & Nelson, R. J. (2016). Light at night, clocks and health: from humans to wild organisms. Biology Letters, 12(2), 20160015. 
Fenske, M. P., and Imaizumi, T. (2016)"Circadian Rhythms in Floral Scent Emission." Frontiers in plant science 7.
Helm, Barbara, and Gerald A. Lincoln. "Circannual Rhythms Anticipate the Earth’s Annual Periodicity." Biological Timekeeping: Clocks, Rhythms and Behaviour. Springer India, 2017. 545-569.
McCallum, E. "Singing fish take their cues from melatonin." Journal of Experimental Biology 220.3 (2017): 333-333.
Song, Y. H., et al. "Photoperiodic flowering: time measurement mechanisms in leaves." Annual review of plant biology 66 (2015): 441-464.
Yerushalmi, S, and Green, R. M. "Evidence for the adaptive significance of circadian rhythms." Ecology letters 12.9 (2009): 970-981.

3. The Data Sets

Sleep Data Students.xlsx
Sleep Data Faculty.xlsx
The authors give permission for this data set to be posted and distributed on the TIEE website. Data was collected under University of Washington IRB protocol # 47000.  Collection was funded by the University of Washington.
4. Student Instructions: 
From mammals to bacteria to plants, most organisms, have a circadian clock, a set of proteins whose expression oscillates with an endogenous rhythm of about 24 hours. The circadian clock regulates the daily timing of a wide variety of ecologically important processes including mammal sleep-wake pattern, millipede locomotion, Midshipman fish song, and Petunia scent release. The clock regulates these overt circadian rhythms by regulating cellular processes such as gene expression and metabolic activity. Circadian rhythms are self-sustaining in the absence of environmental cues but can be synchronized to environmental rhythms (e.g., daily light-dark or temperature cycles). The circadian system is also used by many organisms for measuring photoperiod length to regulate annual events, such as flowering in plants and long-distance migration in birds.

The current hypothesis for the evolution of the circadian clock is that it increases fitness by allowing organisms to anticipate cyclic external environmental changes and prepare accordingly. Organisms who have their circadian rhythm disrupted by the environment (e.g., light pollution by artificial light at night) or genetic mutations in clock genes can suffer decreased fitness.
Sleep is a defining trait of mammalian life. Although our impact on the physical and social environment is the result of actions while we are awake, wakefulness is not possible without sleep. As busy humans, we all struggle to get enough sleep and are aware of how much we need it to function optimally. In this lab you will generate and test a hypothesis and about the how a circadian rhythm, the sleep-wake cycle, influences an important mammalian adaptation, the ability to learn in an information-rich environment, in the model organism Homo sapiens. 
Objectives of This Lab are to Practice Science Processes!
· Hypothesizing and predicting.

· Analyzing and graphing data appropriately using R.

· Interpreting and presenting results.

· Designing a follow-up experiment. 

I. Hypotheses and prediction

Before coming to this week’s lab develop a hypothesis and prediction about how sleep-wake pattern is influences learning in young adults. When you get to lab you will work with your group and decide on a single hypothesis to test. In order to generate a good hypothesis, you will need to do some background reading and video watching on circadian rhythms, sleep and learning. 
Readings:
The Time Of Our Lives Skip the section “How do clock genes work?” The videos are much easier to understand

Benefits of sleep (Sections: Why Do We Sleep, Anyway?, Sleep, Learning and Memory)

What is Sleep? (Section: The Characteristics of Sleep)

How is Sleep Regulated? (Sections: Under the Brain's Control, The Drive to Sleep and Our Internal Clock, External Factors that Influence Sleep)

Videos: 
Understanding Circadian Rhythms
The clock in our genes and in every cell of your body

 HYPERLINK "https://www.youtube.com/watch?v=ocqn3wYTCRM&list=PLYNf33ATI33RVPWXN5BzON4e3U6dFrapj&feature=player_embedded" \l "t=21" 
	Question
	Does sleep-wake pattern influence learning in young adults?

	State your alternative hypothesis and null hypothesis. Your alternative hypothesis must include a mechanism.
	

