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What is an outfit statistic?
Kaz Uekawa
Acknowledgement: Moritz Heene kindly aded a few things to this document.  Mike Linacre gave us advices.  

11/30/2006
Sorry, I typed up this very quickly.  It is just a draft.

Misfit statistic is a statistic we use to evaluate item difficulty scores or person measures.  There is infit statistic and outfit statistic.  We focus on outfit statistic.  It is about how off the behavior of an item is.  It is adjusted such that 1 is an expected value and deviation from it is considered bad.  I quote from Mike Linacre’s Winstep manual:

http://www.winsteps.com/winman/diagnosingmisfit.htm

Outfit: outlier-sensitive fit statistic. This is based on the conventional chi-square statistic. This is more sensitive to unexpected observations made persons on items that are relatively very easy or very hard for them (and vice-versa).
Find the following table in a Wisntep output file.  In the highlighted column below, you find OUTFIT statistics.  The value close to 1 is a good outfit statistic.  Too much deviation from it is not great.
TABLE 13.1 KNOX CUBE TEST                         ZOU714ws.txt Sep  1  8:59 2006

INPUT: 36 KIDS, 18 TAPS  MEASURED: 35 KIDS, 18 TAPS, 2 CATS        WINSTEPS 3.57.0

--------------------------------------------------------------------------------

KID: REAL SEP.: 1.34  REL.: .64 ... TAP: REAL SEP.: 4.41  REL.: .95

         TAP STATISTICS:  MEASURE ORDER

+-------------------------------------------------------------------------------+

|ENTRY    RAW                   MODEL|   INFIT  |  OUTFIT  |PTMEA|              |

|NUMBER  SCORE  COUNT  MEASURE  S.E. |MNSQ  ZSTD|MNSQ  ZSTD|CORR.| TAP          |

|------------------------------------+----------+----------+-----+--------------|

|    18      0     34    6.13    1.84| MAXIMUM ESTIMATED MEASURE | 4-1-3-4-2-1-4|

|    15      1     34    4.80    1.07| .74   -.1| .11   1.4|  .32| 1-3-2-4-1-3  |

|    16      1     34    4.80    1.07| .74   -.1| .11   1.4|  .32| 1-4-2-3-1-4  |

|    17      1     34    4.80    1.07| .74   -.1| .11   1.4|  .32| 1-4-3-1-2-4  |

|    14      3     34    3.37     .70|1.56   1.2|1.49   1.0|  .22| 1-4-2-3-4-1  |

|    12      6     34    2.24     .55|1.16    .6|1.06    .5|  .42| 1-3-2-4-3    |

|    13      7     34    1.95     .52| .70  -1.0| .38   -.3|  .60| 1-4-3-2-4    |

|    11     12     34     .79     .45|1.07    .4| .79   -.1|  .55| 1-3-1-2-4    |

|    10     24     34   -1.57     .48|1.06    .3| .83    .0|  .61| 2-4-3-1      |

|     8     27     34   -2.35     .54| .59  -1.3| .43   -.2|  .72| 1-4-2-3      |

|     6     30     34   -3.38     .64|1.17    .6| .96    .6|  .53| 3-4-1        |

|     9     30     34   -3.38     .64| .62  -1.0| .21    .0|  .68| 1-3-2-4      |

|     5     31     34   -3.83     .70|1.04    .2| .52    .6|  .55| 2-1-4        |

|     7     31     34   -3.83     .70|1.33    .9|2.21   1.2|  .40| 1-4-3-2      |

|     4     32     34   -4.40     .81| .90    .0| .35    .8|  .55| 1-3-4        |

|     1     34     34   -6.59    1.85| MINIMUM ESTIMATED MEASURE | 1-4          |

|     2     34     34   -6.59    1.85| MINIMUM ESTIMATED MEASURE | 2-3          |

|     3     34     34   -6.59    1.85| MINIMUM ESTIMATED MEASURE | 1-2-4        |

|------------------------------------+----------+----------+-----+--------------|

| MEAN    18.8   34.0    -.76     .96| .96    .0| .68    .6|     |              |

| S.D.    13.8     .0    4.26     .51| .28    .7| .58    .6|     |              |

+-------------------------------------------------------------------------------+

To understand what out statistic is, we need to look at residual file that contains ingredients with which to construct misfit (outfit) statistic.  By XFILE=filename in Winsteps, you can get a residual file.  The table below is part of the residual file.  Each line of it tells a story of what happens when a person (KID) meets a test item (TAP).  I selected the part for an Item 4 from one of the example Winsteps.  I interpret the first observation of the table:

Kid 1 tries the TAP 4 and succeeds at it, while Rasch model made a prediction that the kid would succeed at it with probability of .812 with a variance of .153 (which was the result of .812*(1-.812).  ZSCORE .482 is a result of .812/squareroot(.153), which gives you a sense of how much deviation (from the expectation) the observation is showing.  RESIDL means residual which simply is 1 - .812.

