

BISC 360W, September 22, 2026
INST LITTLE: Hi everyone. How is everyone doing?
Two thumbs up, out of potentially 60 of you is not a great step but --
[ Laughter ].
All right. So today we will talk about hypotheses, because this is relevant to our forest lab that we are doing this week and then we will talk about methods and results sections.
And how to write them.
Before that, a couple of quick announcements.
So you have already been working on worksheet one, at least some of you. Hopefully a lot of you are a lot of the way done with it. Worksheet two will be post online before the end of this lecture. It's due before next week's lecture. It's about methods and results sections. It's a document, unlike the hard copy you got for worksheet one, you can fill it out op computer and submit through Canvas.
There's a discussion board for it if you have any questions.
That also goes for the other assignments.
I saw only one question on the discussion board which I didn't see in time. But I have the answer.
STUDENT: That's okay. No, the worksheet...two that we got
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last week so that worksheet one?
INST LITTLE: The one you got last week should be work sheet one.

STUDENT: So this means actually --
INST LITTLE: This is actually work sleet two. STUDENT: Thank you.
INST LITTLE: I don't know how that happened. Interesting.
Cool. Any -- worksheet two about writing. And just as a reminder, I presented these as guide lines for your papers but that would apply to this work sheet as well.
So please pay attention to them.
My other announcement is I have to cancel office hours this week because I will be in a committee meeting instead but if you have questions for me email me and I can answer by email or we can figure something out.
Okay.
So what we cover today, we will talk generally about hypotheses and predictions.
We will then talk about them a bet more specifically around the context of paper one, which you will be writing based on the forest lab.
Then we will talk about how to write methods and



how to write results. Which are the sections you will need to write for that paper. That's why starting with them right away in lecture.
We will focus for your papers and projects and labs on the hypothetico-deductive method. Which is a complicated way of saying the traditional scientific method.
Or how to do science in six easy steps. Let's see the steps. As scientists a lot of what we do starts with observations.
May be you can come up with an interesting idea in your head just out of your own thoughts but for me, certainly if I see something in nature or read about it in a paper, whether it's an observation I make or I see someone else has made, that's where ideas and hypotheses come from. So we have an observation, which then causes you to ask questions, like, why is this thing I'm observing happening.
And propose answers. So those potential answers are our hypotheses.
Key part of the scientific method.
What are some traits of a good hypothesis?


STUDENT: Testable.
INST LITTLE: Testable. What does it mean?



STUDENT: You can actually see if it works or not.
INST LITTLE: Yeah. So lots of things we can make hypotheses about but we will never be able to actually measure so they will remain just ideas. But for the purposes of our science, we should be able to actually test the hypothesis. Anything else?

STUDENT: You don't really know at the time you make it but I think a good process is that it's true...
INST LITTLE: Yeah, so we can not know that when we are making it and I would argue this is outside the scientific method. So we will come back and love the enthusiasm though. Anything else? Or different facets of what it means to be testable?
STUDENT: May be consistent with your data you have seen already. It's not...
INST LITTLE: Yeah. A good hypothesis should be based on something. Could be based on what you observe or what you observed plus some body of science that makes it logical.
Yeah.
STUDENT: There should be an actual curiosity behind it.
Can't be a yes or no. Not like something most people would read and be like, no.



INST LITTLE: Yes although I will say as scientists sometimes you find things that you are like this seems super obvious but actually hasn't been tested in a rigorous way. Amine talked about this in his intro to his research. Sometimes you may be surprised which things have not been tested as hypotheses but we take to be true. It's worth digging into that. Yeah.
Those are all really good answers.
And pretty much what I had here.
So your hypothesis should be consistent with what you observe, may be with other science, it should be logically consistent. It should make sense and it should be testable.
We may consider this sort of -- who has may be -- yeah.
OTHER SPEAKER: Want to say that may be good hypothesis should also be narrow enough for the problem.
INST LITTLE: Yeah. Yes. So I think this is sort of a component of testable.
Because if it's super broad, but you want to be able to maybe do one thing to test it, not like have to do five things to test it.
Or yeah.
So if you are thinking about a scientific study you want to narrow the hypothesis so yeah, good point.



Which actually ties into what I was going to say next. Who has been taught about null hypotheses and hypothesis? Great. Love it.
So you can think of this -- null hypothesis may be H0, you have probably seen that notation. The hypothesis is H1.
Are those the only two hypotheses there may be?


STUDENT: There's also HA alternative...
INST LITTLE: Yeah. So you may also have an alternative hypothesis. Actually, I don't know why I put this dog on the screen.
It's a great idea to kind of set up some alternative hypotheses. Like what else could be explaining this observation that you have.
It's really wonderful in a study if you are able to test both of those alternatives and compete them against each other and say which one shows support and which doesn't. Not every study can do that but to think about what else could be explaining the observation I have is a strong part of science for sure.
Okay.
So we have only gotten two steps of the way through the six steps.



