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ABSTRACT

The process of learning often requires dealing with the ambiguity of uncertain interpretations. A learner’s tolerance for ambiguity

involves the degree of willingness to accept or adapt to unfamiliar, unpredictable, or uncertain situations and ideas. This study

examined the measurement of ambiguity tolerance (AT) among teacher candidates. Pre-service teachers (n = 114) attending a
medium size university in the southeastern United States were administered McLain's (1993) Multiple Stimulus Types Ambiguity

Tolerance (MSTAT-I) scale. Analyses were first conducted on item responses from the MSTAT-I, then on item responses from

the MSTAT-II (McLain, 2009), an instrument comprised of a subset of 13 particular items from the original 22-item instrument.

Rasch-model measures and diagnostic analyses were compared and illustrated graphically for the two versions of the AT

instrument and then for two shorter versions. Findings indicated validity support for the MSTAT-II instrument, measurement

improvement to reducing the number of Likert scale categories to 5, and further measurement benefits of an alternative 9-item

AT instrument. The distribution of measured AT among participants was discussed with regard to individual differences among

teacher candidates and the potential application of AT measurement as an intellectual disposition among educators.

Uncertainty, Teaching, and Learning. Throughout
the learning process, when interpretations of meaning
are uncertain students can experience ambiguity. Both
teaching and self-directed learning typically involve the
reduction of ambiguity relative to the information
being learned. Yet, for a student to reduce ambiguity,
or for a teacher to help students in that regard, the
student must ultimately confront the reality that
complete elimination of all possible uncertainty is not
likely to occur. Thus, both teacher and student may
find ways to tolerate some degree of ambiguity while
reducing other ambiguities during the teaching-
learning process. Hence, one of the personal
characteristics that are of particular relevance to
teachers and pupils is their ambiguity tolerance (AT).

AT involves a person’s willingness to adapt to
encounters with ambiguous situations or ideas
(Jonassen & Grabowski, 1993). The importance of AT
to teaching relates to the earliest uses of the construct
when Frenkel-Brunswik (1949) suggested that people
intolerant of ambiguity tend to arrive at premature
closure, tend to think concretely, and tend to seek
simplistic solutions. Though teachers typically simplify
material to help students understand concepts at their

current cognitive levels, tendencies in teachers to
oversimplify issues and solutions to problems would
arguably not serve students well in our increasingly
complex world. Supporting this concern Peters and
Amburgey (1982) found that those teachers who had a
higher AT tended to use higher cognitive levels of
verbal responses in their teaching. Also, Ream (1984)
showed that group discussions with students involving
ambiguous situations or personal experience examples
increased the students’ tolerance for ambiguity.
Furthermore, investigations on AT among educators
and learners has supported learning that involves
complex problems, novel transfer using new examples,
divergent learning tasks, and brainstorming (Jonassen
& Grabowski, 1993). With these findings in mind, it
should not be a surprise that AT has correlated
positively (r = .59) with a constructivist teaching
orientation (Gottleib, 20006).

Educators encounter ambiguous situations every
day in dealing with student needs and new
information. The ways that educators deal with these
ambiguous situations have many implications for both
the teacher and the students. By understanding their
own AT, teachers can consider their many possible
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reactions to unpredictable situations, and how such
reactions and associated choices might differentially
affect their pupils. The relevance of a teacher’s AT to
teaching includes the ways in which associated thought
and behavior are influenced by a teachers’ existing
schema for the classroom environment.

Through much effort by researchers, teachers, and
students, instruments used to measure AT have evolved
and improved over the course of the past few decades
(Budner, 1962; McLain, 2009; Ward, 1994). One
early instrument was an attempt to measure AT based
upon the idea that perceived ambiguity arises from
stimuli that are complex, unfamiliar, and insoluble
(Budner, 1962). A different and improved instrument,
Multiple Stimulus Types Ambiguity Tolerance MSTAT-
I), was developed three decades later and included
items reflecting these same three stimulus types as well
as uncertain stimuli and ambiguous stimuli in general
(McLain, 1993). The MSTAT-I was further refined as
the MSTAT-II using the psychometrically strongest 13
of the 22 items based on empirical evidence supporting
the theoretical definition of the AT construct (McLain,
2009). The reduction of items to 13 was also intended
to further reduce the cognitive burden on respondents.
Items on both the MSTAT-I and MSTST-II were
designed to be broadly understandable, value neutral,
and context independent to help allow the instruments
to be usable in many settings. Additionally, McClain
(2009) provided evidence that the MSTAT-II did not
encourage socially desirable responding responses, as
opposed to truthful responses. Together these
instrument characteristics may help improve the
measurement validity in future studies, in comparison
with characteristics of past instruments used. The
current study investigates the quality of both the
MSTAT-I and MSTAT-II toward use in future studies
involving educators. Although factor analytic research
(Lauriola, Foschi, Mosca, Weller, 2016) has identified
multiple AT related attitude factors among
instruments that may represent meaningful AT
dimensions, here we use a Rasch modeling approach in
order to employ modern item response theory (IRT)
procedures and corresponding diagnostics to address
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our research questions using our modest sized sample
of participants.

Research Objectives and Hypotheses. To determine
whether versions of a selected instrument are well
suited to investigating ambiguity tolerance as a general
dimension among pre-service educators the following
objectives were pursued.

1. Examine and compare  measurement
characteristics of the MSTAT-I and MSTAT-
II instruments with teacher candidates.

2. Examine whether empirical data supports the
use of the MSTAT-I and MSTAT-II with
teacher candidates.

3. Determine whether Rasch model measures and
diagnostics identify any need for revisions
within either instrument version.

4. Explore and examine possible improved
versions of the instrument for teacher
candidates.

Method

Participants. Pre-service teachers (n = 114)
attending a medium size university in the southeastern
United States volunteered for the study. Participants
were primarily female (85%) between the ages of 19 to
22 years, though a few participants were older, and age
data was not collected.

Instruments and Items. Individual differences were
measured using a 7-step Likert scale of the MSTAT-I
instrument. The MSTAT-I is McLain's (1993) 22-
item AT instrument that yielded an alpha reliability of
.86 within his discriminant validity investigation. In
addition to reliability considerations, the MSTAT-I
was chosen for this because items within this
instrument were developed to specifically avoid being
highly suggestive of socially desirable responses. Figure
1 identifies items that make up the MSTAT-I
instrument.

Procedure: Within a classroom environment,
participants were asked by an experimenter to complete
a paper and pencil MSTAT-I survey as follows:
Participants were asked to rate their agreement level on
the scale. The survey required approximately 15
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minutes to complete. Participants were instructed to
answer questions honestly, and to skip items that they
did not want to respond to.

Results

Rasch rating-scale model (Andrich, 1978) analyses
were conducted across six total calibrations. Four
instrument versions stemming from the original 22
item MSTAT-I scale were analyzed within the six
calibrations to construct measures and diagnostics from
the ordinal raw scores (Linacre, 2016a).

Within the rating-scale model equation below,
Likert scale steps, or categories, often numbering
between four and seven on instruments, are
represented by k.

In (M> = B,—D;— F, Rasch Rating Scale Equation

Pri(k-1)
The threshold difficulty level in the rating scale
formula is represented as Fj, which can be calculated
across a set of items. Thresholds are the points at which
the probability of opting for one Likert category is
equal to that of the prior adjacent category, or the 0.5
probability level. Also within the rating scale equation,
In represents the normal log, making it a logistic
formula. Pp;;, represents the probability that a person
7 on an item 7 is observed in a rating category 4, while
Pni(k—1) represents the probability that this same
person is observed in the category just prior to 4. Thus,
the rating scale formula represents the log of the odds
of responding with respect to the adjacent categories of
the scale (Wright and Mok, 2004). Per the rating scale
equation, the rating scale model describes how the
probability of a person responding to an item category
is a logistic function of the relative distance on a linear
scale between the respondent (person) measure
location (By,), the item difficulty measure location
(D;), and the 0.5 probability point threshold difficulty
(Fy) for choosing between adjacent rating categories of
the item.

This formula allows a linear transformation of the
ordinal raw scores to derive person measures (By),
item difficulties (D;), and point threshold difficulties
(Fy) in log-odds units referred to as logits. These logits
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are the units of a Rasch ruler. The common logit scale
for item measures and person measures allows items
and persons to be directly compared in a valid and
meaningful way. Graphic depictions of Rasch rulers
show the distributions of items and persons together,
and are commonly referred to as variable maps, which
are depicted in figures 8 through 13 and discussed
below.

Calibrations and Diagnostics. Table 1 describes the
eight categories of diagnostics examined within this
study and the questions addressed with each diagnostic
tool. Two of these diagnostic categories, item and
person model fit, were examined using standardized
(Zstd) and Means Square (Mnsq) infit and outfit
indices.  Zstd fit values within the -2.0 to 2.0
thresholds were considered as fitting the measurement
model. Infit is a weighted index that is most sensitive
to typical values while outfit is an unweighted index
that is sensitive to extreme scores. Diagnostic
categories including reliability, separation, sample
targeting, person fit, item fit, dimensionality, item
polarity, and category functioning were graphically
represented in figures 2 through 33 and tables 2 and 3,
including summary statistics output, item statistics
output, item-person maps, item pathway plots, and
category probability curves and output. These findings
correspond with each of the six calibrations and the
eight categories of measurement diagnostics used for
this analysis (Table 1).

