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Hey everyone.
>> How are you doing? 
>> Great. How are you folks doing? 
>> Good. You still sound like you have a bit of a cold though. 
  Vince: Yeah. Toddler life. Yeah.
It's the way of life for awhile. 
>> Ten times a day. I live by my neti pot. 
>> Try 3% saline because there is better evidence to decrease the base. I have been using.
  Vince: Forget my question what are you watching?
Tell me about your nasal rinse strategies. 3%. 
>> Yeah might a little lower.
But hyper tonic saline.
>> Is this statistically significant? 
>> I would say while we're in class. 
  Vince: Free pharmacy advice. We can move beyond sinuses to what are you watching these days?
I want to hear. Watched a lot of TV and movies. When I do, I want good riveting content.
Project hail Mary. Is it good? 
>> It's amazing. Everybody should watch it.
It's actually nice. And the reason scientists specifically should watch it is because essentially it's not that good versus evil or bad versus good person in might wins. It's people trying to solve together. 
>> If it's like the Martian? You got to love to love it. Isaac Natalya you have your hand raised. 
>> I'm going to rewatch the wire I decided. And if you haven't seen it. There's here's my reference for you. There's a part where the stats. So they are basically in a way. But to get funding for solving crimes. So stuck with you. If you haven't seen it you have to watch it. 
>> Awesome Isaac. I have thought sometimes about teaching the course through the wire. Because each season it's like an intro to politics class. Each season you get a different view. Labour media. Street level bureaucrats. Awesome. Natalya? 
>> Well, my only thing that I have been watching lately is Vince Hopkins classes. 
  Vince: Yeah, that. A new episode on plot builder. Yeah. 
>> I have been trying to watch again the good doctor because it's on Netflix now. I used to watch when I moved to Canada. Just released. And I wanted to watch the chosen on Netflix as well. But I'm really just--. Might not be for everyone. 
  Vince: Very funny Vince Hopkins plot builder episode. Silicon vale. North of north I've heard that's good. Your friends and neighbours. Okay this is great. Bones. And Schitt's creek these are whole some. I should have been Vlogging these over the years. I've been through my anti-hero pre-Covid era and then people just want some good news for a bit. Love on the spectrum, I've heard that's good. Okay let's jump into it. Thank you so much for indulging me and I think if we are not recording yet. Awesome we're recording now.
Cool thank you so much. Oh my gosh. This is the last lecture that we have for BI 107. It's hard to believe. I brought in my son's lucky dog pin to take notes today. So I can take notes while we're going and I got the very cute fluffy dog. This is kind of a weird class because it's mostly about relations. We've talked about differences. It's been a huge focus of this course because a lot of what we do in behavioural science is differences.
We want to know the difference between treatment A and treatment B. We want to know if treatment A works differently for higher educated voters and lower educated voters. Differences sort of rule the roost in behavioural science but association. Correlation relationship.
 So we're going to talk a bit about that. Weave through the class activity I'll talk about that in lecture. But I couldn't let hold of my vice grip over differences.
Because hi several questions last week in over the weekend about chi squared tests.
We don't technically cover it. Historically a bones video. Hi so many questions I'll talk about chi squared tests a little bit today so you'll all have the slides for that. My goal is to give an intuition because it is more intuitive to understand than a t test. If you remember the t test we simulated draw outs from sampling distribution. Talked about error bars. It got kind of like-- the multiverse came up.
Chi squared tests I think have an easier to understand intuition and we'll talk about tests of relation and correlation.
How does that sound? Does that sound like a good day? Okay, awesome. I've had a chance to look through everyone's problem sets.
So the grades have been released. There's-- we're going to wait a few days before we release comments. I've met with a few of you. We're going to talk through some parts of the province overall I thought people did very well on that. And that plot builder just came just a little bit too late. That video I recorded felt like Oh this is unfair on a Sunday or something like that just before it's due. But I'm going to revamp this class next time I teach it and get rid of the excel stuff and move plot builder in. I'm really impressed. They had an early version a few years ago you couldn't do a lot of the things you can do now. It's awesome. Isaac you are welcome I'm happy you were able to make use of the plot builder video and thank you to Kyra. A few other people who told me about plot builder. Whoever it was I apologize thank you for trey raising it. It was great and very happy to incorporate that to BI 107. Today only one group activity and one full class activity.
>> Just a quick question. I didn't know you released a MROLT builder video. Should bit on Moodle? 
  Vince: There should have been a notice that went out on Moodle. 
>> Maybe I'm just not set up to-- I don't get e-mails.
>> Shakthi sent out an e-mail and I only get it on Monday. So I didn't know it was there.
>> Okay. Cool, thanks. I just wanted to doublecheck. That I'm not out of the loop. In my Moodle setting.
  Vince: Thanks Conrad. Awesome. Today we'll talk a bit about tests of difference. And then we'll talk about hypotheses. Correlations. Just a quick refresher. And I'm going to give you-- a good acronym. But if you think through the-- how we'll develop hypothesis.
Try to visualize it and think about a test that we could report the results for.
Basic structure.
In-class activity is going to be about. But in the context of correlation.
Useful pedagogically. They had a good teaching purpose. If they allow instructors like me to teach students who might have a lot of math phobia or might be confused by say. Here is some basic big picture questions to determine what kind of tests you need. In practice, it's really complicated. This flowchart is the best that I could find to help summarize when you might use one test or another. So the first-- we will ask ourselves are we trying to compare a difference. For two or more groups on a variable. Or two variables. If we have two we have two or more groups.
Portions of two variables. If you want to compare differences by groups. We have to ask how many groups are we preparing? Because it's going to look something like this.
The same time. Do you think that is a paired samples t test.
The group though infinite samples t test or a nova. I know you have an intuition behind this because a lot of the activities and the problem set talked about this. And I know that you were able to pull together an independent samples t test in JASP. Able to figure out group active problems like use a nova.
If you wanted to compare ice cream preferences by treatment and control you call independent samples t test. If you want to compare preferences of treatment control and treatment class something else. Then we're looking at something like that. So far I hope. We have covered three of the four. But this last one, what if we have two proportions that we want to compare? That's a bit different. In the pdf for last week the proportions test but really the con-- test. When we're done you'll be able to mentally check that fourth box and feel like wow. Vince really covered all of the main tests that might come up for our B.I. class and that was the goal of BI 106 and 107 and I think you're probably right. So if you think about chi squared test as another test of difference. Whereas the other ones we've talked about t test and anovas are about comparing me for an averages and calculate the mean you have to be working with a scaled variable. Continuous variable. Maybe if you blink and cross your fingers and don't tell anyone--. But what if you have a proportion? They did the thing they come didn't do the thing. Participator or not. Finish or not. Binary. A lot of behavioural science is binary. So let's randomly send 200 garbage bins across Vancouver. So after a few days we threat garbage pile up and we then inspect the garbage bin to count the PPE items.
Now our dv in this case yeah I know why can't we count you.
Ies or something more fun I know.
I agree. Last time we counted pi and I used this example to show you how to calculate a standard error. I'll be honest. This is the first time I've never had a question about what is a standard error. Typically I get a lot of questions like that. I feel like maybe some of landed because I haven't had any about that which is comforting.