But this is really important. If you don't have a good hypothesis, the next parts will be hard.
So from your hypothesis, you should be able to derive predictions.
Prediction and hypothesis feel like synonyms but in this context they are actually different. A prediction is something you would expect to see if your hypothesis is supported.
So your hypothesis may be about some mechanism that you think is happening, but your prediction is, okay if I go out and collect some data, what will that data show. May be your relationship between two variables or no relationship between two variables.
Something like that. They are not the same thing. For your paper we will ask you to make both a hypothesis and a prediction of what you think your data collected in the forest here will show if that hypothesis is true.
So you make those predictions and then you test them. That's where you are doing an experiment, observations, collecting data. Seeing if they do align with your predictions.
This is kind of a yes or no question you could
think.
But remember that other hypotheses may also be



supported. So if you have alternative hypotheses you are looking at that in multiple ways. If your answer is your prediction doesn't seem to be correct, you should make some other alternative hypotheses. Like, what -- why might that be.
So you test your predictions by analyzing your data. You can report your results. May be they will be in nature and science and you will become rich and famous. That's not what happens to most of us but we can dream. What happens when you get to the end of the process besides becoming rich and famous?
STUDENT: Someone says that --
INST LITTLE: Hopefully not but sometimes. Yeah.
What else?
STUDENT: The world is more knowledgeable than it was before.
INST LITTLE: The world is more knowledgeable than it is before. For sure. And based on that knowledge, you or someone else can go back to the beginning of this process. So was your hypothesis supported?
If not, I think you have may be the idea for your next study. What else can be explaining this. Make a new hypothesis and test it.
So let's do an example of developing hypotheses and predictions. We will start with a something



really silly.
Don't be alarmed by my desk top.
I will -- this worked in my office before I came

here.



It will be tragic --Oh gosh.
Okay.
I'm going to describe and act out an

interpretive dance what this video should be showing you.
Which is this small adorable panda, more adorable than me, is climbing on the hammock. Rolling around and falling out and climbs back in, grabbing it and biting it, falling out again. Crawls back up in the hammock. Repeats over over again. I will post the video on Canvas. I'm not sure why it's not working.
So with that excellent reenactment, with your neighbours, make a hypothesis, what is happening here? What is the panda doing? Why is he behaving in this way?
He or she. Chat among yourselves.
Okay let's hear some of your greatest hypotheses. What going on here? Why is the panda doing what it's doing?




STUDENT: Perhaps the panda is trying to learn more about this unfamiliar object?
INST LITTLE: Great hypothesis. It's learning. That's how we learn. Explore.
STUDENT: May be it's seen other panda or a person get into it successfully and trying do the same.
INST LITTLE: Yeah. Learning. Trying to imitate something. What are other possible explanations.
STUDENT: May be there are not trees around and practicing climbing.
INST LITTLE: Yeah taking something we know pandas do, trying to do that thing in this new environment.

STUDENT: The -- I thought the hammock is strong enough to support.
INST LITTLE: Testing how robust the hammock is. STUDENT: May be just fun to do that.
INST LITTLE: May be he is just having fun. He or she. I don't know why I keep calling him he. Any other hypothesis? Yeah.
STUDENT: May be trying to take a nap.
INST LITTLE: Trying to take a nap. Yeah. Not comfortable on the ground. Trying to find a good place for a nap. How many of these are testable?



Some of them?
STUDENT: Mine is testable.
INST LITTLE: I think they actually mostly are testable. Yeah, let's start with the one that's it's trying to learn more about an unfamiliar object. How would you test that?
STUDENT: I would predict if it's trying to learn more about object, that once it's done this for a sufficient amount of time it will stop doing this behave.
INST LITTLE: The more hammocks you show it, the less it engages in this behave?
STUDENT: Yeah. INST LITTLE: Yeah.
STUDENT: Other unfamiliar objects see if it does the same thing.
INST LITTLE: Great. Already have a couple of options. Those would lead to different predictions probably. Like if using multiple unfamiliar objects, your prediction would be, yeah, when it sees something unfamiliar it does engage in this behave. When sees something familiar it does less. If just testing hammocks you expect this behave to go down over time. That hypothesis is not like if either of those protections be were true, this will not rule out other



explanation but you can say whether that hypothesis was supported or not to some extent. Yeah. Good example.
I will focus on a way sillier hypothesis for the rest of this. Yeah. Before we go into that, how do we actually test these predictions? The two things you both proposed were experiments.
So providing some prechosen objects or hammocks to the panda, seeing what happens.
We can also do observational tests.
Which may just be like in cases where pandas are already encountering hammocks what do they do. We will talk through both of those with a silly example. The panda is attacking the hammock because it's red and like a bull it doesn't like red colours.
Questionably true.
If that's the hypothesis, what might a prediction be?

STUDENT: If no red, it wouldn't care about it.
INST LITTLE: Yeah. Then this behave would not occur.
It's only because it's red. We may have other ones. Like other red objects it will also attack. Let's focus on the red -- pandas only attack red things. We can do experimental test. [Reading]. See what behave



they show. What they do with the hammock. Would we

	want
	to do
	this once with one panda?
	No.
	Yeah.
	We

	want
	to do
	it a bunch of times.
	
	
	


Let's arbitrary say ten. The more the better.
Why is replication important here?
Yeah.
STUDENT: It can be just individual panda bias.


INST LITTLE: This individual panda -- no one mentioned this but may be this panda in the video you couldn't watch a unique panda, he is the only one who treats hammocks that way. We want to be able to test if this is a general pattern. Replicate it. In terms of experimental designs we will talk about that next week but the independent variable is hammock colour.
That's the -- what we think the explanation is for dependent variable which is whether the panda attacks this hammock. That's one way we can test this. We can also test this by going to an area of a lot of hammocks of deferent colours, seeing what pandas do. Observe this over a period of time and see a pattern like this.
Where out in nature, only red hammocks get attacked.
If we see this, our prediction is supported.



How confident does that make you that our hypothesis is sound?
And really the cause of this pattern?