The six calibrations used are briefly described, then
overall findings and interpretations across these
calibrations are summarized. Calibration 1: The
MSTAT-I, 22 item instrument was analyzed.
Calibration 2: The MSTAT-II, 13 item instrument was
analyzed to determine whether measurement
characteristics improved from the prior version of the
instrument. Calibration 3: Misfitting participants
from calibration 2 were deleted for this additional
calibration of the 13 item MSTAT-II including
persons 49, 32, 74,75, 2, 78,99, and 103 based on the
second calibration fit values. Calibration 4: A 9 item
version was analyzed using all seven categories of the
scale. Items eliminated from the 13 item scale included
those with low polarity (< .50 point measure
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correlation) or high underfit (> 2.0 Zstd). Those
eliminated included items 2, 5, 10, and 12 from the
MSTAT-II. Calibration 5: The 9 item version was
analyzed using only 5 categories that were collapsed
from the 7 categories used after examining overlapping
categories. Calibration 6: A five item version was
analyzed using 5 categories that were collapsed from
the 7 categories used. These five items were the general
ambiguity items only (items 1, 3, 7, 11, and 13 from
MSTAT-II) to provide a comparison of measurement
data with only this stimulus type included.

Figures 2 through 7 and table 2 show reliability and
separation data indicating levels supporting the
differentiation of two groupings of person data across
calibrations of instrument versions. Two or more
groupings is favorable for differentiating people on the
measure. Reliability/Separation levels declined, though
very little, with reduction to 13 and 9 item
instruments. The expected cost of reducing items was
relatively minimal with respect to person reliability.

Tables 2 through 7 also provide summary statistics
that include totaled raw scores (column 1) and Rasch
measures (columns 3). Averaging the MSTAT-I raw
score person total (calibration 1) provided a mean of
4.12 (SD = .71) which serves as a reference relative to
the 7 levels of the Likert scale, though such average raw
scores should not to be confused with true measures.
However these raw score data can show that as a group,
participants tended to be almost evenly divided on
ambiguity tolerance. The MSTAT-I distribution was
relatively normal.  Cronbach alpha reliability for
MSTAT-I = .86. On the Rasch person measures
constructed from raw scores the normal distribution on
the MSTAT-I had a mean measure of .07 (SD = .51)
range of 3.43 logits. Though the item measure mean is
calibrated to 0.0 (SD = .41), the items range was 1.99
logits on endorsement difficulty, making it a narrower
distribution than that of items.

Sample targeting across all calibrations (figures 8-
13) indicates a suitable instrument match to this group
of educators. The difficulty level of the instrument’s
items corresponded with the participant measure
locations, which helps minimize measurement error
when compared with a poorly targeted sample. Sample
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targeting redundancy declined with 13 item MSTAT-
[Iversion but distribution coverage decline was
minimal so overall the reduction in items with
MSTAT-II did not sacrifice targeting very much.
However, by reducing to and instrument with 9 items
and then 5 items, a reduced range in distribution
coverage resulted, as expected by the reduced diversity
of items. Sample targeting overlap was diminished
somewhat by the further reduction in items.

Person fit analysis of MSTAT-I (Figure 14) and
MSTAT-II supported removal of eight extremely
underfitting persons for calibration 3, which yielded
improved item fit overall (Figures 15 and 16), but
under-fit of one item (#5) persisted. The 9 item version
resulted in improved item fit (Figure 17) compared
with the 13 item MSTAT-II though two items were
under-fitting slightly (#8 and #10). The five item
calibration yielded the strongest item fit, as expected.
In general, by eliminating items that did not support
the dimension well, the measurement became more
concentrated on the dimension and corresponding
cohesion of the items. Collapsing to 5 categories the
original 7 categories further reduced the level item
underfit (Figures 18 and 19).

Principal components of residuals was used to
examine dimensionality (Table 3). The analyses of 13
and 9 item instrument versions indicated a dominant
dimension but also some evidence for secondary
dimensions. With 39.0% and 48.3% of the variance
accounted for by measures for the 13 item and 9 item
instruments respectively, these shorter instrument
versions allowed more cohesive AT measurement than
the original 22 item MSTAT-I wherein 35.5% of the
variance was accounted for by measures. First contrasts
revealed relatively smaller unexplained variance though
further examination of this unexplained variance is
needed in subsequent studies.

Polarity of items improved in strength with the
MSTAT-II and removal of misfitting persons (Figures
20-22). Further improvement was seen with reduced
item versions that better represented the dominant
dimension (figures 23-25), though the relative size of a
secondary dimension increased with the five item
instrument calibration.
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Collapsing to 5 categories from the original 7
categories of the Likert scale was supported by category
function analysis (Figures 26-33). Measure and
threshold ordering was maintained, and overlap among
categories was reduced, though not entirely, as
illustrated on figures 31-33.

Limitations. Within this analysis the six calibrations
were conducted using one modest sized sample of
college level participants (n = 114) who all had career
goals within teaching fields. Calibrations with data
from other and larger samples of educator candidates
and other groups could be used to corroborate findings
and resulting interpretations across a more diverse
population. Although fit analysis was used to help
identify instrument mis-use such as careless
responding, the elimination of all instrument misuse
effects may not be possible because some instances of
misuse may be undetected. Similarly, although McLain
(2009) presented data supporting a low and non-
significant relationship between MSTAT-II and a
measure of social desirability, as with many self-rating
approaches it remains possible that some form of
socially desirable responding affected ratings and
measurement of AT using these items despite the
intent to create items that would not encourage socially
desirable responding responding.

This investigation described only some of the
crucial, fundamental Rasch diagnostic tools available
for examining the measurement process. Further
analyses of fit, dimensionality, and category
functioning were not discussed here. Analyses such as
differential item functioning (DIF), and factor
sensitivity were also not covered within this paper.

Application of Findings. The 13 item MSTAT-II
was supported by Rasch measurement findings toward
valid assessment of AT among pre-service educators.
Reliability and separation levels were appropriate,
strong, and only modestly smaller than those of the
longer 22 item version (Rasch person reliability was .84
for MSTAT-II versus .87 for MSTST-I). Targeting
showed a favorable range of items to people and was
only partially affected by the reduction in items due to
the redundancy in locations of many of the items
removed. That is, redundancy permitted some items to
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be expendable without changing the overlap of items
and persons greatly. Polarity, item fit, and
dimensionality were all improved with the MSTAT-II
by comparison, particularly following elimination of
under-fitting persons whose measures were extremely
inconsistent and thereby difficult to interpret.
Category functioning was characterized by measures
and thresholds within the appropriate increasing
direction for each level but categories overlapped
excessively with seven levels used. These Rasch analytic
findings build upon McLain’s (2009) factor analysis
and regression analysis investigation of business
students and emergency medical technicians.

Examination of a shorter 9 item version of the AT
instrument was also promising in that evidence for a
single dimension was stronger than that of the 13 or 22
item  instruments, while other measurement
characteristics were also improved by the elimination
of additional items. The instrument was more focused
in its targeting of items to people, while retaining items
across three of four stimulus types including general
ambiguity stimuli, complex stimuli, and insoluble stimuli.
Item 12 was the remaining item that was explicitly an
uncertain stimuli item, though uncertainty can also be
interpreted as overlapping the meaning within general
ambiguity items without explicit use of the term
‘uncertain’ within items. Through a second calibration
of the 9 item instrument, the reduction in rating
categories from 7 to 5 or possibly fewer was supported
for future administrations and empirical testing with a
modified instrument. Related to this reduction in
categories, using and even number such as 4 rating
categories would eliminate the often overused middle
category which perhaps requires respondents to use a
lesser degree of thought in some cases. As Wolfe and
Smith (2007) have noted in favor of an even number
of categories “...the middle category is often used as a
‘dumping ground’ for participants that are compelled
to provide a response but would not do so otherwise
(pp. 231-232).”

Although the five item version yielded favorable fit
and dimensionality because of its emphasis on general
ambiguity, the range of items was considerably limited.
While calibration of these five general ambiguity items
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was conducted primarily for a relative comparison to
those of the other five calibrations, this five item
version of general AT could be of use in studies where
complexity and insolubility were not crucial, and the
need to minimize items rated existed.

The range of pre-service teacher participant
measures was relatively wide and normally distributed
on AT. Considering this diversity found among the
sample participants, as an intellectual disposition
construct within studies of teacher candidate
characteristics, AT has interesting potential to help
provide meaningful insights on individual differences
that have consequences for student learning. In light of
prior AT research to date on teaching related
tendencies regarding cognition, problem solving, and
instructional approaches used, a measurement
instrument such as the MSTAT-II and the shorter 9
item version appear to be valuable research tools
toward better understanding differences among pre-
service teachers that could shed light on means to
addressing their needs within the teacher education
process. That is, by carefully measuring whether an
educator tends toward an aversion to ambiguity or to
an attraction to ambiguity, for instance, meaningful
investigations regarding the many possible implications
of these educator tendencies for the thinking, problem
solving, and learning among their pupils become more

feasible.
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Table 1

Rasch Model Diagnostic Tools for Improving Rating Scale Measurement

Diagnostic Tool

General and Specific Questions and Criteria Regarding Unidimensional Measurement

Reliability

Separation

Sample Targeting

Person Fit

Item Fit

Dimensionality

Item Polarity

Category Functioning

General: Do person measures indicate a broad enough ability range and a sufficient number of items to be
reproducible and do item measures represent a broad enough difficulty range and a sufficient number of
students to be reproducible?

