Many-Facet Rasch Measurement : Facets Tutorial

# . .
Mike Linacre - 1/2012
1. | Tutorial 3. Estimation and interactions
The adventure continues!
e Estimation methods
e How iterative estimation works
e Interactions and differential item functioning (DIF)
This tutorial builds on Tutorials 1 and 2, so please go back and review them when you need to.
2. A. Facets Analysis Window: Illinois High School Diving Competition
3. | Let’s launch Facets again @
ﬂ-.-
4. | We’ll start this Tutorial by looking at some real-life, M Facets
Files Edit Font Estimation Output
m o
C'Ssy da‘t‘a . 9 Spedification File Name? Cirl+0
Click on “Files Exit
Click on “Specification File Name?” TELEET I
Save progress repo Cirl+5
Restart: facets
Facform:
5. | Click on “Dives.txt” and “Open” e — o
or Double-Click on “Dives.txt”
“Extra Specifications” - click on “OK”
“What is the Report Output file name” - click on “Open”
FW GUILFSC. 1. bt
6. | Click on the Facets analysis window, and scroll back up ST
to the top. Facets (Many-Face: Rasch Measurement) - expiris 771/2009 - verss
13?;;52339 go]zjl; l;? ;.;mcre All rights reserved.
Cuf'z:t directery: C:\Facets—time-limited\examples
The analysis starts by processing the specifications, and £o2 s e cem e o Srpmiameien Dils e, o Seni
then briefly reports them at the same time as the Output S D
Tables are being written. S R e
s i;é‘é’?ifi?iﬁii";ﬁ:m;ifii; e (oo Tty £h50Y)|
We see this is a 4-facet analysis. = 7 (e1ements = 12)
The facets are: 1-Diver, 2-Dives, 3-Round, 4-Judges )
7. | The Facets reads in the data. The first data line is shown |  Table 2. Data Summary Report

on the screen, together with how it appears to Facets.
If these lines look incorrect in your analysis, then
inspect your data file.

Assigning models to "C: \E Efa_time_Tlimitady




8. | Scroll down to
Table 2: Look closely, Facets reports 38 lines in the data |  Total Lines in data file = 38
file and 238 ratings. Total data lines = 38
Reaponses matched to model: 7,8,2,2,M =7 ; treated as missing
There are two model statements. They are matched with | |Responses matched to model: ?,2,X,?, DOUBLEROINTS, 1 = 231
the data starting with the model at the top of the list each Total non-blank respanses found = 233
time: lumber of blank data lines = 1
Valid responses used for estimation = 231
Model = 7,8,2,2,M means “diver 7 on dive 8 in any T
round with any judge is rated on rating scale M”. If this was the order:
“M” means “treat as missing data”. So the 7 data points | nyoqay =
matching this model will be treated as missing data. 2,2,X,2,DOUBLEPOINTS, 1
7,8,2,2,M
Model = 2,2,X,2,DOUBLEPOINTS,1 means “any *
diver with any d_ive, ignoring thi round, with any ju,c}ge Then all the data would match the
are rated on ratlng scale calleq DOUBLEPOIN]'“S' "DOUBLEPOINTS" statement, and none of
and eagh observatloq has a weight of 1. The remaining the data would be treated as missing.
231 ratings match this model.
9. | Click on the Facets menu bar.
Click on “Edit Specification file nt Estimation Out
Edit Report Output = C:\Fa
10. | In the NotePad window, scroll down to Models=
. s . Models = 3 these
You can see the model specifications corresponding to
. . 738,2,2,M ; make
those in the Facets analysis window. - 5 b1 ]
“M” means “treat as missing data” . 272X, 7,DoublePolints
“DoublePoints” is what we have called our rating scale.
11. | Scroll down to the element list after Labels=

1, Diver

1, Marty Turek 292.85, 2.08

1 is the element number

Marty Turek 292.85 is the element label. 292.85 is here
for reference. It was Marty’s score in the preliminary
competition.

2.08 is a logit value which is used as the initial dive
measure estimate. This value is optional and was used
to speed up estimation when computers were slow.

For the dives,

1, 1.4,-0.60

1.4 is the element label for element 1. It is the official
"weight" of the dive in the raw-score scoring procedure
used at the diving competition.

Labels=
1,Diver

fJMarty Torek
J Tom Wright

1 292.85) .|| 2.08 : logit starting valmes
2 279.95( ,) 1.63
3,JMike Gotkowski 24%.9 | ,[-0.33
4, fMatt Paunlson 244.55) .} 1.10
5, Scott Ternovits 252.8 f-1.28
6,JRoss Moyer 243.4 0-0.15
7 0Curt Billings 266.25) ,[ 1.54
8, Steve Hutchings 267.15) .|| 0.82
9,Jlarry Kirk 258.35( ,)-0.38
10,JRurt Becker 284.4 1-0.36
11, Lance Kleffman 259.6 f1-0.81
12 ,fBryan Hanania 251.15 ,|-1.1%

—

,I-0.60
,l-0.98
1 0.35
I-0.16
J-0.51
0 0.44
1 0.46
Nl o0.99

;starting values

[ R N
ha b R R MR R R R
= v e W R

; unclear what dive this was




12.

Scroll down to Data=

1,8,1,1,14 is diver 1 (Marty Turek) doing dive 8 (labeled
2.6) in round 1 and rated by judge 1.

Judge 1 awarded a “7”, but, because there were half-
score-points, such as 5.5, this is entered as 14. Facets
analyses integer data, so all the observed ratings were
multiplied by 2.

Most data lines show judges 1-7, but some don’t. This is
because the data were recorded by one of the diving
coaches, who was busy coaching his own divers at the
same time. So some observations are missing. This is
fatal for some types of analysis, but not for Rasch. The
Rasch measures are based on the active data. There is no
need to fill in (impute) missing data, or to do any item or
person deletion in order to make the data “complete”.

5,6,7 are Missing
1,12,12 4 data

6,13,13,16,14,13,14
2,12,10,11,10,11,13
0,11,10,11

1,10,09,08,09,09,11
2,13,13,13,10,12,12

T T =

13.

Further down the data file, all seven judges awarded 0 to
a dive. This was because the diver performed the wrong
dive. So, when measuring the divers we need to include
these data, but for other purposes, such as evaluating
judge behavior, these observations should be made
missing. Hence the “M” model we saw above. The “M”
model matches these, and only these, observations.
Do you see how this works??

; these next observations are made missing - wrong dive!
7,8,3,1-7,00,00,00,00,00,00,00

These observations produce big misfit in the
diver, dives, rounds and judges. Only use
these ratings for reporting the final diver

14.

Scroll to the Models= and Rating Scale= specifications:
The rating scale is called “DoublePoints” - as usual,
DoublePoints is defined to be a rating with:

R20 - a rating scale with highest category 20.

Rating scale

measures.
DoublePoints,R28,Keep

a
a ;3 5 on the original s

k=2 &
o2 ®
mw mw mn
= owm @

*
&

15.

Keep - keep in the rating scale any unobserved intermediate categories. These are called incidental or

sampling zeroes.

The default option is to squeeze out unobserved intermediate categories (structural zeroes), and then
renumber the remaining categories sequentially. For example: tennis scores are 0-15-30-40-(50
advantage)-(60 game). Facets automatically converts these to 0, 1, 2, 3, 4, 5 points for analysis.

16.

0=0.0 In the DoublePoints rating scale, there are 21 categories, 0-20, and we’ve chosen to label

10=5.0 some of them. Category 10 is labeled “5.0”. This is because the original ratings of the dives

20=10.0 | were numbers like 3.5 and 5.5 out of 10. Facets expects integer ratings. So all the ratings

* have been multiplied by 2, but we want to remember what the original ratings were, so we
use the “Rating Scale=" category labels to do that.




17. | Back in the Facets analysis window, we have reached e g _
Table 3, the estimation Iteration Report. Facets goes [ Tterstica  Max. Score Residual  Max. Logit Change |
through the data numerous times in order to estimate the I\ Elements % Categories Elements  Steps :
abilities, difficulties, severities, etc. Each traversal of the i
data is called an iteration. It is shown by >====< gﬁ;"w N carveere W T 2858 '
red arrow: PROX is the “normal approximation —_—
algorithm”. This speedy but somewhat inexact algorithm | [L B85 & J7e8SEI0E - ES8 G0 ) (SEEY 8505
is used to obtain initial measures. PROX approximates
the observed distributions by normal distributions These | ' 3 |J21.6813)13.2  8.26% | -.3009) 3608 |
measures become the starting values for values for the | ome ¢ |-18.0778| -8.6  -s.1795 |-.2038] .1385 |
more exact, but slower, | ome 5 |-12.1731) 5.6 -a.5150  [-.1430) L2020 1
orange arrow: JMLE algorithm.