	Experimental Design


	Introductory Biology students (n=101) at the University of Washington wore watches that measured their sleep-wake cycle for two weeks (10 weekdays, 4 weekend days) before a course mid-term. The following were calculated and can be used to test your hypothesis.

· Average of sleep pattern variables

· bedtime on weekdays OR weekends

· wake-up time on weekdays OR weekends

· sleep duration on weekdays OR weekends

· Amount of variation in sleep pattern variables (a measure of how the disruption in a daily schedule) 

· wake-up time on weekdays OR weekends

· bedtime on weekdays OR weekends

· sleep duration on weekdays OR weekends

· Average sleep efficiency (how well you slept) on weekdays OR weekends

· Social jetlag (Difference between wake-up time on weekends and weekdays, a measure of the discrepancies between the societal enforced schedule [weekdays] and an organism’s preferred biological timing [weekend days])

· Exam performance in Introductory Biology right after the sleep data were collected

	Predictions if your alternative hypothesis is true

(Use If …, then … statements.)
	


II. Data Analysis

1. Open the Sleep google doc. Make sure to use your school email when accessing the spreadsheet. 

2. Download the data as a .csv. If you are going to compare two or more means, instead of using a correlation, use Excel to manipulate the data. Your TA can help.

3. Use R to plot and analyze the data to test your hypothesis. Create appropriate graphs and perform an appropriate statistical test.

4. Make a two-slide presentation in your lab section’s google doc presentation. Make sure to use your school email when accessing the doc. In your mini-presentation include your hypothesis, results and interpretation. Include a key graph or two, R2 and slope (if you used regression) and p-values. 
III. Presentations of Results and Conclusions
Each group will present the results of their experiment. In each presentation please answer the following questions: 

· What was your hypothesis? 
· According to your hypothesis, what was your prediction for the analysis?
· Interpret any graphs and linear regression equations you are using. What do all the parts (R2, p-value, slope) mean?  What can you conclude?
· Was your alternative hypothesis supported? Was the null hypothesis supported?

· What type of variation in sleep is in the data from Introductory Biology students?  Why do you this type of variation exists?

IV. Going Further 
Do the data support only one hypothesis?  Is all variation in Exam score explained by the hypothesis you proposed?  If data support multiple hypothesis or no hypothesis (except nulls) or the dependent variables only explain a small amount of variation in the independent variable, more investigation is needed. You will work in small groups to brainstorm:
1) additional data we can collect to explain more variation in Exam score.
2) additional data we can collect to further differentiate among multiple supported hypothesis

In your group fill out the following table for next proposed experiment.
	Question
	



	State your alternative hypothesis and null hypothesis. Your alternative hypothesis must include a mechanism.
	

	Experimental Design


	










	Predictions if your alternative hypothesis is true

(Use If …, then … statements.)
	


Now, think about your new experiment. Does correlation mean causation? If not, what experimental manipulations could you introduce to test causation?  Your proposed manipulation does not have to be possible in a human model, you may propose to use a mouse model. 
In your group fill out the following table to extend your experiment.

	Experimental Manipulation

	










	Predictions if your alternative hypothesis is true

(Use If …, then … statements.)
	


V. Reading the Literature

Now you will test your knowledge of circadian rhythms and ecology by reading and analyzing the primary literature. On your own (not with your group), use google scholar or Wed of Science to find a paper on how circadian rhythm impacts the ecology of a non-human organism. Prepare a written analysis of the paper and upload it to the course management system. In your analysis, please answer the following questions: 

· What question were the authors investigating?  What was their hypothesis? 

· Interpret two or so key graphs from the paper. For each graph, write a caption in your own words that reports on the results shown in the graph, interpretation of any statistics and what conclusions can be drawn from the results.
· Was their hypothesis supported? Was the null hypothesis supported?

· What type of variation is there in circadian rhythm in the data reported?  Why do you think there is this type of variation?

