

BISC 360W, October 6, 2026 INST LITTLE: Okay.
Hello.
How is everyone doing?


STUDENT: Good.
INST LITTLE: All right.
This week, we are going to talk about some things that hopefully will be relevant for your paper one.
So more specifically, we will talk about visualizing results and citing literature. As reminder for paper one, you will make two predictions. And we are expecting you to make a graph for each of those predictions.
So visualizing results should hopefully give you good tips for how to make the graphs nice.
And then in terms of citing literature, you don't have do a lot for paper one, you just have that like mini intro where you introduce the hypothesis and predictions and need to write one or two sentences of justification. You probably want to put like two citations in there or something. We will do a little intro to citing literature or review of citing literature. Hopefully you have all cited things
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before.
Let's start with visualizing results.
So some general rules, we went over this earlier in the cores but reminder, your table or figure and its caption should make a stand alone story. Make sure your captions are complete and help someone interpret what you are showing without having read your whole paper. And data should be presented only in one format. If you show a graph of something, please don't also give us a table of that data.
Shouldn't present raw data in tables, could be background points...we will see example. Numbered consecutively with separate numbering [reading]. In terms of tables, the caption for the table goes at the top of the table.
And these are often a lot briefer than for figure captions. Tables should be self explanatory so shouldn't be that much to explain. Your table caption should probably just sort of say, what is this table about, what is the point of it. Otherwise, should be pretty self explanatory. If you have abbreviations that's important to talk about in the caption.
It should relate to what is in the paper. So if possible, use column headings that are also the variable names you are using in the written part.



And then just as remind, there's a lot of ways to make tables -- thinking about how people do this in this class. You can make tables in Excel for example. And then copy them over into your word document.
You can also -- there's insert table function in word, that usually ends up looking a little nicer.
Either one may give you some wonky default formatting with gray lines or background colours. Trying to make them look professional. You can do it. The gold standard we have is like this, with the caption at the top, whether talk about figures or tables, it's nice to bold the part that says table number or figure number.
We then have a thick line separating the caption from the actual table column headings which is helpful to visually distinguish what is actually the table instead of just having a mess of text and then we have the two thinner lines at the top and bottom of the actual table contents.
Again, this separates the table from like whatever paragraph is coming next.
You may -- sometimes we have cropped it out of the shot here but there's asterisk and dagger in the names, probably explaining what does this abbreviation mean or something like that, that stuff would go below



the bottom line of your table. Like asterisk and then whatever that's referring to.
Yes.
STUDENT: Do you know what -- where this table is generated in? Word?
INST LITTLE: You can generate this in word, yeah. STUDENT: Cool.
INST LITTLE: If you use the table function in word, you can play with the borders of all the cells in that table.
Other questions?
About how to make professional looking tables? No? Okay.
Yes. That's all I will say about tables.
Tables are pretty boring. Let's not talk about them more. Figures are more exciting. As review of figures, our caption here should go at the bottom of the figure.
Unlike at the top of the table.
Some important things to include in captions, describe the axes and their units. You should also put that on the axis labels and this should be a stand alone story. Someone may not be able to fully understand the context...you may need to give a sentence of background on where the data came from. I



think you have all seen this with some figures we gave you and been leek write a caption, you're like, what is this showing. What is this showing should be something you answer in your figure caption.
We are expecting you to define all the symbols and shading and stats you have in the figure.
And there's lots of deferent examples of figures. We went through some examples in earlier lectures but I want to just give some different examples. Again, you can think about how this fits into your forest community paper or just other things.
So some examples would be to actually use the photos as your way to show your evidence.
So this is showing mimicry in some fish species, so they are literally showing, this is what one looks like, the other one is mimicking that, you would never be able to get that impression by describing it in words.
So yeah. There's all sorts of patterns that may be easier to see than describe. Like about the landscape or the plot set up. Whatever. Another one, describing how different different life stages of this species are.
So photos are great.
Anyone thinking about including photos in your



paper?
For what?
Any particular thing you want to show?
No? Just -- yeah. It's also I think good --
people can get idea of the cites you are looking in. Methods...then we have graphs.
So bar graphs are often used to compare means.
We do not prefer that. As I mentioned, we want you to use box plots but just for the sake of some examples, we can use this bar graph.
So what are some things that you see in the caption that we said you needed to include here?
What is the caption doing? Yeah.
STUDENT: Explaining the axes.
INST LITTLE: Yes. So we explained the axes. What else? STUDENT: The colour.
INST LITTLE: Yeah the shading.
What else is there?
STUDENT: Also experimental details.


INST LITTLE: Yeah. There's this little -- you can deduce a bit about what the experiment was, they are looking at floral visits.
They have controls, application.



What else?
One more really important thing it's doing. Yeah.
STUDENT: Is it the --
INST LITTLE: Error bars. Error bars, the data is means plus or minus the standard error. Error bars can show different things. Standard deviation, standard error.
95 percent confidence interval. Error bar is important what you say what stat that is actually showing.
Another thing I didn't mention that I wish was on here would have been sample size.
So it says there's six focal plant species but average number of visits per stem but how many stems are we talking about here? I think that's another important thing to help you interpret kind of the error bars but also just the general pattern. So I would encourage you to put sample size in your captions.
Which could be like the number of plots in the forest project or something.
So then that's if we are comparing means. If we are looking at something like the relationship between two different variables, we have a scatter plot.
And here we have a line through the scatter



plot. Why do we have a line? What is it showing?