STUDENT:...
INST LITTLE: Yeah.
What -- so I guess the question is -- here we see only red hammocks gets attacked but is this causal? Are they getting attacked because they are red? Can we say that with this study design? What else could be causing pattern here.
STUDENT: I don't know what colours the panda sees but may be...
INST LITTLE: Yeah. May be they see colours different than us. May be different than what we...see here.
STUDENT: May be the pandas hate hammocks that are on the left or right --
INST LITTLE: Yeah. Totally.
They don't want to go in the place that's surrounded by things. The environmental settings affects their behave let's say. Other things can be going on here, because we are not controlling the hammocks in the same way we would in experiment where we will probably make sure only the colour of the hammock was different. Everything else was the same



to test our hypothesis.
So this sort of shows strengths and limitations of experimental and observational studies.
I hope this doesn't come off as one being better than the other because I think they have strengths and weaknesses both.
Experimental designs we think of as more rigorous. More controlled. Take out a lot of potentially confounding variables and whereas observational studies are more often natural. They may be out in the natural world or a less constrained setting slightly. And the flip side of that is those confounding variables are present so make it harder to isolate the mechanism you are testing and experiment designs are so controlled they may be artificial. If they are not realistic, then you are not necessarily sure if the same thing would happen out in nature.
So I think the best science comes from combining the two. Whether within a single study or a field or program of study. May be do experiment and find something then you go out and do observational study and see if you see the same thing or vice versa. A feed back process can be helpful. Any questions about these designs?
Okay.



So one last thing about hypotheses, and predictions, this is something that we will harp on in your papers so I'm giving you a clue now.
When your results match your predictions, this supports your hypothesis.
Does -- can you prove a hypothesis to be true? Not really. That's not how scientific process works. If your predictions are supported, your hypothesis is supported, it doesn't prove that hypothesis.
If your results are contrary to predictions, then this doesn't support your hypothesis. It it may falsify your hypothesis. We can talk about when we feel strongly enough to say that but thinking about hypotheses being true, it's more that we just let hypotheses accumulate support over time through the scientific process. Once they accumulate enough support we accept them. We don't know they are true exactly. But we accept that they are our explanation for how things work.
So if you are writing a paper and your predictions are supported, please don't say this proves my hypothesis. It supports your hypothesis. It's one piece of evidence out there to support your hypothesis. If there's a lot of pieces of those evidence then we accept that as the explanation.



And this is the cycle. So we have observations, hypotheses, we do studies.
And then depending on whether our results support or inconsistent with our hypothesis, we or someone else goes back to the prediction and experiment case and does it again.
And either we just accumulate more and more support until it's not interesting to test this hypothesis anymore or we try different hypotheses and predictions until we get a grip on what is likely happening.
So this is a process. Okay.
Any questions before we talk about this specifically for the forest lab?
All right.
So as a reminder, paper one it will be due October 15th and 16, at the start of lab. That's not super soon but it's not also super far away. So you can start to think about it a bit.
We will ask you to make a hypothesis.
And some other things will ask you to do, so your hypothesis should be related to what you are writing in the methods. We will talk about when talk about writing methods. You don't have to write a full



intro for this paper. We will have you submit one paragraph with your hypotheses, predictions and one or two sentences about why it's logical. Hypothesis should be based on something. We don't have you develop a long back story but a couple of key pieces of logic to say why you are picking this hypothesis.
We will also see whether you can describe the methods from this project in a concise and effective way and you can be thinking about what the best way to report your results is.
So to go through the sections a bet more, the not really intro intro is a paragraph that states your hypothesis that you have made, your predictions, and then a brief justification.
You don't necessarily need to include references

here.



But you can if you want to.
If you decide to turn this into paper three may

as well start to look for literature now.
And we want a minimum of two predictions here. So there's two ways you could go about this.
You could make one hypothesis with two predictions coming out of it.
Can anyone think of how you would do this? Two predictions from the same hypothesis?




STUDENT: Like the...before panda will attack the red hammocks, sorry, panda won't attack the blue hammocks but other red objects.
INST LITTLE: It can be something like that. STUDENT: If then hypothesis.

INST LITTLE: Yeah. So your hypotheses will be about the relationship between probably two variables.
May be more complicated than that. But probably two.
So think about the data that we have, there might be two different patterns you can see in the data, each would support that hypothesis.
For example, with the trees we are measuring density and measuring circumference, basically.
So may be you have some hypothesis about the forest, and those two aspects of the forest could both support the hypothesis but they are semi independent.
Just one thought off top of me head. That's one option. You can make one hypothesis, make two predictions from that. And you can also make two hypotheses each with their own one prediction. This is what most students usually choose.
Just thinking forward a bit, you will have an



easier time with the paper if those hypotheses are somewhat related to each other.
If you are like, I expect that trees are bigger on the north than the south side and I expect more soil and vertebrates where the soil is wetter. You a have a bunch of different things. Those are not relate to each other so if you can have one...or two different outcomes for your two hypotheses. That will make your job just a lot easier.
Questions? Does that make sense?
In terms of what those hypotheses are, we have a whole bunch of variables that are available to you.
So you should be making at least one hypothesis between at least one pair of those variables.
In terms of what is interesting, we are in a biology class so your response variables should be something from these two categories.
You can make a hypothesis about how some abiotic variable affects some biotic response. We are not interested in reading about relationship between two abiotic variables. I predict the soil is different on
...north and south side. Stick with making sure there's at least some biotic variable in your hypothesis.
Questions?



STUDENT: Can we do abiotic response to a biotic -- suspect the PH is higher --
INST LITTLE: Different trees? If you can logically explain why that process is happening, then I think so.
I would want to check with Erin to make sure we are on the same page but yeah.
Other questions? Okay.
Just a bit of data to get you thinking.
As reminder, we have the north and south sides of the mountain. What are some things that are deferent on the north than south side?