But here we will have a simpler outcome strategy. We can call this either PPE or no PPE. And our independent variable outcome treatment as well. No numbers.
A single independent variable called treatment with two categories BI labeled or control.
Some might be thinking yeah finally it's taken this guy six weeks to talk about my capstone project. I know many of you are working the data exactly like this. You have two conditions. Treatment control. And you have two outcomes.
Present, something like that.
A chi squared test is pretty intuitive when you break it down. Let's start by imagining a world in which our BI label has no effect on whether or not people throw garbage away. On PPE garbage. So in this world the BI label has no treatment effect at all or a null effect. It's null effect doesn't change the rules in any obvious way. We're going to count the total number of bins.
Basic outcome measurers. And then we're going to divide that number by the total sample size in each arm. Just the proportion. This should be pretty intuitive. Once we do that, we'll see whether or not the BI labels have any effect.
 And if there is no effect we would expect the proportions to be about the same.
The number supposed to be observed the line.-- dividend control, right? The BI label is not changing behaviour. So if 40% of bins have garbage-- PPE garbage in control. Then 40% have it in treatment. There's no difference. The null effect. Let's walk through. First I'll show you a bit of math and any time I talk about math Ann is like what about the Greek. So here's some Greek here. The chi squared test because it's a Greek notation to pronounce it. Like kai? And the chi squared test involves another Greek note somewhat of an operator. Just means sum. Across all of these things. I'm going to walk you through mathematically what you're doing here and I hope along the way.
We're going to create a table like this.
One column is treatment. Yes, we find garbage. No we don't find any PPE garbage. Another is we count the bins.
And the total number of garbage bins expected. We divide our sample like this. So regardless of treatment assignment we look at all the garbage bins 140 of them have some kind of PPE. 60 of them had none. Some kind of PPE. Calculate as a proportion. Divide 60 by 2. If we don't see the intuition please feel free to put it in the chat or raise your hand. You can send me a private DM in chat if you are not sure.
Erin, yeah? 
>> So since you're so inviting about questions on this one. So just very simple the process. On this. So--. When we're getting those measurements. Are we mentally ignoring that? Okay, great. 
  Vince: Yeah it's almost like a double blind experiment. And the people who are doing the counting don't know which garbage is in which condition. Right? We're just the intuition but that's the thinking here. Yeah. Exactly. Great.
Okay so we have a null effect right now. This is typically a heartbreaking result if you do an experiment. 70 70 70, 30 30 30 all that work and it didn't do anything. We know the sample sizes for these treatments. That chi squared is going to assume that they are sort of everybody lane sized almost. We know the sample size is here and then we can start to do numbers in the cells.
So we know that 70% across both conditions had PPE. Multiply that by a hundred we get 70. Right? Use that information and multiply. Get a number to expect. 70 garbage bins and the control condition would have some kind of PPE and down here. Then we do the same for all.
So even though the row totals like the total number is not representative it's because they add up. 70 plus 70 is 140. Over explaining I'm trying to emphasize how intuitive a chi squared test is. We generate expected counts for all cells and this sadly is what a null effect looks like.
So we have pretty a clear expectations now. If there were no difference in the treatment group. We know what it should look like. 70 70 30, 30. Now we get to do the actual count. Erin this is where your question we get in the experiment. So we expected 70 of the control bins would have PPE. In fact only 59 do. When we expected that 70 of the bins in the BI label would have PPE but in fact-- did. We can see that again 59 plus 81 adds up to 140 so the totals are staying the same on the rows on the -- but the numbers are jumping and the way they jump is really important for a chi squared test. The same down here. We expected 30 bins would have no PPE. In fact 41 had no PPE. Here again it adds up to 100. Same thing for the BI. 81 plus 19 as well. I showed you some math earlier. Chi squared test. We're just going to take the green numbers and subtract from them the purple numbers and we're going to take the square. And not to go into why but we are going to. So 59 minus 70 for the first cell. Divided by 70. Okay.
We do it then for the second cell. 81 minus 70 squared divided by 70. We do it for the bottom two right so this is the math. Starting to do all this math by hand.
And we call that equal something like 121 over 70. Should say something like--.
140 over 70. Yeah Natalya is like please don't make douse this by hand. I want you Noe to know so when you ask JASP to do it. 121 over 70.
1.72 plus 1.72. We get 11 points. This number here is the chi squared test statistic. When you run this in JASP it's going to give you this number. And all that JASM is doing is what I just showed you. It's going to do a few other things. You might remember that phrase degree of freedom. About the number of rows and columns that you have. When you have the degree of freedom and the chi squared test statistic you can calculate p value. In this case it's a very, very small p value. 
>> I just know what is my expected observation? 
  Vince: Such a good question and it's like a planned because I'm going to show you that.
But the basic idea gets back to something you showed you here. JASP knows the expected total because of this total that you see here. JASP can calculate the total number of bins where there is or not PPE for the moment it's going to forget what exist and treatment in control. It's going to take the overall proportion. And it's going the use that to calculate these expected counts just like we did here. I'm going to show you JASP makes it easier show-- trust issues. You show me this is the expected value and JASP will do it. So if you want to run a chi squared test on your own you'll go into JASP. Classic set. These two columns. So the condition you're familiar with. 01, yes, no. Efficient. Non-efficient. Whatever you want to call it. That's going to lead you to a table like this. Ten year in rows comes by choice. 83 respondents were in the control condition. 43 of them inefficient and 42 efficient lightbulb. But you can see in those totals 83/64 that's what JASP will use to calculate these expected counts. Will be like well I know that 83 there were 83 people in the control condition and 64 in the treatment condition. To estimate what my expected counts will be. When I compare that to what I actually saw. Then we're just going to go down. 64 respondents in total. 11 chose inefficient and 53 chose efficient. 147 respondents in total. 54 and 93. Now the proportions are helpful without looking it's kind of hard to do off the top of your head, right? Okay like 43 and 40 out of 83. Maybe 11 out of 53. It's a little like-- we have the p value down here. I told you JASP would calculate 18.6-- and all that is all the math that I showed you. That's all it is. Just like condition. Multiplication and division.
Natalya asked how do we know that JASP knows how to calculate the expected. There's a handy button that you can click observed and expected you do that it's going to give you the counts that you actually observed.
And the expected counts. So if there were null effect of this treatment assignment. This ten year condition on whether or not people choose the efficient lightbulb you would expect to see 30 in the treatment. That chose the inefficient. And in fact 43 and 11. Those are pretty big differences. And this too is a low p value. So chi squared test is a great test when you have a simple experiment and a binary outcome.
And for me cases is the last approximation. Test the difference.
And if you go back to that slide the flowchart you can now see that you have more or less all the tools.
The variable binary. Probably going to have to use a chi squared test. If it's not binary. How many comparisons do I want to make? Between groups or within a group? Got to 30.49 or 23.50 it's going to use the marginals. This 54 count for L choice equals 0. And the totals equalling 64 and 83. It's going to look at the proportion of people in control that use the efficient lightbulb and multiply them by the total. So if you go back the pdn for today's slides Natalya if you go back and you look at how we did the math, you can walk through Oh.