Specific: Is the person reliability level .8 or above and is the item reliability .9 or above?

General: Do person measures allow discrimination between at least two different levels of the scale (high and
low ratings) and do item measures allow discrimination of at least three different levels of difficulty (high,
medium, low)?

Specific: Are separation index levels greater than 2.0 for persons and greater than 3.0 for items?

General: Do item measures and person measures correspond to one another?
Specific: Are the distributions of item and person measures located within a shared range on the logit scale, and
thereby matched on the variable map?

General: Do person measures function together as an overall measure of the modeled dimension?
Specific: Are fit values for each person within the expected range (less than Zstd = 2.0) to avoid underfitting the
model?

General: Do item measures function together as an overall measure of the modeled dimension?
Specific: Are fit values for each item within the expected range (less than Zstd = 2.0) to avoid underfitting the
model?

General: Do the items of the instrument as a whole measure a primary, dominant dimension?
Specific: Are the variances (percentages) accounted for relatively small for any non-primary dimensions and
largest for the primary dimension (ideally above 50%)?

General: Do items function in unison?
Specific: Are point measure correlations positive and strong (ideally above .50)?

General: Do constructed measures function in the expected manner relative to “more” and “less”?
Specific: Are average measures and thresholds for each subsequent Likert category in advancing order, from
smaller to larger?
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1. I don’t tolerate ambiguous situations very well. (1. General Ambiguity)

2. 1 find it difficult to respond when faced with an unexpected event. (MSTAT-I Only)

3. I don’t think new situations are any more threatening than familiar situations. (MSTAT-I Only)

4. I'm drawn to situations that can be interpreted in more than one way. (MSTAT-I Only)

5. I would rather avoid solving a problem that must be viewed from several different perspectives. (2. Insoluble)
6. I try to avoid situations that are ambiguous. (3. General Ambiguity)

7.1 am good at managing unpredictable situations. (MSTAT-I Only)

8. I prefer familiar situations to new ones. (4 Unfamiliar)

9. Problems that cannot be considered from just one point of view are a little threatening. (5. Insoluble)

10. I avoid situations that are too complicated for me to easily understand. (6. Complex)

11. I am tolerant of ambiguous situations. (7. General Ambiguity)

12. I enjoy tackling problems that are complex enough to be ambiguous. (8. Complex)

13. I try to avoid problems that don’t seem to have only one “best” solution. (9. Insoluble)

14. T often find myself looking for something new, rather than trying to hold things constant in my life. (MSTAT-I Only)
15. I generally prefer novelty over familiarity. (10 Unfamiliar)

16. I dislike ambiguous situations. (11. General Ambiguity)

17. Some problems are so complex that just trying to understand them is fun. (MSTAT-I Only)

18. I have little trouble coping with unexpected events. (MSTAT-I Only)

19. I pursue problem situations that are so complex some people call them “mind boggling”. (MSTAT-I Only)
20. I find it hard to make a choice when the outcome is uncertain. (12. Uncertain)

21. I enjoy an occasional surprise. (MSTAT-I Only)

22. 1 prefer a situation in which there is some ambiguity. (13. General Ambiguity)

Figure 1. MSTAT-1 (McLain, 1993) items are numbered 1 through 22. MSTAT-II (McLain, 2009) item numbers

and stimulus type are shown to the right of the corresponding items included in this more recent version.
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Rasch Summary Statistics.

SUMMARY OF 114 MEASURED Person

| TOTAL

| SCORE COUNT
| MEAN 99.7 22.9
| P.SD 15.5 2
| s.sD 15.6 .7
| Max. 139.0 22.0
| MIN 47.8 21.0
| REAL RMSE .21 TRUE SD
|[MODEL RMSE .18 TRUE SD

| S.E. OF Person MEAN = .85

MODEL

MEASURE 5.E.
.a7 .18

51 .a1

51 .e1

2.82 27
-1.41 17

.46 SEPARATION
.47 SEPARATION

October 7, 2016, Augusta, Georgia

OUTFIT |
MNSQ  ZSTD |

Person RELIABILITY .83 |
Person RELTABILITY .87 |
I

Person RAW SCORE-TO-MEASURE CORRELATION = 1.8@
CROMBACH ALPHA (KR-28) Person RAW SCORE "TEST"

SUMMARY OF 22 MEASURED Item

| TOTAL

I SCORE COUNT
| MEAN 470.9 113.8
| P.SD 61.7 A
| s.sD 63.1 A
| MAX. 666.0 114.0
| MIN. 367.0 113.0
| REAL RMSE .88 TRUE SD
[MODEL RMSE .88 TRUE SD

| 5.E. OF Item MEAN = .89

Item RAW SCORE-TO-MEASURE CORRELATION =

MODEL

MEASURE 5.E
ee .88

.48 aa

.41 .88

.63 1@
-1.36 .83

.39 SEPARATION
.39 SEPARATION

-1.e8

Global statistics: please see Table 44.

UMEAN=. 8888 USCALE=1.8860

Figure 2. Calibration 1. MSTAT-I.

RELIABILITY

10

.86

5EM = 5.79

OUTFIT |
MNSQ  ZSTD |

RELIABILITY .96 |
RELIABILITY .96 |
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SUMMARY OF 114 MEASURED Person

| TOTAL

I SCORE COUNT
| MEAN 51.8 13.0
| P.SD 10.0 k|
| s.sD 10.0 k|
| MAX. 79.0 13.0
| MIN. 27.0 12.0
| REAL RMSE .28 TRUE SD
|MODEL RMSE .24 TRUE SD

| S.E. OF Person MEAN = .B6

MODEL

MEASURE 5:E
-.83 .24

68 .81

.68 .81

i B .31
-1.57 .24

.52 SEPARATION
SEPARATION

October 7, 2016, Augusta, Georgia

Person RELIABILITY .78 |
Person RELIABILITY .83 |
|

Person RAW SCORE-TO-MEASURE CORRELATION = 1.08
CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST®

SUMMARY OF 13 MEASURED Item

| TOTAL

I SCORE COUNT
| MEAN 454.4 113.8
| P.SD 46.5 4
| 5.sD 48.4 i
| MAX. 528.8 114.9
| MIN. 367.98 113.0
| REAL RMSE .89 TRUE SD
|MODEL RMSE .88 TRUE SD

| S.E. OF Item MEAN = .89

MODEL

MEASURE 5:E
.08 88

3 8e

32 8e

58 B8

-.49 88

.38 SEPARATION
.38 SEPARATION

RELIABILITY =

.82

OUTFIT |
MNSQ  ZSTD |

RELIABILITY .92 |
RELIABILITY .93 |
I

DELETED:

9 Item
Item RaW SCORE-TO-MEASURE CORRELATION =

-1.88

Global statistics: please see Table 44,

UMEAN=. 2088 USCALE=1.e088

Figure 3. Calibration 2. MSTAT-II.
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SUMMARY OF 186 MEASURED Person

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE SEES MNSQ  ZSTD  MNSQ  ZSTD |
R s P PP RRRR RSP R |
| MEAN 51.7 13.8 -.B8 .27 1.88 -.2 1.8 = 2|
| P.SD 9.4 1 .67 .81 .55 1.6 .55 1.6 |
| 5.5D 9.4 .1 .67 a1 .56 1.6 55 1.6 |
| Max. 75.8 13.8 1.73 .32 2.20 2.6 2.28 2.6 |
| MIN. 31.8 12.8 -1.56 .26 .88 -4.4 .88 -4.4 |
e e e |
| REAL RMSE .38 TRUE 5D .68 SEPARATION 2.82 Person RELIABILITY .80 |
|MODEL RMSE .27 TRUE 5D .62 SEPARATION 2.38 Person RELIABILITY .84 |

|

| S.E. OF Person MEAN = .87

DELETED: 8 Person
Person RAW SCORE-TO-MEASURE CORRELATION = 1.88
CRONBACH ALPHA (KR-28) Person RAW SCORE "TEST" RELIABILITY = .83 SEM = 3.90

SUMMARY OF 13 MEASURED Item

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE S5E: MNSQ  ZSTD  MNSQ  ZSTD |
S N S S o S S |
| MEAN 421.2 185.8 28 .89 1.88 -.2 1.88 -.2 |
| P.SD 43.2 .4 37 08 33 2.3 .33 2.4 |
| s.sD 45.8 .4 .39 .eg .34 2.4 .35 2.5 |
| max. 489.8 186.8 .78 .18 1.85 5.2 1.86 5.2 |
| MIN. 341.@ 185.@ -.59 @9 .64 -3.1 .64 3.1 |
| R e |
| REAL RMSE .1@ TRUE 5D .36 SEPARATION 3.62 Ttem  RELIABILITY .93

I

|MODEL RMSE .89 TRUE SD .36 SEPARATION 3.86 Item RELIABILITY .94 |

| S.E. OF Item MEAN = .11 |
DELETED: 9 Item

Item RAW SCORE-TO-MEASURE CORRELATION = -1.@@

Global statistics: please see Table 44,

UMEAN=.80@@ USCALE=1.0800

Figure 4. Calibration 3. MSTAT-II, underfitting persons removed.
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SUMMARY OF 186 MEASURED Person