5. Faculty Notes: 
Teaching the lab:
When the lab starts have students start a think-pair-share with their table mates to discuss what important ideas they learned about circadian biology, sleep and learning from the videos and reading (see reading and video links in the student instructions). During the whole group “share” lead a discussion of their ideas, making sure to at least talk about: how sleep is regulated by the circadian clock and the homeostatic need for sleep (how long you have been awake), how sleep is important for learning, and how circadian rhythm can be disrupted by nighttime light.

After that discussion, assign students to work in 4s to decide on one group hypothesis and predictions. They should then write them on the board with their hypothesis in words and their prediction(s) as a graph. During this time, you will want to visit each group and push them to align their hypothesis and prediction. Have each group report out on their hypothesis and prediction. After each group has reported out ask students to vote on each hypothesis. Be excited!

Release students to do their data analysis in R and create their presentation (See R resources below; you can also use Excel or Google docs). Tell them that the meta-data for each variable can be found on the meta-data tab. I use google docs to store the data for them to download to their computers and for them to create their presentations. I make one big presentation file and assign each group individual slides to make switching between slides during the group presentations painless. Sometimes students want to use t-tests instead of correlations to test their predictions (e.g., they predict 7 hours of sleep is the magic number and anything below that cause lower exam performance). Students generally need instructor help to turn their continuous independent variable column into a categorical one.

Now each group should present their slides. After the presentations, there are probably multiple alternate hypotheses are supported by the data (e.g., Hypothesis 1 and 9). Also, it should be clear that all the variation in Exam performance was not explained by the variable we have. Have the students work in their groups to brainstorm additional data we can collect to further investigate the supported hypotheses, trying to distinguish among them AND to explain more variation in Exam score. Then report out as a group on their discussions. After the whole group discussion assign each group to design another experiment by filling out the chart in section IV in the student instructions.  This is a good opportunity to have students discuss the difference between observational and manipulation experiments.

After lab, assign them the primary literature assignment as an individual assignment for homework (see below for example article on ecology and circadian rhythms). If your students have not read primary literature before you might select a few easy to read options from the examples below, or assign the analysis as a group project. Even for students who have some familiarity with primary literature need to be reminded not to skim several articles until they find one that they enjoy and is interpretable by them.
Assessment approaches
There are many formative assessment options in this lab:
1) whole class discussion of circadian biology, sleep and learning
2) small group hypothesis and prediction discussions and whole class report-out
3) small group presentation planning

There are three summative assessment options for this lab:
1) verbal group presentation of results and conclusions from section III—I grade these groups presentation on a (check, check plus, check minus) way based on how well the students can answer the questions in section III. Students struggle most on interpreting their statistical results (i.e., what do the p-value, R2, slope mean in this case).
2) group write-up of going further experiment from section IV—I grade these group write-ups in a more detailed way than the presentations (0-10 points). I check to make sure they are using the results from class to develop related testable hypothesis and that their experimental design and prediction matches that hypothesis. Students do struggle with this (especially connecting their hypothesis with the relevant experimental design) but I help them during the board work portion of section I so this is the second time they have to do much of this.
3) written interpretation of a primary research article—I grade these individual write-ups similarly to the group presentations (check, check plus, check minus) based on how well the students can answer the questions in section V. Students who put in an effort tend to do well.
Example hypotheses and predictions:

These are derived from student ideas in the quarters I have taught. I have given each type of hypothesis a number and pithy title. 
Hypothesis 1, the brain washing hypothesis: The more sleep students get/the earlier they get to bed, the better their academic performance will be because their brains will have more opportunities to "recharge" due to the fact that all the junk that builds up in the brain can be properly dealt with.

Prediction for Hypothesis 1: Sleep duration will be positively correlated to Exam score, Sleep onset will be negatively correlated to Exam score. 

Hypothesis 2, the increased focus on test hypothesis: The more sleep a student gets/the earlier they get to bed, the better their academic performance will be because they will be more rested and will be able to focus better and recall more information during the test than a student who did not get as much sleep who is likely to be a lot more tired and not be as well focused.

