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Investigating Displacement in the

Winsteps Rasch Calibration Application

I ntroduction:

Item drift analyses that use displacement havertegaisplacement distributions
symmetrically distributed around zero (Jones andl§r2006). Approximately equal numbers
of items appear to drift in both a positive (hajdard a negative (easier) direction, despite
hypotheses suggesting systematic drift in one timecThe possibility exists that a portion of
this displacement distribution may be due to astteal artifact resulting from the way the
statistic is calculated. Such an artifact wouldiheis items exhibiting drift when actually their
item characteristics have remained stable. Theegeiipat such a statistical artifact affects the
drift calculation has not been systematically itigeged and its impact on the interpretation of
the displacement statistic has not been determimée. purpose of this study is to systematically
investigate whether the displacement statisticadsulated by the Winsteps Rasch calibration
program (Linacre 2005), is reflective of actuahitdrift conditions or if it contains an element of
statistical artifact.

The Displacement Statistic:

Displacement is a useful statistic generated floenWinsteps analysis program. The
displacement statistic “approximates the displacerokethe estimate away from the statistically
better value which would result from the best fiyyour data to the model.” (Linacre, 2005:260).

Mathematically, displacement is denoted:

o0=08.-p, (0.1)
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Whered is the displacement statistft;, is the freely estimated calibration arising frdme t

current data set, arffj is the anchor item difficulty. In any analysisfiering anchored items,
Winsteps simultaneously performs a free (unanchgrachmeter estimation for all of the items.
The displacement statistic results from a direcagarison of the anchored difficulty value with
the value from the free estimation arising from ¢herent data. Readers are referred to Linacre
(2005) and Wright & Stone (1979) for technical dstan parameter estimation in Winsteps.

Due to the re-centering procedures in Winstepsfréeeparameter estimates are constrained to
be centered around a mean of 0. Accordingly,igfldcement values also sum to 0. As a result,
in a dataset featuring systematic drift in onediom (i.e. easier), it is possible to observe, in
stable items, drift in the opposite direction (harder).

In many instances, such as equating tests or asti@iimg computer adaptive tests, the
difficulties of items are anchored to values dedi®m previous analyses. When data from
subsequent analyses are analyzed and items areradch the previously estimated difficulties,
then the displacement statistic can be used totorathie appropriateness of the anchored values
and indicate the degree of item difficulty driftads, the displacement statistic is interpreted by a
large number of psychometric practitioners anddestlopers as the logit difference between
anchored difficulty value and the difficulty valaewhich the item is observed in the current
analysis. In this way, the displacement statistiery useful in detecting and monitoring item
drift, defined as a systematic change in item clifty over time.

However, if the displacement statistic containgdifact that does not represent actual
item difficulty drift, then the interpretation dfi¢ statistic becomes problematic and its usefulness

is diminished. The goal of this study is to usewgation data to replicate certain conditions of
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item difficulty drift and then to assess the impaicthese drift conditions on the displacement
statistic and its interpretation.
Methods and Data:

This study used simulation data to represent vgrglegrees of item drift. The candidate
sample was chosen to have a standard normal distmbN(0,1). Three candidate samples were
selected, one having 200 individuals, one havirngi&@ividuals and one having 1,000
individuals. These samples were felt to be reflectf typical test sample sizes in the
certification and licensure field. Three item saesplvere also selected, each having a standard
normal item difficulty distribution N(0,1). The e sample sizes were 30 items, 100 items and
200 items. These samples again were felt to beatafe of typical test lengths.

Each candidate sample size was then matched agaitisitem sample size, resulting in
nine combinations. The Promissor simulator (Be@£)6) was used to generate an initial
response string data sample for each of these catntms using Rasch probability as the basis
for assigning a right/wrong response for each ahatdiitem interaction. The nine response
strings generated by the above procedure were zathlysing the Winsteps program, and item
difficulty calibrations were obtained for each it@® it was used in each of the nine
combinations. These item calibrations were the tis€reate item anchor files to be used in
subsequent drift analyses.