STUDENT: North is proper trail.


INST LITTLE: North is -- yeah. The trail is different.
What else?


STUDENT: It seems the slope on the north side is more extreme than the south side.
INST LITTLE: Yeah. You can see that from the con tour lines and when we were out there. The slope is deferent.
Does that affect anything else?



May be?
STUDENT:...one direction.


INST LITTLE: What do you mean?


STUDENT: Air flow.
INST LITTLE: Air flow. Okay. Yeah. So I think out of the things we measured, probably soil moisture is the most related. In a steeper area the water flows off more. I don't know if we will see this in the data but yeah.
STUDENT: Sun exposure.
INST LITTLE: Yeah. That's a good one. What else might that effect?
STUDENT: Weather.
INST LITTLE: Temperature. STUDENT: Elevation.

INST LITTLE: I don't think -- like -- I guess we are a little bit may be a little bit lower in elevation in the south than the north but not in a meaningful way.
STUDENT: More human activity.
INST LITTLE: Yeah. That's a great one.
So if you are interested in that, are we measuring human activity?



No.
But that doesn't mean it's not a difference. So if you have a hypothesis about that, you can use the north and south as a comparison and you would wanted to just explain how human activity is different.
In terms of aspect, yeah, this is sun exposure and reminder south and north facing slopes can be really different even in close proximity. It's important...even though may seem trivial. Two types of hypotheses you may make. Some are comparisons. I talked about north versus south.
We also have near versus far from the path. If interested in human impact that may be a good one to look at.
We also have relationships.
So relationships between two species. Between one species and abiotic variable.
What do we mean by community? What variables would that be?

STUDENT: Coverage.
INST LITTLE: Coverage. Yeah. STUDENT: Species richness.
INST LITTLE: Yeah.
So we could have the relationship between



species richness and for example light.
Let's look at some examples.
I will give you a moment to read through these.
Think about whether the prediction -- what is the difference between the prediction and the hypothesis?
Okay. So our hypothesis is that density of chickadees will differ. How is prediction deferent than a hypothesis and does this prediction differ in that way that we talked about?
STUDENT: Prediction is more like the theory, reason behind. What cause --
INST LITTLE: So the hypothesis is more the causal relationship, yeah. Then the prediction --
STUDENT: The prediction is more data focused and hypothesis more observation.
INST LITTLE: Yeah. Exactly. So the hypothesis is more like the phenomenon we expect or the mechanism we expect.
The prediction if you are counting chickadees you expect to see more of them. That's an actual data prediction.
This is a good way you can write a prediction.
You could also put part of this in your hypothesis.



Here there's because their diet including conifer seeds blah-blah. Explaining why we think this is a reasonable hypothesis or prediction. I don't have a strong opinion about whether this should go with the hypothesis or prediction but just an example of how you could do the justification. This is a comparison hypothesis.
This one I think is also a comparison hypothesis.
Here we have epiphyte [reading]. No, okay this is a relationship.
So we expect that the diversity of epiphytes will increase with the diameter [reading].
So this is actually an example how you can have two predictions. We have the data for diameter of breast height and we have the...the response variable. That's an analog for how you could do two predictions with one hypothesis.
Any questions? Okay.
So let's talk about methods section.
For your paper, we are going to ask you to include methods for the sampling on Burnaby mountain.
Any of the data you present in your results, and your data analysis.



We will talk about the data analysis part in lab in two weeks, so I'm not going to focus on methods for data analysis today.
But a key suggestion here I think I mentioned last week already is that you can target what you include in your methods. We are doing a lot in the field.
But if you think back to these hypotheses between may be three variables, those are the methods you should focus on.
You are not presenting about soil invertebrate, don't have to talk about them in the methods.
So to recap from last week, the purpose of your methods, one is to allow people to repeat your study in full or in part. The other is to convince them that your experimental design is sound and your results are valid. Part is giving enough detail that people can do it again. The other is justifying how you chose your design, and collect your data.
So most methods sections have subsections.
We don't just have one long super detailed info
dump.
There's different ways you can do this.
But some key things that most methods sections
have are information on your study site. May be your



study organism and study population depending on what type of study you are doing but the context basically of where and what you are doing.
That is deferent than how you actually collected the data. So this first part about study site is not the actual measurements you are taking. It's like where it is, the background. Data collection methods in the analysis. Let's go through examples.
[Reading]. What are things you can include in that? How would you help the reader understand the context of your study? Are you just going to write? Put other things?
STUDENT: Map.
INST LITTLE: A map. Yes.
Great idea.
Things like maps will help people situate.
STUDENT: A picture of the species.
INST LITTLE: Pictures. Picture are worth a thousand words. Anything else?

STUDENT: Describe the area.
Describe it enough so don't include just broad terms like north or west, be as specific as you can to give them idea.
INST LITTLE: Yeah. Be specific about the study area.



I think today pretty standard is to may be include GPS coordinates if you don't have a map. People should be able to find where you do your work. There's some exceptions to that. When not include GPS coordinates?

