10 minutes description of HLM for people who at least know what OLS regression is.
Kaz Uekawa

Do you know OLS regression?

Yes

Do you know how you obtain estimates?  We call those effects or coefficients.  We call them beta.

Yes

Though this is an obvious thing, but you see how with OLS you obtain only one set of those estimates?  For example, we only have one value for intercept.

Yes

That means that analysts are comfortable with one set of numbers representing the sample.  For example, if the gender effect on student achievement in Japanese TIMSS data is 6, that means the score gap between female and male students is 6 and analysts are happy with that number.
Okay.

With HLM we have a choice of deriving those effects (coefficients, beta, effects) for all the group units (e.g., schools).  If we use an example of gender effect, we can obtain gender effect for all the schools in the sample, if we choose to do so.   We can do the same with intercept as well as other coefficients in the model.
I see.

But what I just said is actually misleading.  Even with OLS we can obtain those coefficients for all the group units.  For example, if we have student achievement data, we can obtain average achievement scores for each school by using a series of dummy variables representing schools.

So technically the explanation I gave above isn’t quite right, though it captures the spirit of people using HLM for their analysis.  In their mind obtaining a set of coefficients separately for group units is what they are doing.  But that isn’t exactly accurate, though not completely wrong?

Then what is HLM?

Actually the point of HLM isn’t so much about getting the group specific coefficients.  The point is to obtain one set of coefficients (just like OLS).  But in HLM the coefficients  are weighted to reflect precision among the group units.  Statisticians invented a way to incorporate reliability coming from group units—in their calculation of coefficients.  For example, math scores or race effect from some schools may be more accurately measured than others.  
	HLM

	 
	Intercept
	Reliability
	 
	Race effect
	Reliability

	school A
	15
	1
	
	4
	0.9

	school B
	20
	0.5
	
	3
	0.7

	school C
	18
	0.2
	 
	5
	0.1


HLM uses reliability as a weight and come up with coefficients that reflect this reality—the reality that groups vary by precision of measurement in their average scores or effects of predictors. 

Earlier I made a contrast – OLS obtains single set of coefficients while HLM obtains multiple set of coefficients; however, technically both aim to obtain one set of coefficients.  HLM does estimate each group’s coefficients, but after that based on reliability of such coefficients, HLM takes in more information from the estimates that are more accurately measured than others—to derive a set of coefficients representative of the sample.
I felt I understood HLM well when I noticed that I can run OLS using PROC MIXED (that does HLM in SAS).

OLS

Proc mixed;

Model Y=X;

Run;

HLM

Proc mixed;

Model Y=X;

Random intercept X/subject=school;
Run;

The difference between OLS and HLM is simply this one line called RANDOM statement.  It just tells SAS which coefficients should be treated RANDOM, meaning which effects must be derived with reliability of groups considered.


Also I felt I understood HLM well when I learned that under one condition the results of HLM and OLS will be the same, that is, when all schools have reliability of 1 and all schools have the same number of cases.