Outfit statistic can be calculated by this:

(Residual*Residual) divided by variance for each observation.  You get this for all the lines in the table that belong to the same item (here TAP 4).  The average of the observations is the outfit statistic.  1 is an expected value.  Too much deviation from it is not great.  It tells you that the item is misbehaving.
	KID
	TAP
	OBS
	ORD
	EXPECT
	VARIAN
	ZSCORE
	RESIDL

	1
	4
	1
	1
	0.812
	0.153
	0.482
	0.188

	2
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	3
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	4
	4
	1
	1
	0.69
	0.214
	0.671
	0.31

	5
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	6
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	7
	4
	1
	1
	1
	0
	0.017
	0

	8
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	9
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	10
	4
	1
	1
	0.995
	0.005
	0.07
	0.005

	11
	4
	0
	0
	0.898
	0.092
	-2.966
	-0.898

	12
	4
	1
	1
	0.898
	0.092
	0.337
	0.102

	13
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	14
	4
	1
	1
	0.995
	0.005
	0.07
	0.005

	15
	4
	1
	1
	0.999
	0.001
	0.027
	0.001

	16
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	17
	4
	1
	1
	0.954
	0.044
	0.219
	0.046

	18
	4
	1
	1
	0.995
	0.005
	0.07
	0.005

	19
	4
	1
	1
	0.954
	0.044
	0.219
	0.046

	20
	4
	1
	1
	0.995
	0.005
	0.07
	0.005

	21
	4
	1
	1
	0.998
	0.002
	0.042
	0.002

	22
	4
	1
	1
	0.998
	0.002
	0.042
	0.002

	23
	4
	1
	1
	0.998
	0.002
	0.042
	0.002

	24
	4
	1
	1
	1
	0
	0.017
	0

	25
	4
	0
	0
	0.522
	0.25
	-1.046
	-0.522

	26
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	27
	4
	1
	1
	0.812
	0.153
	0.482
	0.188

	28
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	29
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	30
	4
	1
	1
	0.954
	0.044
	0.219
	0.046

	31
	4
	1
	1
	0.984
	0.015
	0.126
	0.016

	32
	4
	1
	1
	0.995
	0.005
	0.07
	0.005

	33
	4
	1
	1
	0.69
	0.214
	0.671
	0.31

	34
	4
	1
	1
	0.998
	0.002
	0.042
	0.002

	35
	4
	0
	0
	0.098
	0.088
	-0.33
	-0.098

	36
	4
	-1
	-1
	-1
	0
	0
	0


To derive an outfit misfit statistics, I did the following for each observation.  I first squared residuals (RESIDL) and divided them by model variance (VARIAN).  And I took the average of those values.  This is to follow the following algorithm (shown at http://www.winsteps.com/winman/diagnosingmisfit.htm)
residual = observation - expectation 
Outfit mean-square = sum (residual**2 / model variance ) / (count of observations)

Infit mean-square = sum (residual**2) / sum (modeled variance)
Remarks of Mike Linacre:

residual = yni = observation - expectation

model variance = Wni

standardized residual = Zscore = zni = yni /sqrt(Wni) = residual / sqrt (model variance)

outfit mean-square =  sum ( yni*yni / Wni)  / count = average ( residual**2 / model variance ) 

= sum (zni*zni) / count = average (z-score**2)
	KID
	TAP
	OBS
	ORD
	EXPECT
	VARIAN
	ZSCORE
	RESIDL
	residual squared
	divided by model variance
	OUTFIT STATISTICS!
	INFIT STATISTIC

	1
	4
	1
	1
	0.812
	0.153
	0.482
	0.188
	0.035344
	0.231006536
	0.347930495
	0.856021

	2
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	3
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	4
	4
	1
	1
	0.69
	0.214
	0.671
	0.31
	0.0961
	0.449065421
	 
	

	5
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	6
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	7
	4
	1
	1
	1
	0
	0.017
	0
	0
	.
	 
