· Statistical Significance testing or Inferential Statistics

· we get our results, what do we decide what we have?  Are the effects we have obtained big? Should we believe them?  Are they reflecting what is really going on in the larger population? 

· Examples

· handedness and creativity

· OH—correlation & t-test analyses

· Should we trust these results and say--we found something!? 
· Is it correct to conclude that creativity & handedness are related?

· Thought exercise… assume… we are ALL-KNOWING
· What if,  in population (reality)  r = .00   
· Or, compare means, both equal (left & right-hand score 8)

· what if we test 200 UI students? would we get the exact same results?

· NO -- due to random error (error variance)
· What if…

· True/real effect in population is r=.45 
· Or, creativity means are  *left-hand = 10 vs. *right-hand = 6?

· if sampled 200 UI students, would we get exactly same result?

· NO—b/c always have random errors (error variance)
· In this case, have error variance AND systematic variance
· problem

· how do we know whether we can trust OUR results?

· …that they quite accurately reflect reality?

· How should we evaluate our findings?

· Effect size “classifications” as small medium and large

· Squaring correlations—coefficient of determination
· BESD

· Statistical significance testing
· Also called Null-Hypothesis Significance Testing (NHST)

· Make inferences about research findings in logical, unbiased fashion—Statistical Significance Testing

· Need to Decide when finding is a “real, true” finding, as opposed to being due to Error Variance

· Factors contributing to Error Variance could be…

· chance/random fluctuations (e.g., coin flipping)

· sampling biases (who are we studying)

· measurement error (we know we always have some)

· confound variance (discussed in Chapter 8)

· We need to make this decision whether we conduct Relational or Experimental research

· I.e., whether conduct correlational or t-test/ANOVA analyses

· What decisions can we make based on our study results and how do they relate to reality (what is going on in population)?

Statistical Significance testing or Inferential Statistics

· four possible outcomes of an inferential statistical analysis
	Your DECISION

--based on data from your sample

[this we do know]
	TRUTH -- how things really are—REALITY
[We will NEVER know this!!!]

	
	Nothing, no effect

Null Hyp (H0) true
	Yes, Something going on—there is effect

Null Hyp not true—instead Altern/Experi Hyp (H1) true

	No finding—nothing in my study

Can not reject H0
	Correct Decision
	Type 2 Error

beta

	Yes -- something going on in sample

—find effect

can reject H0 as likely wrong & accept H1 as likely true
	Type 1 Error

alpha
probability of making a type 1 error

set low—but not too low

typically set at 5% 

p < .05

(know what p-level means)
	Correct Decision

and we hope to be able to be in this quadrant when we conduct our own study

Power(1-beta) probability of correctly rejecting H0

(=>alpha, N, effect size)


=>Also–Criminal trial inno/guilty & biased/unbiased Coin examples

· H0=“null hypothesis” basic assumption that nothing is going on

· H1=“alternative/experimental [our own research] hypothesis”

· H0=“null hypothesis”—basic assumption that nothing is going on

· H1=“alternative/experimental [our own research] hypothesis”

· we’d like to find evidence that supports our H1 

· and, thus, would allow us to reject the H0 

· however, want to make that decision with low probability of being wrong–type 1 error–i.e., claim a finding that is NOT there in Reality (that is, a finding we got by chance)

· typically set that probability of being wrong to 5% (p = .05)

· called alpha level
· have a 5% chance (5 out of 100 times I conduct a study like this one) of getting a result this extreme (strong) purely on the basis of chance (i.e. without it being true in population).

· But what if set sig level lower?? 1% (p = .01) or at .1 (p = .001?

· when doing that, you increase your standards (expectations) as to how strong the effect should be

· that is, expect/require bigger difference in means b/w control & experimental groups

· or, a stronger correlation between two variables
· so, what does a p = .01 mean?

· only a 1 in 100 studies chance to have obtained a result as strong as this one solely by chance

· makes it really hard for us to reject H0 and to accept H1

· i.e., might ignore important findings in our study b/c they aren’t strong enough & conclude instead nothing is going on—when in reality, there is something going on

· set requirement (hurdle) too high=>thus increasing chances of making an Type 2 error
· could mistakenly ignore important findings & abandon areas of research prematurely

· NEVER know for certain whether we made “correct” decision

· only know the likelihood that we may make a wrong decision

· p-level (p=probability) – probability of having obtained an effect this big when in reality there is no effect

· Null-Hypothesis Significance Testing—NHST

· Rules about when can label result “statistically significant”

· your paper, report exact significant (p) value and note whether it is “stat sig” according to p < .05 cut-off

· make sure you call it STATISTICALLY significant!

