Practical Rasch Measurement - Further Topics : www.winsteps.com
Mike Linacre, instructor - July 2011

Tutorial 4. Test Equating

This week is a quick overview.
e Test equating: separate and concurrent
e Prettifying output

If you don’t know the meaning of a word, then please look at the “Glossary”.

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

A. Equating and Linking Methods

We are familiar with Celsius and Fahrenheit
thermometers. They use different numbering systems,
but we can convert from one temperature-
measurement scale to the other. The thermometers are
“equated”.

If we had a third type of thermometer we could equate
it to our familiar thermometers by using “linking
items”, such as melting ice and boiling water. Using
these items, we could calibrate the third thermometer
to make it comparable to Celsius and Fahrenheit
thermometers.
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For reference:

Linking Terminology: Raw Score and Rasch
Term Raw Score CTT meaning Rasch meaning
) enabling the data to be analyzed together in
o general term for making the results gthed . Yz &
Linking . one analysis (if desired) to construct one
of different tests comparable
overall set of measures
Equatin correspondence of raw scores putting the measures in the same frame of
q g between tests reference
Calibration putting the scores in the same frame | constructing item measures in the internal
of reference frame of reference
C. kl i . . o
Projection scores on one test weakly predict (a height-weight situation)
scores on another test
. equivalences based on matching up . . .
Moderation . (Fahrenheit-Celsius equating)
sample statistics
Anchorin measures obtained from one analysis (or
(fixing) g - construct theory) imposed on another to
g place it in the same frame of reference.
. reference location from which to measure
Local origin | zero score or sample mean .
along the latent variable
from http://www.rasch.org/rmt/rmt204b.htm
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For reference:

Equating designs for two tests:

Baseline equating: estimates from one analysis are anchor values in another analysis

Parallel equating: two analyses are performed separately, and then equated by a fit line.

Common-item equating: some (linking) items in the two tests are the same: best method.

Common-person equating: some (linking) persons who respond to the two tests are the same

Linking tests: a third test is constructed which contains items from the two tests. This is used as a
common-item-equating link between the two tests.

Concurrent (or one-step) equating: both tests are analyzed together as one dataset.

Virtual equating: common-item equating based on items with similar (not identical) characteristics

Vertical equating: the two tests are intended to differ in difficulty, usually by at least a grade-level.

Horizontal equating: the two tests are intended to have the same difficulty

Polytomous equating: the two tests share rating scale structures

Separate-estimation equating: the two tests are analyzed separately, then the estimated measures
are used for performing the equating.

Random-equivalence equating: two tests (or two examinee samples) are declared to produce
randomly-equivalent measures because their items (or persons) have been allocated to the tests at
random. So that the means and S.D.s of the two sets of item (or person) measures can be
equivalenced.

Alternate-forms equating: two tests are declared to be equivalent, so that their measures are
assumed to be in the same frame of reference.

Anchored-form equating: the tests included pre-calibrated items which force the two tests to
report measures in the frame of reference of the item-anchor values.

Common scale: the measurement scale on which the measures from the two tests are expressed.
This is usually the measurement scale of one of the tests.

Equating constant: when tests are equally discriminating, the amount to add to measures from one
test to equate them with measures from the other test.

Scaling constant or Equating slope: when tests have measures with different discriminations
(Celsius-Fahrenheit), the amount with which to multiply measures from one test to make them
equally discriminating with those of the other test.

Equating error: loss of precision of the measures from one test when converted to become
measures on the other test.

Equipercentile equating: a non-linear CTT technique based on equivalencing distributions. Not
used in Rasch equating.

Item drift: change in the difficulty of an item from one test (or test administration) to another test
(or test administration).

For more about equating methods, see Winsteps Help “Equating and Linking Tests”
http://www.winsteps.com/winman/equating.htm



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

B. Separate-estimation Common-person Test Equating

7. | Let’s try equating two of the Bond & Fox datasets, as discussed in B&F Chapter 5. This will use
“Common Person” equating, because the instruments were administered to the same people.
The basic requirement is that the latent variable be effectively the same, “invariant”, across the two
instruments to be equated or linked. Then we can make one-to-one conversions between the
measures on the two instruments.
8. | First we need the person ability measures from the “B&F r@
chapter 5 data. ===
Launch Winsteps . steps
“me-limited
9. | Click on “File”
Click on “Open File”
Click up one level to the “Winsteps” folder E—
Click on “Bond&Fox” tookin: [ e i
Double-Click on “Bond&FoxChapter5.txt” 21x)
= +@moEr
Report Output? Press Enter
Extra Specifications? Press Enter e o
The standard analysis is performed ....
File pame: |BondaFoxChapters ot w
Files offype [ Files ) = | &é
10. | Winsteps menu bar [ Bond&FoxChapters.xt
Click on “Output Tables” L7 O fe) ey ey
Click on “1. Variable Maps” it Ao
11. Table 1 displays in a Notepad Window nzﬁEIF[ 355 Bg:zqzsrDjhﬂtglmiat:k.ﬁ:nzzﬁerlgﬂ Parsonszogigfzzwlli'ZA:EI;S ei’bsogs

Scroll down to Table 1.1

Red box: The summary map shows the ability measures
for 150 persons

Blue box: and also the difficulties for 35 items.

The 150 persons also responded to another test. So these
are our “‘common persons’’.

We need their measures for the equating process.
But let’s pretend that only the first 24 persons are common

persons, we can then check the effectiveness of the
equating for the other 126 persons!
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12. | Now let’s write out the person measures. B
Click on Output Files les | OutputFiles Batch Help Spe
Click on Person File PFILE= i

13. | Output File Specifications T —— *

. P p Select fields
Click on Permanent file o
.  SPSS
Clle OK © Don't display
Eleﬁ Text: space-separated: fixed field
 Text: tab-delimited fields (best for Excel)
 Text: somma-separated fields % Labels in “quotation marks™
 SPSS: savformat Separator character: ’_
Cancel Help Setas default |

14. | Enter a memorable file name. ——— e 2
Mine is: BF5pf.txt et
Then Save Bt

) BondiFoxChapters~PRTTILDG

File pame: | ] —

Save as fype: | TextFiles o) = Cancel
15. | The person file statistics are displayed in a Notepad I orspion-totepad |

window. This procedure would be exactly the same if we
were doing a Common-item equating. A Rasch model does
not know what is a “person” and what is an “item”, so
treats them essentially the same. We do know which is
which, so we use that insight to interpret the numbers.