STUDENT: If it's on private land.
INST LITTLE: If on private land. Good answer. STUDENT: If protected.
INST LITTLE: If work on species at risk may be don't publicize where that species is found so you don't have people go harass or hunt it. The if working with Indigenous groups, they may not want you to include locations that are sacred or important to them. So some caveats with the geographic data but in general having a map or location is really good idea.
Yeah. In addition to text, you can have text describing the study area, in addition to where it is, there's some other nice information like how big is the study area.
That -- what information does that give people about how to interpret your results?
STUDENT: How much of the area you actually studied. 12 by
12 metres of the lawns in SFU is pretty small.
INST LITTLE: Yeah if the study area is big but you have a



lot of sampling plot within that scattered around that's different than having the same area of study plots but all together. Gives information about how much tope graphic...are the capturing. How big is the study area, some other specific characteristics. May be your bio geo climatic zone.
Some dominant species. May be something about the climate regime. Precipitation. Things that will help understand how the ecosystem works.
STUDENT: Time of year.
INST LITTLE: Great. When did this take place. Maps are great. We are not expecting you to do this for your report but if you read a paper you may notice this. It's nice to have like a location inset. If someone is not familiar with BC and you have a map zoomed in op the study area, they may not still know where that is. If you focus on a single species, having something about the natural history of that species is really important.
Depending -- like, if you are doing plants or animal or fungi...general habitat requirements.
Reproduction. What they do, what they eat. Deferent things will be relevant but something to help understand how that species interacts with the world. Photos are great.



If you are doing a population study, you might want to include something about like how you chose the individuals within that population to be sampling.
Which again, is a bit different than what measurements you are making. That will come later. How did you pick them? What is your sample population? Questions?
So that is one subsection.
Then there's often a subsection on data collection. This is in some ways more straight forward. You are just describing what you did.
What did you measure?
This could be physical collection of specimens, it could be your sampling design. Did you do transects or quad rad. How were they ranged. If you do multiple, may be a diagram how you decided where to measure different things. If doing an experiment, how did you set it up. A diagram of your experiment better than describing it in words. May be you also need text but visual is great or a photo if your experiment is something that can be income passed in one photo frame or two.
If you do something like a metaanalysis, how did you search the literature. What search terms did you use. [Reading].



If doing theoretical ecology, this would be a description of your model.
So what is the math behind it? May be how did you set up simulations? How long did they run? All of that stuff.
Again, diagrams of your process are great. Basically no matter what kind of science you are doing.
Okay. Then the last one is this subsection on data and statistical analysis. We won't talk about this a ton but just to say there's a couple -- this is actually more complex than you may think.
So some things that are contained here. Also things like data manipulation.
So you have raw data.
But often we are calculating whether it's something like species richness...how do you do that. How did you clean your data, how turn it into something analyzable and then there's the actual statistical analysis.
That includes what type of model you used. We will talk about this in lab.
Did you check whether you are meeting your statistical assumptions? Why did you choose that model?



And then what program you used. Okay.
So let's see if this plays out for real.
On Canvas, there's a couple of papers posted. I think three. This should be the first one. Go find it and see what subsections they use in their methods section.
Okay. If anyone found this first one, what were some of the subheadings in this method section? You can read them out.

STUDENT:...
INST LITTLE: Study area and species. Ding we talked about that. What after that?

STUDENT: Experimental design. INST LITTLE: What is next?
STUDENT: Data analysis.
INST LITTLE: Anything after that?
Yeah. Just three subsections here.
And they are the three ones we talked about.
Magic.
This is a pretty short paper I think.
So there's not -- it's not like a super lengthy
method section.



We can look at other examples.
Did anyone happen to open this sea lice one already? What are the headings there?

STUDENT: Sea [reading] life cycle. INST LITTLE: Okay.
STUDENT: Study area and sampling design. INST LITTLE: Okay. That's standard one.
STUDENT: Fish transportation and holding. Competitive foraging experiment.
INST LITTLE: We have an experiment going on. What else? STUDENT: Dissection.
INST LITTLE: Dissection.
STUDENT: And statistical analysis.
INST LITTLE: Okay. So this is a much longer paper for one thing so combining different things. Let's think about something like fish transportation.
This is a whole section of their methods is fish transportation.
Could that fit in study design or in experiment? May be.

STUDENT: Probably. INST LITTLE: Probably?
But at the same time, if you are taking a lot of



space to describe fish transportation, may be it's easier to just break it out into its own subsection. As readers, it's kind of nice to have subsections.
Leek, not to egregious extent but to break up structure and give us chunks of thing we know are related. It's nice. If the methods is getting really long you can break it into more than the three main types of subsections we talked about.
STUDENT: Relevant...you want to make sure understand...integrity of the species is maintained.
INST LITTLE: Yeah. There's a lot of important stuff in that section and talk about sea lice, not just fish. There's -- I'm sure they needed ethics approval for this and there's a lot in this seemingly simple thing of we will move fish. You can think about what is important and if something seems leek it can fit somewhere else, important to high light, you can make it it's own subsection.
Did anyone lock at this one? I was going to skip it but it's a little interesting.
Anyone?
You can go again.
STUDENT: Evolutionary distinctiveness. Morphology.
Conservation status.
And analyses using evolutionary distinctiveness.



INST LITTLE: Here they took a deferent strategy.
Organizing the methods around like variables or concepts that are part of their hypothesis.
It's like, evolutionary distinctiveness, this is something we are asking about, here are the...
So that is another tactic that you may see. Yes.
STUDENT: How much are these like different sections put in the paper subject to the type of journal you are submitting too.
INST LITTLE: Generally not. I feel like -- I think I published in journals where they say for example you have to have a subsection about study area.
But otherwise, studies are all so different that in general I don't think they can prescribe a subsection structure.
So it's mostly up to you. Good question.
Okay.
Okay two quick things to talk about and then a
break.
So think about what to include in your methods. Remember that one of our goals is to allow
others to repeat your experiment in full or in part. I think the trickiest things to think about is what is



essential information? We can include so much detail what about we did and have to parse out what to include, what not to include so we don't overwhelm the reader with detail.
So let's go through a couple of examples.
Are these details that you should include in your methods? If thinking about reproducibility?
First example, [reading].
Is this essential for someone to do your study? Thumbs up. Yes. Agree. Please include this. This is essential study design characteristics.
Yes. Include it.
Data was collected [reading].
Please do not include. Don't need to know this. Devil's advocate perhaps different ways of collecting data can be more secure but really you don't need to put that in the methods section of the paper. Was that a question?