MODEL

MEASURE 5.E
-.18 .36

95 .82

96 .83

2.42 4B
-2.45 34

.86 SEPARATION
.88 SEPARATION

Z5TD

October 7, 2016, Augusta, Georgia

OUTFIT |
MNSQ  ZSTD |

2.12 Person RELIABILITY .82

2.42 Person RELIABILITY

I
.85 |
I

| TOTAL

| SCORE COUNT
| MEAN 36.8 9.0
| P.SD 7.2 K
| 5.5D 2 .8
| Max. 53.8 9.8
| MIN. 18.8 9.8
| REAL RMSE .41 TRUE 5D
|MODEL RMSE .36 TRUE 5D
| S.E. OF Person MEAN = .89

DELETED:

8 Person

Person RAW SCORE-TO-MEASURE CORRELATION = 1.8@
CRONBACH ALPHA (KR-28) Person RAW SCORE "TEST"

SUMMARY OF 9 MEASURED Item

| TOTAL

I SCORE COUNT
| MEAN 423.8 106.0
| P.SD 40.7 8
| s.sD 43.2 .0
| Max. 489.9 106.0
| MIN. 341.0 106.0
| REAL RMSE .11 TRUE SD
|[MODEL RMSE .11 TRUE SD

| S.E. OF Item MEAN = .16

MODEL

MEASURE i
.88 11

A4 oe

47 oe

.89 11
-.74 1@

.43 SEPARATION
.43  SEPARATION

RELTABILITY =

3.89 Item
4.18 TItem

.83

S5EM = 2.53

OUTFIT |
MNSQ  ZSTD |

RELIABILITY .94 |
RELIABILITY .94 |
I

DELETED:

13 Item
Item RAW SCORE-TO-MEASURE CORRELATION =

-1.6a

Global statistics: please see Table 44.

UMEAN=.B808 USCALE=1.eeea

Figure 5. Calibration 4. A 9-Item subset of MSTAT-II.
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SUMMARY OF 186 MEASURED Person

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE T MNSQ  ZSTD  MNSQ  ZSTD |
Jesssssvndd e e iU b e e Fl e O e B0 |
| MEAN 27.1 9.8 -.81 .48 1.81 -.2 1.82 =il |
| P.SD 6.8 .B 1.87 .87 64 1.5 .bb 1.5 |
| s.5D 6.8 .8 1.7 .87 65 1.5 .66 1.5 |
| Max. 43.8 9.8 3.21 R i 3.41 3.1 3.38 2.8 |
| MIN. 12.@ 9.8 -2.58 .36 88 -3.8 .88 3.7 |
fociiccccci e e |
| REAL RMSE .46 TRUE 5D .96 SEPARATION 2.18 Person RELIABILITY .82 |
|MODEL RMSE .48 TRUE sD .99 SEPARATION 2.44 Person RELIABILITY .86 |

|

| S.E. OF Person MEAN = .18

DELETED: 8 Person
Person RAW SCORE-TO-MEASURE CORRELATION = .99
CRONBACH ALPHA (KR-28) Person RAW SCORE "TEST" RELIABILITY = .84 SEM = 2.73

SUMMARY OF 9 MEASURED Item

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE SLE: MNSQ  ZSTD  MNSQ  ZSTD |
i e |
| MEAN 319.3 186.8 . 6a A1 1.88 -.1 1.82 JiL)
| P.SD 36.4 .8 A6 .Ba 22 1.6 .22 1.6 |
| 5.5D 38.6 .8 .49 .6a 23 1.7 .23 2 087 0]
| Max. 388.8 186.8 .89 .12 1.48 2 1.39 2.5 |
| MIN. 249.8 186.8 -.78 1 .68 -2.8 67 -2.8 |
S T SO S |
| REAL RMSE .12 TRUE sD .45 SEPARATION 3.77 Item RELIABILITY .93 |
|MODEL RMSE .11 TRUE 5D .45 SEPARATION 3.96 Item RELIABILITY .94 |

|

| S.E. OF Item MEAN = .16

DELETED: 13 Item
Item RAW SCORE-TO-MEASURE CORRELATION = -1.886
Global statistics: please see Table 44.
UMEAN=.88688 USCALE=1.@g88

Figure 6. Calibration 5. A 9-item subset of MSTAT-II with 5 categories collapsed from the 7 categories used.

14



Georgia Educational Research Association (GERA) Conference October 7, 2016, Augusta, Georgia

SUMMARY OF 184 MEASURED (NON-EXTREME) Person

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE 5.E. MNSQ  ZSTD  MNSQ  ZSTD |
N STt e |
| MEAN 14.6 5.8 -.17 .59 .99 -.3 1.e8 -3
| P.SD 3.9 .8 1.33 @9 .87 1.6 .88 1.6 |
| 5.5D 3.9 .8 1.34 .89 .88 1.6 .88 1.6 |
| M. 24.8 5.8 3.76 1.86 3.38 2.7 3.37 257 |
| MIN. 6.8 5.8 -3.47 .54 87  -3.2 .87 -3.1 |
TSI et e P e L ol i e |
REAL RMSE .69 TRUE 5D 1.14 SEPARATION 1.65 Person RELIABILITY .73

5%.E. OF Person MEAN = .13

MAXIMUM EXTREME SCORE: 2 Person 1.9%
DELETED: g Person

| |
|MODEL RMSE .60 TRUE SD  1.19 SEPARATION 1.99 Person RELIABILITY .80
| |

SUMMARY OF 186 MEASURED (EXTREME AND NON-EXTREME) Person

| TOTAL MODEL INFIT OUTFIT

| SCORE COUNT MEASURE 5.E. MNSQ  ZSTD  MNSQ  ZSTD |
frsss s s e R e S s s e e SR T |
| MEAN 14.8 5.8 -.687 62 |
| P.5D 4.1 -} 1.58 19 |
| 5.5D 4.1 .8 1.58 .19

| mMax. 25.8 5.8 5.85 1.85

| MIN. 6.8 5.8 -3.47 54 |
T e e |

REAL RMSE .73 TRUE 5D 1.31 SEPARATION 1.88 Person RELIABILITY .76

| |
|MODEL RMSE .65 TRUE 5D 1.35 SEPARATION 2.89 Person RELIABILITY .81 |
| 5.E. OF Person MEAN = .15 |

Person RAW SCORE-TO-MEASURE CORRELATION = .98
CROMBACH ALPHA (KR-28) Person RAW SCORE “TEST™ RELIABILITY = .78 SEM = 1.91

SUMMARY OF 5 MEASURED (MON-EXTREME) Item

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE 5.E. MNSQ  ZSTD  MNSQ  ZSTD |
sl e e St aeel csiant el et |
| MEAN 314.6 1686.8 .88 .13 .98 -.1  1.e8 .8 |
| P.SD 21.6 .8 .35 .88 .15 1.1 .17 1:3 |
| .50 24.1 .8 .39 . BE 16 1.3 .19 1.4 |
| Max. 348.8 166.8 .54 .13 1.18 1.3 1.21 1.5 |
| MIN. 281.8 166.8 -.41 .13 74 -2.1 72 2.2 |
e R ot st e v st |
REAL RMSE .13 TRUE sSD .32 SEPARATION 2.47 Item RELIABILITY .36

| |

|MODEL RMSE .13 TRUE 5D .32 SEPARATION 2.54 Item RELIABILITY .87 |

| S.E. OF Item MEAN = .17 |
DELETED: 17 Item

Item RAW SCORE-TO-MEASURE CORRELATION = -1.88

Global statistics: please see Table 44.

UMEAN=. @328 USCALE=1.8008

Figure 7. Calibration 6. A 5-item subset of MSTAT-II using only general ambiguity stimuli items and 5 categories.
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Table 2

Rasch Person (Test) Reliability and Separation Indices

Calibration/Items Reliability Separation
1) 22 .87 2.65
2) 13 .83 2.22
3) 13 .84 2.30
4) 9 .85 2.42
5 9 .86 2.44
6) 5 81 2.09

Summary of person reliability and separation across six
calibrations.
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Rasch Sample Targeting Variable Maps.

MSTAT-I (22 Item) MSTAT-II (13 Item)
MEASURE Person - MAP - Item MEASURE Person - MAP - Item
<more>|<rare> <more>|<rare>
2 2

—_—_ ————— 4

+
|
|
|
|
|
] T
AT #
1 # + 1 ¥
& SIT e ## |T ATB
#HE | AT19  AT20 S A2
% |S ATL  ATIS S
S | AT14 #H# I AT1 AT15
EEREE M| ATI6  AT6 S | ATI16
a HEHEEEE M AT AT12 AT17 AT18 AT22 AT3 %] FHHEHE +M AT12 AT6
BEEEE | ATO S M| AT22 ATO
| ATI3 AT2 AT4 ATS AT7 CHEE | AT11 AT13
JEHE S AT10 e IS ATS
He SI sssss | ATI0
i # ST
# #H |
B T+ -1 =
| ]
I 4
| a1 1|
| |
I |
I I
g 1 -2 +
<less»|<freg> <less>|<freg>
EACH "#" IS 2: EACH "." IS 1 EACH: "#7-T% 2 EACH: T 154

Figure 8. Item-Person Variable Maps using MSTAT-I and MSTAT-II compared.
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October 7, 2016, Augusta, Georgia

9 Item Instrument

MEASURE Person - MAP - Ttem
<more>|<rares

3 +
|
|
# |
|
|
2 +
|
Tl
# |
# |
# |
8 s o
# S|T AT8
|
JHEHE O[S ATL
-
## | AT16  AT6
a ## +M AT12
HHEEHE M) AT11 AT22
HHHE | AT13
HHE O[S
HHHE | AT10
# T
-1 HEHHEE o+
## 5|
#
#
|
# |
2 +
Tl
|
|
|
|
2z +

<lessy|<freqs

EACH "#" IS 2: EACH "."