Red box: the person entry numbers and their ability
measures. These are what we need. The common-person
entry numbers must be the same in the analysis of the test
to be equated with this one.

Blue box: the standard errors. These will help us determine
how stable the person measures are.

Red arrow: this indicates an extreme score: “;” (if shown)
also status 0 or —1.. The measures corresponding to an
extreme score are less secure for equating than the
measures for non-extreme scores.

Fe Edt Fomet Ve fep

; Person Bond & Fox BLOT data: Chap Aug 25 2:57 2008

SENTRY WEASTRE COUNT  SCORE |ERROR| IN.MSQ IN.ZST OUT.MS OUT.ZS DISPL

1 1.8 3.0 29.0 | .48 106 .29 113 41 .00
2 3.9 35.0 M0 Lo w4 31 -230 .00
3 1§ 35.0 29.0 | 48 61 -60 90 -.05 .00
4§ 3.9 3.0 3.0 p1.04 113 44 450 186 .00
5 32 /.0 3.0 g5 60 -6 36 -.48 .00
f .00 63 95 .05 129 .60 .00
7 B0 7 B0 -6 36 -4 .00
8 3.0 .75 .94 08 42 -3 .00
0| Loq 107 38 92 4 00




16.

Only persons 1-24 are common.

Notepad Window

Delete everyone after person 24 in this file.
Click on “File”

Click on “Save As” the Notepad file

Type in: BF5cp.txt  (cp = common persons)

17.

Now let’s analyze the dataset we want to equate with this
one.

Winsteps menu bar

Click on File

Click on Start another Winsteps

| File Edit Diagnosis Output’
8if Control File=C:\Winstep:
it, yen Restart "WINSTEP

18.

In the new Winsteps window
Click on File

Click on Open File

Click on ....PRTIILtxt

Click on Open

Report Output? Press Enter
Extra Specifications? Press Enter

The standard analysis is performed

Fie Edit Diagnosis OutputTsbles OutputFiles Batch Help Specfication Flots Exceli5-5-5 Graphs Dy
[ 2%
Lookin: [ 5 BondtFox B Rl ol =

[Z] BondeFoxAppendix2, bt
%] BondaFoxChapter2. txt
%] Bond&FoxChapter3, bet
=) BondaFoxChapter4, txt
ondaFoxChapters. et

Chapter 5~PR
=) BondeFoxChapter6, bt
(2] BondsFoxChapter7. txt

Fie name: [Bond8FaxChaptersPRTIII ot =l Open

Files of type: [ Fies 9 Cancel

19.

Now let’s compare the person measures:
Winsteps Menu Bar

Click on Plots menu

Click on Compare Statistics

Plots Excel/S5-5-5 Graphs Dat
g problems?
Compare statistics: Scatterplot

20.

In the Compare Statistics control box,
Click on for the x-axis:

persons

Measures

PFILE

Browse and select BF5cp.txt

Click on for the y-axis:
Measures
this analysis

Check-mark: Excel scatterplot
Click on OK

Compare statistics: Scatterplot il

' For (" items
Plot this (eft x-xis € Pvalue: Average rating
 Sndens
i " Outfit q ¢ Outfitt  Di
 Infitt standardized

(" Ohgerved match (~ Expected match

(" Pawr score (" Discrimination

 Lower Agymptote

€ Infitmean-squares  Correlation (" Upper Asymplote

fram ¢ this analysis Statistic field number:
(8 PFILE= or IFILE= txtfile Browse
Statistic name:
IC \Winsteps-ime-limited\Bond & FoxBFE cp bt Status field number: 3

Label field nurmber: 13

 Observedmatehn ( Expected match
" Rawscore  Discrimination
(" Displacement  ( Lower Asymptate

and this (right y-cods)

® Measures

(" Outfit mean-squares

(" Infit o it

| e Stetistictield umber. [

|  PFILE= or IFILE3A&tile Bowse | |swncicname |

[ Sausfieldnumber 3
Aumm'ml Lokelfieldnumser. [13

| Displaywith

" Pvalus: Averags rating
 Standard erars
" Outfitt standardized

" Correlation

¢ Upper Asymptate

! [ o ] Concal | el |

21.

Plot data-point label ....
Click on Entry number ... we want to easily identify the
outliers

Plot data-point label —.

How are the plotted datapoints to be labeled?
Marker | Entry numherl Help |
Label | Entry+Label | Cancel |

Only part of the label?




22,

The Excel plot displays.

We do want the Empirical trend-line, because we have no
reason to suppose that the logit measures defined by the
BLOT test (BF5) have the same substantive “length” as the
logit measures defined by the PRTIII test. If you don’t
follow this, read “Length of a Logit”
http://www.rasch.org/rmt/rmt32b.htm

E[\Pht-Empiricalline Plot-Identity line 5 Worksheet

23.

And here’s the plot.
If you have more than 24 points, then you forgot to Save
BFS5cp.txt after deleting all the lines after person 24.

Red circle: We can see that person 24 is an outlier. Not
surprising because the curved control lines are set to p<.05,
i.e., only 1 point in 20 is expected to lie outside them, but
maybe it would be better to omit this person from the
equating set as being too variable.

For successful common-person equating, we need the
person to behave the same way on both instruments. If not,
the person becomes a “new and different” person.

Red arrow: This is the identity line, through the origin,
with equal increments on both axes. This would be the
trend line if the tests produced the same person measures.

Green arrow: A best-fit line, a dashed line, is not parallel
to the identity line. So the instruments have different
discrimination and different average item difficulty,
relative to the average person ability.

From a measurement perspective, the conversion between
the BLOT and the PRTIII is like that between Celsius and
Fahrenheit.

BFSpf.txt & Bond & Fox PRI data

Measures (Bond & Fox PRTIII data)

Measures (BFSpf.txt)

Blue circle: Person 17 is on a “best
fit” trend line.

Orange circle: Person 23 had an
extreme (perfect) score on the BLOT,
so this measure is somewhat arbitrary.
This is also an outlying influential
point, suggesting that it should be
omitted from the equating set.

24.

If the best-fit line (green arrow) is parallel to the identity line (red arrow), then it is usually easiest to
analyze all the data together. In each person record, the items on each instrument are placed in
adjacent columns, so that they look like one long test. This is called “racking” the data.
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25.

Before we move, look closely at the plot.

There seem to be two trends among the persons. One
group (perhaps the boys) follows the red arrow. The other
group (perhaps the girls) follows the blue arrow.