STUDENT: Trend.
INST LITTLE: Yeah it's a trend line. We would have made a prediction that number of seeds is dependent on plant dry mass. Who this was ran a model to test the connection and found yes there's a clear relationship so based on that statistical model they put a trend line through there and gave you the linear parameters for that trend line and each data point is independent of the all the others. The line is showing the relationship between the two variables. Not linking the points -- we will not -- I prefer you not actually put this annotation on your graph. It's not visually pleasing. It's cluttered. So I would recommend to put this stuff mainly in the caption.
Or some of it could be in the text. Up to you but having said that they do a good job, we know the sample size here. That's a good piece of information for interpreting this model fit.
Anything else you notice that you think is good or bad or missing from this plot?
Yeah.
STUDENT: Question. It also says the location. Is that essential if the location is said before in the



methods? Is it not just information that's not necessarily -- unless they have different locations, I guess.
INST LITTLE: Great question. I would say for sure if you have multiple locations in the paper, say it in the plot. We say the figure and caption should be a stand alone story. There's judgement about how far to take that. This helps you understand the whole story but including everything in every caption is too much so I would say you could go either way.
Okay.
I think you have seen this graph before.
But just to point out there's two types of graphs we may have that have points and lines. This is a time series where the points connected by lines are not independent. They are the same point measured repeatedly.
So that's unlike a scatter plot but kind of similar in some ways.
So may be you remember from when you tried to interpret this plot without a caption but what do you think they do well and not well in this one?
Now that you have the figure caption to help you interpret it.
Any comments?



Yeah.
STUDENT: Explains what the hatch...is.
INST LITTLE: Yeah. So I think there's quite a lot explained in the caption here. Like you now know what the hatched area is, I think it could be a bit more complete but like it says weeks refer to calendar weeks of the year so you can guess one is January first probably.
It explains what control is. Like, in the -- I think this is actually a good example of some people say if you have a legend on the figure do you still need to explain what the shapes are but here the legend says weasel and control and it's not clear without the explanation, what does weasel and control mean. In the caption it gives you a bit more info.
And again, we have the description of what the error bars are.
We are missing the sample size.
But much more interpretable with the caption. Okay.
So graphs -- any -- we will move on to other types of visualization but any questions about graphs as you think about making your own?
Yeah.
STUDENT: Is colour like frowned upon or a useful thing.



INST LITTLE: A grad student just asked me that this week. I would say use colour. Actually, we will talk about colour later in this lecture but yes, you can use colour.
I think like don't use it gratuitously. If you have a simple graph, it may look nice in black and white if you are not having to show something complicated but definitely use it if you have multidimensional data it's so helpful. So yeah.
Yeah.
STUDENT: How do you pick what to use for the standard error...
INST LITTLE: What do you mean? STUDENT: Like you said it can be... INST LITTLE: Right.
So it could be standard deviation or standard error or 95 percent confidence interval. It depends a bit on your data and what you are summarizing.
We can talk about it more in lab when we actually show you how to make the graphs.
We will have you do one of those things and I will explain then why I want you to do that one. Does that work?
I would say in general, some of them the difference is not that important as long as you say



which one you choose.
Yeah.
STUDENT: Sorry, unrelated but are we getting the data in lab this week?
INST LITTLE: Yes.
Okay.
Other visual elements you could include. Include diagrams.
So here we have location of wound infection in
50 patients bitten by dogs and 57 patients bitten by cats. Do you think it add anything to have this diagram of the body compared to just listing all these numbers?
Actually very mix response. Who thinks yes?
Anyone -- what -- why is this easier for you to interpret?
STUDENT: I think it doesn't have -- I think it would be better -- I think it's good showing the region but if it had coloured areas, represent, this part is what we are count as...trunk.
INST LITTLE: If a better version of it it will be really helpful. Any other thoughts?
STUDENT: More interesting to look at rather than just numbers.
INST LITTLE: Yeah. Thinking about you could if you colour



it, you could colour it by which ever areas are more prevalent to get infected than others. It could be better but it's nice to look at things when you read a scientific paper. This is very low intellectual effort way to get information so I like diagrams but it's -- probably doesn't add that much to whether you are able to understand the data.
STUDENT: Some journals -- have a limit on the amount of figures you can put?
INST LITTLE: Yeah.
STUDENT: So you may not have --
INST LITTLE: Yeah if in a journal that's tight space and like you can only have two visual elements, you probably wouldn't pick this to be one of them but if you have a lot of space --
STUDENT: Appendix or something.
INST LITTLE: Yes. You can have appendices that have as much as you want in them like dozens of pages if you feel like it. The other trick if you have a limit on the number of figures is put multiple panels into one figure.
Can really go far with one figure.
It gets a nightmare to look at but if it's really important, smash it together.
Okay. Some other examples of diagrams this is