18. | JIMLE, “joint maximum likelihood estimation”, also When observed raw score for person n = the
called UCON, “unconditional maximum likelithood expected raw score for person n, then we
estimation”, is robust against missing data and non- have estimated person n’s ability:
normal Rasch-measure distributions. Its essential idea is
that for each Rasch measure (element measure, or rating _ =
scale Rasch-Andrich threshold), the estimated measure Z X nio— Z E ni | = Bn
is the value for which the observed raw score the n n
element’s observations is the same as the expected We can update the estimates using the
raw score based on the element’s estimated measure. Newton-Raphson estimation equation:
The JMLE estimate is also the estimate for which the énJ - én + Z X - Z = Z V.,
likelihood of the observed data occurring is at its - - -
maximum. So that we can say: ) ) ) ;

Your raw score — Your estimated measure — Your Revised estimate = Previous estimate +
most likely raw score is your observed raw score (observed score - expected score)/(variance)

19. | Here is how JMLE works .... Fortunately we don’t do this. The computer does it for us!

1. Compute the raw scores (marginal scores) for all the elements (persons, items, etc.). Let's say that the
data are dichotomous (0-1), and element 10 has a score of 15 for 20 observations.

2. All the element measures (abilities, difficulties, etc.) are assigned estimated starting values. Let's say

0 logits.

3. The expected value of all observations is computed based on the current element measures. Let's say
the data are dichotomous (0-1). Then all the expected values are 0.5. The model variance of each
observation is also computed, it is 0.5%0.5 = 0.25 per observation.

4. The expected raw scores and summed variances for all the elements are computed. Then element 10's
20 observations have an expected score of 0.5 * 20 = 10, and a summed variance of 0.25 * 20 =15

5.Compute a better estimate, B', of the current measure B:

B'=B + (observed raw score - expected raw score)/(summed variance)

For element 10,
B'=0+(15-10)/5=1
Do this for all the other elements.

6. We now have a better set of estimates. Return to 2 and redo the computation, until the change in

estimates is very small.




20. | After each iteration through the data, Winsteps reports feble 3. Iteration Report
Red box: the biggest (furthest from zero) difference \mrmon Max. Score Residual ~  Max. Logit Change |
. El 1 % Cat i El t: Ste |
between the observed raw score for any person or item , S T -
and the corresponding expected raw score. We expect ;mx : ~oas |
this value to reduce to less than .5 score points, the écking subsft connec}ion. .
smallest difference visible in the data. f e | el 29730 1
Blue box: the biggest (furthest from zero) difference e
between the current estimate and the previous estimate | ome 3 |-27.ee73]-13.2 52606 [-.3000) .3e08 1
for any person or item. We expect this value to reduce to | || jue & las.omel 5.6 s.1705 |-z00] 135 |
less than .01 logits, so that changes are too small to
| JMLE 5 -12,1731] -5.8 -3.5159 -.1439 L1029 |
change the output Tables.
21. | Iteration 50 is the last iteration, the last traversal of the
data before convergence. We can see that the values in
. . Table 3, Iteration RBaport
its last line are small. ;
. : : | Ts=patian Hax. Ssore Residual Max, Logit Changs |
Red box: the biggest difference betw;en the obseryed' | S e
and expected scores for any element is -.4874, which is [ |
closer to zero than 0.5 -
Blue box: The biggest change in any estimate is .0034,
too small to change the measures that we see in the
output Tables.
22. | After the measures are estimated, the fit statistics are Calculating Fit statistics
computed, and also the rater agreement summaries. <
Computing inter-rater agreement:
<
. Taeble 4. Unexpected Responses - appears after Table 8
The Tables are now written to the Report Output file. Table 5. Measureble Data Summary
Computing fit summary statistics..
Table 6.0 A&ll Facet Vertical "Rulers™
<
Table 7.1.1 Diver Measurement Report {arranged by mN}
23.




24.

B. Output Tables: Illinois High School Diving Competition

25.

Here is Table 6 in the Report Output file, dives.out.txt.
(You know how to get there ...).

NotePad: reduce the size of Table 6 with: “Format”
“Font” “Size” 8§ OK

Do you notice the + and - at the top of the columns?
+ means positive facet: more score = more measure
- means negative facet: more score = less measure
Use Positive= or Negative= to set these directions.

Red box: We can give the diving coaches some useful
information from this analysis. The dives are labeled by
their official difficulty weights, such as 2.6. We can see
it is the label of the most difficult dive, highest in the *“-
Dives” column. The easiest dive, labeled 1.7, is near the
bottom. These weights are used in the diving
competition to multiply the diver’s scores. They are
intended to adjust for dive difficulty

Here is our advice to the coaches:

Green circle: the 2.3 dive has a big weight, but is
relatively easy. Encourage your diver to perform this
dive!

Orange circle: The 1.8 dive has a low weight, but is
relatively difficult. Avoid it!

??2?Why doesn’t every diving coach do this analysis???

e
|Measr|+Diver
|

‘—Dives | -Jndges | DOUBL|

| 24
(|
| Marty Torek
|

292.85

|
|
|
| Tou Wright 219,95
| Curt Billings 266,25
|
14
|
| Matt Pamlson 244,55
|

|
| Steve Hutchings 267,15

Ross Moyer 3.4

FKurt Becker 284.4

lance Kleffman 259.6

Bryan Hanania 251,15

-1
Seott Ternovits 252.6

|
|
|
|
t
|
|
|
|
|
|
|
|
|
+
|
|
|
|
|
|
|
|
|
t

2

Larry Kirk

256,35 Mike Gotkowski

249.9

t |
+16) |
|

+ +
| |
| |
| |
| |
| |
| |
| |
| |

2.6

2,5
1.8)2.4

o ow

1.7

|
|
|
|
|
|
|
|
|
+
|
|
|
|
|
|
|
|
|
*
|
|
|
|
|
|
|
|
|
+
|
|
|
|
|
|
|
|
|
+

| |
| |
| |
| |
| |
| |
| |
| |
+ +

8
(6)

I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
L}
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

|Measr|+Diver

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
*
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I

|-Dives  |-Judges|DOUBL|

26.

Table 8: How did the long rating-scale function?
Scroll down to Table 8. You will see the rating scale
functioned amazingly well.

Green box: The Average Measures advance much in
line with Rasch expectations (blue box).

Red box: The only noticeable misfit (OUTFIT MnSq =
2.0) is for category 15 with only 1 observation.

Notice the range of Category Scores: 6 - 16. Categories
below 6 and above 16 were not observed, so they cannot
be estimated.

If we must include unobserved categories in our
analysis, then there are techniques to do this using
dummy (artificial) data or imputed rating-scale
structures, such as binomial trials.

+ _ -

| DATA | QUALITY CONTROL |RASCH-Z?
| Category Counts Cuom.| Avge Exp. OUTFIT| Threst
| Score Used % % | Meas Meas MnSg |Measure
| - - T e e — " to————-
| & 10 4% 4| f-2.00ff-1.99 1.0 |

1 7 13 6% 10%||-1.82)f-1.86 .8 | -2.18
|1 8 23 10% 20%|-1.67jf-1.62 Q1.1 | -2.32
| ) 25 11% 31%||-1.10jg-1.16 Q1.2 | -1.49
| 10 33 14% 45%|) -.70 -.57 LT -1.14
| 11 34 15% 60%|) -.10 -.12f1.1 | -.36
| 12 48 21% B1%| .31 .21 T 1 -.30
1 13 29 13% 93%| .52 855 1.1 | BT
| 14 %E 6% 553 .00 .06 0 1.0 | 1.58
1115 1 0% 99% .02 B0 Q0 2.001 3.38
|1 16 2 1% 100% 2,49 2,30 .6 | 1.36
¥ N _— N = - _—




27.| Let us investigate the observation in category 15. | Ereblearequest =lofx|
.1 . | )
Table 4 (after Table 8): in the Output Tables says: “No | Table 4: Unexpected Observations
unexpected observation with StRes >= 3", so we will Unexpected standari zed residuals o repar=
command Facets to produce Table 4 with StRes >= 2. Modity
Usort: sort order ford cted residuals = | Help: Usort= Sacoficsion
. . Output b
Facets Analysis window menu bar: B \ Sen
Click on Output Tables & Plots Témesdmum: mexinum et He‘p_m;ﬁ Temeocy
Click on Table 4: Unexpected Observations fi0 (e Tmes | ——
Unexpected standardized residuals to report =2 SEneel e I Output File
Click on “Temporary Output File”
28 Table 4 displays in a NOtePad WindOW 1988 Illinois Boys Diving Competition (Anne Wendt) 4/30/2009 3:29:27 aM

Red box: there is the observation in category 15! It was
expected to be 12.7 (which would be observed as 13). 15
was a surprisingly high rating for Steve Hutchings. Its
residual = (observed - expected) = 15 - 2.7 = 2.3 is in the
Resd column. Its unexpectedness is in the StRes column.
This is the “standardized residual” of 2.2, which is as
unlikely as a value of 2.2 is on a unit-normal distribution
(Tutorial 2 Appendix 1).