STUDENT: What if the specimen has reaction to paper?
INST LITTLE: For all of these I'm like I can think of a crazy scenario where it would be relevant but in general, this type of detail, no.
Okay.
At each plot, two researchers worked together to



collect data.
Who thinks yes include it?
Who thinks no, don't include it? Who is like, I could see both sides?
Okay. So what is one potential -- easy one.
Why not include this?


STUDENT: You could probably do it with one person.
Reproducing it.
STUDENT: How many people record the data won't influence the result.
INST LITTLE: Yeah. We have gotten to the crux of why include this or not. Could it influence the result?
Depending on what you are doing, it could actually.
Especially I think a good example is if you are doing something like behavioural ecology where you observe something, often having two people code the same data and then compare whether they saw the same thing or have the same conclusion about it, really good practice. Some scenarios...will convince the reader that your data is valid and high quality. If you count trees in the forest, probably you don't need to include that.
I would say.



So yeah.
Does that makes sense? Yeah.
STUDENT: For lab last week, we did work in pairs. Say, with my partner -- is that okay when talk about it.
INST LITTLE: That's okay.
STUDENT: Or do you want to us pair it down --INST LITTLE: I think that's fine.
STUDENT: Essentially if it's any sort of subjective data that's being collect this is good thing to do.
INST LITTLE: Yeah. I think so. I think that question is always does this affect the data? In most cases it probably doesn't but there are cases where it could. That's your question.
Okay.
Last example. Measurements [reading].
Include this or don't include this?


STUDENT: It depends on what data you are collecting. INST LITTLE: Yeah. Absolutely.
So again, you may be doing something where this is actually key to your question.
Or key to the life cycle of your organism or their behaviour. It can be also completely



irrelevant. You can have gotten any time of day and gotten the same data. Ask, does this affect what the data show?
Okay. Then in terms of justification, another big goal is to convince your readers that your experimental design is sound and your results are valid.
Where -- how would you address that in your methods?
There's several ways you could do this.
What are some things you could include that would convince your reader?

STUDENT: You could say in order to do X, we did Y.
INST LITTLE: Yeah. Absolutely. So I think -- I think I have this on a slide later, if you can lay out logically why some method you did contributes to getting the data that's part of your prediction, lay that out.
Like, the reason we did X method was to measure Y variable. To get this data we had to first do this and then this. That's using logic and explaining step by step, that's one method. What else could you do to convince someone your study design is good?



STUDENT: Give other research examples of where that had been done before.
INST LITTLE: Yeah. Absolutely.
So this comes in a couple different places. It can be the technique you are using to make a measurement. You can site someone else who do that. It could be good to site the first person who did that perhaps. But it can be about your study design. If someone else did a similar...and it worked well, yeah we did it like this person. We based our design on their design. You still want to explain what you did but you have that back up that yeah someone else did this.

STUDENT: May be like if something is a standard in your field, that's the way most people don't explain it but...
INST LITTLE: Yeah. There are things hopefully so well used you don't have to justify them. There's also probably some things -- some techniques so common you can just site a resource and not actually explain the full details of what you did.
Yeah.
So those are some options for how to justify what you did.



You can also include some caveats. So don't go over bored with this but if you know that your study design for example doesn't control for something important, it's valid to say, we did this because this is what was logistically possible and we acknowledge this doesn't deal with this other things...but I think being honest about those things is generally good.
You open yourself up to someone noticing and pouncing on that but at the same time, if you don't acknowledge that they may be like, who are those jokers that never thought of this major short coming. Part of the justification can be showing you that thought through other option. There's a more complex method that we could have used but we couldn't do it for this...
STUDENT: You mention in part of the goal is convince the...you don't want...surely sometimes you only realize it's not a good experiment after you have done it.

INST LITTLE: Absolutely.
Yeah.


STUDENT: So in a case like that, you probably wouldn't wan to convince your readers --



INST LITTLE: Well this is a tricky -- this is a hard part of writing science papers but I think in that scenario, I would probably explain yeah why you thought it would be a good design and part of your may be results but definitely discussion can be we realized this is not a good design. That's really important for other people to be able to read.
And so yeah, I would not go back and say we --in the method, like, use that information that you only learned much later.
Yeah.


STUDENT: Do those papers get published? INST LITTLE: Yeah.
Okay.
Let's take a five minute break. So we can be back at 3:45. [Break].
INST LITTLE: Okay.
Let's do our first class exercise of the day.
On Canvas, there's something called a mock methods. It's a document posted in the lecture material.
You can work with your neighbours on this but I will give you at least ten minutes. Go through the



method section. Think about reproducibility,...what is missing? What needs to be added to be reproducible or convince you they did a good job?
Okay.
Let's hear some examples. I don't think I will go through this all in the interest of time. What are things people found to be missing.
STUDENT: Didn't mention equipment. How got the fish or --?
INST LITTLE: Didn't have a whole section on fish transport?
STUDENT: No statistical analysis and says there's no difference. ...and.
INST LITTLE: Yeah.
So more detail on sort of the data, how it goes together, how you handled it, how you transformed it.
STUDENT: Never mentioned which species. Just said...
INST LITTLE: Yeah. So we need to know what the species is.
Yeah.
STUDENT: Never defined a plot of area they were searching. INST LITTLE: Yeah. Good one.
So how did they do the search? Yeah.