very results oriented diagram but you can do a lot --speaking of putting things together, one option is to show different elements. May be of your experimental design. Here we have photos of the different species.
So that the reader can understand what the deference is.
Like, we have some diagram of what the differences are between the two locations in this study and an actual cartoon diagram of the experiment.
So again, if you think about trying to explain all this in words, probably did in the methods also but it's honestly probably easier to figure out the experimental design by looking at this diagram than just reading the words. These can be tricky to put together. Takes a lot of thought to make them simple enough to understand but if you do it well, it's really effective in helping people understand your methods.
So that's another option for diagrams.
Another one is sort of linking your results to your methods or your set up a bit.
So this is an example where we have sort of like three different settings. These are deferent types of water ways.
And then we have actually some data from a case



study of each of the three different categories.
So trying to help the reader understand the link between what the landscape looks like and the ecological effects. If you have where you draw a lot of data together and you have different sample sites and want a map and call out this is what the results look like here and this is here, that can be a fun way too show your results which, yeah, adding some colour and illustrations...
Yeah. Any questions about diagrams or making them or what might be on a diagram?
Okay.
You could also include a map.
There's a lot of different things you could show here. Like, this one is showing just places where measurements were taken around the world.
But I'm sure you have seen in papers, if you have global data set you can colour the map by the actual value of the variable you are interested in. This is cartography and we are not going to teach you that but maps can be nice to include especially if you have data from a lot of different places.
Okay. I said we were done with graphs but should you use pie charts? No, please don't use pie charts. They are for children and politicians.



Please don't use them. There's a couple reasons not to use pie charts. One of the most important is there's no way to show variance or uncertainty in a pie chart. Even if we go back to our bar graph, like we rather you use box plots than bar graph but at least this has the error bar on it so you can interpret at least what the variation is around that mean but if we are in pie chart world, like, we don't know anything about the variance or uncertainty. We only see this sort of average outcome.
So that makes it really hard to interpret like how should you think about these results? Are they solid?
Also, a lot of -- they are hard to interpret.
So like visually, our brains are not that good at looking at an area and turning that into a value in like okay this chunk of the pie is bigger than the other but by a significant amount? We are not good at that. So another way to do this would be something like this.
The comparisons among the deferent categories are more clear in this chart than the pie chart. Here again we don't have variance. I don't think there's variance in this data but at least we can more easily compare the actual values than we could in the pie




chart.


So no pie charts.
If you want, if you really have something you

want to show in something like this, a better way to do it is put in a stacked bar graph where you have bars that all add up to 100 percent but then the proportions are different colours. It's easier for us to compare the size of the bits of the stack bar chart than it is to compare the size of a pie chart...that's a slightly better way to do it.
Some other things to avoid besides pie charts.
Would be misleading scales. So this is about choosing your axis values.
So here in this chart we would conclude that there's leek a lot of change from year to year but if you look at the value of the Y axis only going from
3.14 to 3....probably not that different. If we choose a deferent Y axis all the bars would look essentially the same. Also you could have error bars on this which would tell you whether the difference are statistically significant but that doesn't necessarily tell you whether they are biologically significant. They could be actually deference from one another but the 0.002 percent difference is not meaningful. See the distinction there?



Yes.
STUDENT: Is it better than do the weird axis and show this non-significance...?
INST LITTLE: Yeah. I mean, I would probably shoot for something in between these two. Yes. I think like having the error bars on there is really important.
And yeah actually -- this brings up a good point. A lot of people ask us, like, well I didn't find a significant difference so I didn't make a graph but you should still show your data. If there's no difference, show there's no difference.
So yeah put the error bars on there. Let the reader see what is going on.
So we talked a bit about adding lines to scatter
plots.
Why do we do that and not do that? So here someone has put a line on the
relationship between distance to point and tree basal area. This is from the forest lab data from a previous year.
I think I who did this as example. Not like a student did this.
Here, we ran a model to look at the relationship of these two variables and there's not really a relationship. The R squared is 0.007. Less than one



percent of the variation in tree basal area is explained by how far it is from that point we put in the ground. Which is not unexpected.
I would say.
Like, this was not a strong hypothesis we were testing here.
However, if you put a line through it, as soon as you do that, your brain is like, I see a relationship. It's slightly goes up.
So but if we took that line off, your brain actually interprets this graph differently. Oh that's a blob of points with no relationship. Just the act of adding the line will change how your reader sees the same points. Which is why we tell if the model doesn't give you a significant relationship between the two variables do not put a line on the graph.
You are implying a relationship where there isn't one.
Another thing is misleading extrapolation. This gets a bit at your choice of axes as well.
So in general, your axes should cover the area where your points are. And this is especially true if you have a trend line that you are adding to your graph. So the counter point would be something like this, where we have some sort of extra space on the X



axis here.
And the trend line continuing implying this relationship continues up until drivers are 120 years old, which may or may not be true. We don't know.
Don't have that data.
But so if you are adding a trend line -- may be reasons that you have extra space on the axes but make sure your trend line only covers the range that your points fall in so you are not suggest that you can make predictions outside the range of your data.
We do this all the time, actually.
If you are like, wow there's a great relationship. If we predict further into the future, if we had more trees we would get more benefit. We can't say that if we don't have data in the realm. Or if we...don't do it.
One last thing, is titles on graphs.
So in general, if you submit work you should not have a title on your graphs. It's handy to put them on your graphs as you work on things just so you remember for yourself. If you generate a lot of graphs as you explore data it may be nice to have titles so you can keep tract of what is what but when you make a final version you don't need that. This [reading]. Like, that information all goes in your



caption. You don't need to put it also on the graph and it makes it look more cluttered so no titles on graphs.
Okay.
Any questions about those things I don't want you to do?
Or other things that you are like should I do

this?