In order to minimize the impact of outside vaoati the same response string data
sample was used to simulate item drift. Answersevegstematically changed in the response
strings to simulate a drift in an easier and/odbeadirection by changing answers from wrong to

right or vice versa.
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The number of items that were simulated to drifs wgstematically varied. In the first
condition, 10% of the items were simulated to diiftthe second condition 20% of the items
were simulated to drift. In the final, most extreomndition, 50% of the items were simulated to
drift. The first two conditions are probably mosedflective of normal drift conditions. The final
condition would be more reflective of a serioususitg breach.

Within each of the above conditions the directibdrift was also varied. In one
situation, the drift was all in a single directiath the items becoming easier. This unidirection
of drift would simulate a condition in which sontems on a test had been compromised and a
particular group of candidates had prior knowledfjthe items. In the second situation, the drift
was symmetrically balanced with half the itemstdrgf easier and half the items drifting harder.
This condition is one that might be more typicahofmal testing conditions. In the final
situation, the drift was asymmetrical with 70% lo¢ items drifting easier and 30% of the items
drifting harder. The final condition is a combirmatiof the first two with more emphasis on the
condition of compromised items.

Combining the 9 candidate/item combination with 3hgercentages of drift and the 3
directions of drift resulted in 81 unique conditsaimat were simulated.

To simulate drift, the desired number of items aaddidates was randomly selected
without replacement from the total candidate aathisamples. Each response string was
examined and, for each interaction of a selectedidate and a selected item, the answer was
examined and changed appropriately to simulateléiseed drift. If the answer for that
particular candidate/item interaction was alreadthie direction of the desired drift no action

was taken.
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The modified data sets were then reanalyzed usimgtédps. The item difficulties of all
of the items were anchored to the item calibratwintsined from the initial analysis. The impact
of the drift on the displacement distribution whsrt assessed.

Results:

The results of the simulations and analyses aremarined in Tables 1 and 2. Tables 1
and 2 contain average displacement values observédms whose response strings were not
modified to mimic drift (i.e. items hypothesizedremain stable over time). The mean
displacement values are replicated for each camddf the simulations. Table 1 represents
simulation cases where hypothetically drifting isewere all displacing exclusively in a negative
(easier) direction.

Table 1 also demonstrates that when systematicidliwine direction was present in a
data set, then hypothetically stable items in etesy condition exhibited artificial positive
displacement. The artifact was more pronouncembiditions with increased test length and
increased proportion of drifting items. The amooinartificial positive drift appeared to be
unrelated to examinee sample size. To provide sndieation of significance, we compared the
Table 1 displacements to the value correspondingadimes the average standard error (SE) of
item calibrations for each examinee sample cordifior N=200, 2*SE = 0.34; N=500, 0.22;
N=1000, 0.14). Highlighted cells in Table 1 refldesplacement values that might be
interpreted as significant because they are mene tore than two SE from the original
calibration. Obviously, these potential false pwses occur exclusively in simulation conditions
where 50% of the test items were modified to shasgier drift.

Table 2 summarizes simulation cases where hypotiltidrifting items were displacing

asymmetrically (70% easier, 30% harder).
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The patterns of average displacement for hypothigtistable items (i.e. items whose response
strings underwent no modification) are similar ible 2, yet not as pronounced. The atrtificial
positive displacement is detected more in dataveiiisa large amount of systematic drift.
Again, artifact that could be interpreted as sigaitft is highlighted. The problem posed by
artifact is somewhat ameliorated in the simulativhere all of the drift was not in one direction.

Not surprisingly, in simulations featuring balanakdt — or equal amounts of drift in
both directions — the problem of artifact was costglly ameliorated. In these simulations, the
average displacement value for items hypothesizedmain stable was consistently 0, so their
values are not tabulated.

The results of the analyses are also presentethigedly in Appendices A through I.
Each Appendix presents the results from a parti@denbination of items and candidates. Thus,
for example, Appendix A deals with the results friva 30 item/100 candidates combination.

The various percentage of drifted items and thection of drift combinations are
presented within each appendix. In each of theréig, the horizontal axis is the sequence
number of the item on the test. The vertical aggesents the displacement reported by
Winsteps. The dark horizontal lines in the figurgsresent bands of two standard errors centered
around zero. The average SE of the item calibrdtothe sample size of candidates being
examined was used in setting these bands.