If we follow an automatic linking-person selection rule
(such as Frederic Lord’s), we will eliminate the minority
arrow (fewer persons, probably the red arrow), and will
base our equating on the majority arrow (more persons,
probably the blue arrow).

But “majority” and “minority” may be an accident of the
sampling of our common persons, so it would be better to
identify which of the two arrows (or what proportion of
each) better represents a meaningful commonality between
the two tests .

26.

Back to our trend line. Our job is to find the conversion
factors. Fortunately EXCEL has done the hard work for us.
It has plotted a best-fit trend line for us. This is shown by
the dashed black line on your plot.

Click on “Worksheet” below the plot

]\Plot—EmpiricaI line Pbt—Idenm\mrksheet /7

27.

Scroll down to the bottom of the Worksheet

Do you see the Empirical intercept and slope?

They convert PRTIII y-axis measures into the BLOT x-
axis measures or the reverse:

BLOT (x-axis)*slope + y-axis intercept = Predicted PRTIII
PRTIII (y-axis)/slope + x-axis intercept = Predicted BLOT

This conversion applies to both the item difficulties and
the person measures. We can convert all measures from
one analysis onto the measurement scale of the other
analysis.

260375
-5.03994
1935648

E Empirical intercept with x-axis
31 |Empirical intercept with y-axis

38 |Empirical slope

If we delete any points in the
worksheet, then Excel will redraw the
plots, and recompute the slopes and
intercepts.

28.

It’s always wise to check this type of result.

Notice that person 17 (blue circle) is almost exactly on the
trend line.

In BF5pf.txt - the BLOT person 17 measure is 3.20 logits.
That should be x-axis position of person 17. Yes.

. .. . pter5~PRTIILbct
29. | For the actual y-axis position: . | Output Tables_OuputFies Batch Hep Specfcaton Plots BXC
PRTIII analysis (the one we are doing) s L Vore s
. . ] .2 Ratiny rifal credit) scale 2.2 General Keyform
Cth Ol’l the Wll’lStepS mel’lu baI‘ ny 2.0 Measugre forms 2.5 Category ;;'e.ra.ges
Click on Output Tables A ————
. 10. ITEM (column): fit order 6. PERSONM {row): fit order
Click on 18. PERSON: entry 13, ITEM: measure 17. PERSON: measure
"7 14, ITEM: entry 18. PERSON: entry
30. | Scroll down to person 17 .
The PRTIII person measure is 1.23 logits. I 16 10 13 =
. . . .. . | 17 9 13 1.23
This is the y-axis position for person 17 in our plot. Yes! | 15 a 13 = -

Looks like it ......




31. | So now let’s check the conversion formulae for person 17: 1 7 'S
BLOT (x-axis)*slope + y-axis intercept = Predicted PRTIII
3.20%1.94 + -5.04 = 1.17 (observed: 1.23) \ .
PRTIII (y-axis)/slope + x-axis intercept = Predicted BLOT ¢
1.23/1.94 +2.60 = 3.23 (observed: 3.20) L
which are close enough .... see the adjacent Figure. o
32. | But how well does this work?
We are doing a PRTIII analysis, let’s rescale the PRTIII
measures into the predicted BLOT measures:
Winsteps analysis menu bar —
Specification :
Type in: UIMEAN = 2.60 (the x-axis intercept) _OKandagain |
Click on “OK and Again”
33. | Type in USCALE =0.52 (= 1/SLOPE)
Click “OK” Specification = Value ... done
USCALE =052
OK and again | OK |
34. | Winsteps menu bar

Click on “Plots”
Click on “Scatterplots”

Same again .....
Click “OK”

Click on “Markers”

35. | Good! The conversion has worked. rSep Bond & Fox PRI daa
The trend line 1s now the identity line. i
This plot is in BLOT units. £ _
g , e / .
36. | But how has this worked for all the other persons?

Scatterplot again, but change the file to
BF5pf.txt

which has all the persons ....

Click OK

Click on “Marker”




37.

No, this doesn’t look good - even though we have done our BFeptt & Bond & Fox PRTI data
best to equate the two sets of person measures.
Green arrow: we expected the dashed trend line to be
along the identity line.

But the identity line is within the confidence intervals, so
we can’t reject the hypothesis that we have the correct
equating line. The first 24 persons were not a good
equating sample from the persons. They are too central.
There are many techniques for selecting the best
equating sample, and choosing the best line. We do the
best that we can do, but it is not perfect. Measurs (8F5p ox)

Measures (Bond & Fox PRTIII data)

38.

Look at the bottom of the Excel Worksheet:

We see that the correlation between the PRTIII and BLOT
measures is 0.64, which means that only 40% of their w Correlation 0640292
variances are shared. But this correlation is “attenuated” by
measurement error.

39.

"Attenuation" of correlations is counter-intuitive.

Imagine we have two measures that are perfectly correlated = 1.0. But we cannot measure them
perfectly. We measure them with measurement error. So the correlation is "attenuated" (=reduced)
by measurement error. Correlation = 0.9.

Every correlation we observe is attenuated by measurement error, because we can never
measure perfectly.

Then we discover how to remove ("disattenuate") the measurement error. After the measurement
error is removed, the correlation becomes 1.0. The "disattenuated" correlation is always higher
(more extreme) than the observed correlation.

40.

Look at the bottom of the Excel Worksheet: :
We see that the correlation between the PRTIII and BLOT :gg g?sr;ﬁf;ﬁ’;e 4 Correlation 0'64
measures is 0.64.

If we remove the measurement error, then the
Disattenuated Correlation is 1.0. The “true” relationship
between the two sets of measures could be perfect!

Disattenuated correlation:
http://www.rasch.org/rmt/rmt101g.htm

41.

Conversion tables - Table 20 - USCALE UMEAN

Here is a general instruction for "common item" (same items on two tests) or "common person"”
(same persons respond to two tests). We need to put both sets of measurements onto the same
"ruler" (frame-of-reference). We usually choose one test as the "baseline", and then adjust the
measures on the other test to match it. UUIMEAN= and USCALE= are a convenient way of making
the measures match each other.

Choose one instrument as the baseline.

Its Table 20 (or SCFILE=) is the score-to-measure conversion.

For the other instrument, set USCALE=(equating slope) UMEAN=(equating constant).
Analyze the data.

Check that the numerical difficulties of the common items are almost the same in both analyses.
Table 20 (or SCFILE=) for this analysis is the equated score-to-measure conversion.