Okay. You will have one more chance.
So a couple things that we do like you to do, so

in terms of effective figures, keep them simple.
Have a clear message and going with keeping them simple avoid special effects. So we are getting nothing by making these bars 3D. What information do we have with a 3D bar that we didn't have with 2D bar? Nothing. I think this top example is sort of like you don't need a bunch of extra lines. I know in Excel the default is often to have some lines from the Y axis showing numbers but that is just clutter you don't need that.
And show your data.
So we will talk about what we mean by that.
But first, let's talk about having a clear message.
So let's imagine this experiment.



Where we have a factorial design. Means two factors. Replicating each level of one factor in each level of the other factors.
So here we have 7 varieties of a plant.
And we have two nitrogen treatments and replicates...how would you represent the results most clearly?
Maybe with your neighbour, sketch out what you think a graph of the results might look like.
Okay. Let's hear some of your ideas.
So hopefully you have X and Y axis. What is on the Y axis?
STUDENT: Height.
INST LITTLE: Plant height. Yes. That's response variable.
What is on your X axis? Yeah.
STUDENT: Variety.
INST LITTLE: Variety. Anyone put anything different on the X axis?
Yeah.


STUDENT: Two levels.
INST LITTLE: Two levels of nitrogen. Two ways you can do this. Variety or nitrogen on the X axis.



Then what? Yeah.
STUDENT: Colour code whatever you --
INST LITTLE: Colour code based on what is not on the X axis and what do you have bars or points? What is the in your plot?

STUDENT: Box plot.
INST LITTLE: Box plot would be a great choice. So this is a tricky one. Having 7 levels of a factor is kind of a lot so with some example data, here is two scenarios of what it can look like if you have nitrogen on X axis versus having variety on the X axis.
Which one of these seems more clear to people?


STUDENT: The right one.
INST LITTLE: The one on the right. Variety on the axis?
I think that's generally true.


STUDENT: I have a question.
When we are arranging order varieties, would it be better to make them go up like this?
Or have them more like randomly -- random --here I feel like -- think about it...but it looks like...



INST LITTLE: Yeah. I would say -- part of this example is thinking about what you want your message to be. So maybe you have a hypothesis that there's an interaction between the two factors and you think about the best way to show that. Here there's a difference between varieties.
There probably is not a deference between nitrogen levels. May be for some variety there are and so I think you could -- how you arrange these could influence how well you show that pattern. I would say looking at the -- either the X axis variety or what order the colours go in for variety, I would say if you -- if part of your hypothesis is that you think this species will respond in this rank order, like, I think A should respond better than B -- show in that order because it links to your hypothesis...then I would do something like alphabetical order. Here is the same thing but that wouldn't usually be the case. Then because you are not implying that you think there's some order to them.
But I don't know. I mean, there's definitely types of plots where you do range them by response magnitude. So yeah, I don't know. I don't have a good answer for that but I think it depends a bit on



what message you want to be emphasizing out of the results.
Cool.
So yeah, I think in terms of why the right hand panel is more effective, I think the fact that there's deferences among varieties is clear in both figures.
But it's easier to look at the differences among nitrogen treatments in the right one where you are directly comparing within a variety.
So you can also think about which result is the harder to show.
And which way of visualizing it...
In terms of showing your data this gets into why we don't like bar plots so much, bar plots you are showing the mean and some measured variance but the same mean and variance can be generated by very different distribution of data. These are four deferent examples where the points would create exactly these same bar graphs. I think what is implied by the bar graph is this symmetrical case.
But it could be in one case there's just one out liar pulling that mean and variance up a bit. It could be they are bi-modal or the sampling unequal between the two bars.
So bar plots are really hiding a lot of things



that are happening in the data. So we want better ways to visualize it.
So friends [reading].
Box plots are better because they show the mean or median, the central tendency...[reading].
We have the high and low value and out liars down here. In the middle bar or middle panel you can see there's something different going on with the under lying data between the green and purple case.
If you included a histogram that would be more obvious but it's not a great way to show data so I think this is a great thing for you to do with data make histogram so you understand it but it's not great visualization in a paper usually.
With the box plots, we have median upper quarter tile and lower...and whiskers and out liar. Anyone know how outliers are typically classified in box plots?

STUDENT: More than double the standard deviation?
INST LITTLE: Close. That is I think one way of defining them. If you use a box plot it -- you take the interquartile range...1.5 times that compared to the mean. Similar concept.
Thinking about out liars is actually an



important thing to talk about.
What should you do with outliers?


STUDENT:...relationships...significant...you can exclude it but say it's there.
INST LITTLE: May be. Other answers?
STUDENT: May be include what it would look like with or --both.
INST LITTLE: That's another option. How else may you think about an outlier?