STUDENT: They mentioned multiple methods but didn't...chain method but didn't describe what those methods were.
INST LITTLE: Yeah.
So those are things that probably -- say even if you use the point intercept methods there may be details about how you used it. More information is needed about how you did it. Anyone else want to chime?
STUDENT: A lot of stuff is vague. Like, they say each...removed but doesn't say how. And also says like they removed over a period of several months but what is several.
INST LITTLE: How often did you remove them. How long was the period of time. Why did you choose that period of time?
STUDENT: Didn't have met Rex or unit for what measuring.
Just said...they measured the area. No methods actually measuring it were used.
INST LITTLE: We will stop there.
But I'm confident you found many things that are missing.
So you probably can think about your own writing. Some of you might be more likely to produce a methods section sort of like this, where you feel



like you need to go through and actually add more detail back in.
A lot of you may find yourself in the opposite case where your first draft of your methods may be leek here is everything we did and you are having to take things out.
I don't know -- that's probably harder.
But all of you have different ways of approaching things.
So this exercise may be something that you need to do to your own writing. You may find yourself in the other scenario. Hopefully this was helpful. It's easier to do someone else's to recognize what you...you will have already done the thing so hard to imagine what it would be like to have not done it.
It's hard -- seems trivial but being able to look at your writing like someone unfamiliar with it is hard but you should try to do that when you edit your method sections. Before moving on I will give a couple of final tips.
Some of these are also more general rules but even in the methods sections, try to use the active voice as much as possible. We did this thing.
The methods should always be in the past tense. You are describing things that you already did.



So we will talk more about tenses in the results...some you will write in the present tense but the methods are in the past. You can be consistent with that.
We talked about subheadings. That helps organize your methods section. There's a trick making it exhaustive without adding trivial info. Another tip, it's expected that you not only say what equipment you used to measure something but also give information about it. Want to include the model number or manufacturer if that's something you can find out.
It may makes a deference. Possibly.
In terms of stylistic advice, in your writing always want you to avoid dead weight. Cut words you don't need but we talked about this in terms of justifying your work, this is where having some phrases like in order to or for the purpose of, is actually helpful because they help you connect back to your hypothesis and help the reader understand why you did something.
So don't be afraid of doing that.
Again, if you find that you couldn't put a phrase like this before something you are describing,



may be a good sign you don't have to...if it won't contribute to testing your hypothesis.
One last piece of advice, I think it's tempting to just write in chronological order all the things you did.
That's actually not a bad thing to do as a first
step.
Because it helps you probably be more thorough
about remembering everything you did but in terms of the written presentation, that's probably not the best way to organize it. We talked about subheadings but think about organizing things that are related to each other. You don't want the reader to be jumping around. If you did something related to canopy cover early and then later you don't want to read about it once and then come back to it later. Group it together.
It's easier reader to follow chunks of things. All right. Any last questions on methods?
All right.
Let's jump into results.
We don't have as much to cover here. We will talk about it more with data analysis. For the results section we expect a couple of things.
We -- this is will be outlined more in the paper



one assignment which I will post soon.
We want a sort of overview section of your results that has some qualitative data. For example, what are the characteristics of the north and south side. Some summary stats. If you are interested in looking at effects on tree species richness in the plots, in this section, you may want to include something like how many total tree species you observed across the entire data set. So this is things that it's not your like statistical analysis, but it's presenting this overview of the data that you are working with so people can understand from that then how are you using it to test your hypothesis.
We can talk more about that once you start trying to work on it.
And we will calculate some summary stats in lab that you can use for that. The quantitative part is the statistical tests that are actually testing your two predictions. And you should do one figure per statistical test you carry out and you can use tables if you want.
So remember the point of the results, we are trying to show the results clearly without attempting to persuade people. We are just showing the results.
There's probably not going to be a ton of text



but you will have tables and figures.
And results of statistical analysis. Result are deferent from data.
Results are the meaning of the data. Data are just the numbers.
They are like the literal measurements we made.
We don't want you presenting the raw data. You can summarize but we want in the results the meaning of the data. Some examples, one about a fish. Pika. [Reading].
So this is a result of the data. We don't see the numbers of sea lice for example.
That's probably shown in this figure. That's where the data are.
But the result is nice and interpretable.
Focusing on the biology. Something we talked about last week. We are not just showing a stat and being leek p-value blah-blah. Talk about the actual bio and saying things like less than one-third makes it more tangible than saying something about the statistical test.
Like the T and p-value. It is good example.
Here one with the more of the stats. Pika showed [reading].
We have statistical results here.



Pika [reading].
More stats here. I think this is also a good example.
And we also have a reference to figure two where you see the data. The actual text here is pretty accessible. Like highest in this one type of plot...[reading]. That's related to the bio and the stats are in parentheses.
Okay.
So we mentioned, expecting a sort of first paragraph with qualitative data.
It could include some differences between treatment groups or locations. Shouldn't do that. Sorry. It should describe...[reading] here is example from one paper.
It is saying things like, we observed 22 hunting [reading].
It's not going into when they were more likely or less likely to see them capture prey. For example. Just saying this is the sample size. This is the species richness we observed and the prediction testing part will get more into how that's parsed out between the deferent variables. This is describing the data set that's going to be used for different analyses.