SNk W=

42.

Please close all windows _ !EII X|
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43.

C. Equating with Common Items

44.

“Test Equating, Scaling, and Linking: Methods and
Practices” by Michael J. Kolen, Robert L. Brennan,
(Springer, 2004) uses two illustrative datasets. They are
dichotomous (0-1) responses to 36 items by 1600+
persons. The two datasets have 12 common items.

Let’s equate these two datasets, called Mx.txt and My.txt

11111011101010011010010011000100100018 4
11001111011010100000000000101010010014 3
100111000101101100000000000000000000 & 3
11100101110110000110011010001000000015 5
01111111111110111111011111111011110030 9
11110110100101000100000000000010000011 5
111001001001000000100000000000100000 &8 4
000000000000000000000000110000100000 3 O
2
8
4
3
3
6
6
4

100011001000100000000100100000100010 9
11111111111011111101101010101010000125
011101000000100000001101000010000000 9
11011110111110110110010101010000000019
11111111001110101100010101000000000017
10100101010100110000000100100010000011
11101100101010001110111000001100001017
011000001000001110100000001000010000 ©
11001110100000100000010010000010001011 3

45.

Launch Winsteps

I

«  steps
tme-imited

46.

We will analyze file, Mx.txt, using control file
Mcontrol.txt

Mcontrol.txt has no data, so we will need to specify the
data file.

Open File:
Mcontrol.txt

Extra Specifications:
Data=Mx.txt

Mcontrol.bet

Fle Edit Diagnosis Output Tables Output Fles Batch Help Spec
WINSTEPS Uersion 3.65.1 Aug 26 5:07 2008
WINSTEPS expires on 11/1/2008

Current Directory: C:\Winsteps-time-limited\e>

Control file name? (e.g., examl.txt). Press Er

|c:\Winsteps-time-limited\examplesiMcontrol. txy

Report output file name (or press Enter for t¢

xtra _sbecifications (if any). Press Enter to
DATA=Mx . tx1

47.

Estimation completes.
Mx.txt has 1655 persons and 36 items

Data from Kolen and Brennan (2004}

| PERSONS KNPUT 1655 MEASURED INFIT OUTFIT |
I SCOR COUNT  MEASURE  ERROR IMNSG  ZSTD OMNSQ  ZSTDI
| MEAN 15.8 36.0 -.31 41 1.00 8 1.02 Al
I 5.0, 6.5 .0 1.00 .05 .15 9 .33 1.8l
| REAL RMSE .41 ADJ.SD 91 SEPARATION 2.18 PERSON RELIABILITY 83|
T 1
| ITEMS [36] tweut 36 MEASURED INFIT OUTFIT |
| MEGN 7T, 1655.0 .00 .06 1.0 -5 1.02  -.11
| 5.0 294.6 e 98 o1 @8 3.4 .15 3.3
| REAL RMSE .06 ADJ.SD .97 SEPARATION 16.13 ITEM RELIABILITY 1.081

Output written to C:\Winsteps-time-limited\examples\ZOUB44MWS TXT
CODES= @1
feasures constructed: use "Diagnosis” and "Output Tables” menus

48.

As usual, confirm that everything is OK in Mx.txt

ITEN STATISTICS: CORRELATION ORDER

49.

: : [ENTRY  RAW MODEL|  INFIT | OUTFIT |PT-MEASURE |EXACT MATCH| |
lagnosls “]enu |NUNBER  SCORE COUNT MEASURE S.E. |MNSD ZSTD|NNSQ ZSTD|CORR. EXP.| OBSX EXPX| ITEM |
. | I
. | 35 213 1654 1.94 .08§1.19 3.4[1.50 5.0| .16 .35] 86.5 87.8| 035 |
A It P 1 t | 34 300 1854 1.47 o7 T ToTT T Tr! 79.5 83.3] 034 |
. 1tem rolarity |21 ses aesa s oelLzl s.ellze 68| 23 a1l 643 72| ca1 |
| 31 506 1664 64 06(1.15 6.2[1.27 6.2 .26 .41| 71.2 74.5| 031 |
. | 1 1396 1654 -2.29 .07] .97 -.7]1.10 1.2 .29 .27| 5.1 @4.5| 001 |
Yes the worst item looks accepta e | 3 753 aesa 11 lor[iies 13[iel 2e| 23 37| 85.3 85.7] G3 |
s ceee
ables | O

Save the item difficulties ....

Click on “Output Files” menu
Click on “Item File: IFILE="

Click on “Permanent file’
Click “OK”

Save as Mxif.txt

These are the difficulties for the 36 items in Mx.txt

Display the Output File
& [rext Editor Select fields
C Excel
C BPSS
¢ Don'tdisplay
File
Text: space-separated: fixed field
| Text: tab-delimited fields (best for Excel)
| Text: comma-separated fields 17 Labelsin "quotation marks* 2%
| SPSS: sav format Separatar charster; |

Cancel

& exam1s.ot
exam16.0a Dstoa

File game. | Save

[TexFies (") =

Save astype:

11




50. | The item file displays in a Notepad window.
Fle Edt Format View Help
.. . . |; ITEM Data from Kolen and Brennan (2004
Red box: here are the logit item calibrations ;ENTRY MEASURE ST  COUNT  SCORE fERROR)I
1 (-2.29) 1 1654.0 1396.0 .07
o 2 |-1.17f]1 1654.0 1103.0 .06
Blue box: these are the standard errors (precision) of the 2 i)l 1esa.0 116204 .06
measures. They are small because we have 1654 5 \oi20) 1 1654.0 1112.0 | .06
: . 6 -1.58 1 1654.0 1226.0 .06
observations of each item. 7 278 1 letao oreol oe
Q -1 N7 1 1REA N in71 n
51. | Now for file My.txt
Wins teps menu bar | Fle Edt Dagnosis OutputTables OutputFles Batch Help S
“Restart Winsteps ... Mcontrol.txt” :
Restart "WINSTEPS C:\Winsteps-time-imited‘\examples\Mcontrol.txt"
52. | We are using the same control file, but specifying a
. Fle Edit Diagnosis OutputTables OutputFles Batch Help Spec
different data file. WINSTEPS Uersion 3.65.1 Aug 26 5:24 2008
WINSTEPS expires on 11/1/2008
. . Current Directory: C:\Winsteps-time-limited\e:
Extra specifications? ‘ ¢ control fil
ame of contro lle:
DATA:Mtht C:\Winsteps-time-limited\examples\Mcontrol. txt
Report output file name (or press Enter for t¢
Then run the analysis. -«
Extra specifications (if any). Press Enter to
. Data from Keolen and Brennan (2004)