STUDENT: See if you made a mistake somewhere.
INST LITTLE: Very important. Yeah. So I think the first reason that we look for out liars is sometimes it will be a data entry or measurement error. In that case for sure exclude it. There's not even test the effect. If it's because of a mistake, take it out.
What if not a mistake? How would you think about it?
STUDENT: If you know the context behind the one point, the reason why it's out lying, you can explain that.
INST LITTLE: Yeah. I think how I -- there's no hard and fast rules I would say which makes this annoying but you can think about like is that outlier meaningful and typical thing you will see...doesn't mean it's not a normal thing you will see in nature. Forest,



sometimes there's a huge tree and not many of them. Should you throw that out of your analysis? No. You probably shouldn't. Thinking about is that outlier really something anomalous that doesn't really like conform to the expectations that you are testing or is it actually a typical thing for a measurement of this data set to have one really extreme value? In that case, keep it in. But in your analysis you want to say yes there was an outlier, this is what I think was going on with that outlier and why I decided to include it. It will potentially violate of some of your statistical...you want to explain that it is there but you don't want to necessarily throw it out. That's valuable data potentially.
And it is a great idea if you are on the fence about it, you can run the analysis and do the graphs both ways. I would not say to pick based on significance which one you include. May be decide before hand which one to include but you can always put the other one in appendix so if the reader disagrees with you they can see what it look like otherwise and see how it affects your results.
This is just some explanation, box plots.
I think it's also nice to try to visualize a box plot on histogram to help understand better what we



are showing. If the data is normally distributed...is frequency of where the observations are should fall on some kind of bell curve. The box plot is showing the
50 percent in the middle where most of the data is.
So you can think about how that maps on to a distribution.
Okay.
So we will go over this in lab. So don't stress about the code I'm about to show you. Just putting it on the slides so you have in multiple places. Making box plots in lab. This is a default presentation it may have. This is how you would do it.
Any thoughts about this presentation? How could you make this graph better?

STUDENT:...to the axis.
INST LITTLE: Units? What would you do before? STUDENT: Adding labels.
INST LITTLE: Yeah. A lot of times when we make graphs in R it will put the variable name as axis label and that may be some meaningless abbreviation so edit the axis labels and add units. Anything else you would do?
STUDENT: Change...
INST LITTLE: Change the theme. So this gray background is a little mmeh. Could make it tidier.



Yeah.
STUDENT: Similar to what we talked about but the -- three units from the bottom, three --
INST LITTLE: Levels --STUDENT:...
INST LITTLE: Yeah. So may be explain those better.
Make them more meaningful or at least explain in the caption what those are.
Another thing I would say is make the text bigger. When -- actually, free tip for your paper to make us happy when grading it, you will make a graph and probably to put it in your word document you will shrink it down likely, if you do that, and the text gets really small and in the legend -- we can't read that. So we will show you in lab how to change the text size on the axes but think about that when you do it so you end up with something that even if you resize it, the resulting text is like a readable size. This feels unbalanced. There's a lot of plot space and the text is very small.
Okay.
And then yeah, there's -- I think we have some examples code in the code for the lab this week how to -- where you have a factor on the X axis and grouping them in a colour.



One of the tips was show your data, and so this is example. It's a bit I probably wouldn't choose this light blue colour for the points but something you can do with either bar plots or box plots is plot your raw data on top of it. Here we have like a point cloud, all of these little blue dots are the raw data that went into making that box plot. If you do that, you can even more easily help the reader figure out if one of these things is going on.
So we will give you code to do that too if you
want.
There's different -- you can make choices about
colours and sizes so doesn't lock so distracting if this looks ugly to you but showing your raw data like that is -- just from this, we can see for example there's a lot less sampling effort in R than in F and
4. Which may be relevant to how seriously we take this comparison.
Another option, you do not have to do this and I don't think we will give you code for it but know that it's out there is what we call violin plots.
So this is -- you can think of it as this white line going from the four to the top of the plot is like X axis of histogram and you are making a histogram that's on both sides of the line so



symmetrical. Showing the density of the data at different points on the...axis. You can do it with plotting. The data under that as well. See the bigger circles...the width of the violin is...that's another thing you may see in journal articles.
Any questions about those? Yes.
STUDENT: You mentioned if we were doing box plot or bar plot, is there some reason why you would do a bar plot?
INST LITTLE:...yeah.
STUDENT: On the slide before this, on the X axis are those all supposed to be specific factors like species or something?
INST LITTLE: Yes.
STUDENT: I don't understand why it's variance on the X axis.
INST LITTLE: We call this jittering.
Basically, it's the same as this. So this here we can -- it's legitimately the same data I think. So here we can say there were say 15 observations at CTY equals 11. The size of that dot is bigger --
STUDENT: It's --
INST LITTLE: This is just to spread them out. Instead of grouping those observations by whether they are 11 or



12, we are still showing every single data point but spread it out so not on top of each other. Great question.
Okay.
Scatter plots are hopefully a little more straight forward but they can still be complicated. So I mention if you are limit in how many figures you can include you can put lots of figures into one figure. Here is example of that.
This analysis is asking how the size of an animal predicts its home range size.
And so here we have relationships for different taxonomic groups, fish or mammals or reptiles.
And then we also have insect charts that are the more detailed view for each of the deferent taxonomic groups.
Do you like this? Or do you not like this? Not like this.