Table 4.1 Unexpected Responses (7 residuals sorted by u).

Cat Score Exp. Resd StRes| Nu Diver NDivNJ

8 8 11.4 -3.4 -2.8 | 9 Larry Kirk 258.3552.311
9 9 12.0 -3.0 -2.6 | & steve Hutchings 267.15 6 2.4 7 7
8 8 11.0 -3.0 -2.3 | 9 Larry Kirk 258.3552.344
1 11 8.1 2.9 2.2

9 9 =2.7 4 Matt Paulson 244,557 2.533
5 5 2.3 | 8 Steve Hutchings 267.1542.2 77

[ -3.0 -2.2 | 10 Rurt Becker 282.4 82677

|
|
|
|
|
3 Mike Gotkowski 249.9 82.633 |
|
l
|
|
|

Cat Score Exp. Resd StRes| Nu Diver NDivNJ




29.

C. Graphs: Illinois High School Diving Competition

30.

Let’s look at a picture of what Table 8 means ....
On the Facets menu bar, click on “Graphs”.

The Rasch-model category probability curves look the
desired “range of hills”, with only a slight problem due
to low category-probabilities (“Rasch-Andrich threshold
disordering”) at each end (blue and red arrows).

Overall, this is a remarkably good picture of probability
curves, especially considering that it came from a long
rating scale with thin data.

The low-probability categories are probably an accident
of this sample, never to be repeated in exactly this way.

Category Probability

Model = 2,?,X,?,DOUBLEPOINTS

Non-modal categories
"Disordered Thresholds"

14
12 13
8 9 10

16

15

05 0 05 1
Measure relative to item difficulty

4 35 3 25 -2 15 4

15 2 25 3 35 4

31.

Take a glance at the expected and empirical Item
Characteristic Curves (ICCs)

E xpected

! bcore |CC
Exp+E mpirical
ICC

32.

The empirical curve (thin blue line with x’s) tracks the
model, continuous red line, closely for most of the
operational range of the scale. It is well within the
confidence bands (light lines).

Inferences from rating-scale categories to measure are
well-supported by these data.

Expected Score

Measure relative to item difficulty

33.

Click on the “Expected Score ICC”

Expected
Score |[CC

E xp+Empirical
ICC

Emp




34.

This shows the “score-to-measure” ogive for an
individual item.

Red arrows: The score zone is between expected half-
rating-points. In this example, 11.5 to 12.5. We can
imagine people’s performances advancing smoothly up
the rating scale. But fractional score points can’t be
observed, so this is the score zone corresponding to a
rating of “12”.

Blue arrows: The matching measure zone goes from .08
to .84 logits. We will see these exact numbers in Table 8
- the next picture.

So here is the logic: for measures in the zone .08 to .84
relative to item difficulty, we expect the average rating
of our sample to be in the range 11.5 to 12.5. But
fractional ratings can’t be observed, so we expect the
observed ratings to be 12 or near to 12.

cted Score

Model = ?,?,X,?,DOUBLEPOINTS (Rating or Partial Credit Scale)

-4 35 3 25 2 A5 -1 -05 o 05 1 15 2 25 3 35

Measure relative to item difficulty

3S.

Here is Table 8 again, if you compare the dashed lines in
the plot above with this Table, you can see where these
numbers come from.

Red box: the category numbers

Blue box: measures at -0.5 score-points

Blue arrow for category 12 - 0.5 =11.5 = .08 logits
Green arrow for category 13 - 0.5 = 12.5 = .84 logits
Score zone = 11.5 - 12.5 score-points

Measure zone = .08 - .84 logits

Can you match these numbers to the ogive in #34?

score =12-0.5=11.5 score=13-05=125
logit = .08 logit = .84

| Category Counts Cmm.| Avge Exp. OUTEIT| Thresholds

|seore

DATA | QUALTTY CONTROL |RASCH-ANDRICH| EXPECTATION | MOST | 3- | Cat|Response|
| Measure gt _|PROBABLE| TONE | PEAK] Category|

Used & & | Meas Meas MuSq |Measure S.E.|Category [-0.5 | from |Tnfesholds|Prob| Name |
| 1

10 4% 4% -2.00 -1.99 1.0
13 6% 103 -1.B2 -1.86
23 108 20%] -1.67 -1.62
25 11% 31%] -1.10 -1.16
33 183 45%] -.70  -.57
34 15% 60%] -.10 -.12 1.

11 -3.76)
-2.18 .35 -2.59 |-3,
-2.32 .26 -1.88 |-2. .
-1.49 23] -1.32 |-1.p9] -
1.4 221 -78 |-

low  |100%]
-2.79 | 28%]
-2.18 | 31|
-1.58 | 28%]
-1.07 | 308 5.0

—.0r | 388
82 | 378
| 448]

—H— -
29 13% 933 .52 .55 1
13 6% 9% 1.00 1.06
1 0% 99% 1.02 1.80
2 1% 100%| 2.45 2.30

- 4t
.87 .20]  1.30
1.58 a1 2.1 1.75

136 | 1.74
3.98 .68 2.91 | 2.54 127 |18
136 .81|( 3.87) | 3.42) 2,671 2.51 (1008

1
I |
I |
I |
I |
I |
| -.36  .19] -.23 -.51 | 268 |
t |
I |
I |
I |
I |

(Mean) - _ (o431 ) -~ (Median) ------n-------~ +

36.

And here Table 6, which we saw in #24,
Blue box: it shows the same score-zones ....

Blue arrows: The measure-zone on the logit scale
matches with the score-zone on the rating scale. The “---
” in the rating-scale blue box indicates a .5 score point.

Green arrow: The integer ratings, e.g., “12”, are shown
where 12 is the expected score. This is 0.43 logits,
which is the “EXPECTATION Measure at Category” in
Table 8 in #35

1

—— =

0.43

L]

-Judgeq| ooueL |

|
| marty Turek 292.85

| Tom wright 279.95
| curt Billings 266.25

|
+
|
bt
-

Steve Hutchings 267.15 2.5

Measure zone

o
-

[ER— S

(

Ross Moyer 2a3.4

37.

Close all windows ...

38.




39.

D. Bias/Interaction Analysis: Guilford’s Creativity Ratings

40. | In Tutorial 2, we discovered that J.P. Guilford’s data in e TR -
Guilford.txt has serious flaws. Let’s investigate those ML g Bwor
further. This is where Facets can really help us ... Boommi QUM Qlboni
Davesh txt 2 GUIYFSC. 1.txt 2 SpOrtcas.txt
Byt CoUpsCant Dot
E Essays.out.txt E Ket.gut.txt E template.bet
Launch Facets o Dl e
12 ESSaYS.Ixt E kct-gender-8.txt
On the Facets menu bar, A
Click on “Specification File Name?” D
Double-click on “Guilford.txt” o :
I Open as read-only
v
41. | We will make this section easier to understand if all
three facets are positive (ability, leniency, severity): x|
Extra specifications {(or click OK) in the format:
(13 b . 29 p
Extra Specifications? iter=1 arrange=m
Positive=1 ’2’3 with no sp N WIthlr;l pecifications, and at least
Cllck “OK” one space etween them.
Positive=1,2,3
“What is the Report Output Filename?”” Click “Open” Srero” | (N ‘ [ Help ‘
Estimation is performed and the Report Output file is
written and displayed.
42.
43.
Look at Table 1 in the Report Output File
There are 3 facets: Senior Scientists ( facet 1, judges), : Da:a Spgﬂifiﬂatm
. . . . . acets =
Junior Scientists (facet 2, examinees) and Traits (facet 3, | yon_centerea = 1
items) Positive = 1, 2, 3 *—
.. . Labels =
Red arrow: the facets are positively oriented. 1, Senior scientists : (elements = 3)
Red box: The measurement model is: gri‘m?:r Scientists ; (elements = 7)
raics ;
Model = ?B, ()B, ?, CREATIVITY, 1
We know that ?,?,? means “any element of facet 1 can : REATIVITY, R9, General, Ordinal
combine with any element of facet 2 and any element of
facet 3.”
44.] Table 6 inthe Report Output File (orthe “Output | [z e o e
Tables” menu) e : : o
b | i |
I 1 I 1 I
. . . . | Iz | [ I
Red box: Notice that the Senior Scientist (Facet 1, by ! U, !
judge) with the highest measure is Cavendish. b N |
Red arrow: positive facet. High measure = hig score. e [ I |
Cavendish is the most lenient. Brahe is the most severe. || | i i i
1 14 | Enthusiasm [ I
bt | L |
| 1 | 1 |
I 1 I 1 I
-1+ + + +
:Mea:1|+JuniDI Scientists|4Traits | =1 |+Senior scientists
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45. | Model = 7B, 7B, ?, CREATIVITY, 1
“?B,?B” means that, after performing the main estimation and reporting it, perform a Bias/Interaction
analysis between facet 1 and facet 2.