There are nine figures in each of the appendides.l3bels at the bottom of the figure
specify the simulation conditions that producedghaphed results. The first three figures
display the results from simulating a drift allan easier direction. The next three figures display

the results from simulating half of the items diniff in an easier direction and half of the items
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drifting in a harder direction. The final threedrgs display the results from the asymmetrical
split of the items, with 70% drifting in an eastrection and 30% drifting in a harder direction.

The effect of the procedure used to calculate ihy@lacement is consistent throughout
the various conditions examined. The effect is neasily seen in the results in Appendix A, but
repeated in all of the other appendices. The displent is mean centered around zero which, in
turn, forces the total sum of all of the displacemelues to be equal to zero.

The most radical situation is where all of the iseane systematically drifting in the same
directions. In such situations we would expectdhfted items to display a noticeable negative
displacement and that is what we see in FiguresafidlA-2. However, because the sum of the
displacement is forced to equal zero, we begireéotse remainder of the items displaying a
positive displacement to counter the negative dgghent of the drifted items. This shows up a
very small value in A-1 since it is spread acrdksfahe non-drifted items, but begins to show a
more noticeable value in Figure A-2. By the timer&ach the more extreme condition displayed
in Figure A-3, the positive displacement of the faifited items has increased to the point where
it looks to be statistically and substantially sfgpant.

On a more reassuring note, in the situations irclvthe drift was simulated to be
symmetrically distributed in both a harder and eadirection, the affect on non-drifted items is
balanced out and they tend to cluster around thezdue. This can be seen in Figures A-4
through A-6.

This balancing-out effect also shows up in theagitins where the item drift is
asymmetrically distributed as can be seen in Fgg@«& and A-8. However, two areas of
concern are associated with this type of condifidre first concern is that the displacement

exhibited by the items that are members of thélsgthas fewer members, in this case the items
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that are drifting harder, appear to be inflateglatue since their sum has to be equal but opposite
in sign to the sum of the set that has more membretlis case the items that are drifting easier.
This can be noted in Figure A-9.

The second area of concern is associated with asymaeal distributions of drift where
the number of items affected is relatively largs.tAe number of items drifting in a particular
direction increases, it requires a correspondingsachent in the displacement values of both the
items drifting in the other direction and the naiftohg items. This adjustment can be extreme
enough so that even the non-drifting items appelate significantly drifted. This can be seen
in Figure 9 in Appendix C and the following appered.

The patterns discussed above were repeatedonthkk appendices in a consistent
manner. The areas of concern all appear to aase fine fact that the displacement is forced to
be mean centered.

The situations in which items have a displacemieait &re due to a statistical artifact are
relatively easy to detect. An examination of Fig8ra each of the appendices shows that, in
situations in which the artifact most clearly masift itself, the variability in the resulting
displacement is very low, particularly comparedh® variability of the displacement of the
drifted items. A plot of displacement against sagie number appears to be a very quick and
easy visual way of identifying potential artificidisplacements.

Discussion:

The displacement statistic is a very valuable toohonitoring item drift conditions.

However, if some of the reported values are imghbiea statistical artifact component, this can

have a major influence on how this statistic iglipteted and on the usefulness of these
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interpretations. A better understanding of the ldispment distribution will lead to
improvements in the interpretation of this statisti

The statistical artifact is a result of the way thgplacement statistic is calculated and the
fact that the results are mean centered. In stogin which the degree of drift is symmetrically
distributed in both an easier and a harder diractie impact is relatively minor. As the drift
becomes more asymmetrically distributed, the impathe artifact becomes more noticeable to
the extent that non-drifted items can be flaggesigsficantly and substantially drifted.

However, the impact can be easily detected byiptpthe displacement against the
sequence number. Items with a very consistentahgfitems that are being affected by the
artifact. It is recommended that such a plot ba&l@sea part of any drift analysis. It may also be
possible to detect the artifact during the displaeet calculation by determining the variability
of the drift within subsets. A subset that exlshittle variability may reflect artifact.