STUDENT: It's efficient. INST LITTLE: Yeah.
So I think the rationale here is the taxonomic groups cover different parts of the axis. The blue lines only go up to part way through body mass ten to the third.



Whereas the red ones go further and the lines are all on top of each other. The question is would you rather have the one big graph with all the lines, but not the insects or rather have the insects arranged into a nice four by two figure panel and not the lines all on top of each other or does both actually add something?
Anyone have opinions? Yeah.
STUDENT: I guess it does despite it being busy, they tried they're best to separate out the different types of animals in a way that you can compare both in and outside...group so even though it's busy the colour coordination makes it more manageable to understand I think.

INST LITTLE: Differing opinions?


STUDENT: I think if you were going to get rid of the smaller...you want to add a few more colours I think.
Here it's -- kind of hard to tell the within group lines -- but -- the road runner thing, I don't know which line that's connected to.
INST LITTLE: Other thoughts?
STUDENT: I think it will be clear with just the smaller --



INST LITTLE: Just the insects. Yeah.


STUDENT: Also just maybe consistency within because there's separation between the bird insects but not reptiles.
INST LITTLE: True. Each bird is different.
STUDENT: Unless there's really significant deferences in the way...
INST LITTLE: Yeah.
I think it's because the confidence intervals around that fit line are so big in some of the bird but yeah I don't know why they made that decision. I kind of get it. Having only the insects would be nice...to compare the axes...but may be this can be two different figure panels.
Instead of cramming them all together. I don't
know.
Yeah. So we don't have a caption here but
another thing is just the gray here is the measure of uncertainty or variance around that fit line so if you are putting a line on your graph, I would encourage you to add that. We will show you how to do that in lab. If you do that, what do you need to put in the caption?



STUDENT: Statistical --
INST LITTLE: What does this gray blob around the line mean. So always help us interpret that. This is equivalent of error bar on a bar plot for example.
STUDENT: The legend up there, the lines look the same width almost so --
INST LITTLE: Yeah more obviously deferent in the chart than the legend.
STUDENT: Couldn't figure it out --
INST LITTLE: Yeah I think that's also -- there's a lots of the deferent things you can vary to signify things like colour, shape, line width or whether a line is dashed or not but sometimes varying those things is not obviously deferent so trying out different ways of signifying differences is worth it. Some may not be that helpful.
Okay.
And another example is that not all relationships are linear. Reminder.
So we won't ask you to fit anything non-linear but there are ways of showing non-linear relationships. And I think always something to keep in mind is, we will show you how to fit linear models but you may get a result that's not significant but you think there's a relationship and it could be but a



linear line doesn't fit well it could be not a significant linear fit because exponential or something like that or the line could still be a significant fit but when you plot your points and your line, it's clear that something else would fit even better so those are things you could keep in mind. I wouldn't -- you could put observation like that in your results if you were writing a discussion section this can be also good to put in the discussion instead of results but keep in mind, lines are not the only relationship between two variables.
Okay.
Let's take a five minute break and meet back at
3:40.
And then we will go on. [Break].
INST LITTLE: Okay. Let's jump back in and we will have you do another similar exercise that you have done before which is writing captions for figures and tables. You will have to do that for your paper so the more practice you get, the better.
So we will do like two of these.
So you can work with your neighbours if you want. And I picked ones that are like similar in format to what your figures should look like for your



paper.
So yeah, have at it. As you talk, you can also
identify are there any problems you have with this figure?
That you think are missing.
So I will give you a couple minutes. Okay.
Who wants to share your caption that you came up with for this beautiful figure?

STUDENT: Circumference of trees in centimetres maybe? INST LITTLE: You can make up details to make it better.
STUDENT: Centimetres based on the presence or absence of salmon...
INST LITTLE: Yeah.
So that is definitely what I have for sort of the start of the caption. What else would you want to put in the caption?

STUDENT: Relationship with the stream to the trees. Are they within a certain distance to the stream.
INST LITTLE: You can add more details experimental detail if you want.
STUDENT: Sample size.
INST LITTLE: Yeah so you can make up a sample size.



STUDENT:...
INST LITTLE: Yeah. So these are box plots.
But you could say what the bars represent and what the dots represent.
Anyone have anything else?


STUDENT: Question. Sometimes people -- for example in streams with salmon present and in brackets, left. Absent. How --
INST LITTLE: I would say in this case, you would not need to do that. It's clear.
Yeah.
STUDENT: I have clarifying question. Box plots wouldn't need error bars?
INST LITTLE: They don't have error bars. I will put up an example caption. I would say this is more than you would need to say. Box plots don't have error bars.
This is the whisker and min max. ...in this caption it's explained what every part of the box plot is. You don't need to do that. A box plot is a set thing. If there's out liar I think you need to explain that parts. The point are outliers and probably give your definition of what an outlier is, which if you use any base box plot plotting would be this 1.5 times the...quarter tile thing but otherwise I don't think



you need to explain the bar is the median and the box is...range but you can if you want.
STUDENT: Is it okay to explain a relationship? We were trying to figure out the relationship between salmon presence and tree circumference. We thought if the salmon died in the river provides more nutrients for the trees to grow.
INST LITTLE: Generally no I would say unless you have literally measured all the steps in that process. Results remember you just are showing the data. Not interpreting why that pattern is there unless you measured those other steps in the process. That may be more in discussion or hypothesis but in a figure caption I wouldn't include that generally.
Good question.