When the bias is between items and groups of persons, this is equivalent to investigating Differential
Item Functioning, DIF.

46. | The analytical model is: I{X } é 1 f) +C ﬁ
1. Model =7, ?, ?, CREATIVITY nij > B i J k
Estimate the measures, the main effects.

. 2. {Xnij - Enij} = R

2. Compute the residuals = observed - expected

| o _ 3. - - - - ] -
3. B, B: Estimate the bias interactions, the secondary R i ,Bn ’ D! ’ C ’ F ’) = C n
effects, between “Senior Scientists” (judges, C;) and J J J
“Junior Scientists” (examinees, B,), Cj,, based on the the
residuals, Ry, in the cluster of responses where judge j
rated examinee n.

47. | Scroll down to Table 9. This reports the estimation of bt 5.e Buse Ttormtion meoeey |CMethods p.282 Guilford 13t
the blaS/lnteraCtlon' You can usually ignore thls Table Bias/Interaction: 1. Senior scientists, 2. Jonior Scientists
and also Table 11. They are reported so that you can There are empirically 21 Bias terms
verify that'the estimation process has progressed o T T e e e
COI‘I‘eCtly, lf you ever need tO : Elements % Categories Elements Steps :

| BIAS 1 -12.9867 -144. -1.0000 1

. . .. | BIAS 2 -2.2472 -25.0 -.2496 1

Table 10 is not usually meaningful, so it is not reported. ||l Bas 3 1364 -1.5 --0172 !
| BIAS 4 -.0008 .0 -.0001 1

48. | Table 12 reports the bias/interaction terms graphically. TebleTi2a “Bhes/Tntersceion sumory Repors.. o CIiord 1930 vaa-zen

ThlS dlSplay can be useful lf you have many interaction Bias/Interaction analysis specified by: 1. Senior scientists, 2. Junior Scit
Bias/Interaction Size:

terms to report. RS 12 %%Emjm,qi
Bias/I:teraction Signifi;a:;e: i1 12 1 2 21 u o1
TSy
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49, | Bias/Interaction Size:
1
12213457677888808866553422222
2 21 1122472485329801372717797531096665273067453 2221111 1 1
Fom +-——-Q---—+-8-——————- M-————- S——t+-———Q-———F-———————— Fomm—————— +
-3 -2 -1 0 1 2 3 4
Bias/Interaction Significance:
11111
1213358889100108775433222
11 1 1 11276444773675833557684234395094893331222111 1 1
- - +-———Q+-———- S————- M-———- S————- +Q-———+-————- t-———- Fo———- +
-5 -4 -3 -2 -1 0 1 2 3 4 5 6
“Size” means “how big?” (in logits)
“Significance” means “how surprising?” (a probability shown as a unit-normal deviate)
This summarizes the statistics shown in Table 13. The x-axis is the value. The vertical numbers are the
count of interactions with that value. The numbers read downwards.
Red numbers in top vertical barchart: 107 interactions have a Bias/Interactions Size of 0.1 logits.
Red numbers in bottom vertical barchart: 115 interactions have a Bias/Interaction Significance of -0.3,
which has a probability of about p=0.8 (double-sided). So these 115 interactions probably happened by
chance.
50. | Table 13 displays the values of the bias/interaction ‘ . T
terms. Table 13 contrasts local behavior (by a judge, |Gevi Em. (bevd Obs-Emp| Bias odkl |Infif Cutfit] Senior sciestists Jmior Seientis |
. . . . . | Soore Score Comt Average| Siee 8Bt A Prod. | MaSq MaSq | Sq N Senior so nessr N Jumior measr |
examinee, item) with general behavior on the entire ‘ . . .
. . . | T T |
dgtaset. Oply the most conspicuous interactions are PR TR R TN
displayed in Table 13. _ CWomDs A AN FAE | 0 6w -asme] g
Red box: Here we see that Judge Brahe and Examinee ; ; ; —
David have a noticeable interaction, as do Judge Brahe | Arrange= controls the order of the elements.
and Examinee Edward. Zscore= controls which elements are listed.
51. | The first entry in Table 13 is for Brahe and David.

Obsvd Count 5: Brahe rated David 5 times (once on

each of the 5 traits). e
Obsvd Score 25: The observed sum of these 5 ratings is | Obsvd Exp. Obsvd Obs-Exp|
25. | Score Score Conunt Average|
Exp. Score 17.3: But, based on Brahe’s overall severity I === e +
David’s overall ability, we expected a summed score I 25 17.3 . 1.541
near to 17.3.

Obs-Exp Average 1.54: The observed ratings are ( Observed - Expected ) / Count = Average

(25-17.3)/5 = 1.54 rating-points higher than we
expected, on average.
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52. | Brahe has 1.54 rating-points local leniency.

Bias size: this leniency is .71 logits, with precision.29 |
logits. o Obs-Exp| Bias Model |
t: So, a test of the hypothesis “this bias is due to Average| Size &.E. t d.f. Prob. |
measurement error’”’, with a null hypothesis of “there is | ________ e e +
no statistically discernable bias in Brahe’s ratings”, has 1.54] 71 .28 2,42 4 .0726 |
at=242

d.f.: the t-statistic has approximately “Obsvd Count-1", | Either Brahe is locally more lenient by 0.71
5-1=4, d.f. so that ' o logits, or David is locally more able by 0.71
Prob.: pf.0726 _(two-s1dpd). The null hypothesis of the logits, but here only the change in leniency
same leniency” is not rejected at p<.05, but Brahe is makes sense.

locally more lenient than he usually is by .71 logits,

which is almost statistically significant.

53. | In the second entry in Table 13, Brahe is 2.60 rating omevd  Zxp. Obevi Obe-Exp| Bias Hodel |
points less lenient (more severe) with Edward than he is | Soore Seore Comt Averagel Size SE. € d.f. Prob. |
overall. This is equivalent to 1.27 logits. This effect is o
statistically significant, p=.0238 (two-sided). S s S

54. | Combining these two interactions, Brahe is 1.98 logits C obs2| Bxtra | BrARES | gl
more severe with Edward (-1.27) than with David (.71). Junior Exp | leniency overall leniency

leniency
. . . David |1.54 71 -24  |-24+.71=047
Facets does this computation for us in Table 14. S 24+ -107 =
Edward |-2.60| -127 | -24 |~
Brahe’s difference in leniency: 0.47 1- -918 S1=
55. | Table 13 contrasts local behavior with general behavior.
Table 14 contrasts local behavior of pairs of elements in the same facet.

56. | * . ,

I Target I | Target I}I:u&.hF_prI:ontext II Target Db&.hEprCnntext II Ta.r'getlJnmt Welch |
N Seniorflsc | Heasr 5.E. AveragellN Juniorll| Heasr 5.E. Averagefll Junior ontrastl 5.E. t d.f.IPrnh.Il
! } |

57. | I’ve picked out the row in Table 14 that corresponds to what we have just seen in Table 13:

Red boxes: The Target is Brahe. In the Confext of David, Brahe (our Target judge) is .48 logits more
lenient (giving higher ratings), but in the Context of Edward, Brahe is 1.50 logits less lenient (giving
lower ratings).

Green boxes: Overall, Brahe is 1.98 logits more lenient with David than with Edward. This is the same
as Table 13. This is a paired t-test, so we see that Brahe’s change in leniency is highly significant,

p =.0037.

58. | Tables 13 and 14 can be difficult to understand because Obs-Exp Average:
two things are usually going on at once, so, when positive: higher ability, leniency, easiness
interpreting the logit values, remember: negative: higher severity, difficulty,

lower ability

59.
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60. E. Graphing Interactions with Excel
61. | Tables 13 and 14 contain a many details, and it is easy to become confused. So let’s use Excel to plot
the information for us.
62. | (If you need to restart Facets for Guilford.ixt, remember [
Positive=1,2,3 at Extra Specifications...) J OU‘P;LI"*"'&‘&"“"; Os;z“tﬂes Graphs  Hep
. Tal 4:U pected O rvations
On the main Facets menu, /" Tabe 6: VerXcal Ruers
Click on “Output Tables & Plots”. TaEEF: Meas ey e
. . . =  Table 8: Ratin r partial credit) scale Structures
Click on “Table 13-14: Bias/Interaction Report” Tabes 12-13-14: Bias/Interaction Reports and Piots
63. | In the “Bias/Interaction Request” dialog box, ~lalx]
Check the two facets whose interaction you want to Bias/Interaction Reporting
investigate: S\l Bl Senior scientists
1. Senior scientists e roraction 12 Junior Scientists -
2. Junior Scientists wiitly IESEn s s
. enlor scientisis ot
Check “Table 13 Excel plot”. Select Facet: rymrmmr-yrmrr.
Check “Table 14 Excel plot”.
Then click on “Temporary Output File” Select Arrangement: Select Output:
Multiple selections produce multiple Tahles [~ Thhle 12. Bar charts
. [ Ascending [V Measure order I Tlble 13. Fram baseline o
Excel will also be launched ..... It may take a few 5 Ovscantng T Slemertumbarorter | | 1} 14 Panise oot
. [v {Tjable
SeCOI‘ldS to dlS la . [~ Elementlabel order o ThbicTd S vt T
p y o Significance order
Tables 12.13: Bias direction = (& (+) Ahiliyy  (* () Difficulty [ Help mﬁ:@i?;‘g
Bias reportable size = l17
Bias reponable significance = lgi et S I Ei:;ﬂuf:fﬁf:
64. The EXCCI plot displays. Bias/Interaction: 1. Senior scientists, 2. Junior Scientists
B s o Ka @“&& & o