And then you can do it on your own with JASP. Like 54 is what proportion of 147? And multiply that number by 64 and that would be 23.5.
Does that make sense? Maybe the math here. 54 divided by 147. Where do I get that number from? If I said 54 Natalya, where is that number from? 
>> This is the total that they are counting overall right? 
  Vince: Yeah that's a total number of people who choose the inefficient lightbulb. And how many were in total? 147. Right so now divide 54 by 147. Which is? 0.3673. 
  Vince: So that's proportion overall that chose the inefficient lightbulb. We have a little bit more information. We actually know how many people were in the treatment. How many people in this experiment were in the treatment group? 
>> 83? ZMR.
Vince: I think Y is treatment. 
>> Y sorry 64. 
  Vince: Yeah so let's multiply that number that you had. 36%. Multiplied by 64. 
>> Okay. 
  Vince: What do we get? 
>> 23.51.
I thought JASP was just guessing. 
  Vince: It feels like magic. It's actually very intuitive. Awesome. Great. Does that make more sense now where these numbers are coming from? Awesome. Erin you had raised your hand? 
>> Yeah. I think I get it now. I think one of the things that makes this a little hard sir think in the power point example right the groups were all equal. Right it's very easy to think of like 200 or 100. But yeah the math explanation helps I think. 
  Vince: Great. Awesome. Anyone else? We don't have to follow all the ins and outs. It's the intuition. The fact that we're using the overall proportion and the counts by condition to create these expectations. Natasha? 
>> Yeah you mentioned something that the chi squared kind of intuitively look at both sample size as both the treatment and as the same size. What happens if we have one that is smaller and the other one is bigger?
Which we did in our case to have more observation of the BI approach? 
  Vince: It's still going to work fine. Just there are cases where you have empty cells. It still will work.
Anyone else? Okay. What that is a good jumping off point for is expectations. I'm going to put a word on the next slide that you've all heard before and I wished as a field we hadn't used this word. And that sword hypotheses. I wish they just used the word expectations. Because that's really what a hypothesis is.
It's an expectation about how the world is. Sometimes these are formed by life experience. Common sense. Other times they are informed by a deep reading of the academic literature. Or previous studies or what have you. But the word hypotheses is kind of weird. Because like I know how the make expectations. And I have my expectations often dashed.
Jacqueline talks about expectations in JASP. JASP knows what it's doing even when I don't. I make these expectations about how the world and then I find that they don't conflict with reality or not. But I don't know that I would think of that as hypothesizing about the world. And so I'm not sure I love this word hypothesis. But let's think through what is a good hypothesis? Again you work for the city of Vancouver and our job is to reduce PPE litter and our boss comes along and says hey I like your experiment, But listen I've been talking to the people down work at trash pick-up and it's going to be really hard to do the kind of sampling that you want to do. We're not going to have nearly the kind of sample-- only room for one intervention. Okay so expectations come to mind. What is intervention. What are we going to recommend? And then maybe also important what sort of outcome do we expect? I'll ask you. What's our hypothesis. Putting up one label on these garbage bins and comparing them to control. If we get one-- what's a hypothesis that we might have? What sort of intervention might we recommend? 
>> Sorry. So the hypothesis what intervention recommend can kind of go hand in hand because we could hypothesis. Will make a difference. We could hypothesize if we snow classic image of a turtle with its neck constrained by plastic ring around its neck. That will reduce PPE litter in the garbage bins.
That's weird example for PPE but you know what I mean. 
  Vince: Yeah a turtle with a mask on his face. Yeah like potentially high impact. Jacqueline says reminding people to throw away garbage that sort of your idea here. We'll remind people hey the people around you. We expect one another not to throw away garbage on the ground. We want to throw away garbage in the bins and there's a bin right here. Please don't leave your PPE here or on the ground. Why do you expect that that would work? The first part of your comment there.
>> Because people identify as being good social citizens. And there's a negative connotation like even the fact that's why I chose the word litter bug.
There's a negative connotation to it so also how they are self-identifying. 
  Vince: Yeah there's so much going on in this and Conrad's example of the poor turtle about the ways we think the world works.
The kind of data we collect and maybe most brutally the comparisons that we implicitly make. The idea was having an image of a poor suffering turtle, an animal, would lead people to reduce PPE use. Jacqueline saying if we serve the social norm or remind people what it means to be a good citizen. Both of you are making comparisons to a world where there is no turtle image. There is no image of a suffering animal and there is no reminder of what it is to be a good citizen. These are implicitly comparative expectations. Hypothesis simply makes those expectations and all those assumptions obvious to the reader.
We've stalked about inferential tests in this class. And that's really about testing hypotheses. Chi squared test makes it really obvious. So if you heard people talk about a null effect, sometime us might have to-- like what does that mean again? In the chi squared test it's really easy. It's literally the expected counts in a table and JASP even tells you click, show me the expected counts. There it is. There's your null hypothesis. That's what a null effect looks like. Inferential stats about testing hypotheses or we have a null difference in means. Between treatment and control on ice cream preferences is 0. There is no difference between those groups. So a good hypothesis does a few things. One, falsifiable. I could go collect data and weigh in on whether your expectation aligns with the real world or not. Usually that's a pretty simple description. Like image of a suffering animal or turtle. People want to be good-- the social norms message, right. It's short. Where you want to read on but you tell them more information of the outcome. And ideally there's a comparison.
So we'd say the mean number of PPE items will be lower. Among people exposed to the social norm label relative to people who don't get the social norms message. Convey a quick summary of what our intervention is. A good sense of what the data will show in an outcome measure and we're making a pretty grounded comparison.
So for the PPE setting we talked about maybe we want to have something like adding a message to garbage bins encouraging people to properly dispose of PPE. And that will reduce PPE litter in public garbage bins relative to not having PPE messages. I like number two behaviourally informed labels will reduce PPE litter Relive to no BI label. Number three leads with the outcome measure. The mean number of PPE items will be smaller among bins with no label relative to bins with. I say this because there's something about the word hypothesis that throws people off. I think people think it has to sound really scientific. And I guess these are scientific but also really clear and precise. They don't have to be Gargan-y. Number two here is not jargon-y. There's a few elements that it's doing. Short. There's a comparison. Outcome measure is given even implicitly. So good hypothesis pretty easy to understand.
And when you're running a chi squared test you can always visualize what a null effect will look like. And then you can think about okay now this is not-- I expect that this cell will be higher in my treatment group. And in this one it will be lower in the control group relative to each other. And the hypothesis this is your expectations. We could keep going Jacqueline talked about social norms.
That's a common one in B. I.
Social norm messaging will reduce energy consumption relative to no messaging. Same employee personal reminder will increase the mission of time sheets. Add an account down timer to online shopping cart. Will increase number of completed purchases relative to not having a timer. Commonalty here is they are short. They talk about outcome measures. There's an implicit comparison and they talk about what the intervention is. Using ice cream examples to be more attractive to students and increase student behaviour group activity. Close Jacqueline. Relative to what? Relative to my awful garbage example. My literal garbage example. Yeah that's a good hypothesis just missing that relative comparison. That's exactly right. So when I read through the written assignments, hypotheses are a part of that and I would say some of these are the most common ailments students trip up. They miss the comparator. It feels so obvious what the comparison is. Compliance higher in the BI condition because it acts people's latent desire to comply with their employer. And they are thinking Oh hi to convey my logic here and that's what that word because is doing. Actually I don't need to hear your logic here. I didn't hear a comparison example that I just gave so saying this in advance because someone here will submit a hypothesis that doesn't have the comparison. It on too long about logical to reasoning. Hypothesis is just a one sentence summary of your expectation about the data.
