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2. Specification Index

Anchor output file =

Arrangement by Number/Alpha/Measure/Fit/PBS (Asc./Desc.) = mN, fN, N
ASCII output table display format =

Barcharts output = Yes

Batch processing = No

Bias (direction: difficulty/ability/omit) = Difficulty
Center facet =

Convergence (criteria to end iteration) = .5, .01
CSV output format=""

Data file name = facets.dat

Dvalues for data facet =

Entry order of facets in data = 1,2,3,4,5,..

Facets in data = 2

Fair score based on = Mean

Graph plotting file name =" """

Hardware = 80

Heading lines = Y

Inter-rater agreement coefficients = 0

Iterations (stop after) =0

Juxtapose (column headings after every this many lines) = 0
Keep as null element zero =0

Labels of facets and elements =

Left-hand placement of row labels = No

Missing data codes =

Model to be used in the analysis = ?,?,D
Negatively-oriented facet =

Newton-Raphson =0

Noncenter facet = 1

Omit unobserved elements = No

Output results/anchors/residuals =
Positively-oriented facet = 1

Pt-biserial correlation =Yes

QM quotation marks around labels =

Query to monitor matching of data to models = No
Rating scale (or Response model) =

Residuals output file=

Score output files name and CSV status =" """
Simulated data file=

Standard (error is Asymptotic/Real) = Asymptotic
Subset detection = Yes

T3onscreen show only one line on screen iteration report = Y
T4maximum number of residuals in Table 4 = 100
T8NBC Table 8 Numbers-Barcharts-Curves = NBC
Tables are displayed after main analysis = Yes
Title for each results table =

Totalscore (includes extreme responses) = No
Umean (user mean, scale, decimal places) =0, 1, 2
Unexpected (standardized residuals reported, if not less than) = 3
Usort sort order of unexpected responses = u
Vertical rulers in results file = 1A,2A,3A,4A,..
Whexact exact fit standardization = Yes

Write iteration details in results file = No

Xtreme (score adjustment) = 0.3, 0.5

Yardstick (columns,lines,low, high) = 80,,,



Zscore minimum for reported bias terms (bias/zscore) = 0, 0
3. Specification Index by Function

Facet conceptualization:

Facets in data = 2

Center facet =

Inter-rater agreement coefficients = 0
Model to be used in the analysis = ?,?,D
Negatively-oriented facet =

Noncenter facet = 1

Positively-oriented facet = 1

Rating scale (or Response model) =

Data layout:

Data file name = facets.dat

Dvalues for data facet =

Entry order of facets in data = 1,2,3,4,5,..
Keep as null element zero =0

Labels of facets and elements =

Missing data codes =

Estimation control:

Batch processing = No

Convergence (criteria to end iteration) = .5, .01
Fair score based on = Mean

Hardware = 80

Iterations (stop after) =0

Query to monitor matching of data to models = No
Standard (error is Asymptotic/Real) = Asymptotic
Subset detection =Y

T3onscreen show only one line on screen iteration report = Y
Whexact exact fit standardization = Yes

Xtreme (score adjustment) = 0.3, 0.5

Output options:

Arrangement by Number/Alpha/Measure/Fit/PBS (Asc./Desc.) = mN, fN, N
ASCII output table display format =

Barcharts output = Yes

Bias (direction: difficulty/ability/omit) = Difficulty

Juxtapose (column headings after every this many lines) = 0
Left-hand placement of row labels = No

Omit unobserved elements = No

Pt-biserial correlation =Yes

T4maximum number of residuals in Table 4 = 100

T8NBC Table 8 Numbers-Barcharts-Curves = NBC

Tables are displayed after main analysis = Yes

Title for each results table =

Totalscore (includes extreme responses) = No

Umean (user mean, scale, decimal places) =0, 1, 2

Unexpected (standardized residuals reported, if not less than) = 3
Usort sort order of unexpected responses = u

Vertical rulers in results file = 1A,2A,3A4A,..