“This is not the plot you are looking for. ... Move along

12

now.
Click on the bottom tab “AM-2-1"

If you cannot see “AM-2-1” then

Click on "™ to scroll to the right end of the tabs, then
Click on the bottom tab “AM-2-1"

| PN /\ | N
A K
A\ \ /
N Vi
AN

A |

W[ /PM2-2 'PM-1-1 7AM-2-1 | AM-1-2 ~Worksheet ";‘J ‘-

1. Sarlor sciantists: Absolute Measure (+)
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65.

Plot AM-2-1: “AM” means “Absolute Measure”
“2” means “the rows are facet 2 (junior scientists)
“1” means “the columns are facet 1 (senior scientists)

This is an amazing plot. It tells a remarkable story. Does

it speak to you?

Columns: the three judges are shown from left-to-right.

Rows: the seven examinees are the seven colors.

The vertical axis is the examinees’ absolute ability
according to each of the three judges.

Mauve line: Look at Edward: according to Avogadro
and Cavendish he is the most creative. According to
Brahe he is the least creative!

Blue line: David has almost the opposite profile.

Can you see the pattern? Brahe’s ordering of the
examinees is almost the reverse of the ordering of
Avogadro and Cavendish!

Bias/Interaction: 1. Senior scientists, 2. Junior Scientists

1. Senior scientists

=4=1.hne

/ ==, Bty

3. Chris

==4 David

=f=5. Edward

=06 Fred

M =1, George

15

I

2.l uniorScientists: Absolute Measure (+]

66.

This suggests that we could run two analyses:

1. Brahe’s data by itself.

2. Then Avogadro’s and Cavendish’s data.

We can then compare the two sets of Junior Scientists’
measures.

Red boxes: To omit the data for an element from an
analysis, the fastest way is to comment out “;” the
element in the Labels= specification:.

Labels=

1,5enior scientists

qkﬁvugadm 5 Avogadro's data ignored
=Brahe

B3=[avendish 5 Cavendish's data ignored

Only Brahe’s data will be analyzed ....

67.
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68. F. Specification File: Reversing Brahe’s Ratings
69. | Let’s try a different idea. Suppose the problem is that Brahe misunderstood the rating scale and thought
that 1 was the best, and 9 was the worst? Then, if we reverse Brahe’s ratings, the whole analysis should
make better sense!
70.| On the Facets menu bar, e ey ati5y oot
Click on “Edit” ; senior scientists (judges,) and 2, junior :
Click on “Edit Specification” o bttty o oL = diericatty 1y b= S
Guilford.txt displays in a NotePad edit window ; Pnijk = probability that child n on item i
Rating scale = Creativity,R9 jCreativity is a rat]
1 = lowest ; name of lowest observed category
We are going to edit the Model = and Rating scale= 5 = middle 3 no need to list unnamed categories
SpeCiﬁcationS z = highest ; name of highest observed category
71.| We want two models, one for Brahe and one for the Model =
other two judges. 2,7, 7, Reversed ; Judge 2, Brahe, uses the
And two rating scales, one for Brahe and one for the “Reversed” scale
other two judges.
72. | Here is Brahe’s rating scale. It uses the recoding option. | Rating scale = Reversed, R9, Keep
See Facets Help for “Rating Scale=" for more I=nine,,,9 ;9 in data, recoded to 1.
information about this. 2=eight,,, 8
Keep is used because Brahe may not have used all the 3=seven,,, 7
intermediate categories between 1 and 9, but we wantto | 4=six,,, 6
keep them all in the category ordering. 5=five,,, 5
6= four, ,, 4
Red commas: , , , means that the values between the 7= three , , , 3
commas are to have their default values. In this case, 8=two,,,2
“nothing”. 9=one,,, 1
%
73. | For Avogadro and Cavendish, we could use the original | Model =
Models= and Rating scale= , but I want to identify their | 1B, ?B, ?, Forward ; Avogadro
rating. 3, ?,?, Forward ; Cavendish
I’ve added Bs in case we need to do a bias analysis. We
only need to specify the Bs in one model statement. The
Bs will apply to all the Models=
74. | Add the Rating Scale= for Avogadro and Cavendish

The name of the rating scale is “Forward.” It is R9, a
rating scale with highest category 9. It is “General” , so
every reference to it in a Models= specification
references the same rating scale structure. We want
Cavendish and Avogadro to work together to define this
rating scale structure.

Rating scale = Forward, R9, General, Keep
*
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75.

Edit guilford.txt

In place of

Model = 78,78, Creativity  ; judges, examinees and items produce ratings on "Creativity".
i A bias/interaction analysis, 8,%8,?, will look for interactions between facets 1,
1 senior scientists (judges,) and 2, junior scientists (examinees),
1 Log(Prigk/Prigk-1) Bn - Di - Cf - Fk
3 Bn = ability n, D1 = difficulty 1, Cj = Severity j, Fk = Challenge k,
i Pnijk = probability that child n on item i is rated by judge j with score of k,
Rating scale = Creativity,R3  ;Creativity is a rating stale with possible categories 810 9

Copy and paste into guilford.txt :

Model =

1B, ?B, ?, Forward ; Avogadro

3, ?, ?, Forward ; Cavendish

2, ?, ?, Reversed ; Brahe

*

Rating scale = Forward, R9,General,Keep
*

Rating scale =
1= nine , , , 9
2= eight , , , 8
3= seven , , , 7
4= six , , , 6

Reversed, R9, Keep

1= lowest  ; name of lowest observed category 5= five , , , 5
§:middle ;no need to list umaned categories 6= four , , , 4
, , 7= three 3
9= highest  ; name of highest observed categor 222
. g ] g gory 8= two , , , 2
9=one , , , 1
*
and also edit Positive= to become ...
Positive = 1,2,3
76. | In the NotePad Window:
: 73 33 PRL) File Edit Format View H
Click on “File g e
Click on “Save As” n.. " Ctl+0
Cirl45
Page Setup...
Print... Ctrl+p
Exit
77. | Save the guilford.txt file as 2
s @
braheotXt [Z] 3mile. txt [Z] gel.txt 2] rating. txt
E] baseball. txt Ej guilford.out, bt Ej ratingdc, bet
@ dives.out.txt E] quilford. txt E] sportcas. et
(2] dives. bet [Z) quiFsc. Lt [Z] subsets.txt
[Z] divesh. bt [Z] gurLFsC.2. et [Z] template, bt
(2] essayday.bt ) GUILFSC.3.txt  [Z) woodaut.txt
E] essays.out.tet @ ket.out. txt
[£] essays.txt 2] ket.bet
E] essaysa.txt @ kcta. bt
[£] essaysa.txt 2] ketinter. bet
@ essaysr. bet E] Ifs.out.txt
E] essayssl.bxt @ Ifs. et
E] essayss2. it Ej meas2anc.
@ essayss3.txt E] measure.,
E] essayssd. et Ej pair. tx
File name: Ihlahe bt j Save
Save astype: ITa)d Documents (*bt) j Cancel
Encoding |ANSI =l
i
78. | Close all windows x|
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79.

G. The Revised Guilford Analysis: Brahe.txt

80.

Let’s launch Facets again

81.

Click on “Files”
Click on “Specification File Name?”

L7
H racets

| Files Edit Font Estmation Output
Spedification File Mame? Cirl+0
Exit
Finish iterating Ctrl+F
Save progress repo Cirl+5
Restart: facets
Facform:

82.

Click on “brahe.txt” and “Open”
or Double-Click on “brahe.txt”
“Extra Specifications” - click on “OK”

“What is the Report Output file name” - click on “Open”

What is the Specification file name? i
Lookin: [ 3 examples I I = s Y i
1] 3mile. txt [Z essayssitxt () GUILFSC.3.bet (2] subsets.bet
1) baseball bt ) essayss2.txt 2] ket.out.txt (2] template. bt
[Jbrahe. txt| 2 essayss.xt 2] ket.bxt 2] woodeut. bt
Creathyity.ds ) essayssd.txt ] keta.bxt
2] dives.dut.bt  [FlFacetsssbat () ketinter.txt
%) dives. [FlracetsnTbat ] is.out.txt
2] divesh. Flracetsxp.amd ) is.txt
%) essayday ot 2] gel.bxt 2] meas2anc. bt
%) essays.outhxt 2] quitford.out.txt () measure. txt
2] essays. txt [£] quitford. bt =] pair. txt
%) essaysa.txt \  M]quiford s =) rating.txt
=) essaysg.txt [E) GuILFsC. Lixt ] ratingde. bet
%) essaysr.txt [E) unrsc.2.txt ] sporteas.txt
Fic name Jbrahe e Open
Files of type: | . =l Cancel
I~ Open as read-only Heb
7 |

83.