 And if you think that through like we're talking about in this class, you realize I can't talk about my data without making comparisons. That's whole point here.
A lot of these that I'm showing you here are examples of hypotheses for experiments where I'm looking at group differences. But in the group activity in a bit, we're going to look at correlations. And so you might want to come up with a hypothesis for a correlation. And that's going to look something like-- as X increases, so does Y.
Or as X increases, Y decreases. As values in this area go up. Values in this other variable go down or also go up.
So we're always making a comparison. Either between differences of groups or talking about trends and variables as temperature goes up, ice cream consumption does too. I think there's one example. So this format is something like as Y increases, so does X. That'd be a positive.
The 2 by 2 groups. If you comparing it to BI label plus no. You'd have BI label to plus plus a lot comparisons the going on and a lot of hypotheses. So let's say we have the control condition. Bins where there's no label at all R all. Social norms like jack woe Lynn mentioned. Conradt your idea like animals.
Maybe one interactive message and the PPE message to compare. That's group one to two, right. PPE items be fewer in the control condition relative to social norms. One to three blah blah blah message. One to four blah blah blah. Then you have to compare two to three. Starts to get very confusing. The more comparisons we make we have this risk of type one error making a false positive.
So it can get pretty gnarly. Different ways of dealing with this. If you want a written assignment you can make your life easy one comparison. Treatment to control. The most fully transR transparent written assignment possible. I just want you to show me you can do this in a simple case. If you want to add on go for it.
But you don't have to.
Okay let me ask you which comparisons are a priority? One to two, one to four. Two to three. Three to three. Three to four. Isaac? 
>> My intuition says one to four.
One to four to compare to the control to see if there's an effect to what we're doing. But I would expect four to have the stronger effect overall. Compared to the other two because we're doing two things at once. But I could be wrong if two or three has a more powerful effect by itself. 
  Vince: That's awesome. And thank you Isaac there's no obvious right answer. I think I'm with you one to two-- to four probably most interesting. Maybe not maybe there's a theoretical debate here. But yeah generally it's going to be one to two, one to three, one to four. Whether it's one to four specifically, that's going to be about your client, right? Some clients are dish want a photo of my ADM and I want a really strong social norms message. And you'll be like-- is it-- this is a real example. Someone really wanted to use a picture of their assistant deputy minister in an intervention and we did and one of my questions was do you think the photo of the assistant deputy minister will do the behaviour change? Or do you think it's the social norms messaging?
And that's maybe when you add the factorial right. You test just the messaging or just the photo then the photo combined.
So yeah maybe there's an argument where you compare one or the other. But generally that's we as behavioural practitioners do. We impose a priority and a set of values on our experiment. And there's a few questions that popped up there.
I don't know if they disappeared? Depends on how many promotions you get. Yeah, that's right. I was on my way out of government at the time. Some was concerning to me.
So yeah there's no obvious answers except we have to have knowledge of sort of the space, the problem space and of the client.
And lastly what's the power.
What's the sample size? Going to be a problem now but for a long time this is a problem.
Four or eight comparisons and it could have like 300 people.
One is a comparison. One thing people do is sort of come up with a different cross factorials.
So we might take the couple of the main effect. The effect of social norms messaging averaging across the other conditions. And the effect of the PPE messaging averaging across the social norms conditions. And then we'll calculate the interaction effect of the two and that might spare us. It's not perfect though, right? Because this main effect comparison collapses variation by designs in your experiment. So it's-- there's no really easy way out of this. And I recognize for some students they are like why are you telling me this now? When I'm eight months into a factorial design. But don't worry you're in hands with the capstone adviser. People do these factorial all the time. I'm just saying coming up with the hypotheses is really important. And if you have this many conditions you have to think about all these different expectations. Okay we have from chi squared tests.
How we figure out what the difference between X and Y groups binary outcomes. Let's talk about the last-- do I have time before this before break? I'll do this and then we'll take a break. Sorry Erin? 
>> Yeah really quick question I don't want to interfere with break. For your hypothesis, could you do-- have unbalanced groups. Like control versus-- two three four? Or it has to be-- yeah? 
  Vince: Yep, sure. Yep. Like-- you have to-- I mean you can make whatever hypothesis you want. You might have to convince me to make sense. Right? If you pool two three and four and you take the average across I might be like-- why? Why did you create these if you are just going to pool them together at the end? Right. But yeah. People do it.
Does that make sense? Why you can do it mathematically? JASP will do it for you if you tell it to? But you still have to convince that it's logical and coherent? 
>> Yeah, I guess yeah, just trying to think of how to draft a hypothesis. Okay. 
  Vince: Yeah you could call it control condition versus any BI.
And it's two three four call it any behavioural inter someone like me would be like what does that season and you're like well it's this or it's that and I'd be like just show me the different means if you have different groups randomize but but maybe you're like no. I don't care about any of these specifically. I just want to know if there's any effect across. That's something that you could do.
Does that make sense? 
>> Sort of. Yeah. I'm trying to think of what the factorial then what a hypothesis statement looks like. 
  Vince: Yeah I'd talk to your capstone adviser because they'd experience thinking about how you prioritize comparisons. Not collapsing all the variation. You're sort of taking the average across social norms and non-social norms and comparing that to PPE specific. Crystal? 
>> Hi can you hear me? I'm sorry my camera isn't working. 
  Vince: Yep. 
>> Okay. I guess maybe part of this is the written assignment there's a question that about key hypotheses as in plural. So maybe if like Erin, can we have a control versus all of BI but then other hypotheses that go to our-- comparison of specific--. 
  Vince: Yep it's an approach. Think about it this way. Again-- BI107 is about the concepts and you in relation to your capstone adviser figures out how that works with the specific project. But if you really have to figure out the logic of why you would pool two three four in one. And I think really the only reason you're doing that is for sample size right? And to simplify your life. For me that's not a very compelling reason. I want to know theory and intuition your real view of how the world works. And maybe that means you care most about control and social norms.
One and two. That's my priority. I care about that the most. Or maybe this gets back to I think-- whoever said one to four no it was Isaac. Because number four is one my client cares about the most. And one I think will have the biggest effect. It combines two things that I think really work. I'm going to compare one to four. I have secondary hypotheses about one to two and one to three.
So rather than just pooling. I would always think through-- like why pool? Why do that? Why is this your hypothesis? Erin? 
>> Yeah, thanks pip think-- I guess the question is--.
If we have a single hypothesis, and it has to be like a one sentence thing, I think that's where we're struggling a bit. Then if we have this factorial then are we picking?
Do we have to choose one of these hypotheses? Like the-- do we have to choose one or can we have a main hypothesis and sub-hypotheses. Yeah I think that's where I'm struggling is to think about how do we get to that snappy hypothesis with the two by two? 