Yardstick (columns,lines,low, high) = 80,,,

Zscore minimum for reported bias terms (bias/zscore) = 0, 0

Output files:



Anchor output file =

CSV output format=""

Graph plotting file name =" """

Heading lines = Yes

Output results/anchors/residuals =

QM quotation marks around labels =
Residuals output file=

Score output files name and CSV status =" """
Simulated data file=

Totalscore (includes extreme responses) = No
Write iteration details in results file = No

4. Output tables - files - plots - graphs

Displayed automatically or from the Output Tables pull-down menu:
If the Tables do not display correctly, see Text Editor
Table 1 is a summary of your specifications
Table 2 is the data summary report
Table 3 is the iteration report for the main analysis
Table 4 reports Unexpected Responses
Table 5 is the measurable data summary
Table 6.0 is the All facet summary - "rulers"”
Table 6.0.0 is the Disjoint element listing
Table 6.2 Graphical description of facet statistics
Table 7 is the facet measurement report
Table 7 reliability and chi-square statistics
Table 7 agreement statistics
Table 8.1 Dichotomy, binomial trial and Poisson statistics
Table 8.1 Rating scale (or partial credit) statistics
Table 8 Scale structure bar-chart
Table 8 Scale structure probability curves
Table 9 is the iteration report for Bias estimation
Table 10 lists responses, still unexpected after allowing for bias
Table 11 shows how many responses were used to calculate bias estimates
Table 12 is the DIF/bias summary report
Table 13 is the DIF/bias report
and Excel DIF/bias plot (only from Qutput Tables pull-down menu)
Table 14 is the pairwise bias report

Output Files (from the Output Files pull-down menu):

Anchor output file=

Graph plotting file=

Output report file=

Residuals output file=

Score output file=

Simulated data file=

Subset group-anchor file= (only from Tables pull-down menu)

Winsteps control & data file: output the Facets data in a format compatible with Winsteps®

Graphical output can be generated with the Graphs pull-down menu.
Category Probability Curves
Expected Score ICC
Cumulative Probabilities
Information Function
Category Information
Conditional Probabilities



5. Introduction
5.1. Introduction

Facets is Windows-based software which assists in many applications of the the Rasch model, particularly in the
areas of performance assessment and paired comparisons. We recommend that you first become familiar with
the conceptually and operationally simpler Rasch-measurement program WINSTEPS before embarking on
Facets. We also offer Training Courses - please contact us for details. There is more information at:
WWW.winsteps.com

Flow of Work using Facets

Facform
Data Enh:y of I Word Processor ’ i
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Save os DOS=TERT or aSCH * Word Processor
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This manual contains instructions for operating Facets, a computer program for the construction of linear
measures from qualitatively-ordered counts by means of many-facet Rasch analysis. The theory underlying the
program is described in reference MFRM. These instructions also apply to MINIFAC, the student/evaluation
version of Facets, which has exactly the same functionality, but is limited in the number of observations it can
analyze.

A basic many-facet Rasch model for observation Xnmij is:

log ( Pnmijk / Pnmij(k-1) ) = Bn - Am - Di - Cj - Fk

where

Bn is the ability of person n, e.g., examinee: Mary,

Am is the challenge of task m, e.g., an essay: "My day at the zoo",

Di is the difficulty of item i, e.g., punctuation,

Cj is the severity of judge j, e.g., the grader: Dr. Smith,

Fk is the barrier to being observed in category k relative to category k-1.

Pnmijk is the probability of category k being observed.

Pnmij(k-1) is the probability of category k-1 being observed.
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Persons, tasks, items and judges are facets. The elements include Mary, "My day at the zoo", punctuation, and
Dr. Smith. For each element, Facets provides a measure (linear quantity), its standard error (precision) and five fit
statistics (statistical validity). The fit statistics enable diagnosis of aberrant observations and idiosyncratic
elements. Facets also provides calibrations of response format structures, such as rating scales, partial credit
items, letter grades and ranks. Results are presented tabularly and graphically. The graphical presentation of
measures is in a "ruler" format especially useful to non-technical users.