Is1

Figure 9. Item-Person Variable Map using 9 item version derived from MSTAT-IL

5 Item Instrument
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23

Person

20

13

10

Person Count

-
-2.00  -1.58
U 1 1 1

146 -0.74 032 011 053
1 1 1

[tem Count

ltem

Figure 11. Histogram Variable Map using MSTAT-II, 13 Item Instrument for sample targeting graphic

visualization.
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Person
25

20

13

10

Person Count

0-
300 226 153 079 005 06 142 216 289 3.63
1 L 1 1 1 L

]

[tem Count
[ ]

Item

Figure 12. Histogram variable map using 9 item instrument subset of MSTAT-II for sample targeting graphic
visualization.
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Person
35

30

25

20

15

FPerson Count

10

5

0-
-400 -25%5 -1.8% 084 021 126 232
U 1 L 1 1 1 L 1

[tem Count

Item

Figure 13. Histogram variable map using 5 Item instrument subset (general ambiguity stimuli) from MSTAT-II for

sample targeting graphic visualization.
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Person

Measures More

Less

-6 -4 -2 0 2 4 6 8 10
Overfit t Outfit Zstd Underfit

Figure 14. Person Outfit using MSTAT-I

Item

1

0
o “
s
) ‘
4
5
8
g
3
a
i

-1

-2

-6 -4 -2 0 2 4 6 8
Overfit t Outfit Zstd Underfit

Figure 15. Item Outfit using MSTAT-1
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Item

More

Measures

Less

-4 -2 0 2 4 6 8
Overfit t Outfit Zstd Underfit

Figure 16. Item Outfit using MSTAT-II

Item

Measures More

Less

-4 2 0 2 4
Overfit t Outfit Zstd Underfit

Figure 17. Item Outfit using 9 item, 7 category version derived from MSTAT-II
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Item

Measures More

Less

4 2 0 2 4
Overfit toutfit Zstd Underfit

Figure 18. Item Outfit using 9 item, 5 category version derived from MSTAT-II

Item

More

Measures

Less

4 2 0 2
Overfit t Outfit Zstd Underfit

Figure 19. Item Outfit using 5 item, 5 category version derived from MSTAT-II
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Table 3
Dimensionality Analysis with Principal Components of Residuals across Calibrations.

Calibration / Items  Measures First Contrast
1) 22 35.5% 9.3%
2) 13 37.1% 9.9%
3) 13 39.0% 9.6%
4) 9 48.1% 9.6%
5 9 48.3% 8.9%
6) 5 52.6% 15.6%

Note. Percentage of variance accounted for by measures and by the first contrast within principal components analysis (PCA) of residuals.
Higher percentages for measures provide stronger support for unidimensionality (e.g. calibrations 4 through 6). First contrasts of residuals
indicate strength of an additional dimension. Percentages of variance calculated from PCA eigenvalues.

Polarity Analysis of Items and corresponding Item Statistics

Item STATISTICS: CORRELATION ORDER

ENTRY  TOTAL TOTAL MODEL|  INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH|

MUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS¥% EXP¥%| Item

———————————————————————————————————— e e e e e e e e e e e e e e
5 585 114 -.19 .88|1.77 5.1|2.11 6.9 31  .58| 24.6 31.4| AMBIGS
21 566 114 -1.36 .18|1.2¢ 1.4|1.36 2.3 32 .41| 37.7 38.8| AMBIG21
9 483 113 -.89 .88|1.21 1.8|1.51 3.6 33 .51| 36.3 31.8| AMBIGY
14 42 114 28 .88|1.45 3.3|1.47 3.4 34 .52| 38.7 3@.5| AMBIG14
18 465 114 85 e8| .99 .8|1.80 .8 41 .51| 31.6 38.7| AMBIG1S
17 471 114 81 @8|1.61 4.3|1.63 4.3 44 ,51| 21.9 38.8| AMBIGLY
13 585 114 -.19 88|1.008 .1|1.84 .4 46 .58| 37.7 31.4| AMBIG13
15 413 113 33 @8| .88 -l.e| .88 -1.8 46 .52| 37.2 38.5| AMBIGIS
28 383 114 53 @8|1.12 1l.e|1.12 1.8 58 52| 38.6 38.7| AMBIG28
7 588 114 -.21 e8| .83 -1.4| .82 -1.5 51 58| 42.1 31.4| AMBIGY
3 475 113 -.84 es| .97 -.2| .97 -.2 53 51| 31.9 38.9| AMBIG3
2 516 114 -.286 88|1.11 .9|1.89 .8 55 se| 32.5 31.8| AMBIG2
18 528 114 -.34 e8| .93 .5| .98 -.7 55 .58| 34.2 32.1| AMBIG1@
22 473 114 .88 @8 .59 -3.9| .59 -3.8 55 .51| 42.1 38.8| AMBIG22
19 391 113 .47 e8|1.14 1.1]|1.13 1.1 56 .52| 29.2 3@.6| AMBIG19
1 419 114 32 88|1.02 .2|1.82 .2 57 .52| 31.6 38.5| AMBIGL
11 477 114 -.83 @8 .65 -3.2| .66 -3.1 59  .51| 45.6 38.8| AMBIG11
6 444 114 17 e8| .73 -2.4| .73 -2.4 63 52| 41.2 38.8| AMBIGS
4 516 114 -.26 e8| .82 -1.5| .81 -1.6 63 .58| 43.8 31.6| AMBIGA
8 367 114 63 e8| .92 -.8| .93 -.5 64 .51| 35.1 31.8| AMBIGS
12 463 114 86 @8| .55 -4.4| .54 -4.5 68 .51| 52.6 38.7| AMBIG12
16 447 114 15 e8| .7e -2.7| .78 -2.7 68 .51| 43.9 38.6| AMBIG16

———————————————————————————————————— s e s e s s e e e e s

MEAN 478.@ 113.8 .88 .88(1.01 -.1|1.85 1] | 36.4 31.3|

P.5SD 61.7 A .48 e8| .31 2.4| .37 2.7| | 7.e 1.5]

Figure 20. Calibration 1, MSTAT-I instrument. Point measure correlation (column 10, ‘PTMEASUR’) indicates
item polarity. Item statistics are sequenced in order of correlation. Item fit statistics are shown in columns 6 through
9 as standardsized (Zstd) and means square (Mnsq) indices of weighted infit and unweighted outfit.
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Item STATISTICS: CORRELATION ORDER

|ENTRY  TOTAL TOTAL MODEL | INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH| |
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS%X EXP%| Item |
| = m S U — S EEE N — S — T — FREE— |
I 5  5e5 114 -.33 .88]1.96 6.8|2.21 7.2] .34 .55] 24.6 33.7| AT5 |
| 15 413 113 .25 .88|1.10 8]1.13 1.e] .39 .56| 40.7 33.1| AT15 |
I 9 483 113 -.21 .88]1.26 1.9|1.43 3.8] .42 .56| 39.8 33.6| AT9 |
| 2 413 114 -.12 e8| .70 -2.6] .71 -2.5| .53 .56| 49.4 33.5| AT22 |
| 13 ses 114  -.33 88|1.02 2]1.83 3] .53 .55]| 37.7 33.7| AT13 |
| 20 383 114 48 8|1.16 1.3|1.15 1.2] .56 .56] 37.7 32.8| AT20 |
| 18 528 114 -.49 88| .94 -.5] .93 -.5| .61 .55] 32.5 33.8] AT18 |
I 1 419 114 24 eg|1.e4  .4|1.e4  .4] .62 .56| 33.3 33.1] ATL |
| 12 463 114 -.e5 88| .67 -2.9] .68 -2.8] .64 .56| 49.1 33.4| AT12 |
I 8 367 114 59 88|1.01 1]1.00 8] .e4 .56] 36.8 32.7| AT8 |
| 11 477 114 -.15 e8| .66 -3.8] .66 -3.8] .65 .56| 42.1 33.5| AT1L |
I 6 444 114 87 e8| .72 -2.4] .72 -2.4] .69 .56| 58.8 33.3| AT6 |
| 16 447 114 86 e8| .69 -2.7| .69 -2.8] .74 .56| 51.8 33.3| AT16 |
i s B S b R P Pt R Pk B PR Rl Fihmaiie |
| MEAN 454.4 113.8 .80 .egl1.e8  -.3|1.83 -.1] | 39.7 33.3] I
| P.SD  46.5 A .31 e8| .34 2.5| .41 2.8 [ &a 3] I

Figure 21. Calibration 2, MSTAT-II instrument. Point measure correlation (column 10, PTMEASUR’) indicates
item polarity. Item statistics are sequenced in order of correlation. Item fit statistics are shown in columns 6 through
9 as standardsized (Zstd) and means square (Mnsq) indices of weighted infit and unweighted outfit.