STUDENT: Similar to that, would we explain like not for our box plot but say for a standard plot with a trend line, explain the trend line?
INST LITTLE: Yeah.
STUDENT: Positive correlation between the two. INST LITTLE: Absolutely.

STUDENT: Another question, is there a standard when writing figure captions which variables you describe



firs in relationship...or whatever you...
INST LITTLE: Hmm.
I think it depends -- if you have -- if you are showing the results of like a linear model where
you -- not a correlation. Where you are the thing on the Y axis is a function of the thing on the X axis I would say it that way. Plot of tree circumference in relation to whether salmon are present...doesn't matter which order I would say and if you explain the causal link it could be -- you could plain it the other way around but just explain what you think the relationship. Make sense?
STUDENT: Yeah.
INST LITTLE: Any other questions from this example?
Yes.
STUDENT: Would you remove the outlier?
INST LITTLE: Yeah. I think it comes back to is there really a tree that big? If you really measured a tree and it was that big, I would leave it on there.
Cool.
Okay. So one more example.
This would be a scatter plot example. So try to come up with a caption. Again you can make up numbers if you feel like you need to say things. Any problems?



Who wants to share all or part of your caption?


STUDENT: Circumference of trees in centimetres N equals 12 in relationship of...we scrapped the line.
INST LITTLE: Sure. Yeah. Sounds good. Anything else?


	STUDENT: The
	R.
	

	INST LITTLE:
	Yeah.
	Totally.
	So
	may be you would put the


statics associated with this line you put on the graph.
Anything else?


STUDENT: Keep...keep the line in this one or case where it's not -- implies a relationship?
INST LITTLE: Depends. Yeah, I think if the stats were that it's significant -- if you were going to write the figure caption and including the stats you include making up a significant relationship to justify the line being on there.
Okay.
Yeah. That's the important stuff. What are the problems with this figure? One main one.
STUDENT: There's no units.
INST LITTLE: Yeah so put the units on the axis labels in addition to being on the caption. And ideally,



there's like some numbers on the axis too.
But, you know, I guess you could go on vibes. Okay.
Okay before we completely wrap up this visualization, we will take a bit of a detour into colour. There's a question of should we use colour? Yes I think you should use colour but how you use it matters a lot. You can distract from the message or emphasize it. Examples are like literally which colours to choose? Don't make our eyes bleed. Does every bar need to be a deferent colour or do you want to high light something about one bar? Many decision to make but you don't need to use colour gratuitiously. Colour theory. Warm colours and cool colours. You can use them deferently.
You can think about what things are complimentary and what things are clashing on this colour wheel but some examples of using colour to emphasize things would be we saw this with the weasel vole example. Prejournals printing in colour I'm pretty sure but you can use colour to emphasize the time period where the treatment occurred. Here we have a dashed line. We will have to imagine what this plot is showing but it can be above a certain value of the explanatory variable we see a different pattern.



Colour that section of data differently and you can annotate graphs. For example, if there's an important thing that occurs at some point in the time series, or if you have outlier and you want to talk about it, that's actually something you can do is add on to the graph. One individual doing something weird and you will talk about that in the text, you can link the text and figure by showing it's this point on the graph that I'm spending this paragraph explaining why something weird was going on.
So I guess getting back to the colour wheel, and like which colours you use in these deferent scenarios, it's generally better to use cool colours for background, they are easier on the eyes so you have a big area of the graph or something in a colour, making it bright yellow, not the best choice. Warm colours are better for emphasizing things.
Another thing to think about is how your choice of colours converts to gray scale. And not exactly the same thing put related is how colour blind people see your colours. You can check that. A great tool if interested in adding colours and thinking about colour combinations is this website, colour brewer.
These are sort of smooth gradations of colour but they also have like divergent or qualitatively different



ones and here they have options you can tell it to only for example give you options that are colour blind safe. That's a great resource if picking colours for anything, really. And you can tell it, how many different colours you want going up to I think 11. You can make complicated pallets. And other similar tools out there.
But yeah, I think having colour blind safe option here is nice. That's something that's hard to figure out on your own.
Okay.
Any questions about colours? Thoughts? Advice you have for people?
Cool.
In the last 20 minutes we will do a dive into how to cite literature.
So as reminder, there's two deferent important places to include your citation. ...not your own idea and not common knowledge. And also need to have that show up in your references section.
Don't forgets either of those things.
For in-text citation how do you write the sentence with the citation in it? We don't like this as much in general. Leading with the author [reading].



It's just a bit awkward to read. Who is this person and why do I care about them? There may be times you do this. If a foundational paper or researcher who you do want to refer to, that may be --but in general, please do this instead.
You are saying the thing that's happening. The citation comes at the end of the sentence. The focus should be on the biology, not on who ever wrote this other paper.
Questions about that? Or how to put citations into sentences?
One thing to think about, you should not write long convoluted sentences but you still may have scenarios where you have like two parts to your sentence.
And the first part is something that you are referring to a citation and the second part is may be leek your idea of what that means. Like, this is true and so this and so this is your idea, if that's the case, put the citation after the part that it's actually referring to. Don't put it at the very end of the sentence because then you are apply your interpretation of that is included in the paper you are siting. There's nuance how you put it together.
If simple sentences it's not complicated but -- okay.