  Vince: Are you talking about for your capstone project or for the written assignment? 
>> I mean I think just in general. I'm just curious how you get from the factorial into a one hypotheses statement.
Do we have to just choose a lane or do you have multiple or how does that work? 
  Vince: Yes you can have multiple hypotheses absolutely.
And in fact that's why you made a factorial. Huh expectations about how the world works. And you believed that condition two would be higher than condition one. And you believe that condition four would be higher than condition two and three. You maybe didn't really have strong expectations about conditions two and three. Something like that. That's through the hypotheses. Yeah absolutely you can have multiple. Yes. Just what you run into things are-- about power. Do you have the sample size to make all those comparisons and that's where I'm saying talk to your capstone adviser. 
>> Don't worry we have the sample sizes. Lot of samples. 
  Vince: Great then I wouldn't worry about making multiple hypotheses. The challenge is in analyzing it. Interpreting it. Visualizing it. Because you're making lots of comparisons using e, right? Like if you have the sample size for it, then why not do one versus two. One versus three. Two versus four. Three versus four. One and two versus three and four. Right? Maybe theory. Maybe that's one reason why you're saying I don't know that's too many. Or you're like I want to go to sleep at some point I can't work on this all day. That's the red. You're a BI practitioner you are going to have to make priorities here and if you are saying no all the comparisons are equally important. Good for you. I want to read the report. That sounds cool. If you have the sample size for it and lots of comparisons, brilliant. Other cases are different so your mileage may vary. You can definitely have multiple hypotheses though. 
>> Thank you and sorry if I o us getting through that section before the break. 
  Vince: No it's great we'll do the break after. Actually let's take a break now. Yeah. At 6 o'clock so we'll come back in ten minutes.
We can see how well we do as a group.
What do we think the correlation is? Kate says .3. Should we test it? Now is this a positive or a negative correlation? Positive yeah right. As horizontal X axis goes up, so does Y. Oh way off this is .P 7. A difference of .4 so pretty big difference. .3 is maybe more like this. Hard to eyeball. .4 and .1 let's take the average. We'll call it like-- two five.
Oh so .39. Whoever guessed four Kim go buy a lottery ticket tonight. You got very close. Yeah it looks like it's a point cloud but no correlation but actually .39. That's a small to moderate correlation. What about this one? .9, .99 I like that. Extremely strong. Conrad you also pick up a lottery ticket.
Very good that's exactly .99 very impressive. So it's kind of hard to tell right? These are not obvious correlations. Everybody an den though we might practice it and might play with it and might talk about it over a series of weeks doesn't mean we know intuitively what the correlation is. I would say the most important thing though is you know that if it's negative, it's a negative correlation. If it's positive, it's a positive correlation. That's probably the number one error that students make. They give you the correlation. I'm like no that's wrong. They are like yes it is. I'm like share your screen. And it's like Oh. You just switched. We can use a sample correlation to make inferences about the true correlation. Just as we talked last week and the week before about making data we have the sample. Taking that data and making inferences about data that we don't have in the population. We can do the exact same thing about a correlation. We can create a null hypothesis that the true correlation is equal to 0. And you can sort of visualize what that looks like here, right? When R equals 0. That's what it looks like to have a 0 correlation. A null correlation between two variables. That's our null hypothesis. We develop H then we have a sub-script 0. Common way to denote a null hypothesis then we have H1. The true correlation that is equal. Did you ever just say I don't know it's not equal to 0. Not saying it's positive or negative. Just saying it's different from 0 whatever it is. That's pretty common with hypothesis tests. We don't put a direction assumption on it. You call that a one tail test if we did. I don't know if it's going to go up or down. The world is kind of-- especially these days. Seems topsy turvy. What I do know is that if we get a p value below .05, I feel like I have enough evidence to reject the null hypothesis. In other words I have enough say whatever the true population correlation is within these two variables, it's not zero.
And that intuition should feel very similar to what we did last week and even a little bit the week before. So let's say we think about Canada and ice cream. My wife loves ice cream. We live in Vancouver. Rain or shine ice cream truck down at sunset beach. It's really tempting to go for a nice walk down at the beach in the summer and really tempting to get ice cream. Maybe you want to know if people who consume a lot of ice cream, are they happier in life? On nice days I understand it. Kit make me very happy. We observe a correlation, an R coefficient of 0.24 and the p value of .15. What do we conclude? Correlation of .24 and the p value is .15. Can we say that we have evidence that Canadians who enjoy ice cream are happier in life? Or that as ice cream enjoyment goes up, so does happiness? Yeah, there's no evidence here. Monique, probably even has the best interpretation. We have a coefficient of .24. That's a weak relationship but the difference is that relationship is not itself physically significant. We can't be sure if there's an agreement of any evidence that is in effect. Great. What about an R value of negative 0.3 and a p value of 0.2. Now what? Kyra I'll get to your question soon it's a very good one. Conrad is saying we can be pretty damn sure there's a negative effect. Your confidence level. We have evidence of significant effect here. Yeah. And negative correlation. What does that mean? How do we interpret that? I was wrong about ice cream. Yeah I know my wife's going to kill me. Ice cream make us cold and therefore makes you sad. I like it. The sadder they are the more ice cream they eat. Really good. Yeah right so evidence here in fact as enjoyment happiness goes down, ice cream enjoyment goes up. Yeah Monique you're hitting on something here. We're all assuming that the way that these variables are presented is the natural ordering. Ice cream goes up. Happiness goes up. But this is not causal, right? This is a correlation. So you absolutely can do what Monique does here. You can flip it and say no I'm going to start with happiness then talk about the correlation of ice cream. In the absence of an experiment, there's no obvious way to order these variables. And we can have experiments think of like a dosage experiment. Where we want to know the effect of tiny amounts. Adding up to several. The nonrom com. Pretty good. This group's on fire. That and we have a dosage. Treatment from zero all the way up to two pills and common between tiny milligrams difference. In that case we probably wouldn't want to have that on the X axis. But in the absence of an experiment with continuous treatment which is very uncommon, we don't have to have an ordering like that. We would typically put the dependant variable on the Y axis as with any plot. But Monique's interpretation is just as valid as anyone else's about the correlation here. In JASP, this is very easy to do. Linear regression. You have lots of options but correlation is your friend. You put these four variables here. Ask them to report significance and you get a table here. Why are there dash lines for the first cell in my table? FS estimate. Why is there a dash line there? 
>> Because you can compare it with itself. There is no-- it makes sense. 
  Vince: Right. It doesn't make sense. Can't compute. Not a number. I'm just a robot. Yeah, exactly. So these diagonals we ignore. This triangle values. We see here for example the L estimate. The correlation between L estimate and F estimate is .147 very weak positive correlation. The p value is 0.15 no evidence of an effect. Kyra had a question which was, can we compare R values between different tests to determine which one is more effective? Kyra did you mean in this case or we have R values between variables? Or different ways to calculate R? I'll give you a second. 
>> Kyra actually just messaged our team that her computer is crashing.
 So she's like Vince might answer my question just as my computer crashes. Please apologize. 