53. | In My.txt there are 1638 person I'CCOI’dS, and 36 items. ;’;;;;;;';";;‘;5;”";;;;;5;;,;5 ””””””” T P
| SCOR COUNT MEASURE ERROR IMNSQ 25TD OMNSQ 25701
| MEAN 18.7 36.0 .1 42 1.00 N: 1.02 Bl
I SD. 6 1.08 er 16 1.8 34 1.81
| REAL RMSE .42 ADJ.SD 1.00 SEPARATION 2.37 PERSON RELIABILITY 85|
Urrens E&E[& """ 3 weasores werr P
| MEAN 8496 1638.0 .00 .06 1.00 -4 1.02 .21
I SD. 301.3 1] 1.3 ol -1 3.2 16 3.21
| AL BHSE 096 f0usD 1,92 SEPARATION 1636 T Releenamv ool

54. | Confirm that everything is OK in My.txt

Diagnosis menu. Inien_séoke_comn_yensune 3 b ol ol i |
A. Ttem Polarity B e e el
| 3 1234 1636 -1.27 .06|1.056 1.7|1.24 3.6 .29 .35]
55. | We have two Winsteps analyses on the Windows task bar. P
It is easy to get them confused. — .
Let’s give them more distinctive names. Mcontrol. txt
Click on the first one, Mcontrol.txt - the analysis of Mx.txt jlﬂ 2vv [ 3NT
56. | Winsteps menu bar
. . Fle | Edit Diagnosis Output Tables
Cth on Edlt W Edit Control Fle=C:\Winsteps-tin
Click on Edit Taskbar Caption ;o
it/create new control fie from:
Edit/create file with NOTEPAD
Cor
Savd and edit
c:\L
opy
Re} Paste
Delete
Emm
57. | In the “Edit Taskbar Caption” dialog box:

Type the name of the data file:
Mx.txt

Click on Ok

Caption to Display on Taskb:

IMx.txt I

Ao |

Cance
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58. | Now on the Windows taskbar we have Mx.txt
2 Mcontrol.
[[] M.t
e85

59. | Click on other Winsteps analysis
Edit menu
Edit Taskbar Caption
My.txt
OK
Then on the Windows taskbar .....

60. | Click on My.txt
Winsteps menu bar
Edit menu
Edit control file: Mcontrol.txt

61. | Mcontrol.txt displays in a Notepad window.

Fle Edt Format View Help

Title = "Data from Kolen and Brennan (2004)"
The items are numbered 1 to 36. They are different items N30 o
in the two data files, except for the 12 common items. ITEN1=1

NANE =37
Conveniently they are in the same columns in both data T oATA o it oas oava Sy et
files. 8END

001

002
I have put a “C” as the first letter of the item labels for the i » ¢ Indicates Common dten
common items. B

62. | 12 is a generous number of common items. The minimum number is around 5, uniformly distributed
across the expected range of person ability. Any less, and we may not have enough items if some
seriously misfit in our analyses or their item difficulties change (drift). In Rasch methodology, it is
the number of items, rather than the proportion (percentage) of items which is crucial.

63. | Let’s equate them using separate estimation! P =
For My.txt analysis, Winsteps menu bar UINSTEPS 65.1 5124 2¢ )
Click on Specification
We want to look at the Common Items, which have a “C”
in the first character of the item label:

ISELECT=C

64. | The Winsteps analysis window confirms we have selected ISELECT=C
the 12 common items ITEMS SELECTED: 12

65. | Now to scatterplot .... [ .

My.txt analysis: Winsteps menu bar
Click on Plots
Click on Scatterplots

ation | Plots Excel/S-5-5 Graphs De
g problems?

Compare statistics: Scatterplot

13




66. | In the “Compare Statistics” Dialog box: x
Fﬂr  persons
. Plot this (left. x-axds) | 2.Measuml j SE.ﬁeId:F
Clle on “I‘[emS” from " this analysis 5 Statistic field number: ’—
We want the item difficulties from Mxif.txt on the x-axis f i g -
3 29 ikt ] St field number:
Measures ' ¥ Plot confidence bands for measures Lebelfieldnumber: 20
Browse to Mxif.txt TR ———— e
. == SEfld:f
and My.txt on the y-axis fom [+ s aryes) Sisiofildmamber: |
“Measures” ‘ it R I -
7% o 5] L) DPlY | Stats ek mumber:
“Thls analySls 5 Display wi [~ Columns m‘ Label field number: r
Excel scatterplot :JV | o | e |
. ance p
Click on OK
67' “Data pOint” dlalog bOX: B "'_’“f ed datapoints ta be labeled?
Click on Entry Number | Evoynmoer|  rop |
Label | Entry+Label | Cancel |
1 Only part of the label?
‘ |
68. | What an amazingly well-behaved plot!
Mxif.txt & Data from Kolen and Brennan (2004)
None of the difficulties are conspicuously outside the very | s
tight confidence intervals. 5 2 <>
Red box: This is one logit wide and one logit high. The ig . : e . |
empirical line is the diagonal of the red box, so it appears ; - /
to be parallel to the identity line. B
2
Measures (Mxif.ixt)
69. | Confirm the slope of the empirical line in the worksheet: o )
24 |Empirical intercept with x-ax -0.06798
1.02, as near to 1.0 as real data ever get. —_ i
25 |Empirical intercept with y-ax
. . . 26 |Empirical slope 1.01?983'
At this point, we can gpply th@ conversion formulae we 27 Correlation .
concurrent analysis
70. | Please close all windows

T2
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71.