And then in terms of your reference section, these are just some examples.
There are many resources out there about how to cite things so I won't go into great detail here but we want the authors, year of publication, title, journal name and we have the volume and page numbers.
So we for your papers, we ask for the format of the journal ecology. It's a normal citation format. If you use a reference manager, you can pick that citation format...TARA is open source and [reading] the idea is put your references in there and it links to your Microsoft word or Google Docs and you say cite this paper and it will do the formatting for you and generate a reference lest. Easier. But if you use a reference manager, you have to check that it's actually formatting things correctly and not doing weird things so do proof read your reference sections as well.
A couple specific suggestions, you may be citing paper that have a million authors.
If that's the case, you do not need to write out the 100 person author list. Just say et al. but if it's six or fewer authors you should list all the authors. Another one, so you will be using R to analyze your data. R is resource that people work



hard to maintain for us all to use for free to do a million deferent things so you should always cite R. This is more or less the citation. You can up date the date with what version you use. There's a function in R that gives you the citation for the version you use. Don't forget to cite R too. That's something we will expect.
Any questions? Yes.
STUDENT: Need to do form of in-text citation for R... INST LITTLE: Yes in the analysis section of methods,
haven't talk about that part yet but you say I analyzed my data in R version...and have the in-text citation.
Okay.
So our last class exercise for today citations sound boring and they kind of are but let's see if you can figure out what are the errors or what is missing? This is good because if you use a reference manager things may be wrong and you need to...you can do this with a neighbour. I can tell you there's at least six things here that you could pick up on may be more than that.
Try. Okay.
Who picked out something that's wrong or



missing?
STUDENT: Shouldn't the citation...first one...
INST LITTLE: Yes. I didn't have that on the lest. If this is actual reference section they should be in alphabetical order.
STUDENT: I think that there's over seven authors, the third paper.
So you want to have et al. instead.
INST LITTLE: Yeah you can shorten that... STUDENT: Hanging indent or like --
INST LITTLE: Like put this -- yeah.


STUDENT: The first author is last name initials and the rest is initials...
INST LITTLE: Yes. We can see that in this one.
The first person is last name comma initials and the others should be -- yeah. There's some weird things going on here otherwise but yes it should be initials last name for the later authors and it's not true in for example the top one or actually most of the other ones.

STUDENT: I think all of them -- I don't know how to do it with the electronic version but for the page numbers ones, they are putting a comma instead of a colon. In



the reference format -- yeah.
INST LITTLE: Yeah. It should be -- yeah.
And yeah, this is a good question. I was hoping someone would ask. Some journals don't have page numbers because they don't print issues so this electronic -- it's basically like just an article number.
But we treat that as if it's the page numbers.
So it would be the same. You say volume 118 colon blah-blah. That's what it means if you are leek what is that weird thing? It's just basically an article ID for things that are only electronic.
STUDENT: The date for the second one is a weird font.


INST LITTLE: It is in a weird font. I think that's a random issue but yes choose the same font for everything.
Anything else?
STUDENT: On the final citation, the dash is too long.
M dash or something.
INST LITTLE: Yes. Great attention to detail. So you can see out of the two with page numbers, the dashes are deference. Which one you want to use will depend on the journal format but there's a specific for this and I think it's the top one that's correct.



STUDENT: In the second one, are you allowed to use...
INST LITTLE: Good question. Let -- yeah I think it should be just and.

STUDENT: In the second one, you saying that the initials go first that's even for two? Or is it just two --
INST LITTLE: No still for two. Still --STUDENT: Put SJ.
INST LITTLE: Put the SJ first.
Yeah.
STUDENT: All the journals titles are italicized.


INST LITTLE: Yes.


STUDENT: When they were not leek that in the reference format.
INST LITTLE: Yeah. There's lots of little pecky things like that that would be different depending on what journal reference format you use.
So it feels natural to always italicize them but sometimes though don't -- anything else?
STUDENT: In the third one there's acronym for the journal title.
INST LITTLE: Yeah.
STUDENT: That okay?



INST LITTLE: In general, no.
Yeah, again, different journal formats will either want that or not want that but in this case we don't want it so you want to write out what the PNAS stands for.
Yes.
STUDENT: On the fourth one, there's a -- there's a comma -- particularly the one at the end of the author's list and before the year.

INST LITTLE: Yeah there should be I want to say a period here.
But then also like there's weird things going on here. Extra comma here and here.

STUDENT: And dashes in front of the initials. The dash W dash Y.

INST LITTLE: I think that's a hyphenated name. When I get that I'm always like --
[ Laughter ].
Yeah. I think you guys got almost all of the things that I identified and some that I didn't so well done. A couple others, there's a missing period after the electronic thing here.



And there's also like -- there's the missing period here between the date and title but otherwise, those are some -- yeah. Good job.
STUDENT: You must have put the period back in or something for the second one.

INST LITTLE: Yeah. Right. So actually -- all right.
Cool.
Any questions before we -- you can come talk to me if you have questions.
STUDENT: Put the link...
INST LITTLE: You don't need to include the link.
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