  Vince: Cool okay thank you.
Erin your question is what if you get a really high arc coefficient. Like a .8 super strongly correlated but the P value is also really high. Also like .8. Can you conclude anything? I mean all you can conclude is that you do not have evidence of a correlation between the two.
So it's kind of that kind of-- ambiguous null finding. It's not they have there is no relationship. It's just not evidence of a relationship. Cool, okay. So we have R coefficient. Now I will say in the p value. For the group activity. I'm going to ask you to calculate correlations. And at least one or maybe both of the variables are ordinal. Technically, we would use the Pearson's R for a scale of continuous variable and spearman's row. For ordinal variables. JASP will give you both. I personally don't care what you show me.
I want you to know someone could be like shouldn't you use spearman's row? Yeah, but if you have enough categories in the ordinal variable? Like say this is a running theme in this course. If you have enough categories you can get away with a lot of these tests. And in this case people often use Pearson’s R coefficient for both. Assuming you have lots of values in the variable. Looking back here, are there anything significant correlations? If you look at these off diagonals, are there any significant correlations? Erin says V estimate. And-- what? 
>> Like t estimate? 
  Vince: So V estimate and t estimate? 
>> Oh yeah, sorry, yes. 
  Vince: So what's the correlation? 
>> Oh sorry, never mind. I had the wrong thing. 
  Vince: No, you're right. 
>> Okay. 
  Vince: I think you're right. 
>> Okay. V estimate-- what did I say? V estimate and F or t estimate yeah, that's what I meant. Yeah. 
  Vince: Yes. So what's the correlation between those two? 
>> It is .2612? 
  Vince: Yeah. And is that a small, moderate, strong? 
>> I would say relatively strong. 
  Vince: Yeah moderately strong. Yeah pretty strong relationship to be honest. Remember 1.0 is like you're measuring the same thing twice. If you get a correlation of 1.0 something has gone wrong. In practical terms. No two variables should be so perfectly correlated. Unless there's some very strong theory of the world. So yeah .6 is pretty strong given that one is sort of an artificial ceiling. And is there they have this is a significant effect? Alex says yes, yeah. How did you know? Yeah. Because it's low p value, that's right. Now shown you in this class if we could generate confidence intervals for the mean. Do you think you can calculate intervals for a correlation coefficient? Yeah, that's right. You absolutely can. And in fact that's kind of what the p value is telling you. It's saying, I think given the confidence interval. Given the range this could be. There's a checkbox right there. Thank you Andrea yeah that's right. If you check that box, lit give you a 95% confidence interval. And what you'll find is when these p values are-- so big like that, the interval will include 0. So that's another way to think about a null effect, right? We see it in a point cloud and can visualize it as a correlation.
Cool. And again-- difference between person’s or spearman's for this group activity, I don't care, you can use either.
Now we're coming to the nub. We have descriptive and infernal analysis. We get a sample we want to describe. And then we want to make an inference about the population.
This is the HICI method. Not a real method. It's something that you can use to get through BI 107 basically.
We start with a hypothesis. An expectation about how the world works. What the data is going to look like. Up with you have your hypothesis. First thing Dow is you look at individual variables. Hypotheses typically have more than one variable. As X goes up, Y goes down.
Values of Y will be higher in group A compared to group B. So we typically have hypothesis with a few variables. We would inspect those variables. We might create a histogram. We'd create a table. We might look at summary statistics.
They are going to try to visualize what happens when we combine these variables? Maybe we want to look at differences by treatment. Maybe we have to scale or continuous variables and we want to plot them. And make like a line or a scatter plot. A figure or a table. Finally we're going to do a test. Do see if either the trends that we observe in step C, step three, are different from 0. That might be a t test. Might be a chi squared test or an Anova. It might be Pearson’s correlation coefficient when we connect the p values like we just did. No matter the test looking at differences of association, your logic will follow something like this. Set an expectation. Look at individual variables. Combine them. Test them. So let's walk through an example of that. We want to think about age and education. We have these two variables. Education goes from one to nine. And age goes from one to seven. What are some-- what's hypothesis that we might come up with for these two variables? 
>> The older you are, the higher the more education--. 
>> Yeah that makes perfect sense. To me. There's a logic to it. It doesn't even-- you can have a complex modelling which-- post secondary education used to be cheaper. And so more people--. Or you can just be-- you have more life. You have time to do that. It's going to show up in the data.
Whatever it is you arrive at this empirical expectation. As a hypothesis. As H goes up, so do levels of education.
Levels of education will be higher among older individuals. Lots of ways to phrase it.
But we've captured the intuition there. What would be our next step? How would we look at individual variables? Yeah Kate what if there's a curve?
Think you're into step three. So save that. But before we combine them. What do we do. We have a hypothesis. Give you a data set. Step visualizing. Yeah. Erin says scatter plot pip think that's step three. All looking-- we're going to combine them. If you put one against the other. Yeah we're going to look at individuals. The distribution. Maybe histogram. Yeah love it. Distribute. Frequency. Yes. All of these, exactly. Okay now step three. We combine them. Erin suggested a scatter plot. Kate said is that like a line plot you're suggesting? I mean I think like of age and education separately.
  Vince: Oh I see. Yeah you also might put them together and create a line plot.
It goes up.
>> No I'm thinking of the relationship at the end. Like people in their 70s have less.
It was cheaper and away. Not a linear correlation. 
  Vince: Yeah that's great. I think what you're talking about is the line plot. It's something that sort of goes up as education goes up and H goes up. And then it drops.
Something like that, right? That's-- I mean a scatter plot might show that. But only if it's a really-- you know if it's-- a very well ordered relationship. I think a line plot would be a good way to show that. Yeah so we can do all these things. Could make a scatter plot. A line plot.
Why would we do this and not a bar chart? Why a scatter plot? Why a line plot? But not a bar chart? I mean I guess you could, but why didn't anyone suggest that? Yeah the dv is not continuous. Yeah. You'd have to do some weird transformation. The proportion of people within each age bracket that attained some level of post secondary. And make it binary? You'd have to do some transformation. Yeah that's right the dv is not continuous. No one suggested a bar chart. Your minds instantly went to scatter plot or line plot. Great. Okay. I think we should jump on to the in-class activity.
So it's using the same data set that we've been using. BI 107. You work for BC hydro, and they are trying to think about who should they send energy efficiency rebate coupons or promotion to. And they have a hypothesis there that maybe buying energy efficient lightbulbs which is what the coupon is for is something maybe only older people do. Maybe a complex theory why that is. Maybe it's about homeownership or maybe marginal income. Maybe it's about long-term thinking discounting. Whatever it is they have a theory. Do older people plan further ahead? Maybe so. Maybe not. Maybe it's the opposite way. What I would like you to do is in the google slides file have one person share their screen. And you can each just walk through. Think about your analysis and then write your answers down. There's four questions here. First I have you come up with a hypothesis. Then I ask you to describe these variables individually. Then I ask you to visualize what they look like. And then present some results using APA style. We're not going to be too picky about it.
But we want you to try to practice that at least. So I think we can share the link in the meeting chat.
>> Can I just double check when you say one person share their screen and walk through the method together. We're all as a group? But not combined? Not individually. Okay. 