Table 1 in the Facets analysis window: notice that each
of our 3 models has 35 responses assigned to it. Each
judge rated 7 examinees on 5 items = 35 ratings.

Correct so far!

Responses matched to model: 1B, ?B, ?, FORWARD, 1 35
Responses matched to model: 3,2,2, FORWARD,1 =§35

Responses matched to model: Z,?,?,REVERSED, 1
Total non-blank responses found = 105
Number of blank data lines = 1
Valid responses used for estimation = 105

35

84.

Let’s produce a customized version of Table 6, the

vertical “rulers”

On the Facets menu bar, click on “Output Tables”

Click on “Table 6: Vertical Rulers”

n | Qutput Tables & Plots  Output

8s.

Specify for the contents of the rulers, Vertical=

1A, 2A, 3A

This displays the alphabetical element labels for all three

facets.

Click on “Temporary Output File”

Table 6: Vertical Measure "Rulers"

Type "Vertical=" specification:

Width: horizontal colu
Height: vertical lines (rows) p
Lowest number on vertical ruler

Highest number on vertical ruler

Placement of extreme scares: ® Atends ( By measure

for facet element display
it or user unit

default

HI

=1o]x]

Vertical= Help

Yardstick=

elp

Blank or 0 =

Qutputto
Screen

Options: Moy - Temporary
Specifications ep Output File

" Output summary barcharts [~ All
Permanent
[+ Omit unobserved elements from output Copeeltnd ’ Output File
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86.

Compare Table 6 with Table 6 in #44. There have been
some changes.
Red box: Brahe is now shown as the most lenient judge.

Bottom red box: Two rating scale structures are shown
to the right. S.1 and S.2. They are identified below the
Figure.

Notice that the range of S.1is 1 t0 9, and of S.2 is 2 to 8.
This is because Brahe did not use the extreme
categories. “Keep” only keeps the intermediate
unobserved categories, not the extreme ones.

If you want to keep unobserved extreme categories, then
add “dummy” data records to your data file which

include those categories.

Edward is now the most creative, by far.

Table 6.0 All Facet Vertical "Rulers".

Vertical = (1A,2A,3A,S) Yardstick (columns lines low high extreme)= 0,10,-1,2,End

|Measr|+Senior scientists|+Junior Scientists|+Traits | 8.1 5.2
" ’

+(9) + (8)

Eaward

George

Betty

* 0 * Cavendish

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Avogadro I
|

Anne Clarity Enthusiasm

Chris
Fred

David

|
O
| |

-1+ +

S.1: Model = 3,2,?,FORWARD ; Seni
S.2: Model = 2,2,?,REVERSED ; Sen

ists: Cavendish|
sts: Brahe

87.

On the Windows Task bar (bottom of your screen), click
on “brahe.out.txt”

Scroll down to Table 7.1.1.

Red box: Brahe (Outfit MnSq = 1.66) is still noticeably
the worst fitting judge according to the Outfit statistics,
but now Cavendish (Outfit MnSq = .46) is shown as
overfitting: mean-square well below 1.0

| Infit (utfit |Estim.| Correlation | Exact Agree. |
| MnSq Z5td MnSq Z3td|Discrm| PtMea PtExp | Obs &% Exp % | N Senior sc

AT .26 .60 | 143 20.5 | 2 Brake
A602.9 1.62 | .82 .67 32.9 28.0 | 3 Cavendish
870-5/1.00] 78 .68 32.9 28.4 | 1 Avogadro

| 1.61 2.5
| .46 -2.9
| .85 -.6

88.

But remember the suggested guideline: Remedy high
mean-squares before low mean-squares!

Red box: It is Brahe’s large noisy misfit that has forced
Cavendish to appear to overfit. Remove Brahe, and
Cavendish would fit reasonably well.

From an analysis without Brahe:

| Infit Outfit] |Estim.| Exact Agree. | |
| MnSq ZStd fMnSq Zjtd|Discrm| Obs ¥ Exp ¥ | N Senior scientists |
| .92 .o .98 |.0] .94 | 51.4 47.3 | 1 Avogadro |
.9] 1.29 | 51.4 47.3 | 3 Cavendish

89.

Fit to a Rasch-measurement model is based on the ideal of local independence which says that the
elements are "statistically independent after accounting for the main effects". The main effects, in this
example, are the measures of rater severity, item difficulty and person ability.

We can only investigate /ocal independence in the context of the current dataset, so raters who are
locally independent in our dataset might not be locally independent if we change the data set.

Facets bases its fit statistics on the average fit of the elements to the model, so removing a worse fitting
rater (Brahe) forces Facets to report the other two raters as fitting the Rasch model better. Fit analysis is

relative!
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90.

H. The Revised Guilford Analysis: Brahe.txt: Interaction/Bias

91. | Do you wonder what happened on the bias/interaction [ e
plot‘) Let’s take a look .... iation | Qutput Tables &Plots OutputFiles  Gr
f Table % Unexpected Observations
. | Table &:\yertical Rulers
On the main Facets menu, Table 7: Megsures
Click on “Output Tables & Plots”. mn= _ Table 8: A3g (or partial credit) scale
Click on “Table 13-14: Bias/Interaction Report” =
92. | In the “Bias/Interaction Request” dialog box, check the 2 = =lolx}
. . . . c. . . Bias/Interaction Reporting
two facets: 1. Senior scientists, 2. junior scientists —
” s Select Facet: @ Senior scientists
Then check “Table 13 Excel plOt . et 4 Junior Scientists
Hreraciion
b (13 . 29 y
Then click on “Temporary Output File e S e
< Junior Scientists
Tables 13 and 14 will be written to the temporary output Select Aangement.  Select Output
ﬁle, but that 1S not What we Want rlght now. Muliple selections produce multiple Tables [~ Table 12. Bar charts
[~ Accending [+ Measure order I” Table 13, From baseline o
[% Desconding | Element b order LW ek ] s Spemﬂc;{unﬁ
. [~ Elementlabel order I? Table 13 Bxcel p'“: Outputts
Excel will also be launched ..... It may take a few r Eraiemio)
SeCOI‘ldS tO dlSplay B Tamgswaz‘,;sar::::zc:z: :(quw () Diffculty Help Bimfgg
93. | When the Excel plot displays, Biag/nteraction: 1. Senior scientists, 2. Junior Scientist
Click on tab: AM-2-1 ) e R
xv*“‘? 1@"« aof
Compare this to the same plot in #65. There is much
more agreement, but the problem isn’t solved. . e —
In #65, the judges agreed that Betty was the most \ S
creative overall. § o — e
Now they agree that Edward is the most creative. : “lw( / s
! .
The Examination Board will have to decide: which i M
analysis do we believe? Rasch measurement has done all | : ™ = \
that it can ....
Measurement and statistics can point out where the
problems are, but human decision-making is still
required!
94. | Close all windows x|
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9s. I. Interactions using Dummy Facets: Diving

96. | Do you remember the High-School Diving data in The diving data:
Dives.txt ? Each diver performed 3 dives, one per round. diver, dive, round, judge, rating:
Here is a question: “Did the judges maintain their 12,2,3,7,11

severity across the three rounds?” To find out, we need to
investigate judge x round interactions.

97. | But we don’t want to “round” to change the Measurement model.:
measurements of the other elements. We don’t want to diver + dive + judge — rating
include “round” as a main measurement effect. We only
want “round” to investigate interactions. To do this, we Interaction model:
will specify that “round” is a dummy facet that does not judge x round — rating residual
contribute to measurement, but is available for
interactions.

98. | Launch Facets @

ﬂ-.-

99. |Click on “Edit”
Click on “Dives.txt” (it will be somewhere on the list)

100. In the NotePad window for Dives.txt, labels=
Scroll down to “Round”, Facet 3 =
3, Round
1-3
+
4, Judges

101, To make elements available in a way that does not alter

3 Dummy facet:
the other measures, we anchor (fix) their measures at 0.0.

Then combining the elements of the anchored facet with 3,Round, A
elements of the other facets makes no difference to the 1-3, , 0
measures. It is a “Dummy” facet. *

To specify that a facet is anchored by putting an “A” (for or
“Anchored”) after the facet label. We specity the element

anchor measures are 0 after the element labels . 3,Round, D
Or we can put a “D” after the facet label, then there is no :‘3

need to specify the anchor values.