Facets can also quantify discrepant interactions between elements of different facets. Once measures have been
estimated from a data set, differential facet functioning, equivalent to differential item functioning or "item bias",
can be investigated automatically. A judge's bias on one item, or an item's bias against a group of persons can be
identified and its size and statistical significance estimated.

Facets is ideally suited for essay grading, portfolio assessment and other kinds of judged performances. Its use is
not limited to educational and psychological testing. It is employed to convert qualitative observations to linear
measures in many areas of research and practice, including product development, sports science, pollution
control, public speaking and the arts.

See References.

We acknowledge the kind permission granted by Chris Hanscom of Veign for the use of their Jeweled Style
Command Button.

5.2. The theory behind Facets

The computer program "Facets" implements the "many-facet Rasch measurement model" (Linacre, 1989). Each
ordinal observation is conceptualized to be the outcome of an interaction between elements, e.g., a student, an
item and a rater. These interacting elements are modeled to be operating independently and their measures to
combine additively on the latent variable. For instance each raters is modeled to exhibit a specific amount of
leniency or severity, and to act as an independent expert, not as a "scoring machine”. The relationship between
the ordinal observations and the linear measures of the elements is non-linear.

Danish Mathematician Georg Rasch (1960) constructed the necessary and sufficient mathematical model for the
transformation of ordinal observations into linear measures. This model has the form of a logistic regression
model, but each person and item is individually parameterized. In fact, it looks like a regression in which each
item and each person is parameterized as a coefficient applied to a dummy variable. The dummy variable is "1" if
the person or item participates in the observation, "0" otherwise. In principle this could be estimated with standard
statistical software, but such software rarely allows for the estimation of the hundreds or thousands of parameters
that can be encountered in just one Rasch analysis.

There are currently (March 2009) about 500 serious uses of the Facets software package. Most of these are in
the medical field. This is probably because raters in that field behave like independent experts, the judging
designs are irregular and pass-fail decisions for individuals (either for credentialing or patient treatment) are
crucial. In contrast, in most educational testing situations, e.g., essay grading, raters are intended to behave like
scoring machines, and the judging designs are regimented. Individual educational decisions are not of interest to
educational administrators (unless theirs are the relevant children!) Thus, provided the random behavior is small
(verified using G-theory), administrators are not interested in Facets-style corrections to student ability estimates.

The standard Rasch model for dichotomous data with persons and items is:

log ( Pni/(1-Pni)) = Bn - Di
where Pni is the probability that person n will succeed on item i, where person n has ability Bn and item i has
difficulty Di. It can be seen that the model is additive in the parameters (Bn) and (-Di). Thus it meets the first
requirement for interval measurement. From the estimation standpoint, the maximume-likelihood of the parameter
estimate for each parameter occurs when the expected raw score corresponding to the parameter estimate
equals the observed raw score. This is Fisher's principle of statistical sufficiency. The model has other nice
properties, such as conjoint ordering, stochastic Guttman transitivity, concatenation, and infinite divisibility. This
model has been applied productively to educational tests for over 40 years.
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Statisticians can find it difficult to adjust to Rasch methodology. They tend to believe that the data points tell the
truth and that it is the task of statisticians to find models which explain them and to find the latent variables which
underlie them. Rasch methodology takes an opposite position. It says that the latent variable is the truth, and
when that latent variable is expressed in linear terms, it is the Rasch model that is necessary and sufficient to
describe it. Consequently those data points which do not accord with the Rasch model are giving a distorted
picture of the latent variable. They may be telling us very important things, e.g., "the students were disinterested",
"the scoring key was wrong" - but those do not pertain to the central variable .

The Rasch model has been extended to rating scale and partial credit observations, while maintaining the same
mathematical properties. This "rating scale" model has been used successfully for 20 years in the analysis of
attitude surveys and other rated assessments. This model (Andrich, 1978, Masters 1982) is:

log ( Pnik/Pni(k-1)) = Bn - Dgi - Fgk
where Pnik is the probability of observing category k for person n encountering item i.
Pni(k-1) is the probability of observing category k-1
Fgk is the difficulty of being observed in category k relative to category k-1, for an item in group g.