D. Common-item Concurrent Equating

72. | We have two '[.CS'[S, MX'tXt and My'tXt‘ . . MFORMS= reformat input data and multiple data Up Presious
They have 12 items in common, and 24 unique items each. | forms =
We want to analyze them together: 12+24+24 = 60 ItemMS. | 52 raarfomats sur - e ome of e o st Do st 2ND HAUES
MX tXt has 1655 persons My tXt haS 1638 persons or END LABELS is processed first, as is data specified by DATA= in the core control file.
) . ’ ) ’ Data reformatted by MFORMS= can be accessed, viewed, edited and "saved as”
Comblned they haVC 3293 person permanently using the "Edit" pull-down menu. It has a file name of the form: ZMF....txt
The Winsteps control variable, MFORMS=, provides a Here i th ayout
convenient way to combine these data so that all the Eeoforma.txt e rameof e ota e
measures are reported in the same frame-of-reference. T7220response o tem  ofh et i n coan 20 e put dta e
It iS in WinStepS Help and at 13-5 =21 ;items 3, 4, 5 are in columns 21, 22, 23 of the input data file
16-20=11 ; it 16, 17,18, 19, 20 | 11,12, 13, 14,15
httD//WWW Wil’lSteDS Com/Winman/meHnS htm ;1:9 ;th‘:fr'r;lcharamer of persz:wel;l;):ri:?:wncso\umng of the input data file
73. | Please launch Winsteps
74. | Winsteps menu bar e
Click on Open file 21
Double-click on “Mxycontrol.txt” in the examples folder gas = —— TN
Dot Bl oot jﬁii%m e
© agree-tems.txt 2 EXamB8.tt E exami4dr.on L= nsf.sav
Report .2 oo fom, Smmm /e,
eport ...” o fsman Smmny S
Press Enter Doamaiot  Deemilon Do S savtest st
) exam3.txt 7] exam12.txt sfxt
. . exam3dat.txt [Elexam12bat bat x I£) simul.bxt
Extra specifications? Bomin  Demmianiond Spbranin gy
I exam4dat.tt exam12lo.txt. £ Iabek.txt template. txt
Press Enter Cowsoina Hemiaitin/ Dvomonon  Dntacnendend
. £ EXAMSPF.TXT examl3.xt &) M. bxt
Run the anaIYSIS DAMSXEDT ([ examid.ty MxF txt
File name: 'M:ytnnnul 7 1—5_. Open
Files offype: A Files ) = Cancel I
75. | The Analysis completes ... | PERSONS [3233)INPUT 3293 MEASURED
| SCORE COUNT MEASURE  ERI
| MEAN 17.2 36.0 -.08
3293 persons = 1655 + 1638. Correct! | s.D. 68 o 1,05
60 items = 12 + 24 + 24. Correct! | FEAL RMSE 42 ADJ.SD 9T SEPRRAT
| ITEMS NPUT 68 MEASURED
We have concurrently (one-step) equated the two tests. But | | §=o%  225-2 1975-8 o
how did we do it? And how can we use it? | REAL RMSE .06 ADJ.SD -89 SEPARAT:
76. | Winsteps menu bar
Click on Edit Fe | EditDiagnoss OutputTables QutputFles Batch Help Specfice
Cth on Edlt COHtrOl Flle Iy Edit Control Fle=C:\Winsteps-time-imited\examples\Mxycontrol.txt
77. | Mxycontrol.txt displays in a Notepad window

We define the combined Mx.txt+My.txt data file:
ITEMI1=1 - the combined item responses start in column 1
NI=60 - there are 60 different items

NAMEI1=62 - the person identification starts in column 62
Leave a blank column between the item responses and the
person label so that it easy to see that the layout is correct.

E. Mxycontrol.txt - Notepad

Fle Edt Format WView Help

Title = "Combined Data from Kol:
ITEM1=1 ; The combined data -
NI=60 ; 12 common items + |

NAME1=62 ; the combined persom
CODES=01 ; the data are dicho
DISTRACTOR = NO ; don't show ths
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78. | Scroll down to the item labels SEND
&END - end of the control variables Cop| G T 1A femmen Trens
co9
clz
Red box: the 12 common items. I have kept the same item | |52
labels as in Mx.txt and My.txt e
ca27
Blue box: the 24 items unique to Mx.txt. [ have changed caa
the Mx.txt item labels to start “X” B30 . X _ 24 ttems untque to Mx.txt
X02]
X04
Green box: the 24 items unique to My.txt. [ have changed oy
the My.txt item labels to start “Y”
vaa
END LABELS L) s
(Notice that there are no data below)
79. | Scroll back up to MFORMS=
Now we have some clerical work - but much less than
trying to rearrange the data using “rectangular copying” Fie Edit Format View Help
(such as Alt+Mouse in Word) or many other methods of MEORMS== . analyze multip]l
rearranging the data. data=Mx.txt ; the Mx.txt dat
MFORMS= input data files with different layouts. =1 ; one line of input data
data=MXx.txt - input the Mx.txt data file. I1=3 ;response to item 1 of
L=1 - each person record is one line in Mx.txt I12=6 ;response to item 2 of
[1=3 - the first item in the combined data file is the first 13=9
. ... I4=12
common item, C03, this is in column 3 of Mx.txt IE=1c
12=6 - the second item, C06, is in column 6 of Mx.txt
80. | [12=36 - the twelfth item is the last common item C36 I12=36
[13-14=1 - now we have the items unique to Mx.txt. I13-14=1 ; response to it
Columns 13-14 of the combined data have items X01 and I15-16=4 ; response to it
X02 (originally 001 and 002) of Mx.txt which are in I17-18=7
columns 1 and 2 of Mx.txt. I19-20=10
81. | 135-36=34 - columns 35 and 36 of the combined file hold
the last two unique items of Mx.txt, X34 and X35. [35-36=34 ; We have proc
P1=“X" - this puts character X as the first character of the P1="X" : first character
person label
P2-5=37 - X is followed by the 4 characters of person label P2-5=37 ; characters 2-5
from column 37 onwards of Mx.txt. #
# - end of instructions for Mx.txt
82. | Same again, but for My.txt data=My.txt ; the My.txt d:
L=1 ; one line of input dai
I1=3 ;response to item 1 o
I2=6 ;response to item 2 o
13=9
I4=12
I5=15
83. | 137-38=1 - Items unique to My.txt follow to the right of the I37-38=1 ; response to
unique items for Mx.txt I139-40=4 ; response to
I141-42=7
I143-44=10
I45-46=13