Prediction for Hypothesis 2: Sleep duration will be positively correlated to Exam score, Sleep onset will be negatively correlated to Exam score.
Hypothesis 3, the drowsy during study hypothesis/the earlier they get to bed: The less the students sleeps during the week the more poorly they will perform on their exams because sleep deprivation will make studying more difficult due to being more drowsy. 

Prediction for Hypothesis 3: Sleep duration will be positively correlated to Exam score, Sleep onset will be negatively correlated to Exam score.
Hypothesis 4, the brain washing and creating synapses hypothesis: If one sleeps with a good amount of time in the weeks leading up to the test then their academic performance will increase on the test because their brain has had time to clean and strengthen the synapses they created while studying.

Prediction for Hypothesis 4: Sleep duration will be positively correlated to Exam score. 

Hypothesis 5, the stimulants hypothesis: I predict there will not be a significant relationship between sleep and performance. Various substances such as caffeine and energy drinks may allow students to maintain alertness and focus for the hour of the test but not the whole day.

Prediction for Hypothesis 5: Sleep variables will not be correlated to Exam score in students that use stimulants. 

Hypothesis 6, the genetic diversity hypothesis: A specific amount of sleep will not be found to specifically affect or benefit academic performance due to human variability in sleep needs (based on genetics, external factors) amongst the many students.

Prediction for Hypothesis 6: Sleep variables will not be correlated to Exam score. 

Hypothesis 7, the circadian rhythm hypothesis: Academic performance is affected by the quality of quantity of sleep because a steady sleep cycle that matches one's circadian clock cycle allows for better alertness, focus, and responsiveness. Sleeping in a pattern that disrupts or goes against your circadian clock rhythms impacts your activities during the following day. Variation in amount of time asleep will cause irregular per and cry regulation (in response to environmental cues), which will affect performance.

Prediction for Hypothesis 7: Variation in sleep duration will be negatively correlated to Exam score. 

Hypothesis 8, master clock and peripheral clocks messed up hypothesis: I think with wider social jetlag (the difference between weekday and weekend sleep timing) the performance on exam will be lower, because we are messing up with the circadian rhythm. By messing up with the rhythm and making out internal clocks reset at different times, we are not being productive in our study habits. So making it harder to focus on studying thus decreasing our performances on exams. 

Prediction for Hypothesis 8: Social jetlag will be negatively correlated to Exam score.

Hypothesis 9, have your stuff together hypothesis: People who are able to go to bed early and get up early are very organized, so they are better at studying then people who stay up late or get up late.
Prediction for Hypothesis 9: Sleep onset and offset will be negatively correlated to Exam score.
Data collection:

You can consider supplementing the provided data by having your students collect these data themselves and correlate it to their own exam performance. Many students find this very interesting. Actiwatches, however, are quite expensive (maybe $1,000 each). To get around that in quarters that we do not have access to the watches (because they are being used for research projects) we have students keep a sleep diary. You can have them keep it by hand or use a smartphone app or similar. You could then have them upload their averages to a google doc. While the students seem to enjoy the data being collected about themselves, diary data is much less accurate and precise than Actiwatch data and in the quarters we use it, the sleep variables don’t significantly explain Exam performance.
R resources:
Students in our Introductory biology course use RStudio to do their statistics and graphing each week in lab. We initially assign students a tutorial like those found at Lynda.com or youtube to become familiar navigating and entering commands into R and RStudio but not statistical testing. During their first laboratory section, the use the resources in their lab manual (the R guide below) to perform two statistical tests. Students do very well and only about 33% of groups need a lot of help finding the typo that is stopping them from doing their analysis. It is definitely worth your time to remind them to read the Tips for using R section (below) very carefully.

R guide
After the tutorial videos, you should now be familiar enough with R to learn how to do statistical tests and make graphs during lab. The next section contains instructions for the code you will need to run the statistical tests and make the graphs described in Section III. ALWAYS BRING THE R GUIDE TO LAB.

A. Tips for using R

· Close all previous R tabs from the window on the top left quadrant before you started. 

· Hit Ctrl+Enter, not just Enter to run a line of code.