Among many other extensions to the Rasch model is the Many-Facet Rasch Model. This extends the polytomous
form of the model:
log ( Pnijk/Pnij(k-1)) = Bn - Dgi - Cj - Fgk

Again, the mathematical properties of the model are maintained, but one (or more) extra components of the
measurement situation are introduced. In this example, Cj, represents the severity (or leniency) of judge j, who
awards the ratings {k} to person n on item i. As in the dichotomous model, the raw scores are the sufficient
statistics for the Bn, Dgi and Cj. The counts of observations in each category are the sufficient statistics for
estimating the {Fk}. The model also supports powerful quality-control fit statistics for assessing the conformance
of the data to the model. The model is robust against many forms of misfit, so that the typical perturbations in data
tend to have little influence on the measure estimates. A further feature of the model is its robustness against
missing data. Since the model is parameterized at the individual observation level, estimates are obtained only
from the data that has been observed. There is no requirement to impute missing data, or to assume the overall
form of the distribution of parameters.

In estimating the measures, the model acts as though the randomness in the data is well-behaved. This is not a
blind assumption, however, because the quality-control fit statistics immediately report where, and to what extent,
this requirement has not been exactly met.

After measures have been constructed from data, they exist in a strictly linear frame of reference. This means that
plots of the measures do, in fact, have the geometric properties generally assumed by unsophisticated readers to
exist in all numbers. Ordinal numbers, such as the original ordered observations, do not have these strict
geometric properties.

From the estimation perspective under JMLE, anchored and unanchored items appear exactly alike. The only
difference is that anchored values are not changed at the end of each estimation iteration, but unanchored
estimates are. JMLE converges when "observed raw score = expected raw score based on the estimates". For
anchored values, this convergence criterion is never met, but the fit statistics etc. are computed and reported by
Facets as though it has been met. Convergence is based on the unanchored estimates.

5.3. References

Please cite the current version of Facets as:
Linacre, J. M. (2009) Facets Rasch measurement computer program, version 3.66.0. Chicago: Winsteps.com

Books

¢ MFRM means Linacre J.M. (1994). Many-Facet Rasch Measurement, 2nd Ed. Chicago: MESA Press
www.rasch.org/books.htm

e BTD means Wright B.D. & Stone M.H. (1979) Best Test Design, Chicago: MESA Press
www.rasch.org/books.htm

e RSA means Wright B.D. & Masters G.N. (1982) Rating Scale Analysis, Chicago: MESA Press
www.rasch.org/books.htm
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e "Measuring Second Language Performance" by T. F. McNamara, Addison-Wesley Longman, 1996.

e "Applying the Rasch Model: Fundamental Measurement in the Human Sciences", by Trevor G. Bond &
Christine M. Fox, 1st Edn. 2001, 2nd Edn. 2007. Mahwah NJ: Lawrence Erlbaum Assoc. 0-8058-3476-1:
www.rasch.org/bond.htm

¢ "Introduction to Rasch Measurement", Everett V. Smith, Jr. & Richard M. Smith (Eds.) JAM Press, 2004:
WWw.jampress.org

e Rasch G. (1960, 1980, 1992) Probabilistic Models for Some Intelligence and Attainment Tests. Chicago: MESA
Press.

Other recommended sources:
e Rasch Measurement Transactions: www.rasch.org/rmt/
e Journal of Applied Measurement: www.jampress.org

References: (If you publish a paper using many-facet Rasch measurement, or know of one not on this list, please
notify www.winsteps.com.)

For quick access to recent papers, search Google Scholar "Facets Linacre" - as of June 2009, this produced
2,140 hits.
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Allen J.M. & Schumacker R.E.(1998) Team Assessment Utilizing a Many-Facet Rasch Model. Journal of
Outcome Measurement 2:2, 142-158.
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6. Running Facets - Tutorial
6.1. Launching Facets under Windows

To Run Facets:

L

On your Desktop, double-click on the Facets icon: IREEElEER)

Or Click on Start button
Move mouse pointer to Programs
Point to Facets folder
Click on Facets icon

Or Drag a Facets specification file onto the Facets icon.