Here I’m going through same ideas but phrasing things differently. Read and think through this carefully and be sure you understand the logic of what I’m saying. This should really help you to understand what statistical significance testing REALLY means!!
· if the likelihood that correlation [or difference b/w two groups] obtained in our study is actually zero in population is *very low* 

· => call it a statistically significant result

· what does a *very low* probability mean?

· typically—convention—if probability of obtaining a result as big as the one we have observed due to chance rather than due to a real effect is less than 5%   

· =>  call Statistically Sig.

· What does it mean when you obtain a “statistically significant” result based on conducting statistical significance testing?
· A difference between experimental conditions, or a correlation, is said to be significant at the 5% level (p less than .05) if it is different from zero to a degree that, by chance alone, it would be expected to occur only about 5% of the time

· Thus, evaluate results from our study by calculating the p-level (probability level) of having obtained the particular result by 

chance alone

· p-level => the probability that the particular effect we have observed is really zero in the population

· If results are determined “statistically significant”, it means that the results probably did not  arise by chance alone

· that is, the effect in reality is probably not zero

· however, we could be wrong and effect might be zero!

· that is, we might “by chance” have found a big result although there really is nothing going on!

· called a Type 1 error in decision making

· we try to guard against this by setting a low alpha level, thus 

decreasing likelihood of making a type 1 error

· remember, can choose your alpha level (5%, 1%, .1%!!)

· but do not set alpha too low!! (don’t make Type 2 error)
· Factors that Affect Statistical significance (book p 157-158) & one additional Consideration—RE-READ these 2 pages in BOOK!!
· Size of the effect
· Size of the Sample 
· Alpha level (p value)
· Look at table of critical values of r (p 159) and t (p 413)
· Factors in table you need to specify

· =>N (df)    =>values of r or t    =>level of Sig (alpha)

· Being aware of these issues makes you a better researcher;
better able to accurately interpret any scientific report

· Let’s apply this knowledge… another thought experiment…

· What if team of researchers claims to fail to replicate an important effect…

· Do you immediately think—oh, I guess that effect wasn’t really true…

· Or, what if they say “we obtained a significant result”

· Do you, immediately think--wow, this must be true?
· remember -- statistics are simply a tool we use… 

· remember factors you need to consider when evaluating research statements (reported conclusions)…
· Considerations in Doing/Interpreting Statistical sig testing

· # of difficulties involved in Null Hypothesis Significance Testing

· look at several criteria

(1) what alpha level did they choose?

(2) what is sample size they used?

(3) how big is the size of the effect they found?

(4) non-significant results do not mean “no results”

· could be type 2 error—deciding that there is NO effect when in reality (in population) there is an effect

· probability of that happening is called Beta
· reasons we might not find a statistically sig result?

· marginally significant

· bad (unrealiable/invalid) measurement

· too small of a sample

· thus, Type 2 error ALSO a big problem (prematurely abandoning new & potentially important line of inquiry)

· e.g., intervention or drug or hypothesis about how stereotypes influence our actions without our being aware of it...  but don’t detect the real effect in our sample b/c we do not have enough power to detect it

· Power = probability we will obtain stat sig effect in our study if H1 is in fact true

· Study’s ability to detect real (true) effect

· To avoid Type 2 error, design study with high POWER

· most behavioral research underpowered!!

· Average power about .50 - .60

· means only a 50%-60% chance of detecting a statistically significant effect in our study even though it is a true effect

· Aspire to have at least a power of .80 in studies

· Better measurement

· large sample

· big effects

· no restriction in range & outliers

· Key msg—NHST isn’t everything

· What you want to know from your data are two things

· are results big enough (given sample size) so they are likely NOT due to chance   AND

· how strong are my effects?

· Compute number that reflects the size or magnitude of effect

· Not only the likelihood that the result may actually be zero in the population—which is what stat. significance testing does

· Replication more important than stat. Significance!

· That number is called effect size
· Most commonly used measure is correlation coefficient

· Can use corr coeff to describe strength of effect in either relational or experimental study

· Can get correlation coefficient from experimental study

· Or directly convert statistics typically used to analyze experimental data into a correlation

· E.g., a t-statistic or a F-statistic can be directly converted into an r

               ________________________

· r  =  ( (   t 2  ∕ (t2  +  (n1 + n2 - 2)))
· n1 = sample size of condition 1   

· n2 = sample size of condition 2

· t = result you get when you compute a t-test

· do conversion whenever you can b/c it makes it easy to compare results from relational & experimental studies using a common metric

· Other topics to be familiar with (conceptual understanding)

· Degrees of freedom

· Matched/Paired t-tests (vs independent sample t-tests)

· Directional (one-tailed) vs Non-directional (two-tailed) hypothesis testing (t-test)

· Don’t need to know how to compute t-statistic

· But go through examples—again, conceptual familiarity