Item STATISTICS: CORRELATION ORDER

| ENTRY TOTAL TOTAL MODEL | INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH| |
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Item |
fessmrrrrrrrrrrrr e R R R R R e e s rrerrsaes T e eas |
| 15 383  1@5 29 89[1.24 1.7]1.28 2.8] .36 .57| 41.9 35.9] ATI5 |
I 5 479 106 -.50 .89|1.85 5.2]|1.86 5.2| .47 .56| 30.2 37.9| ATS |
| 20 357 1e6 .56 .89]1.25 1.8]1.25 1.8] .58 .58| 38.7 36.0| AT20 |
| 22 42 186 -.17 89| .65 -3.8] .65 -3.8] .52 .57| 44.3 36.4] AT22 |
[ 9 442 185 -.21 89[1.14 1.e]1.16 1.2] .53 .57| 41.9 36.5| AT9 |
| 10 489 186  -.59 18]1.86  .5|1.85  .4| .58 .56| 34.9 37.2| ATie |
| 11 447 1e6  -.22 89| .79 -1.7] .78 -1.7] .68 .57| 46.2 36.5| ATi1 |
| 13 455 186  -.29 @9| .87 -1.e| .87 -1.8] .61 .57 39.6 36.7| AT13 |
[ 8 341 106 .70 89]1.14 1.8]1.13 1.8| .62 .58| 38.7 36.8| ATE |
I 1 382 106 .34 891.01 1]1.01 1] .62 .s8| 32.1 35.9| ATL |
| 12 429 106 -.86 89| .69 -2.6| .69 -2.6] .63 .57| 52.8 36.2] AT12 |
I 6 416 106 .85 89| .69 -2.6] .78 -2.6] .78 .57| 52.8 36.2| AT6 |
| 16 413 1e6 .88 89| .64 -3.1] .64 -3.1| .77 .57| 54.7 36.2| ATi6 |

———————————————————————————————————— AT R B i R o e S ]|
| MEAN 421.2 105.8 .e@ .e9l1.00 -.2]1.08 -.2]| | 42.2 36.4] [
| P.sD  43.2 4 .37 89| .33 2.3] .33 2.4] | Fis ] I

Figure 22. Calibration 3, MSTAT-II instrument. Point measure correlation (column 10, PTMEASUR’) indicates
item polarity. Item statistics are sequenced in order of correlation. Item fit statistics are shown in columns 6 through
9 as standardsized (Zstd) and means square (Mnsq) indices of weighted infit and unweighted outfit.
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Item STATISTICS: CORRELATION ORDER

|ENTRY  TOTAL TOTAL MODEL | INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH|

|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Item |
e Fooorooe o Hosooorooe P Ficooooroe oo |
| 22 442 186 -.19 .11] .88 -1.5] .88 -1.6] .56 .65| 45.3 41.6] AT22 |
| 18 489 186  -.74 .11]1.42 2.7|1.48 2.7| .57 .63| 35.8 43.1] AT10 |
I 8 341 106 .89 .18]1.35 2.5]1.33 2.4] .61 .67| 39.6 39.3| AT8 |
| 13 455 186  -.34 .11]1.81 1]1.83  .3| .65 .64| 45.3 42.1] AT13 |
I 1 382 106 .46 18]1.14 1.8]|1.15 1.1 .66 .66] 38.7 39.2| ATL |
I 6 416 106 .89 .18 .92 -.5| .93 -.5| .67 .65| 52.8 4@.8| AT6 |
| 11 447 186  -.25 11| .88  -.9] .85 -1.1] .67 .64| 47.2 41.7| AT1L |
| 12 429 186 -.85 .1e| .77 -1.8] .75 -2.e| .68 .65| 51.9 41.3| AT12 |
| 16 413 106 .13 .18| .66 -2.9] .67 -2.8| .81 .65| 55.7 48.8| AT16 |
———————————————————————————————————— e e R R R L R R R g e ]
| MEAN 423.8 106.0 .80 1] .99 -.1] .99 -.2| | 45.8 41.1] I
| P.SD  48.7 .0 .44 .ee| .25 1.8] .24 1.8] | 64 HiF] |

Figure 23. Calibration 4, Nine item instrument. Point measure correlation (column 10, PTMEASUR’) indicates
item polarity. Item statistics are sequenced in order of correlation. Item fit statistics are shown in columns 6 through
9 as standardsized (Zstd) and means square (Mnsq) indices of weighted infit and unweighted outfit.

Item STATISTICS: CORRELATION ORDER

|ENTRY  TOTAL TOTAL MODEL|  INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH| |
|MUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Item |
R e e tommmmm e Hommmmmmomom Hommmmmmoo oo 4o-mom- |
| 22 338 186 -.21 .11| .88 -.9| .92 -.5| .56 .B5| 44.3 43.3| AT2Z |
| 18 388 186 -.78 .12|1.48 2.7]1.39 2.5| .56 .B2| 37.7 45.6| AT18 |
| 8 249 186 .89 .12]1.31  2.2|1.28 2.8| .sl .67| 39.56 41.8| AT8 |
| 13 348 186 -.36 .11|1.00 .8]1.17 1.3] .65 .B4| 45.3 44.4| AT13 |
| i} 3408 186 -.26 11| .98 -.8| .86 -1.1| .66 .B4| 48.1 43.7| AT11 |
| 1 281 186 .48 s11)1.12 .9|1.12 9] .66  .67| 42.5 41.7| ATL |
| 12 324 186 -.B6 .11| .85 -1.2| .91 -.7| .87 .e5| S1.9 42.7| AT12 |
| 6 310 186 12 .11| .89 -.8| .89 -.8| .69 .66| 56.6 42.8| ATE |
| 16 386 186 .17 .11| .68 -2.8| .67 -2.8| .81 .66| 56.6 42.8| AT16 |
| = mm e Hommmmmme tmmmmmmmmem e Hmmmmmm e mmmmm - |
| MEAN  319.3 186.8 .88 .11|1.88 -.1|1.82 .1 | 47.8 a3.2| |
| P.SD 36.4 .8 .46 .e8| .22 1.s| .22 1.8 | 6.5 1.1 |

Figure 24. Calibration 5, Nine item, five category instrument. Point measure correlation (column 10) indicates item
polarity. Item statistics are sequenced in order of correlation. Item fit statistics are shown in columns 6 through 9 as
standardsized (Zstd) and means square (Mnsq) indices of weighted infit and unweighted outfit.

Item STATISTICS: CORRELATION ORDER

|ENTRY  TOTAL TOTAL MODEL| INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH| |
|MUMBER SCORE COUNT MEASURE 5.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OB5S¥ EXP¥| Item |
| == o Hommm oo e tommmmmmm - Hommmmmoooo Ho-mmm- |
| 22 336 186 -.34 13|1.80 1|1.87 5| .s2  .71| 53.8 48.5| AT22 |
| 6 318 186 .88 13|1.07 .5|1.07 .5| .71 .72| 59.6 48.9| ATe |
| 21 340 186 -.41 .13| .95 -.3| .91 -.8| .71 .7@| 59.6 48.3| AT11 |
| 1 2381 186 .54 13(1.18 1.3|1.22 1.5] .72 .74| 52.9 a7.3| AT1I |
| 16 386 186 .14 13| .74 -2.1| .72 -2.2| .82 .73| 64.4 48.8| ATI6 |
------------------------------------ et e e e e
| MEAN  314.6 186.8 .88 13| .99 -.1|1.80 .9| | 58.1 48.4]| |
| P.SD 21.6 .8 .35 eaf 15 1) .17 A3 | 4.2 6| |

Figure 25. Calibration 6, Five item, five category instrument. Point measure correlation (column 10, ‘PTMEASUR’)
indicates item polarity. Item statistics are sequenced in order of correlation. Item fit statistics are shown in columns
6 through 9 as standardsized (Zstd) and means square (Mnsq) indices of weighted infit and unweighted outfit.
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SUMMARY OF CATEGORY STRUCTURE. Model="R"

| LABEL SCORE COUNT %|AVRGE EXPECT| MNSQ MNSQ| | THRESHOLD| MEASURE|

|-=mmmmm e Hmmmmmmm o Hmmmmmmmmm o +ommmmmm o R |
|" 4 X 185 4| -.54 -.85| 1.27 1.49|| NONE |( -2.88)
[ 2: 2 263 11| -.41 -.43| 1.e7 1.17|| -1.46 | -1.5@ |
E a3y 3 489 28| -.26 -.22] .85  .85|| -.94 | -.69

| 4 a 606 24| -.82 .e@8| .76 .73|]| -.33 | -.e4

| 5 &5 567 23| .25  .24| .91 .92 .18 | .63 |
[ & & 334 13| .57 .55 .96 .9a|| .92 | 1.53

[ & % 148 & .99  .99| 1.89 1.88|| 1.63 [( 3.e1}|
------------------- e e e |
| MISSING 4 8| 11 | [ | |

M-3C = Does Measure imply Category?
C->M = Does Category imply Measure?