· Everything in R is case sensitive, so take care not to mix up “n” and “N”.

· Many problems are due to stray “ and ).

· Use Ctrl+F to find and replace

· Get rid of any hyphens in the file name—R can’t read data with hyphens in the name.

· We enter code in the Source window so that we can review and edit. We don’t type code into the Console. Your TA can’t help unless the code is in the Source window!!!

· Cannot click on file name in bottom right, you must enter code to bring data into R.

· If you don’t have a Source file, open File, New, R-Script.
B. Step-by-step instructions
Getting data from google docs into R

1. Click on the white name of the file in a gray box to pop the Google doc out Canvas. Go to the google doc tab with the data you want to analyze.

2. Download it as a .csv file. File(Download As(.csv

3. Save the file in folder X. Name it whatever you like, but you must delete the - out of the file name. R cannot read - in a file name.

4. Open RStudio, File then new R script.

5. Sweep any R source code 

6. Tell RStudio where your data is saved. In the bottom right quadrant of the screen, choose the File tab. Browse to folder X. Click on More and select “Set As Working Directory”. 

7. Load your data into R and give it an informative name (I used Data in the example below). 
a. Type the following code into the Source (upper left quadrant), replacing the bolded text with your own labels:


Data <- read.csv("file name.csv", header = T)


b. Run your code by putting your cursor somewhere in the line of code and then hitting Ctrl+Enter. The code you will show up in the Console (bottom left quadrant).

8. Make sure your data loaded properly by visualizing the data. R doesn’t automatically visualize the results of all commands. Many times you will need to enter one command to perform a function and another command to visualize the results. 

a. Type the following code into the Source and run it:


str(Data)

b. One important thing to look when inspecting your data is to make sure the dependent variables you want to investigate were loaded as numbers (i.e., int) and not as categories (i.e., Factor). For example, if someone accidentally typed in a nonnumber into the dependent variable columns in google docs, your data won’t load properly.
9. Once finished sweep R source code.
Comparing two means

1. To compare two means you will use a t-test.


t.test(Data$VariableName1, Data$VariableName2, paired=TRUE)

You will use a paired t-test (the code above) when your samples come from matched pairs (e.g., Control and Experimental data came from the same plant or person). If your data are not in matched pairs, then leave out the “, paired=TRUE” part of the code. If want to do a one-tailed t-test, add the command “alternative=”less” or alternative=”greater”)

Graph the means from two or more groups with the standard error  

1. Making a graph of two means with error bars in R takes a few steps. First, make a column for the names of each mean you are plotting.


names=c("VariableName1", " VariableName2")
2. Calculate the mean for each variable and put them in a column. The code is a little more complicated than you might think it should be because you have to make sure not to include blank rows in your calculations.

mean=c(mean(Data$VariableName1, na.rm=TRUE), mean(Data$VariableName2,na.rm=TRUE))

3. Calculate the standard error for each variable and put them in a column. This will take three steps, first you calculate sample size (n), then standard deviation (sd) and then you can calculate standard error (se). The code is a little more complicated than you might think it should be because you have to make sure not to include blank cells in the data (labeled NA) in your calculations.

n=c(length(Data$VariableName1[!is.na(Data$VariableName1)]), length(Data$VariableName2 [!is.na(Data$VariableName2)]))

sd=c(sd(Data$VariableName1, na.rm=TRUE), sd(Data$VariableName2, na.rm=TRUE))

se=sd/sqrt(n)

4. Calculate how tall the bar graph should be.

plotTop <- max(mean+se*2)

5. Make the bar graph.

barCenters <- barplot(mean, names.arg=names, col="gray", las=1, ylim=c(0,plotTop), xlab="X-axis label", ylab="Y-axis label", main=”Title”)

6. Add error bars.

arrows(barCenters, mean-se, barCenters, mean+se, lwd=2, angle=90, code=3)

Comparing two variables

1. To compare two variables you will use linear regression.

lm.result<-lm(Data$DependentVariable ~ Data$IndependentVariable)

2. View Results

      summary (lm.result)