102, So please change Dives.txt 3,Round, A
Since the “Round” elements are anchored, they won’t be 1-3, , O
reported during estimation. *
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103.

We also need to change the Model= specification to

1. activate the facet, and
2. specify the bias/interaction analysis:

This was:
Models =
7,8,?,?,M

?,?,X,?,DoublePoints

*

The “Round” facet is ignored for measurement “X”

Change to:

Models =

7,8,2,?,M

?,?,?B,?B,DoublePoints

*
The “Round” facet is now active “?”. But
since its elements are anchored at 0, it won’t
alter the measurements. Interactions between
facet 3 (round) and facet 4 (judges) will be
computed, “?B,?B”

104.

After you have made the changes,
NotePad Edit window:

Click on “File”
Click on “Save as”
Type in “round.txt”
Click on “Save”

.

Fie Edt Format view Help

Savein: I_)mples ﬂ 2 T oM.

@ 3mile. tet E] essayse3. et rﬂ measure. bt
%] baseballct [ essayssd.tet %] pair.txt

IE] brahe.out. txt I';] gel.txt I'E] rating. bet
E] brahe. txt E] guilford.out. txt E] ratingdc. txt
fj dives.out. tet m guilford, bet fj sportcas. et
5] dives.txt [F) Guirsc. 1ot (5] subsets.but
2] divesb.txt [E) guirsc.2tt  [Z] template. et
%) essayday.bet (5] GUILFSC.3.txt  [Z] woodcut.bet
%) essays.out.bet 2] ket.out. bet

%] essays.tet 5] et ot

E] essaysa. bt E] keta. bt

%] essaysg.tet %) ketinter. bet

[2) essaysr.txt  [E) Ifs.out. bt

%) essaysstbt  [2) Ife.txt

2] essayss2.txt  [Z) meas2anc.txt

Encoding [ansi =l

105. On the Facets Menu bar
Cth on “FileS” Hlesspe:z:it ijFt:.|"|':"cI rljsﬁm:ﬁ:::nm;umt_
. . . . cagon rile Mame:
Click on “Specification File Name?” =
Finish iterating Ctrl+F
Save progress r Cirl+5
Restart: facets
Facform:
i 2 x
106. Click on “round.txt” and “Open” =t EIEY
Look in: I@mples j - 5 B~

or Double-Click on “round.txt”
“Extra Specifications” - click on “OK”

“What is the Report Output file name” - click on “Open”

[£] essaysr.txt 12 cunrsc.2a.tet | B
(5] essayssiixt  [S) GUILFSC.3. txt 2T
E] essayss2.txt E] ket.out. bet
(5] essayss3.txt  [Z) kettxt
(2] essayssa.tet  [Z) keta.be z Lt
[Fracetsas.bat
EFaoetsNT‘bat
[Fracetsxp.cmd
E] gel.txt # meas2anc. txt
(%] quilford.out. bt A=
E] quilford. txt.
) quiford. s,
(£ cunrscA.

measure. txt

Fie name: Jround £ =l open |
Files of type: [-- =l Cancel
[~ Open as read-only Help

107,

In the Facets window, the iteration report ends with the

Bias/Interaction analysis.

R
Table 14.2.3.4 | Bias/Interactionl|Pairwise Report (arranged by N)

<

Analyzed in time of 0: 0:45

Subset connection O.K.

Cutput to C:\Facets-time-limited\examples\round.out.txt
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: : : . -
108.| Let’s see if there are any interesting round-effects: S : e
Bias/Interaction Reporting
Facets menu bar s  [2bes -
) elect Facet: B3 Round =
Click on “Output Tables & Plots” ineractin (et
Click on “Table 13-14: Bias/Interaction Report” Select Facet: -/
Select Arrangement: Select Output:
Muiple selections produce multiple Tables [+ Tabla 12 Barcharts
[ Monsure order g:nb‘s‘i?mmw:elme I .
— ala 14 Painise sty
N A (T
™ Significance order
Tobles 12.13 Bins dirsction= ¢~ (+) Aty ml Help ﬁxg’:
109.| “Bias/Interaction Request” dialog box =laix
Check “3 Round” Bias/Interaction Reporting
Check “4 JUdgGS” Select Facet: 512 g::z; =
/hfefa_;‘;}'?bn IE3 Round -
. w4
Select Output: Seloct Facet. |2 Do
Check “Table 13 Excel plot” [13 Round
=4 Judges
Check “Table 14 Excel plot” Sotoct A LR p—
elect Arrangement: elect Outpiyt:
Multiple selections produce multiple Tables ¥ Table 12. Bar charts
FOI‘ TableS 13 al’ld 14: I~ Measure order :; 1‘3::313- :;'O_m baseine
R — able 14. Paimvise
Check “Ascending” e (AT LT
¥ Table 14 Excel plok
CheCk “Element number Order” I Sigrificance order - =
Chck on “Bias dll‘ectlon — leﬁculty” Tables]S,H: Bias ii‘recliun= I(" [+ Abuhty'(? [-]D\fhcultyl Help Elilg'nﬁral‘ye
las IEDDItE & sIZe = D
. w . ” Bias reportable significance = IU—
Click on “Temporary Output File
110, Tables 13 and 14 are shown almost immediately in a =
. Leunching Excel ...
NotePad window
. Beedy ....

Excel launches:

111.

Shortly afterwards, the Excel plot is displayed.

Click on the Excel tab: AM-4-3

The x-axis values (columns) are the Rounds.

The y-axis is Judge severity. The “(-)” in the y-axis title
indicates that “higher measure = lower score”.

Again, this is interesting. There is a general trend among
most judges.

“Bias direction = Difficulty”, so a lower y-value means
“less difficult = less severe.” The Judges appear to
become less severe (more lenient) in round 2, and then
more severe in round 3.

Warning! This pattern could be due to changes in judge
behavior across round, or systematic changes in diver
performance across round (better performances in round
2). We don’t know. But let’s attribute it to judge
behavior.

Red boxes: Notice the exceptions: Judge 3, the light
green line, becomes more severe in round 2, and Judge 2,
the red line, becomes more lenient in round 3.

Bias/Interaction: 3. Round, 4. Judges

3. Round

5 & K}

-

e
s

4.1 udgas: Abssluta Maa:

N4

NNV

28

W] /AOT4 /P4 /P33 | AM43, ANa4 / Workshed R
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112.

Let’s confirm our findings. Look at the NotePad window
for Tables 13-14. It is the most recent Notepad window
on the Windows Task bar. It is a temporary file so it has
a cryptic name.

. Bia4E4 bt - Notepad |
(Your Window name will differ.)

113.

In Table 13, we see that for Judge 2 across the 3 rounds,
his Observed-Expected average is increasing. He is
giving increasingly higher than expected scores. His
severity is decreasing.

But the significance of the changes, the #-statistics, are
non-significant (¢ < 2.0) because we only have a few
observations by each judge in each round.

(bs-Exp| Bias Model
Average| Size S.E.

|Infit Outfit]
t d.f. Prob. | MnSq MnSq | Sg N R measr N J measr |

Round

Judges

-.04 030025 11 1.8 .9

B0l -33 24 -1.400 111838 | 5
-.50 3124 132 10 .2156 | 1.2

=281 18] .24 [ .76] 10
071 -.05) 23 )18 1
20 -13) 24 |52 10

4667 | 1.1
8482 | .8
6118 | 1.3

1.0 111
A 222
12] 333

1] 41
81 592
131 633

11
Q011
Q011

.00 2
.00 212
.00 22

-3
-2
-2
03
03
03

114.

Look at the bottom of Table 13.

There is a chi-square test of the hypothesis: “The biases
shown in this Table are all the same apart from
measurement error’”’. The probability of this hypothesis is
0.96. So we certainly cannot reject the hypothesis of no
bias overall. But the pattern of small interactions is
interesting!

So here we truly have the familiar conclusion: “More
research is necessary!”

When should we adjust for Differential Item
Functioning? See Optional Reading at #136

|Tnfit Outfit|
t | Mnsq MnSq | Sq N Roun

| Obsvd  Exp. Obsvd Obs-Exp| Bias Model
| Score Store Count Average| Size S.E.

| 165 165 1.0 -1 .00 .M
| w6 w6 9 7 B A
| w9 w03 9 8 B M

W9
J3
B3

9 | Mean (Cou
3150, (Pop
3| 5.0, (San

115.

Close all windows

116.
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117.

J. Dummy Demographic Facets

118.

In the Dives data, the dummy facet was an independent
facet (diving round), but often we want a dummy facet
for interactions that are part of the person or item label.
Here is the Knox Cube Test data. What if we want to
investigate Differential Item Functioning (DIF) between

Labels =

1,Chg
1-17§Boy,g1
18-3F=Girfl,,2
*

2,Tapping items

Boy/Girl gender and the items? 11‘21’"31
3=1-2-4
119. 1. We increase the number of facets from 2 to 3. Facets =3
Models=?, 7B, 7B, D
2. We add another “?” to the Models= specification 1,Children
We specify the interaction we want to investigate with 1-17=Boy,,1
“B”...“B” 18-35=@Girl,,2

3. We add a dummy facet of Gender with two elements,
Boy and Girl, both anchored, “A”, at 0.

4A. We add facet 3, Gender, to the data with “D” for
“Dummy”. The elements of this facet are 1 (Male, Boys)
and 2 (Female, Girls).