  Vince: Yeah. Just like last week. Yeah, exactly. So group one. I want to hear hypothesis from you about whether-- maybe you think the opposite. But some hypothesis once you look up these variables in JASP. We have age and lightbulb. And then I want you to visualize these combinations and then perform some kind of infernal test. Could be Pearson's correlation or spearman's row, whatever it is. And I'd like you to report the results in APA style. Are there questions about the task before we create the groups? No. Okay. We'll take about 20 minutes.
We have a small window there. We'll take about 20 minutes and we'll jump in group to group. Awesome. Thanks everyone.
[ Echo ]
[ Ann speaking ]
[ Meeting echo ]
[ Ann speaking ]
  Kate: Does somebody want to do the google slides and somebody want to do the JASP? I'm terrible with google slides. If somebody wants to do that, I'm happy to open JASP and see if I can share.
  Monique: I can't share screen unfortunately on the computer I'm at. My work is very annoying this particular computer. I can't get google slides and I can't get JASP. But I have a computer next to me. I just can't share screens. So I can do stuff. Like if we're drawing something I can double check it. 
  Kate: Okay perfect. If I'm happy to do JASP. If you are happy to do the google slides and we'll just trust you're writing we say. 
  Monique: Okay, I'll do that. Okay.
Group four.
Ah, got it. Okay. 
  Kate: Perfect. Oh and what do you high. Okay. So we hypothesize that older people will plan further ahead for lightbulb purchases relative to younger people. 
[ Ann speaking ].
  Kate: Okay.
[ Ann speaking ]
  Kate: Okay. I'm happy with Monique's or happy with anyone's. Like I think that's good enough.
And sorry, I'm just trying to get 15 different kinds of slides and JASP up.
If you work on the hypothesis and get happy with it, I will try and share my screen with JASP. Bear with me.
  Vince: Hi group five. How's it going? 
[ Ann speaking ].
  Kate: Can you see JASP? 
  Vince: Yep. 
[ Echo ].
  Kate: It's-- it's Ann-- yes we have to mute until we're talking.
  Kate: Okay so we're in JASP now. Now we have to look at individual variables.
  Vince: The older-- hypothesis-- okay, great. And so yeah. How would you-- what are the key variables that you're looking at here? 
  Kate: Age and was it lightbulb choice? Hold on a second. Lightbulb plan. Right? 
  Vince: Great.
  Kate:-- relation. Oh and now it's doing that thing where it doesn't want to start or play at all. Okay so age.
And what was it? L plan.
Oh.
  Vince: Can you click on spearman's row? 
  Kate: And off Pearson’s.
  Vince: Cool. 
  Kate: Sorry. Perfect. 
  Vince: So the first part for question two is like-- just describe the individual variables. Yeah, exactly.
  Kate: And that. This is where I always get this. 
  Vince: It thinks you're working with ordinal variables. And JASP is very technical. And is like I can't calculate the mean. But sure it can. You just have to change it to scale. So if you go up right there and click on that, you can change it right there. 
  Kate: Well that solved all of my problems right there. 
  Vince: So you might want to start by like tell me about it.
What do you see here? Yeah, great. Okay I'm going to leave you to it because you're making really good progress. 
  Kate: Okay. Thank you. 
  Vince: Bye. 
  Kate: Okay and I just realized Monique. If I'm in JASP the problem is we can't put this in JASP. Which is the problem. We help put this in google slides which means I have to be in the google slides which means we are kind of screwed because it's not in the chat anymore is it. Unless we go back to the main group. Shakthi. If we just say her name, will she pop up? So how do I get into the google slides? Can you give me the link in the chat? Monique? Oh I hate google.
Okay. Okay so we're five, correct? Oh no we're not. Who are we, four. No, we're not four.
Well I'm totally confused. Where are we? I couldn't get the names to go in. Oh perfect, okay. Ann Monique Kate. Wonderful. Okay. 
  Monique: Thanks whoever is taking that in. Is that you Ann? 
  Kate: Okay further ahead. Thank you Ann. Okay looking at individual variables. Oh individual variables what do you notice? Okay. So I think one of the things that I notice is that the distribution of age and plan is very different. So one is skewed and one is a normal distribution. Is that-- if we look at the histograms? Yeah. Like age is kind of normally distributed but the plan is skewed. So shall I write that in? Perfect. Now I have to bloody well find the google thing. Okay.
  Monique: Take a screen shot and pop in those histograms too. 
  Kate: Yeah. What was it skewed for L plan and normal for age. And then I will--. 
  Monique: Yes the other something another way of saying it for the L plan is people don't tend to plan very far ahead for lightbulb purchases. And I'm going to-- Ann you were asking let me go find the thing about what L plan the levels were. 
  Kate: Okay it says please write sentences below.
I had a sentence. Another little addition to that. To the not planning further ahead because one to two is-- one is not at all. And two is one week. So the vast majority of people do not plan a lightbulb purchase more than a week ahead. Vast majority of people-- yeah. 
  Kate: Okay. People don't plan far ahead. For lightbulb purchases. If at all. Does that sound good? 
  Monique: Yeah and you could say the vast majority of people plan ahead. Not at all or up to a week.
Something like that. Maybe that's-- okay? Whatever you've got sounds good. 
  Kate: I know. At this point. Okay visualize the combination of variables. And I've already done that. I think that's that, yes.
Why didn't you copy the thing.
Okay just be my friend.
 Do I have a snipping tool? Ah ha I have my snipping tool. Okay, perfect. Okay that does it. This is why I should never be in charge of anything.
After you're done this, can you go back to the age one for a second? That histogram you did age? When you're done. Okay.
Which was-- based here? 
  Monique: Yes, I want to look at the age one. Yep. So more-- yeah it is kind of a normal distribution. The more normally distributed maybe? Most people like-- there's a lot of people falling-- yeah. Like what Ann is saying. Most people fall in the age group of basically 45 to-- anyway.
Ann do you have a way that you suggest saying that? 
  Kate: Can you read it Monique. Because I can't see the chat anymore. 
  Monique: Oh right. Ann was starting one about most people fall in different age groups. But let me see if I said something like for age.
In the middle ranges of. Let's see so three is 35 to 70 in the range of 35 to 74.
There. Fewer. 18 to 34. Over 75.
Okay. Let me resay that. So that for age, most people fell in the range of 35 to 74. Those are big bars. There were fewer 18 34 and over 75. 
  Kate: It's perfect. And then last thing is the inferential statistics which we already have, don't we? Yeah the correlation. And so the spins row if you can read that great. I think it's .035? 
  Monique: Yes which is statistically significant but a weak relationship. 
  Kate: Yeah. 
  Monique: We have a thing. APA style thing. If I can get back in.
What was the sample size? Ah ha.
It's 140 something I feel like? But 147.
  Monique: Okay, great. Oh wait, I need you to come back. Sorry to make you jump around. Very happy for people to come in here and tell me I'm doing this work. Or just correct it. So Oh yeah you said 147 right? 
  Kate: 147, yep.
  Monique: So for some reason in end’s little cheat sheet on APA stats, she says where I'm putting sample size, she says sample size minus 2. That seems weird to me. 