TAT _AQ0—-1&8
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84. | [59-60=34 - these are the last two unique items of My.txt _
P1="Y" - first character of combined person label is Y for p1= " first ch
My xt P2-5237 ; charact
P2-5=37 - the person label information from My.txt - ; charact
&
* - end of MFORMs=
&END - end of control variables &END
85° NOW) What dld thlS d0‘7 Reading Control Variables ..
Winsteps Analysis window, near the top
Red box: Mx.txt is processed PR
. p g: C:\DOCUME™1\Mike\LOCALS™1\Temp
Blue box: My.txt is processed fput Dats Record:
. 118008100000100011000000001008000001 N 5 33
Orange box: They are reformatted into a temporary file . v
. 3293 PERSON Records Input.
Green box: The temporary file is processed as the data file.
86. | The temporary file is available:
. Hle | Edit Diagnosis Output Tables Output
WlnStepS menu bar Wr it Control Fie=C:\Winsteps-time-iimite
. . WIF™ Edt Report Output Fle= ZOUO32WS.TX
Cth on Edlt Cyt  Ediycreate new control file from=C:\Win
Click on Edit MFORMS File= A
Save and edit
cut
Temporary files are automatically deleted when Winsteps Cot  Zony
1 C:nl gaft:
closes. ‘MU Deete
Edit MFORMS File==ZMF032WS.TXT
: :
87. | The reformatted temporary file displays in a Notepad P ———
window. 111101001000100110101111110120101100 b o
101111011111111111111111111101011101 Xp110
The first records are from Mx.txt. ot boras ot 1ot nseotaont 19
The X (P1="X") is the first character of the person label 011110100000100101101001111011001000 s
001000100000111000000010100000000100 X|8 2
100001101010000001000000001000001000 85
88. | Scroll down the file ...
We can see the transition from Mx.txt to My.txt.
h 12 . h h . . Fle Edit Format View Hep
T S common ltems' T cn t S unlque MX‘tXt ltems' 011110010000010001001010110011010000 X145
1 1 111010011010111111001011011000100001 X20 7
Then the unlque Mtht 1tems. . 010000010000100101001010000001000000 X8z
Notice that a wonderful feature of Rasch methodology is 1010000010100 00010000001000000000 B
that the missing data doesn’t matter! The measures are 110011100000 110101111100001001000010 Y16 5
. . . 110110001001 101111100001011110100000 Y18 6
estimated from the observations. Fewer observations 110101011100 101110110111111111010001 Y24 7
means less precision. There is no need to impute missing D11000000 I 1011001000000 Y17 2
data nor to delete cases, items or whatever.
89. And then Mtht finishes at the bottom. 110000000100 100110001110001000100000 Y11 3
. 010111000000 010100011111101110000000 Y15 4
If you want to keep this file, then “Save As” a permanent | e BHHRHHR
* . 111010011000 001011010001100100100000 Y14 6
file. Its control file would be Mxycontrol.txt, omitting the
MFORMS= instructions :
90. | Equating of polytomous items is somewhat more complex. Dala Person Measure
Which rating-scale structure is the decisive one? Change
We usually need to anchor this SAFILE= early in the e
equating study. w
Test A or Test B or a joint analysis of Test A and Test B? Abilles: S
See the suggestions at o 024

http://www.rasch.org/rmt/rmt101{f htm

Diffigulfioss D1&2
Steps: F1E2-
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91. E. Reporting the Concurrent-Equating Measures
92. | We have one analysis with all the items and persons in the
same frame-of-reference.
Winsteps menu bar
Click on Output Tables
Click on 14. Items in Entry Order
There are all the items
Red box: 12 Common items
Blue box: 24 items unique to Mx.txt
Green box: 24 items unique to My.txt
This combined listing would be useful if we wanted to
make an item-bank of 60 items.
93. | But suppose we need a score-to-measure Table for future
administrations of the Mx.txt test.
Windows menu bar
Click on Specification Spacification = Yl
Type in: ISELECT={CX} fiseCEcT=]
(Select item labels starting C or X) Okandagain | "ok | camcel [[ Hep |
Click on OK
94. | In the Windows analysis window, ISELECT={C¥X}
we see that 36 items have been selected. Correct! ITEMS SELECTED: 36
95. | Winsteps menu bar
Cth on Output Tables :«s/ou;:;:tn::mbm Batch ‘he\pll \ip:m:“mn Plots Excel/5-S-S Graphs Data Setup
Click On 20. score table 3.2 Ratina (partial credit) scale 2.2 General Kevform 21. Probabiitv curves
96' And9 in a NOtepad Windows | SCORE MEASURE s:m: ::u::s:z:u:z CM::T::RE MEASURE  S.E. |
we have the measures corresponding to scores from 0 to 36 | | ¢ = iai nw cwm wl @ rm w
on the Mx.{xt test. | 138 8| % 8 5| B IR E
o5 Tee w1 o m| o rm s
R - R - SR R e+
I ow a8 0% @] ¥ ik IR
| 11 -.91 .39 | 24 .90 .39 | |
| 12 76 .38 | 25 1.06 .39 | |
97. | To report the persons in Mx.txt test: [ Control Specication Value |

Windows menu bar
Click on Specification
Type in: PSELECT=X
Click on OK

Persons selected = 1655. Correct again!

Specification = Value

' |PSELECT=XL

|
| OK and again | OK |

PSELECT=X

PERSONS SELECTED: 1655
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98.

F. Improving the Appearance of the Tables

99. | So now we can see the “map” for Mx.txt S
Wmsteps menu bar & | output Tables O Batch Help Specfication Plot
Click on Output Tables Request Subtables
Click on 1. Variable maps B

100. The Table 1. Variable Map displays in a Notepad window. | @ s w e (52
On the left are the 1655 persons. On the right are the 36 | ©~ [
items.

Let’s “prettify” (beautify) the map ...

The range shown is +5 to -4. We only need +3 to -3

You could also change to a more user-friendly scaling with ity 3
UIMEAN= and USCALE= et

101] Winsteps menu bar
Click on Specification o
Type in: MRANGE=3 Specification = VYalue
Click on OK [MRANGE =3
MRANGE-= specifies the half-range to display around the _ \
local origin. OK and again | OK |

102 Winsteps menu bar 5 - =
Click on Output Tables
Click on 1. Variable maps .

This Table-Map is too long. i |

Let’s squash it.

CERERERRRERRRRRRARRERRARRE |
SEEEEEEITEESTESREITIESL |8

.................

_erraeer 1
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103.

Winsteps menu bar

Click on Specification

Type in: MAXPAGE=50

Click on OK

This specifies the maximum number of lines on a Table

page

Control Specification = Value

Specification = Value

|MAXPAGE =50}

A o |

OK and again

104.