*
2,Tapping items
1=1-4

18=4-1-3-4-2-1-4

*

3, Gender, A ; dummy facet (or “D”)

or 1 =Male, 0 ;anchored at 0
4B. We add facet 3, Gender, to the data with “A” for 2 = Female, 0

“Anchoring”. The elements of this facet are 1 (Male, *

Boys) and 2 (Female, Girls) anchored at 0.

Now there are two approaches: Data=

S5A. We can insert the gender elements directly into the
data as a dummy facet. The dummy facet is a new third
facet with two elements.

; Boy 1 on item 1 with Gender 1 (Male)
produces observation 1
LL 11

; Girl 18 1 on items 1-18 with Gender 2
(Female) produces observations 1,1,...,0
18,1-18,2,1,1,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0

120.

or
5B. Approach 5A can be hard work, particularly when it
requires reformatting the data. Here is an easier way.

The Gender information we need for dummy facet 3 is
already included in the facet 1 element labels (“Boy” and
“Girl”.

1, Chg
1-17FBoy .1
18-3P/=Girll, ,2
*

items
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121.| Let’s use the facet 1 element labels with Dvalues=. Facets =3
Models = ?, ?B, ?B, D
No change the Data= section. 1,Children
1-17=Boy,,1
Add the letters B and G to the element labels of the 18-35=Girl,,2
dummy “Gender” facet 3. These are the first letters of the | *
element labels in the “Children” facet 1. 2,Tapping items
1=1-4
Now for the crucial specification,
Dvalues= 18=4-1-3-4-2-1-4
3,1,1,1 ; facet 3 is the gender *
* 3, Gender, A ; dummy facet (or “D”)
Dvalues = ; this defines element numbers not specified |1 =B Male, 0 ; anchored at 0
in the Data= section 2 =G Female, 0
3, 3 is the facet whose elements are to be specified | *
in the data Dvalues=
1, the element identifiers for facet 3 are in the 3,1, 1,1 ; facet 3 is the gender
element labels come from facet 1 *
1, the element identification for facet 3 starts in Data =
column 1 of the element 1 labels 1,1 ,1 ;Here are the original data
1 the element identification is 1 column wide 1,2-18,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0
2,1-18,1,1,1,1,1,1,0,0,1,1,1,0,0,1,0,0,0,0
122. Here’s how Dvalues= works: Data =18, 3, 1 ; is one KCT observation

Instead of entering the element number of the
demographic facet in the data file. Dvalues= tells us how
to discover the demographic element number using the
labels of the other facets.

This looks complicated, but it is fast and convenient -
much easier than reformatting a data file to include a
demographic variable.

For more examples and more options for Dvalues=, see
Facets Help

Facets decodes this:
18, facet 1 element 1 = child 18, “Girl”
3, facet 2 element 3 = item 3, “1-2-4”

Dvalues=3,1,1, 1
3, for facet 3
1, use the label for the facet 1 element.
The facet 1 element is 18, label: “Girl”

1, start at the first letter of label “Girl”
1 use 1 letter: “G”

Match “G” to the element labels of Facet 3.
“G” matches “G Female”: element 2

; facet 3 is the gender

Facets analyzes Data =18, 3, 1 as
Data=18,3,2,1
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123.

More complicated example:

Put in the element label all the demographic codes you

want followed by the names, etc.

For instance: "Yoko" is Asian, Female, Teacher:

Labels=
Facets = 6 ; persons, items, raters, region,
gender, occupation

1, persons
23 = AFT Yoko

%
4, Region, D ; this is a dummy facet for
interactions, etc.

1 = Asia

2 = Europe
5, Gender, D
1 = Female
2 = Male

*

6, Occupation, D

1 = Student

2 = Teacher

3 = Administrator

%k

dvalues =

4,1, 1,1 ; region code in facet 1 element
label, 1st character, 1 column

5,1,2, 1 ; gender code in facet 1 element
label, 2nd character, 1 column

6, 1, 3, 1 ; occupation code in facet 1
element label, 3rd character, 1 column

%

data=

23, 6, 15, 2 ; person 23 (Yoko), item 6,
(region 2, gender 1, occ. 2,) rater 15,
rating=2
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124. K. Interactions with Dummy Facets: Your Practical Task

125.| You should have enough information to do all this yourself! So here is your task:

1. Open the Guilford.txt specification and data file in a Notepad Edit window (or any other way that
you find convenient)

. Label: the Junior Scientists with a gender: (Anne, Betty and Chris are female, the others are male).

. Label: facet 4: gender

. Edit: Facets=

. Edit: Model= for 4 facets and “Senior Scientist x Gender” interactions

. Edit: Zscore= 0,0 ; so that all interactions are reported in Table 14 etc.

. Add: Dvalues=

. Save your file under a new specification file name, such as Gender.txt

9. Analyze your new specification file with Facets.

10. Produce a plot of Differential Item Functioning: “Senior Scientist x Gender”

03N DN KW

126. Ready, Set, Go!

127.

128.| Here’s my plot does yours look anything like it? This plot shows the item difficulty (or gender
performance) relative to their measures in the overall analysis.

Bias/Interaction: 1. Senior scientists, 4. Gender

4. Gender

I A
* o

0.4 y_|

L /
/ ——1. Avogadro
a2 —&—2. Brzhe

™~

1, Seniorscientists: Absolute Measure [-)
=1
e

AN

] RM-14 _AO<4-1  AO-1-4 . AM-4-1 | AM-1-4_~ Workshed IR

If you want to see my specification file for this analysis it is example file: G4.txt

129.| Close all windows x|




130. L. Splitting Biased Items

131, What do we do about bias? If we decide that the item (or | 2-]appine items Tiems are oo
whatever) really is acting like two items, then split the i1z
item into two in the specifications and data. o1
B=3-4

; commented out, so this

In the KCT example, suppose it is item 8. We code two

new items 8B for boys and 8G for girls, with missing 1z

data in the other part. 2>
2-3-4-1
2-4-1-3

(In the RUMM?2020 documentation, “splitting” an item is 1?:1:33;;3233

3 new boy item
3 new girl item

called “resolving” an item.)

132. Optional: Only do this if you want to! - Rk CR
Rearrange the data: we need to change the number of ] = = 2
items, and add the two half-columns of responses. i E=r e 3
In Excel, copy and edit columns of responses. Fr e 3 %
In Word, alt+Mouse can be used for rectangular copy- = s 2
and-pastes. o e
My version of this Facets specification file is at: =
kct-gender-8.txt . 3

133.| And the resulting item difficulties are in Table 7. | bswi Obsvo Oosd Faewl  wedel | Infit omAt festml |
| score Count Average Avrage|Measure S.E. | MnSq zStd MnSq zStd|Discrm| Nu Tapping items |

] £ .0 28l 6.33 1.86)|Maximum 18 4-1-3-4-2-1-4

. . . . . 1 34 .8 .81 5.88 1.88 .76 .8 .11 1.4f 1.18 | 15 1-3-2-4-1-3

The difference here is 2.2 logits, a little larger than in the Lou bl s ves| 76 e . la| 1116142314

. . . . . . . 1 34 .8 .81 5.80 1.88 6 .8 .11 1.4] 1.18 | 17 1-4-3-1-2-4

bias/interaction report above. This is because splitting the R B B ol I B

. . b} 7 34 .2 .18 2.13 .52 .69 -1.8 .37 -.2| 1.35 | 13 1-4-3-2-4

item has also caused all the children’s measures to be R v B IEEEe

. 11 16 .7 ; -1.89 .75 .55 -9 .36 -.7| 1.41 | 19 88 1-4-2-3
revised. ® w5 % 27 |1z 6 o6 | 6341
34 9 ﬁ 3 27 l _1.1 21 _3_7_,
T 2 2 2R
31 34 -9 .98 3.72 W71 | 1.35 9 2.43 1.2| .58 7 1-4-3-2
32 £ .9 .99 4,30 .81 [ 1 I - B & § .B! 1.18 41-3-4
134.
135.
136.| Optional Reading:

#114 - “When to adjust for Differential Item Functioning” - http://www.rasch.org/rmt/rmt91e.htm
“DIF matters: A practical approach to test if Differential Item Functioning makes a difference”-
http://www.rasch.org/rmt/rmt204d.htm

For an excellent description and summary of MFRM: “Many-Facet Rasch Measurement” by Thomas
Eckes - http://www.coe.int/t/dg4/linguistic/Source/CEF-refSupp-SectionH.pdf

137.
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