  Kate: That seems weird to me so I'm going to say let's ignore that for now. Oh-- wait. I think-- um. So we should say 145 for degrees of freedom? 
  Monique: I wish I could share my screen too.
Annoying employers-- I love my employer. But-- this part of what they would allow us to put on our computer is a bit annoying. 
  Kate: Yep.
And I don't know. The APA stuff is not my-- and I took JASP. So I'm deferring to you on this one.
I think we're pretty good there.
Cool, okay.
Ann, if you think the line here. Let me put in JASP--. A weak positive relationship? It is supposed to be-- but it's not statistically strong.
  Monique: Oh wait. I'm wrong about that. Sorry it is statistically. 
  Kate: Because P is less-- yeah it's weakened-- I mean we shouldn't put weak. It is significantly correlated. Yes it is.
[ Ann speaking ]
  Vince: Hey everyone. I feel like we just got it in. If you didn't get to the APA style. Coefficient is sufficient. Yeah that's pretty good. So that's the basic set-up. Come up with a hypothesis. Look at independent individual variables and combine them in some way. You visualize that and you interpret the results. That's what you will be expected to do on the written assignment. That's the heart of most behavioural insights work. Okay-- I have office hours coming up. There's a written assignment that's due soon. I have office hours if you want to chat about that.
I'll is stay here for another half hour. If you didn't make it to the APA that's okay. There is sort of a review quiz in the slides. I'll send out the answers to those. If you have any questions about any of the material please don't hesitate to reach out. It has been so much fun working with you the last three weeks. I always enjoy teaching BI 107.
Thank you so much. It's been a pleasure and I hope to see you during office hours and at the capstone presentations.
Thanks everyone. 
>> Thanks so much Vince. You've been great. I appreciate it. 
>> Thank you. 
>> Thanks Vince. 
>> Thank you.
>> Thanks Vince.
  Vince: Thank you Jacqueline.
[ Ann speaking ]
Vince: Sorry which one is that about Ann? 
[ Ann speaking ]
  Vince: Also there is-- yeah, thanks. Let me-- so, if you have a two by two factorial, you have a lot of combinations that you can make. Right? You wouldn't want to compare the average in the control condition to the average in social norms. And you might do a t test and that gives you a value.
But because it's a factorial there's many other combinations that you want to make. You also want to compare the mean and the control condition to the mean in condition number three. And you want to compare the mean in the condition to the mean in number four. And it gets more complicated. You want to compare conditions two to three, two to four, and three to four. You want to compare every group against one another. You want to know each values are higher or lower in the sample relative to the population. You want to make that inference. So the point here is that you have lots of comparisons that you might want to make.
[ Ann speaking ]
  Vince: Can you go on mute. We can set up an office hour too. But in realtime I don't have time to come up War table like right now. Are you talking about a chi squared table? Is that what you mean when you say--. 
[ Ann speaking ].
  Vince: I'm happy to set up an office hour.
This is a topic.
Sorry-- can you turn on mute? 
[ Ann speak ].
  Vince: Sure it is an advanced topic. Something you would norm ale talk to about with your capstone a. Do you have a capstone adviser? But I'm happy to meet with you during office hours and we can talk about that. Does that make sense? Ask Ann, would you like to meet with the office hours to talk more? Oh.
A whiteboard explanation.
I can try.
I don't have materials but teaching a factorial. But we can meet and I can-- we can talk about it  few different ways. Ways that we might think about a factorial. And why it's so complicated.
Yeah.
I think this is quite complicated. It has to do with a largely number of comparisons.
Yeah, so let's meet. Send me an e-mail and we can find a time to discuss. And maybe I can send you some readings in advance. So you can read through it. Because it is an advanced-- I see it as an advanced topic. I treat it as an advanced topic.
Does that work? Okay, great, awesome. Are there any other questions, Ann? Feedback until everyone has had a chance to submit. And so we give you the grades back. But we wait until everyone has had a chance to submit the home work and then we give feedback.
So it shouldn't be much longer. I think by Friday at the latest.
Have you not had feedback from 106.
Okay, can you e-mail me about that as well? Could be for a written assignment.
So please e-mail me about that as well.
Did other people.
Yeah.
Okay. And you can send me an e-mail about what assignments you haven't had feedback for and then we can follow up. Because you definitely deserve feedback.
Awesome. Other questions. From the group.
Natasha which a? 
  Yes thank you. I have a question about the chi squared. Like I understand that the assignment. We can make it simple.
But I just want to make sure I understand it very simple behind it. I did not fully understand. So for our project, we have like the BI treatment. And we have the control. But then we have a first letter that goes. And then a second letter. Which is the second intervention. And it's the same for both. Like the BI and the control.
So I don't know if you like the result of letter one and letter two. And BI then letter letter two control to chi squared. If I should do it twice. Like the two different kind of sequence that we do. Or it doesn't matter. I'm just unclear.
  Vince: So help me understand. You're saying in your experiment. Where it says yes PP and no PPE, you have control and treatment? 
>> Well, we have the BI solution. And we have a control group. But we have more than-- like we have kind of a two-pronged approach to get the final result that we hope for.
For both the treatment. Or the BI and the control. So just to run the chi squared to make sure that I see like if it's robust and everything. Should I lump both or should I run it twice to get like okay there's a difference in the first one. There's a difference in the second. 
  Vince: It sounds like you're talk about three variables. But I'm only hearing about two. So-- or no sorry.
In your data, you have two columns like this. And one of them says-- instead of ten year, it says treatment or something-- condition. And it's got BI control, BI control.
>> Yeah. 
  Vince: And then where it says L choice, you have says letters and then it says one or two, one or two.
>> It says-- treatment or the first-- element that we do to get a response. And then if we either meet what we need them to do. Or they don't.
Like in the second letter. Kind of a reminder. And then they can either comply.
  Vince: JC did a chi squared test on this data? 
>> Yeah she did quickly with some of the data. 
  Vince: Unless there's another variable. Then what she did was-- a chi squared requires two variables and four values. 
>> Okay. 
  Vince: Control treatment.
Control one letter. Control two letter.
Control two letter control one letter right? They are crossed. So if Jay Z did a chi squared test that must be what she did. But there was also a difference in proportion. Which was not a chi squared test.
But you--.
You would have to run two chi squared tests to do it the way that you would want to do it. 
>> Okay. 
  Vince: Where you have one letter and then a letter on another letter.
>> Yeah. Just to see if there's an impact for both sequence. Okay, perfect. Okay. 
  Vince: Yes. It's-- the reminders are-- a bit like factorials. They can be quite complicated. Right, because they are conditional on behaviour. You only get a second letter if you don't do the thing-- after the first letter. But people who do the thing after the first letter. It might be different than those who don't.
And so if you only e-mail a second letter to those who haven't done the thing. So for this reason most researchers typically just collapse it into the reminder. And you count the proportion of people who do the thing after the second reminder. That's what is most common. In my own research, that's what I do.
>> Okay. 
>> That's exactly what I wanted to ask you Vince. We've done the same thing. And maybe this might help you Natasha, we've done the same thing. We've sent out e-mails. Those who didn't open the e-mail the first time, got the second e-mail.
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