Winsteps menu bar
Click on Output Tables
Click on 1. Variable maps

That looks better.
But let’s make it look more “publication quality”

We have three options:

ASCII = Yes - this is what we are seeing here —
ASCII = No - display using line-drawing characters
ASCII = Webpage - display using HTML codes

MAP OF PERSONS AND ITEMS

WOTEY === PERSONS —+- ITEMS ---—--——---—----- <rare>

-383
LEES
JEEREEEEEE -
RiE]
JE3EEEd
LEEEEEEIEERIEIES
SpiEEEE | oo
SERSSEREEERIEEEIRIET u X
FEIEIEIRIEI M| 0000

CEEREREREEERSERREEIREEEE | X000
LppaRsRaReEe | xx
FEREREREBRRAEEES | x
CHERTHERREERREEEIEEREERD 43 -1
LEEEERIEERT 3| xx
iiiiiill
SB3EEEE | x
#RE |7
-2 e
Tl X
=
. I
1
-3 .o -3
<less> ——---—--——mm—mm——e- PERSONS —+- ITEMS -—-—--——--——--——= < fraquent>

105.

Winsteps menu bar

Click on Specification

Type in: ASCII=No

Click on OK

This specifies the line drawing characters

Control Spedfication = Value

Specification = Value

IASCII:NUI\

OK and again | OK |

106.

Winsteps menu bar

Click on Output Tables

Click on 1. Variable maps

Notepad window ... Oops! Has something gone wrong?
AAAAAAAAAAAAAAAAAAAAA

That is correct, but we need to change font

Combined Data from Kolen and Brennan (2 ZOUC
3 PERSONS 60 ITEMS MEASURED: 1655 PERSONS 6
B AARRARARAARRARARAARARRARR

TABLE 1
INPUT:

26 21:46 2008
TS 3.85.1

P OF EERSONS AND ITEMS

MEASURE * MEASURE
3 # A 3
R
Forox
2 #4 AT 2
S#E TP X
o oxx
HE X
g0 X
1 ebpEaees As O
CRREEE ST OK
RTINS
CREERERERRERREEE ' XX
LEEREEE OO
0 FHERERAERERAEREAEEE AN JOOKKKX 0

PRRRRRRAREE ME 0000
SEFRRSEEERESERRASEEREEEE O 00000OX

CREREEEEESEE ' ODIKX
EHEEEEREEEERREEE 0 XX
-1 CHRRRRRRERRRRRRRRRRRRRRREE RS o -1
CEREEEEREEE 50 000
CAEEREREEE 0
JEEREEE 0 X
SAE X
4 Ak x -2
X

E
3 . A 3
<less> BARAARARAMRARAARAMAAL PERSONS RAA ITEMS  ARMARMARARMRRARRN <frequent>

EACK '#' IN THE FERSON COLUMN IS 8 PERSONS: EACH '.' IS 1To 7

107.

Notepad menu bar
Click on Format
Click on Font
Font: Scroll to Letter Gothic Line
This font is usually installed with Winsteps
Click on Letter Gothic Line
Click OK

2%

Font style
Iﬁegular

Letter Gothic Line
O Lucida Console
O Lucida Handwriting —
0 Lucida Sans Unicode
0 Marlett
O Microsoft Sans Serif j

Cancel
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108.

Winsteps menu bar
Click on Output Tables
Click on 1. Variable maps

Elegant! The lines look much neater.
You can copy-and-paste this into a Word document, but

you will need to set the font to Letter Gothic Line in Word.

Sorry. This does not work in some versions of Windows

To make the Notepad font change permanent: see
Winsteps Help - “Notepad”
So let’s try the third display option .....

MAP OF PERSONS AND ITEMS

MEASURE
<more>
3

55— B
EACH '#' IN THE PERSON COLUMN IS 8 PERSONS: EACH *.°

FEERERERREARERERREERAENR

PERSONS —— ITEMS

»

#
#

we 1T X

# T X

## XK

e X

E#E X
_kanawoRs 1S XX
##a#g 5| XAX
R X
LERRRERRNARRNEND XK
BREERE XHX
HERRHERRRERRRGRONENE N X
sappessesss M| X0XX

_anRnerRNOny XK
HERBRGEBHERBREEE X

REERRAGERREERRESRRSRONERE 1S XX

#nupsasess S| xx

R i

_wnwann X
wEns T

#

T x

#

PERSONS —— ITEMS

Is 170

7

MEASURE
<rare>
3

<frequent>

109.

Winsteps menu bar

Click on Specification

Type in: ASCII=Webpage
Click on OK

This specifies HTML output

Control Spedification = Value

Specification = Value

IASCII=WEbpagel

OK and again | K

110.

Cool! Red box: the variable map displays in your Internet
Browser software.

You can copy-and-paste this direct to Word without losing
the font or the formatting

& e

= [8 ci\pocuments and Settings\Mi\Local Settings\Temp01-BB0WS. him
v e e A

S lolp]fcox

MEASURE
<mores

3

-3
<lesss

NI

oLt
L REREREEREIRRIRI

MAP OF PERSONS AND ITEMS

PERSONS ITEMS

R
L L

55> ———— PERSONS —
EACH '#' IN THE PERSON COLUMM IS B PERSONS: EACH '.'

— ITEMS

TABLE 1.1 Combined pata from Kolen and Brennan (2 ZOUBSOWS.TXT Aug 20 1:18 2009
INPUT: 3203 PERSONS 60 TTEMS MEASURED: 1655 PERSONS 36 ITEMS 2 CATS  3.69.0

MEASURE
<rares

-3
<Fraguant>
151710 7

111.

Reinstate all the items:
Windows menu bar
Click on Specification
Type in: ISELECT=
Click on OK

Control Spedfication = Value

Specification = Value

[iseLECT=|

OK and agaim OK |

ISELECT=
ITEHMS SELECTED: 68

112,

And a different way to see the same distribution:
Graphs menu
Click on: Person-item Barchart

|
Graphs Data Setup

v Display By item
Display by scale group

s Non-Un‘lfg DIF ICCs
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113. You see a graphical distribution chart ...

PERSON

If the sides at the top and bottom do not align correctly,
please adjust them with the arrows at the bottom of the

Copy chart to
clipboard

window.

parson ba

o§

g §
23 la

'§ E’%z
a

PoOlEe

This plot is an experimental prototype - a better-looking

plot is coming! ﬁTH'WITli |
. - {twa finees)

q
i E ;
it 4

(piuais)

ITEM v
' Varson: 1682
|

114, Oh no! Our time is up, and there is so much more ....
Please close all windows

115. Thank you for joining in this exciting exploration. We have all learned so much ....
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