Super-Fast-Track:

Click on Files menu

Click on Specification File Name?
Double-click on Essays.txt

Extra specifications?
Click on OK

The program will ask you for the name of your analysis output file with
What is the Report Output file name?

Essays.out.txt displays.

Click on Open

The analysis will commence and run to its conclusion.
The Report Output file automatically displays.
Other output can be obtained with the Output Tables menu, Output Files menu and Graphs menu.

Other icons in the Start Menu:
The installation procedure installs icons for Facets, the Facform data formatter for Facets, the User Manuals and
Help files.

6.2. Facets Window

Facets is a Windows-native program with many of the usual Windows menu functions, and plenty of added
features.

Fles Edt Font Estimation Output Tables & Plots OutputFles Craphi=  Help
Il | ==
Facets (Many-Facet Rasch Measurement) Version Ho. 3.84.0 Copyright ©(c) 1587-2008,
6/16/2008 3:52:32 am
Current directory: C:\Facets\examples
Bditor = aotepad.exe
Uze Files pull-down menoa for Specification File Mawme, or Ctrls+0
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Click on the "Files" pull-down menu:

IFES Edt Font Estimation Output Tables & Plots

Specification Fie Name? Cir+0
Exit

Finish iterating or the current action Ctri+F
Save this window Ctrl+5
Start another Facets

Exit then restart Facets

Facform:

C:\Facets\examplesiLfs.txt

Select Specification File Name? or click on a file name at the bottom of the menu.

The Opening Screen with Specification File Name?

Logk i | (3 FACETS | « &k -

N -0 0 F e
examples

E’f"“e‘::“ Facform Facets.crk  Facets.exe  Facetship

L o 5 e B @
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7
il

Double click on "Examples” (if not already there)
Clicking on "Cancel" takes you back to "Files" pull-down menu.

Lok i ||-_'|u.m-;|-| :J = 0 5 @
B B 8 B & A
Sde it basebalna  Cresthyok  deeRen oL
B B B B B
oy A el bt oo bt b ictmtet
2 E 8 W g
Peit  mesINCDE Sesremd  (eRQON  dETgUIsT
=l =l =
Fie ramer | =] o ]
flacme | =] Carcad
™ Digeon a8 reahordy [T

Click on the Facets specification file you prefer, e.g., essays.txt. Then click on "Open" or press the enter key.

Not sure what a Specification file looks like? click here
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Want a quick way to look at file contents? click here
The Start-In Directory
When launched from the Desktop short-cut or Start menu, Facets starts by displaying its standard directory

c:\Facets\examples. If you prefer Facets to display different directory, the easiest way is to change the "Start in"
directory in the Facets short-cut on your desktop.

Right-click on EEEEEEN and you will see:

Click on Properties, and then change the "Start in" path to the one you prefer:

[Frccspropertes TP

Generl  Shottcut | Compatisity |

7] oo

Target typ==  Application
Target location: FACETS

Tage:  [EEEmCTER

Start inc |CAFACETS \mampies  f———
Shortcut key: JNme

Comment: ]

[0k | caca | o |
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6.3. File Box - Right-click

Mouse Right-Click in the File Dialog Box:
Right-click a file name, and get the Send To menu. Click on NotePad to view the contents of a file.

(1] Coenpressad Folder
T2 Doskiop [create shostcu)
Cieale Shotcul (23 DirectCD Diive D]
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| & FaceTs = =@y
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= Openwith  * Hombp = iunining
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a;m 29 3% Floppy (4]

|

|

SHE

Fename

P
E
|

553 My Documents

B TewtPad

£ ieb Fublishing Wizsed
¥ weedPad

If NotePad is not in your SendTo list:

Add functionality to the Send To menu by copying short-cuts into c:\windows\sendto (or the equivalent in your
version of Windows) - a useful program to add is NotePad.