Graph the relationship between two variables

1. Graphing the relationship between two variables is very easy to do in R. First determine the equation of the line of best fit (y=ax+b) so you can display it on your graph. 
a. Extract the coefficients from the linear regression model.

coeff=coefficients(lm.result)

b. Create the equation.

equation = paste0("y = ", round(coeff[2],1), "x + ", round(coeff[1],1))

2. Make the scatter plot with the equation of the line of best fit as the title. 
plot(Data$DependentVariable ~ Data$IndependentVariable, xlab="X-axis label", ylab="Y-axis label", main=equation)

3. Add a line of best fit to the plot.
abline(lm.result, col="blue")

C. Quick Reference Guide

This section includes explanations of code you’ll be using in R this quarter. Remember to replace the bolded terms with your own.

Data <- read.csv("file name.csv", header = T)

This command reads a .csv file of data into Excel. The let’s R know the first line of the data is a row of headers.

str(Data)

This command displays a summary of the file you read into R and saved as “Data”. 
t.test(Data$VariableName1, Data$VariableName2, paired=TRUE)


This command performs a paired t-test between two columns of data.

names=c("VariableName1", " VariableName2")


This command makes a column with 1 row, your two variable names.

mean(Data$VariableName1, na.rm=TRUE)


This command calculates the mean of a variable, not counting the blanks rows (which are NA in R).

mean=c(mean(Data$VariableName1, na.rm=TRUE), mean(Data$VariableName2, na.rm=TRUE))


This command makes a column with 1 row, the mean of your two variables.

length(Data$VariableName1[!is.na(Data$VariableName1)

This command calculates the number of data points of a variable, not counting the blanks rows (which are NA in R). 

n=c(length(Data$VariableName1[!is.na(Data$VariableName1)]), length(Data$VariableName2 [!is.na(Data$VariableName2)]))

This command makes a column with 1 row, the number of data point for your two variables. You need this information to calculate the standard error (SE).

sd(Data$VariableName1, na.rm=TRUE)

This command calculates the standard deviation of a variable, not counting the blanks rows (which are NA in R). 
sd=c(sd(Data$VariableName1, na.rm=TRUE), sd(Data$VariableName2, na.rm=TRUE))

This command makes a column with 1 row, the standard deviation of your two variables. You need this information to calculate the standard error (SE).

se=sd/sqrt(n)


This command makes a column with 1 row, the standard error of your two variables.

plotTop <- max(mean+se*2)


This command calculates how the maximum values for your y-axis.

barCenters <- barplot(mean, names.arg=names, col="gray", las=1, ylim=c(0,plotTop), xlab="X-axis label", ylab="Y-axis label", main=”Title”)


This command plots a bar graph of means, labels, and a height (ylim) that you define.

arrows(barCenters, mean-se, barCenters, mean+se, lwd=2, angle=90, code=3)


This command plot adds standard error bars to your bar chart.

lm.result<-lm(Data$DependentVariable ~ Data$IndependentVariable)


This command runs a linear regression and saves it as lm.results. A linear regression model is an equation of the line of best fit. The statistical parameters include R2 and p-value. 
summary (lm.result)


This command will display the results of the linear regression called lm.result.

coeff=coefficients(lm.result)


This command saves the coefficients from the linear regression model results as coeff. You will use these coefficients to display the linear equation on your graph.

equation = paste0("y = ", round(coeff[2],1), "x + ", round(coeff[1],1))

This command saves the linear regression equation as “equation” so you can display it on your graph.

plot(Data$DependentVariable ~ Data$IndependentVariable, xlab="X-axis label", ylab="Y-axis label", main=equation)

This command plots two variables with axis labels and a title with the linear regression equation.

abline(lm.result, col="blue")
This command adds a blue line of best fit to your graph.

Example primary literature articles on ecology and circadian biology:

Abhilash, L., & Sharma, V. K. (2016). On the relevance of using laboratory selection to study the adaptive value of circadian clocks. Physiological Entomology, 41(4), 293–306. https://doi.org/10.1111/phen.12158
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