Then we typically have one to a few paragraphs for prediction. For you it will be one paragraph I think.
An important piece of advice is put them in the same order as in the intro. In the intro, say I have this prediction. I have this prediction. Stick with that structure throughout your whole paper.
In the methods, you can have it in that order.
In the results have it in that order. Makes it easier to navigate.
If you want you can get these subheadings.
An example here, they have two things testing.
In this paper.
Looking at caribou affects on landscape [reading].
These are probably each a hypothesis or prediction.
And so they have put those as two paragraphs in the results.
If you are more or less interested in one hypothesis, you know where to navigate.
And then in terms of style, these should general use the past tense.
Except when talking about how data are presented in the paper. That may not feel like it makes sense.



Let's go through examples. When say talking about how data are presented in the paper, that's talking about things like figures and tables. Figure one shows something, table two shows something else or may be these results suggest something but the actual results themselves should be in the past tense. If we go back to one of the others examples, there were one-third less sea lice on this treatment group than the other treatment group. In general you are in the past tense still here.
We can look at an example results paragraph to see that.
Most of this is in the past tense. Information was available.
The subjects were classified in these different
ways.
But then we have a couple exceptions. So table
one gives characteristics of those smokers.
And then yeah just want to high light again if you can put your results in affect size that's not statistical but is actually more concrete, one-third less, ten years older, that's something someone can clearly see the difference that you are trying to show.
May be it's a really small deference. May be



it's like they were three months older.
Someone can be like that's bio probably not a meaningful difference.
You can use this to show non-significant...results too.
Okay.
Then yeah a bit more about statistics. We talks about these ways to bore readers and two are really common results sections. [Reading].
These are common in statistics.
You probably have abbreviation for the type of statistical test you ran, for example.
So let's think about how to not do these.
If we have a goal of comparing number of bird in natural forest and forests planted with invasive species, what do you think your hypothesis was here?
I think you can reverse engineer it. Yeah.
STUDENT: Are natural and exotic being treated as opposite categories?
INST LITTLE: Yeah. I think those are the two categories of our predictor variable.
And our response is the number of birds.
So the hypothesis was probably something about native versus exotic or non-native forests having



different number of birds in them. That was probably our hypothesis.
Okay.
So what you please shouldn't do is just only write about the actual stats.
There's more than that wrong in this sentence but the observe T value is greater than the critical T value for 39 degrees of freedom indicating [reading].
This may all be true.
But do you have a good sense of what is going on in those forests?
Probably not.
You probably can tell that there's a difference between them but there's no bio information in here at all. This is only stats.
So let's try something a bit better.
We could say, yes, there was a significant difference in the number of birds between natural and exotic forests. We then have the stats in parenthesis much better. Get them out of the main part of sentence.
How could we improve this even more? What would you want to see in this sentence?
Yeah.
STUDENT: What is the deference?



INST LITTLE: What is the difference. Yeah.
Even better would be to say there's significantly more birds in the natural than the exotic forest. In this one, we don't know which has more and which has less.
So this gets even better at whether we are addressing our hypothesis or not.
Should be aiming more for that last example.
So that's a bit about how to put your stats into a sentence in the results.
You will also have figures and tables.
We can go through some general thoughts about
these.
A good rule and some academic journals are
strict about this. A table or figure and its caption should be a stand alone story. Shouldn't have to read the whole paper to understand what is happening in the figure.
For one thing, it means the figure should be well designed and clear and the information in the caption should explain it. It should contain probably a very small amount of information about where the data came from, the sample size would be important.
You want people to read your paper and also just look at the figure and get some information out of it.



Present data in one format only. If you make a figure you don't need to also make the table with the seam data.
Don't present raw data. Even if you have a table it should be of summary stats. May be means of deferent categories or something like that. Seems trivial but number them consecutively...make sure figure one is the first you refer to.
And you would do that separately for figures and for tables.
If you are making tables, your table caption goes above the table. The clue here is it goes at the top of the table, both start with T.
Table captions should briefly describe the topic or what the table about. And you ideally should use the same terms as in the column headings and the text of the paper.
You may need to abbreviate things. If so, you need to explain that in the table caption.
And there's some things about formatting.
We like something like this where you have some horizontal lines separating, column headings from the actual content of the table.
Having line at the bottom separates it from whatever text is coming next in the paper. That's an



example of a good table caption in terms of formatting.
Figures, the caption goes at the foot.
You need to briefly describe the axes and units if they are not on the axis label. Any key experimental details and figures can be complex. Can have colours, lines, shapes, shading, you need to explain that in the caption.
And then yeah figures, there are many many deferent types of them.
I will go through two because we separated these types of hypotheses that you may make into comparisons and relationships.
And there's specific types of figures we want you to make for each of those. If doing a comparison, we want you to use a box plot.
So you probably have used bar graphs in the
past.
They are fine.
But these are better.
What can you miss in a bar plot?


STUDENT: The range.
INST LITTLE: Yeah. A lot can get hidden and how you present the Y axis can really change your



interpretation of whether differences are beg or small. If you have a box plot you can see...the spread. You are getting a more information and we think it's more honest. That's how we will teach you to make this type of figure in R. This is if you have a categorical variable on the X axis.
For relationship predictions, we want you to make a scatter plot. You have two continuous variables. One on X axis one on Y axis. Here we have a line.
What is the line probably showing? Not average.

STUDENT:...
INST LITTLE: Yeah probably a line of best fit. A correlation or regression. We will come back to this later but you should not always add a line.
You should add a line if you find a statistically significant relationship between those two variables.
There's no relationship, there shouldn't be a line. So the graph may look a bit different depending on what the results are.
Okay. We will stop there. Out of time. But see you on Thursday.



Rain or shine. Or Friday.
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