Future research will also address possible proesdiormodify the drift calculation in a
way to remove the artifact. The drift simulatioasistraight forward in this study. Future study
of this topic will also use a more probabilistimsilation of drift to mimic item displacement on

a more realistic basis.
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Mean displacement values for hypothetically statei®s (unidirectional drift)

Condition

Examinee Sample30 item test

100 item test

200 item test

10% modified, all easier

20% modified, all easier

50% modified, all easier

N=200
N=500
N=1000
N=200
N=500
N=1000
N=200
N=500
N=1000

0.01
0.02
0.03
0.11
0.09
0.12
0.66
0.55
0.61

0.03
0.02
0.02
0.12
0.11
0.09
0.70
0.72
0.78

0.03
0.02
0.03
0.13
0.10
0.10
0.77
0.74
0.68



Table 2

Mean displacement values for hypothetically statei®s (asymmetrical drift)

Condition

Examinee Sampl&0 item test 100 item test

Investigating Displacement

200 item test

10% modified

20% modified

50% modified

N=200
N=500
N=1000
N=200
N=500
N=1000
N=200
N=500
N=1000

0.00
0.00
0.01
0.04
0.03
0.02
0.12
0.00
0.12

0.02
0.01
0.01
0.05
0.06
0.03
0.29
0.30
0.21

0.01
0.01
0.01
0.05
0.04
0.03
0.39
0.25
0.29

13
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Appendix A: 30 item vs. 200 candidate combination

Figure A-1
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Figure A—-3
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Figure A-5
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Figure A-7
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Figure A-9
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Appendix B: 30 items by 500 candidates
Figure B-1
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Figure B-3
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Figure B-5

Displacement by Sequence

1.00 —
0.75 []
0.50
% 0.25
£
[}
E 0.00 —
o i
'5 -0.25
-0.50
-0.75
T T T T
0 10 20 30
Sequence
30 item test with 500 candidates
20 percent of the items drifted
half easy and half hard
for 20 percent of the candidates
Figure B-6
Displacement by Sequence
275 iy
2.50
2.25
2.00
1.75
1.50 -
o 125
g 1.00 -
E 0.75
O o050
Q
_(E 0.25
%0,0077 o i i
-5 -0.25
-0.50
-0.75
-1.00 -
-1.25 - =
-1.50
-1.75
-2.00

T
0 10 20

Sequence

30 item test with 500 candidates
50 percent of the items drifted
half easy and half hard

for 50 percent of the candidates

30

Investigating Displacement

21



Figure B-7
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Figure B-9
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Appendix C: 30 items vs 1000 candidates
Figure C-1
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Figure C-3
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Figure C-5
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Figure C-7
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Figure C-9
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Appendix D; 100 items vs 200 candidates

Figure D-1
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Figure D-3
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Figure D-5
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Figure D-7
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Figure D-9
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Figure E-1
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Appendix E: 100 items vs 500 candidates
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Figure E-3
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Figure E-5
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Figure E-7
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Figure E-9
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Appendix F: 100 items vs 1000 candidates
Figure F-1
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Figure F-3
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Figure F-5
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Figure F-7
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Figure F-9
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Appendix G: 200 items vs 200 candidates
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Displacement by Sequence

0.50

0.25

S TR

-0.50

Displacement
E
]
Y
|
;
]

T T T
0 50 100 150 200

Sequence

200 item test with 200 candidates
10 percent of the items drifted easier
for 10 percent of the candidates

Figure G-2

Displacement by Sequence

0.75

0.25

0.00

Displacement

-0.50

-0.75

T T T T T
0 50 100 150 200

Sequence

200 item test with 200 candidates
20 percent of the items drifted easier
for 20 percent of the candidates



Figure G-3
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Figure G-5
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Figure G-7
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Figure G-9
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Appendix H: 200 items vs

Figure H-1
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Figure H-3
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Figure H-5
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Figure H-7
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Figure H-9
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Appendix I: 200 items vs1000 candidates
Figure I-1
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Figure I-3
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Figure I-5
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Figure I-7
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Figure I-9
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