|CATEGORY  OBSERVED|OBSVD SAMPLE|INFIT OUTFIT|| ANDRICH |CATEGORY|

| CATEGORY STRUCTURE | SCORE-TO-MEASURE | 5@% CUM.| COHERENCE |ESTIM|
| LABEL MEASURE S.E. | AT CAT. ----ZONE----|PROBABLTY| M->C C->M RMSR |DISCR|
e e e e P et tommmmmm oo +o-mm- |
| 1 NONE |( -2.88) -INF  -2.28| |  e% 0% 2.4744| [
| 2 -1.46 11 | -1.58 -2.20 -1.85| -1.86 | 38% 11% 1.6291| .85|
| 3 -.94 .86 | -.69 -1.85 -.38| -.99 | 36% 39% .9212| .87|
| 4 -.33 .85 | -.B4  -.36 .28| -.35 | 34% s2% .e078| 1.85|
| 5 .18 .85 | 63 28 1.83] 25 | 48% 43% .9856| 1.14|
| =8 .92 .86 | 1.53 1.83 2.29| 97 | 39% 22% 1.3938| 1.e4|
I & 1.63 .18 | 3.e1) 2.29 +INF | 1.98 | 63% 4% 1.9385| 1.e0|

P Y I TR

CATEGORY PROBABILITIES: MODES - Andrich thresholds at intersections

P B e e Ere—ranT S S TR frosrnoT fromee +-
R 1.8 + +
0 I I
B | 777|
A | 77
B 8 +11 777 +
I | 11 F) |
L | 1 77 I
I | 11 77 |
T .6+ 1 7 +
¥ | 1 75 |
5+ 1 7 +

0 | 1 7 |
F A+ 1 66** +
| 222%222 555 666 7 666G |

R | 222 11 **333%*444**5 {*55 7 566 |
E | =222 33% 2%4 335 4485 *5 66 |
S .24 22 33 144 2 5533 6644 77 55 11 +
P |2 33 411 5%2 B*3 *4 55 B6E |
0 | 333 444 5%1 **  3*7 44 555 666G |
N | 33333 4444 555 B**1 **** 3333 44444 55555 |
5 .8 +t$*tt**tt**tt**tt**t????tll11**tt**tt**tt**tt**tt**tt**tt_'_
E s Sttt oy e stk L > s 2 btk e 2 Sttt +-
-3 -2 -1 @ 1 2 3 4

Person [MINUS] Item MEASURE

Figure 26. Calibration 1. MSTAT-I using seven categories.

October 7, 2016, Augusta, Georgia
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SUMMARY OF CATEGORY STRUCTURE. Model="R"

|CATEGORY  OBSERVED|OBSVD SAMPLE|INFIT OUTFIT|| ANDRICH |CATEGORY |
|LABEL SCORE COUNT %|AVRGE EXPECT| MNSQ MNSQ||THRESHOLD| MEASURE|

[-==mmm e B et e e |
B 67 5| -.74 -.85| 1.28 1.53|| NONE |{ -3.81)|
| 2 -2 159 11| -.6@ -.58| 1.83 1.85|| -1.58 | -1.63 |
. 3 3 3e8 21| -.35 -.32| .86 .86|| -1.11 | -.77 |
| 4 a 418 28| -.e5 -.85| .72 .69]|| -.47 | -.e4 |
[ 5 5 316 21| 24 24| 93 .92]| 35 | .72 |
| 8 & 162 11| 59 .55| 97  .97]|| 1.86 |  1.65 |
[° @ I 58 4| 89 90| 1.12 1.13]| 1.75 |{ 3.13)]
——————————————————— e e T e
|MISSING 2 e 37 | I | |

et = VR T R R N

| CATEGORY STRUCTURE | SCORE-TO-MEASURE | 5@% CUM.| COHERENCE |ESTIM|
| LABEL MEASURE S.E. | AT CAT. ----ZOMNE----|PROBABLTY| M->C C-»>M RMSR |DISCR|
[=mmmmmmm e Hommmmmmmmmmm e +ommmmmmmm tommmmmmm e o= |
[ 1 NONE |( -3.81) -INF  -2.33| | e¥ e¥ 2.3852| |
|. 2 -1.58 13 | -1.83 -2.33 -1.16| -1.99 | 46X 17¥ 1.4595| .85]|
. = -1.11 @8 | -.77 -1.16 -.48| -1.12 | 36¥ 42% .8576| .95
| 4 -.47 .86 | -.84  -.48 33| -.42 | 41% 65% .5864| 1.87|
[. = 35 .86 | .72 33 1.14] 33 | 39% 42% .o9228| 1.87|
| 8 1.86 @8 | 1.65 1.14 2.41| 1.10 | 39% 17% 1.4143| 1.e6|
| 7 1.75 14 |( 3.13) 2.41 +INF | 2,18 | 0% e% 2.e821| 1.e0|

M->C = Does Measure imply Category?
C-»M = Does Category imply Measure?

DT Y S TR S

CATEGORY PROBABILITIES: MODES - Andrich thresholds at intersecticons

P ~f rorem oo Frorror frr-rro Frme—cr ¢ Tt et Frroro— Fm=rrr- +-
R 1.8 + +
0 I I
B [111 77|
A | 111 777 |
B B+ 11 77 +
I | 1 7 |
L | 11 77 |
i} | 1 7 |
T .68+ 1 7 +
¥ | 1 7 |
.5+ 1 7 +

0 | 1 7 |
Foo.4+ 1 667 +
| 222%22 33 4444455555666 76666 |

R | 22 13** **3 554 {655 7 56 |
E | 222 31 24 35 4% 7*5 66 |
S .2+ 22 33 14422 5533 647 5 BB +
P | 222 33 gL *H o *4 55 666 |
0 | 2222 33 44 1*5 2266 3377 44 555 666 |
N | 33333 4444 555 1**522%*73333 4444 5555 |
S Ia +$$******3*******3*******1!??'***11********3*******3********+
E e e =t e e R e F ik e e Tk bk e o Bttt +-
-4 -3 -2 -1 ¢ 1 2 3 4

Person [MINUS] Item MEASURE

Figure 27. Calibration 2. MSTAT-II using seven categories.

October 7, 2016, Augusta, Georgia
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AT Rasch Analysis 2016
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Figure 28. Calibration 2. MSTAT-II Category probability curves for 7 rating categories showing excessive overlap.
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SUMMARY OF CATEGORY STRUCTURE. Model="R"

|CATEGORY  OBSERVED|OBSVD SAMPLE|INFIT OUTFIT|| ANDRICH |CATEGORY|
|LABEL SCORE COUNT %|AVRGE EXPECT| MNSQ MNSQ||THRESHOLD| MEASURE|

e e AT N T e d Qe |

[ s a 42 3| -1.11 -1.89] 1.e1 1.82]] NONE |( -3.52)| 1
[ 2 2 146 11| -.73 -.77] 1.13 1.17|| -2.17 | -1.97 | 2
[ 3 3 303 22| -.45 -.44] .95 .97|| -1.33| -.95] 3
[ & 595 29[ =09 w09 =76 =[] esa| o4
[ 5 5 318 23] .26 .28| 1.e3 1.83| 34| 855
|. %6 5 146 11| .73 .68] 1.ee 1.ee]| 1.23| 2.82 | 6
[ % 7 39 2] 1.88 1.18| 1.e4 1.83|| 2.47 |( 3.75)| 7
[recsmsereceecneannd e B e d T |

|MISSING 2 e8| .4@ I 1 I [

|CATEGORY ~ STRUCTURE | SCORE-TO-MEASURE | 58% CUM.| COMERENCE
| LABEL  MEASURE S.E. | AT CAT. ----ZONE---|PROBABLTY| M->C C->M
[recmmmnrnnrnnn il S e ST B
| 1 NONE [( -3.52) -INF  -2.78] | % ex%
[ 2 22.17 .16 | -1.97 -2.78 -1.42| -2.48 | 50% 16%
[ 3 -1.33 @9 | -.95 -1.42 -.51| -1.38 | 39% 44%
| & -.54 87 | -.88 -.51  .37] -.52 | 43% 65%
[ s .34 7| .85 .37 1.38| 36 | 4% 43%
|. A 1.23 @9 | 2.82 1.38 2.95| 1.32 | 55% 20%
[ @ 2.47 19 |( 3.75) 2.95 +INF | 2.78 | % e%

M-»C = Does Measure imply Category?
C-»M = Does Category imply Measure?

CATEGORY PROBABILITIES: MODES - Andrich thresholds at intersections

| ESTIM|
RMSR |DISCR|

| a4
.4618| 1.82] 2
.8549| .96| 3
.5716] .99] 4
.9239| 1.e1] 5
.3716| 1.87| 6
.9405| 1.e8| 7

P e +------ +------ +------ +------ +------ +------ +------ +-
R 1.8 + +
0 | I
B I I
A |11 |
B 8+ 11 77+
I | 11 7 1
L | 1 7 |
T: | 1 77 |
ik .6+ 1 7 +
¥ | 11 7 |
g 1 7 +

4] | 1 66666667 |
F Ao+ 2%32222 555 6 766 +
| 222 1 2%3333344444%55 s 77 66 |

R | 22 1332 4433 544 b 5: 66 |
E | 22 J= e *h xE L 66 |
S 2+ 22 F3: 4 2 53 & 4 755 666+
P |222 3 S e b AATT 55 |
0 | 333 44 1155 2266 333 7744 55 |
N | 33333 4444 555111666222 77=*3 4444 55555 |
E e oo +------ H-mmm- - Hmmmm - Hommm - +------ +---m-- +-
-4 -3 -2 -1 a 1 2 5 4

Person [MINUS] Item MEASURE

October 7, 2016, Augusta, Georgia

Figure 29. Calibration 3. MSTAT-II using seven categories and underfitting persons removed.
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SUMMARY OF CATEGORY STRUCTURE. Model="R"

| CATEGORY  OBSERVED|OBSVD SAMPLE|INFIT OUTFIT|| AMDRICH |CATEGORY|
| LABEL SCORE COUNT %|AVRGE EXPECT| MNSQ MNSQ||THRESHOLD| MEASURE|

