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Recall
· Original research question and hypothesis concern the population but remember the results are from the sample 
· Ultimate goal is to generalize findings from samples to population 

Sampling Error and Inferential Statistics
· Sampling error
· Samples do not provide a perfectly accurate picture of population
· Keep in mind that many different samples can be drawn from a population
· Each time a sample is drawn some differences are expected
· NOT eliminate but finding reasonable ways to deal w/ them 
· Possible ways to rule them out as possible explanations 

Demonstration of Sampling Error
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· Large circle – target population
· Ultimate goal is to mirror larger target population as much as possible 
· The more people we sample, the greater the chance that the larger population can be mirrored 
· B/w 2 samples, see that numbers are not the same as the population, each sample is expected to be a little different, NOT good even if expected
· You can imagine sampling many times (not just twice) 
· Recall, most psychology researchers DO NOT have access to population parameters 
· Many other variables researchers don’t have access to 
· E.g. extraversion, aggression, etc. 
· Not always the same, not always mirroring target population, not always knowing target population
· Inferential statistics are abstract

Why is this important to know? 

· It is important to know b/c researchers have to keep this in mind when assessing effects and relationships 
· Potential alternative explanation for our finding, another reason why we are finding an association b/w 2 variables, etc. 
· E.g. why playing a violent video game in labs makes people more aggressive 
· E.g. researchers must distinguish b/w real differences and sampling error differences
· Maybe you didn’t get a good batch that mirrors your larger target population 
· Challenge to the quality of the claim 

Between-Subjects Design
· Pop of preschool children
· Getting one sample and randomly assigning half to each treatment 
· Treatment A: nonviolent tv, M=3.64 aggression
· Treatment B: violent tv, M=7.60 aggression
· MUST consider sampling error, performed thru IS
Within Subjects Design
· Same as above but the sample experiences BOTH levels 

Inferential Statistics
· IS are one way to assess the quality of the claim 
· Recall the others are construct validity, internal validity, and external validity
· E.g. are the differences b/w the 2 groups meaningful or are they just due to sampling error? 

Note
· It is up to researchers to design their studies to account for other alternative explanations
· E.g. confounds, generalizability, reliability, validity of the measure
· IS just addresses sampling error as a threat to the quality

Hypothesis Testing
· Main type of inferential statistic is the hypothesis test
· A way of thinking through a logical set of steps 
· Recall that a key feature of the scientific method is scientific reasoning 
· Goal: to rule out chance (sampling error) as a plausible explanation for the results 

· HT underlies all research claims whether we are talking about frequency, association or causal claims
· In this course, you will only be asked to learn the logic of inferential statistics




Basic Elements of Hypothesis Testing
· E.g. null hypothesis testing
· Some specific rules and logic for hypothesis testing
1) Assume there is NO effect
2) The data from the sample is collected
3) Calculate the test statistics w/ the data collected
4) Decide whether to reject or retain the null hypothesis

1) Assume there is NO effect
· Yes, psychology researchers formally assume that nothing is going on 
· Why go to all the trouble of pretending? 
· Part of the logic of the testing is that researchers take a conservative view that nothing exists until there is evidence to back it up
· Know some of the biases w/ personal experiences that may not reflect general pattern, safer to say that nothing is going on 

Language of null hypothesis testing

· Null hypothesis (NH): 
· Statement about the population(s)
· No effect, no change, no relationship
· E.g. Violent tv has NO effect on aggression 

· Alternative hypothesis (AH):
· Usually the research hypothesis
· Existence of a relationship or treatment effect
· E.g. violent tv causes increased aggression 
· Usually list AH in journals 

· 2 outcomes
· Reject null hypothesis
· If the null hypothesis is rejected, then there is evidence to support the alternative hypothesis
· May not be due to sampling error but actual existence of an event 
· “Yippee!!!”
· Fail to reject the null hypothesis (“Retain the null”)
· Due to chance
· “F***!!!” 

· Best position a theory may hold is not yet disconfirmed 
· Consider the weight of the evidence for it 

2) The data from the sample is collected
· Collecting information about the measured variables 
· E.g. M in attention span for the caffeinated and decaffeinated conditions in an experiment
· E.g. online studies, coming to the lab, public place, field study 
· E.g. each individual’s mean self-reported aggression and M number of hours spent watching violent media per week 

3) Calculate test statistics with the data collected
· E.g. chi-squares, correlations, t-tests, z-tests, f-tests
· Note: test statistics are calculated w/ means and standard deviations (descriptive statistics you already learned about)
· You’ll learn how to calculate test statistics in your Data Analysis course

· For now, all you need to know is that the test statistics help the researcher to determine the probability of getting the data by chance

· Remember. If everyone in the population were sampled, we would not need to calculate inferential statistics! 
· It is only b/c we use samples that this becomes necessary 

4) Decide whether to reject or retain the null hypothesis
· NOT based on “Gut feeling” or after “eyeballing” the scatterplot or means
· Instead, it is based on the calculation of test statistics (e.g. z, t, r)

With every test statistic calculated, an associated p (probability value) is calculated
· E.g. z = 1.96, p = 0.05
· E.g. t = 4.12, p = 0.02
· E.g. r = 0.50, p = 0.08

· P values allow researchers to determine to accept OR reject the null hypothesis

P value

· p value = probability value
· Refers to level of probability that findings are due to sampling error
· Also known as: T1 error, alpha level

· As a convention, psychology researchers feel comfortable making claims w/ a 5% chance or less that the results are due to sampling error 
· p < 0.05, REJECT the null hypothesis
· p > 0.05, RETAIN the null hypothesis

· If a researcher rejects the null hypothesis (statistically significant):
· Data like these could have come by chance
· Data like these happen very rarely by chance
· Pretty sure the data were not the result of chance 


· If a researcher retains the null hypothesis (not statistically significant):
· Data like these could have happened by chance
· Data like these are likely to happen by chance X% of the time (i.e. not rarely)
· NOT confident based on this data, result of chance

Common Errors

· Type 1 error (α Error)
· False positive, “cry wolf”
· Saying something is going on when nothing is going on! 
· Mistake  
· Not assessing the right thing 
· E.g. up the effectiveness of a drug

· Type 2 error (β Error)
· A miss, “wolf there but no warning cries”
· Failing to announce the presence of something 
· E.g. downplay the effectiveness of a drug
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· Decision is possibly independent of reality LOL 

Errors in Hypothesis Testing

· Do NOT know exactly if we have made an error BUT we can calculate the probability of doing so

· Psychology researchers have a comfort level w/ the amount of possible error
· T1 error is 5%
· T2 error, or power, a set of factors determines it including:
· Alpha level
· Sample size
· Effect size
· Unsystematic variability 
· Statistical choices

· Lower α (T1 error)
Higher possibility of β Error (T2 error)
· E.g. Less stringent α gives researcher more power

Statistical and Practical Significance

· Hypothesis testing criticism 
[bookmark: _GoBack]
· Misconception that a significant effect is also a substantial effect
· Statistical significance (α)
· Does NOT provide any info about he magnitude of treatment effect
· Practical or clinical significance
· Whether the treatment effect is large enough to have practical or clinical application

Effect Size

· Purpose 
· Provide info about the absolute size of the treatment effect that is NOT influenced by outside factors like sample size 

· Whenever find a statistically significant result, recommended to report the effect size
· E.g. Cohen’s d
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