	

	8
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	9
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	10
	4
	1
	1
	0.995
	0.005
	0.07
	0.005
	0.000025
	0.005
	 
	

	11
	4
	0
	0
	0.898
	0.092
	-2.966
	-0.898
	0.806404
	8.76526087
	 
	

	12
	4
	1
	1
	0.898
	0.092
	0.337
	0.102
	0.010404
	0.113086957
	 
	

	13
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	14
	4
	1
	1
	0.995
	0.005
	0.07
	0.005
	0.000025
	0.005
	 
	

	15
	4
	1
	1
	0.999
	0.001
	0.027
	0.001
	0.000001
	0.001
	 
	

	16
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	17
	4
	1
	1
	0.954
	0.044
	0.219
	0.046
	0.002116
	0.048090909
	 
	

	18
	4
	1
	1
	0.995
	0.005
	0.07
	0.005
	0.000025
	0.005
	 
	

	19
	4
	1
	1
	0.954
	0.044
	0.219
	0.046
	0.002116
	0.048090909
	 
	

	20
	4
	1
	1
	0.995
	0.005
	0.07
	0.005
	0.000025
	0.005
	 
	

	21
	4
	1
	1
	0.998
	0.002
	0.042
	0.002
	0.000004
	0.002
	 
	

	22
	4
	1
	1
	0.998
	0.002
	0.042
	0.002
	0.000004
	0.002
	 
	

	23
	4
	1
	1
	0.998
	0.002
	0.042
	0.002
	0.000004
	0.002
	 
	

	24
	4
	1
	1
	1
	0
	0.017
	0
	0
	.
	 
	

	25
	4
	0
	0
	0.522
	0.25
	-1.046
	-0.522
	0.272484
	1.089936
	 
	

	26
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	27
	4
	1
	1
	0.812
	0.153
	0.482
	0.188
	0.035344
	0.231006536
	 
	

	28
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	29
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	30
	4
	1
	1
	0.954
	0.044
	0.219
	0.046
	0.002116
	0.048090909
	 
	

	31
	4
	1
	1
	0.984
	0.015
	0.126
	0.016
	0.000256
	0.017066667
	 
	

	32
	4
	1
	1
	0.995
	0.005
	0.07
	0.005
	0.000025
	0.005
	 
	

	33
	4
	1
	1
	0.69
	0.214
	0.671
	0.31
	0.0961
	0.449065421
	 
	

	34
	4
	1
	1
	0.998
	0.002
	0.042
	0.002
	0.000004
	0.002
	 
	

	35
	4
	0
	0
	0.098
	0.088
	-0.33
	-0.098
	0.009604
	0.109136364
	 
	

	36
	4
	-1
	-1
	-1
	0
	0
	0
	0
	 
	 
	


Let’s just take a look at the first line.

	KID
	TAP
	OBS
	ORD
	EXPECT
	VARIAN
	ZSCORE
	RESIDL
	residual squared
	divided by model variance
	OUTFIT STATISTICS! 

	1
	4
	1
	1
	0.812
	0.153
	0.482
	0.188
	0.035344
	0.231006536
	0.358201116


0.035344 is a result of 0.188*0.188 (RESIDL squared).    0.231006536 is a result of 0.035344 (RESIDL squared) divided by 0.153 (=VARIAN).  0.358201116 is the average of the values produced by these calculations.  This last value is outfit misfit statistics.

Also confirm the following.

What is EXPECT?  What is .812?

This is an expected value in probability.  So, .812 means that KID-1 has 81% probability of getting a TAP-4 item right.  Where does this value come from?  KID-1’s person measure is  -2.94 (see the Winstep output).  Item TAP-4’s item difficulty is -4.40 (very easy!).  Remembering the Rasch equation, you subtract item difficulty from a person measure.  So, the result is (-2.94 – [-4.40])=1.46.  This 1.46 is a logit value.  If you express this in probability, it will be .812, which is what we get for EXPECT.  If you know SAS, you can do prob=logistic(1.46) to confirm this.  
Data X;

A=logistic(1.46);

Run;

Proc print;run;

THIS IS THE RESULT:
                                         Obs       A

1 0.81153
What isVARIAN?  What does .153 mean?

This is model variance.  It is completely determined by the expected probability.  The algorithm for this is simple:
VARIAN=EXPECT*(1-EXPECT)

So, if the expected probability is .5 then the model variance is 1*(1-.5).  Model variance shows a size of error variance associated with the expected probability.  When we say the expected probability is .81 and the model variance for it is .153, we are saying that the probability of this KID getting this TAP ietm correctly is 81% but there also is an error variance of .153 for it.  By construction, you can tell that the error variance is greater when the probability is close to .50.  When something is 50/50, the error associated with such a prediction is the largest.  I think this makes intuitive sense.

What is ZSCORE?  What does .482 mean?
ZSCORE is residual divided by square-root of model variance.  

This Z-score gives a sense of how large a residual is.  We divide a residual by square-root of model variance, so we correct for the errors associated with a residual.  I can explain this better when I have a chance.