To do this:
Start
Find
Files or Folders
Named: NotePad in C:
when NotePad.exe appears, Right-click on it.
Send To: Desktop: Create shortcut
Exit from Find
On Desktop:
My Computer
Click on words "My Computer" to highlight them, and type:
C:\windows\sendto
The "SendTo" directory displays
Drag NotePad shortcut from Desktop into SendTo folder.
NotePad is now in the Send To menu.

6.4. Extra Specifications
After accepting the specification file name, Facets asks if you want to include "Extra Specifications"?

For most analyses, type nothing. Merely click "OK".
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Extra Specifications?

Extra specifications {or click OK) in the format:
iter=1 arrange=m

with no spaces within specifications, and at least

one space between them.

|itur=1 arrange=m

Spaalication
| oL ‘ ‘ File Ecit

Cancsl
=N IS

This figure shows an example of two other specifications "iter=1" and "arrange=m". These will be processed along
with the specification file, e.g., essays.txt, and take precedence over any similar specifications in it.

No spaces within specifications. If the text is red, then spaces have been found.

(Specification box) type in Specification=value with no internal blanks.
Multiple Specification=value Specification=value must be separated by a

blank.

OK accepts the extra specifications for processing and repeats them in the Facets
window.

Specification File Edit opens the specification file in a NotePad Edit window so it can be viewed or
edited

Cancel Analysis this Facets analysis is canceled

Help displays this Help page

6.5. Report Output File

Facets always produces a Report Output File into which are written at least the 8 standard Tables.

This name of this file can be specified in the Specification File using Output file=, or in "Extra Specifications?" in
the same way.

If no Output File has been specified, then Facets asks:

Losk iy [ s ] =@
= - = — =
vk sl v
I:I.-I-‘. |‘!i:!-‘.
| =
ETAN TR e i (L ETg el
o I I
j Careel
e |

Select a file, then click on "open" or press Enter to accept the standard name, such as "essays.out.txt", or type in
your own preference and click on "Open" or press Enter.
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You can bypass this screen, and have Facets automatically accept the standard file name, see Edit Initial Settings
- "Prompt for output file name?"

6.6. Estimation Progess

Once Facets has the needed information, it proceeds with constructing measures:

The first part reports which files are being read and written.
** 1 are the guick-action buttons.

> <is the iteration bar which indicates progress in processing the specification file.

Table 1 summarizes key aspects of the specifications.
How many facets? - The number of different facets that combine together to produce the observations.
How many elements? - The number of different elements found in each facet.
Compare these numbers with what you expect in order to verify that the specifications are correct.

Table 2 reports on the data. Here there are 1152 observations, and all have been matched to the specified labels
and the specified measurement model.
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Table 3. Iteration Report

i

| Itezation Max. Score Residual Max. Logit Change

|
| Elaments % Categories Elsmants Steps |
I |
| PROX 1 =1.3350 |

Checking =subset connection..

| PROX 2 -0185 I
Subsat connection 0.K.

| MLE 3 142.6080 20.3 -244.1686 LS083 2.46€17

Table 3 reports on the estimation of measures. The first estimation method used is PROX, the Normal

Approximation algorithm, see "Rating Scale Analysis". The important consideration is that the "max.=" amount
gets closer to zero.

At the same time, the data is checked for connectedness. Here "Subset connection O.K." is reported, so there is
complete connectedness. If there is not, see Connectedness.

Estimation continues iteratively with JMLE, "joint maximum likelihood estimation”, also known as UCON ,
"unconditional maximum likelihood", algorithm, . "max. = .0914" at the bottom of this Figure means that the worst
estimated measure predicts a raw score only .09 score points away from that observed. "max = -.0004" means
that the biggest change in an estimate during this iteration is only .0004 logits. Since logits are only reported to 2
decimal places, this change is really meaningless. In this analysis, the convergence criteria appear to have been
set more tightly than necessary, (but this is typical with high stakes examinations.)

When the convergence criteria are satisfied, estimation ceases. Or, to stop estimation more quickly, press Ctrl+F
or select "Finish Iterating" on the Files pull-down menu.

6.7. Report Output

After measure estimation is completed, the quality-control fit statistics are computed, and the measures are
reported. Table 4 is deliberately reported out of order because it is often lengthy.
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