B ey L oo R — |
27 3] -1.65 -1.69] 1.86 1.18|| NONE [( -4.83)] 1
96 16| -1.28 -1.22| .94 .95|| -2.72 | -2.41] 2
199 28| -.76 -.76] .98 .99|| -1.67| -1.38] 3
305 3 i23 25 w0t GdR[ =08 | s [&
224 23| .33 .35] 1.10 1.19]| 35| .99 ]s
99 1e| 1.19 1.e9] .99 .97|]|] 1.52 | 2.61] 6
13 1] 1.38 1.86] 1.42 1.38|| 3.50 |[( 4.79)] 7

| CATEGORY STRUCTURE | SCORE-TO-MEASURE | 58% CUM.| COHERENCE |ESTIM|

| LABEL MEASURE S.E. | AT CAT. ----ZOMNE----|PROBABLTY| M->C C-»>M RMSR |DISCR]|
[ e R O e S S R S

| 1 NONE [( -4.83) -INF  -3.26] | ex ex 1.8261]

o 2.72 21| -2.41 -3.26 -1.82| -2.99 | 43% 22% 1.2161] .98

I & 1.67 11| -1.39 -1.82 -.88] -1.76 | 38% 47% .8@77| 1.e8| 3
| a 98 .e8| -.25 -.89 .35| -.85 | 49% 64% .5621| 1.85| 4
- aE el 008 9% g7 34 | 44% 46% .8839] .97| S
i & 1.52 .12 | 2.61 1.73 3.79] 1.64 | 65% 30% 1.1650| 1.84| 6
[ @ 3.5 .38 |( 4.78) 3.79 +INF | 3.62 | 0% e% 1.8648] .86| 7

p
R 1.8
]
B
A
B g
I
L
I
T .6
Y

&5
a
F 4
R
E
S .2
P
0
M
S .8
E

Does Measure imply Category?

C
->M = Does Category imply Measure?

CATEGORY PROBABILITIES: MODES - Andrich thresholds at intersections

+ +
| |
| |
| |
+ +
| |
| 1 77 |
| 1 7 |
+ 1 7 +
| 1 666666 7 |
+ 1 66 66 7 +
| 1 22 4444 55555 *6 |
+ 22% 22 44 4*5 *5 7 6 +
| 22 1 2%333%3 54 6 5 77 66 |
| 2 13324 3 5 4 6 55 7 6 |
| 22 & x 335 4% 57 66 |
+ 22 331 4 22 553 66 4 #5 6B+
| 22 33 *4 25 33 6 44 F7 5 |
| 222 33 44 11 5522 6%3 4%7 555 |
| 3333 444 L | LT 3337777 444 5555 |

-5 -4 -3 -2 -1 8 1 2 3 4 5
Person [MINUS] Ttem MEASURE

October 7, 2016, Augusta, Georgia

Figure 30. Calibration 4 on 9 selected items from MSTAT-II using seven categories.
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SUMMARY OF CATEGORY STRUCTURE. Model="R"

|CATEGORY ~ OBSERVED|OBSVD SAMPLE|INFIT QUTFIT|| ANDRICH |CATEGORY |

|LABEL SCORE COUNT %|AVRGE EXPECT| MNSQ MNSQ||THRESHOLD| MEASURE|

[pesoanoanmquonnqnos s EaR R e oo Bio el IR ey ryo ey e ryoyep |

| =6 = 123 13| -1.27 -1.24] 1.e8 1.02|| NONE |( -2.78)] 1
[ 2 2 199 20| -.66 -.66] 1.e0 1.82|| -1.38 | -1.27 | 3
[ 3 3 35 32| -.86 -.18] .76 .82|] -.86| -.09 | 4
| a4 a 771 23] 53 56| At .|| o T
[ 112 12| 1.57 1.57| 1.e5 1.89]|| 1.71 |( 3.e@)| 6

| CATEGORY STRUCTURE | SCORE-TO-MEASURE | 58% CUM.| COHERENCE |ESTIM|
| LABEL  MEASURE S.E. | AT CAT. ----ZONE----|PROBABLTY| M->C C->M RMSR |DISCR|
|-mmmmm o R e R Hm-mm- |
| 1 NONE 1( -2.78) -INF  -2.07| | 8e% 16% 1.2253| |
| 2 -1.38 A1 ] -1.27 -2.e7  -.67| -1.75 | 38% 51% .7875| 1.e7| 3
| 3 -.86 .08 | -.89  -.67 .53 -.71 | 49% 65% .5272] 1.85| 4
| 4 =52 .08 | 1.24 cis e T | .51 | 44% 46% .8639] .92| 5
| s 1.71 .12 |( 3.e@) 2.19 +INF | 1.94 | 73% 29% 1.1388| 1.61| &
M-»>C = Does Measure imply Category?
C-»M = Does Category imply Measure?

CATEGORY PROBABILITIES: MODES - Andrich thresholds at intersections
P e T T T Hommmmmm - Hommm e +-
R 1.8 + +
0 | |
B | |
A I I
B 8 +111 +
I | 11 555
- | 11 55 |
I | 11 55 |
T .6+ 11 55 +
Y | 1 5 |

5o+ 11 55 +

0] | 1 3333333 AANANNAAN*G |
F A o+ 11 333 33%44 5 444 +

| 222222%33)x*) 44 333 55 444 |
R | 222 1*3 22 44 33 55 444 |
E | 222 3301 22244 *3 444 |
5 L2 o+ 2222 33 11 4422 55 33 A+
P |2 333 1*44 222 555 333 |
Q | 333 444 111 5%%2 3333 |
M | 3333333 A44A44 LETEEY 222222 3333333 |
5 L[ pEEEEEEREEkkkkkE[ELCCCOCCOOT AL LT R e oo oo ek .
E T B o T b T S T ot e oo e +-

-3 -2 -1 5] 1 2 3

Person [MINUS] Item MEASURE

October 7, 2016, Augusta, Georgia

Figure 31. Calibration 5 on 9 selected items from MSTAT-II using five categories.
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SUMMARY OF CATEGORY STRUCTURE. Model="R"

|CATEGORY  OBSERVED|OBSVD SAMPLE|INFIT OUTFIT|| ANDRICH |CATEGORY|
| LABEL SCORE COUNT %|AVRGE EXPECT| MNSQ MNSQ| | THRESHOLD| MEASURE|

e i e e tommmmm o H--mmmm oo e |

Eoa. # 65 12| -1.72 -1.73| 1.85 1.87|| NONE |( -3.19)] 1
| 2 2 183 19| -1.85 -.95] .91 .96|| -1.88 | -1.68 | 3
. 3 3 206 38| -.17 -.28| .85 .62|| -l.24 | -.14 | 4
| 4 a 188 28| .78 .66 1.87 1.12]|]| .82 | 1.58 | 5
| 5 5 54 18| 1.85 2.88| 1.28 1.23|]| 2.22 |( 3.47)| B

| CATEGORY STRUCTURE | SCORE-TO-MEASURE | 58% CUM.| COHERENCE |ESTIM|
| LABEL MEASURE S.E. | AT CAT. ----ZONE----|PROBABLTY| M->C C->M RMSR |DISCR|
e e e e e e e e +--mm- |
[ NONE |( -3.19) -INF  -2.46| | 89% 25% 1.1338| | 1
[ 2 -1.8@ 16 | -1.68 -2.46 -.98| -2.15 | 47% 64% .6911| .98| 3
'3 -1.24 12 | -.14 -.98 71|  -1.81 | &2% 78% .4395| 1.13| 4
| =4 .82 12 | 1.58 71 2.83| 75 | s56% 44% .8384| 1.84| 5
| s 2.22 28 |( 3.47) 2.63 +INF | 2.41 | 67% 36% 1.1621| .79] 6

M->C = Does Measure imply Category?
C-*M = Does Category imply Measure?

CATEGORY PROBABILITIES: MODES - Andrich thresholds at intersections

P ) bt o o o S Tt Frmses +------ +----—- ForsTrn g +-
R 1.8 + +
o | I
B |11 |
A |. ax 55|
B 8 + 11 55+
I | 11 55 |
L | 1 5 [
I | 11 55 |
T .6+ 1 5 4
¥ | 1 33333 5 |
5+ 1 33 33 44444 5 +

0 | 1 33 33444 44+ |
F .4+ *222 3 43 55 44 +
| 223 1 *32 44 33 5 44 |

R | 22 *3 22 4 3 5 44 [
E | 22 31 22 a4 3* 44 |
S .2+ 222 3011 *¥ 55 3 44 +
P | 222 33 1 44 22 55 33 44|
0 |22 333 *4i] 22255 333 |
N | 3333 44444  111*55552222 33333 |
S B‘ +==$3:3833*333:33:*55555555555 11111111333*33::33:*33333333_{_
E S Ty S Ry  TEa G Pt s Rt R e ek =
-4 -3 -2 -1 e 1 2 3 4

Person [MINUS] Item MEASURE

Figure 32. Calibration 6 on 5 items of general ambiguity using five categories.
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AT Rasch Analysis 2016
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Figure 33. Calibration 6. Category probability curves for 5-rating categories on 5-Item subset of MSTAT-II
(General Ambiguity) showing overlap.
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