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Fitting the Two-Parameter Model
to Personality Data
Steven P. Reise and Niels G. Waller
University of Minnesota

The Multidimensional Personality Questionnaire
(MPQ; Tellegen, 1982) was parameterized using the
two-parameter logistic item response model. This en-
tailed assessment of the suitability of personality data
for item response analyses, including the assessment
of dimensionality, monotonicity of item response, and
data-model fit. The latter issue received special em-
phasis. Similarities and differences between maximum
performance and typical performance data are dis-
cussed in relation to item response theory. Results
suggest that the two-parameter model fits the MPQ data
and that researchers engaged in the assessment of nor-
mal-range personality processes have much to gain
from exploiting item response models. Index terms:
item fit, item response theory, Multidimensional Per-
sonality Questionnaire, personality measurement, two-
parameter model.

Within the family of item response models, the
two-parameter logistic model (Bimbaum, 1968;
Maxwell, 1959) is interesting for two reasons. First,
in contrast to the more popular one- and three-
parameter models, there is a dearth of research

pertaining to its application. Second, researchers
have yet to apply this model to what appears to be
its most suitable application, namely, the mea-
surement of multiple personality variables within
a single inventory. Although item response theory
(IRT) has been applied to selected personality scales

(Bejar, 1977; Carter & Wilkinson, 1985; de Jong-
Gierveld & Kamphuis, 1985; Sapinkopf, 1977), no
study has applied the two-parameter logistic model
to an entire personality inventory.

This study reports on the parameterization of the
Multidimensional Personality Questionnaire (MPQ;
Tellegen, 1982; Tellegen & Waller, in press) using
the two-parameter IRT model. The MPQ was de-

veloped over a 15-year time span during which
numerous rounds of item writing, data collection
and analysis, and construct redefinition took place.,
As a result of this effort, the 11 MPQ scales are
relatively unidimensional and independent. These
properties make the MPQ an appropriate candidate
for an IRT analysis.
A primary objective of this report is to present

several methods for assessing the suitability of per-
sonality data for item response analyses. Special
emphasis is placed on the issue of model-data fit
in the context of typical performance (i.e., per-
sonality) data. Heretofore, most applications of IRT
have focused on maximum performance data, as
found in the assessment of ability or achievement.
Personality assessment, on the other hand, is unique
in its concern with typical or average performance;
hence it is necessary to establish whether item re-

sponse models may be legitimately applied to data
of this type. This project is exploratory in that an
attempt was made to search for and to describe

problems germane to parameterizing small sets of
typical performance items.
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Method

The Multidimensional Personality
Questionnaire

The MPQ is a 300-item personality inventory de-
signed to assess a broad array of normal-range per-
sonality constructs. The instrument was developed
&dquo;out of an attempt to clarify both the structure and
content of the self-view domain&dquo; (Tellegen, 1982,
p. 1). Eleven primary traits and three higher-order
factors are measured by this instrument. The anal-
yses reported in this paper were performed on the
284 mostly True-False items that comprise the 11 I
content scales. The 11 scale names and the number

of items in each scale are given in Table 1.

Calibration Samples

Two independent samples of 1,000 adults were
used in the calibration runs. The 2,000 persons
were randomly selected from the more than 6,000
persons in the Minnesota Twin Registry. The ag-
gregate sample consisted of 1,127 females (mean
age = 40.78, standard deviation = 9.36, range
= 66 years) and 873 males (mean age = 43.09,
standard deviation = 10.6, range = 67 years).

Procedure

Items were calibrated using BILOG (Mislevy &

Bock, 1986), which uses the marginal maximum
likelihood algorithm (Bock, 1972; Bock & Aitkin,
1981; Bock & l,ieberman, 1970; Mislevy & Bock,
1982; Mislevy & Stocking, 1989; Thissen, 1982)
to estimate the item parameters of the two-param-
eter model (Birnbaum, 1968), which is expressed
as

where 0is the continuous [ - 00,00] latent trait

underlying test performance,
PIO is the probability of a keyed item re-

sponse conditional on 0,
~ is the item discrimination, and
b is the item difficulty.

The identification problem (Hambleton & Swa-

minathan, 1985, p. 126) was solved by setting the
0 scale to have a mean of 0 with standard deviation

of 1.0 in the calibration samples.
Item response models can be used to reflect item

response behavior when the data meet several fun-

damental criteria. According to these criteria, item
responses within each scale are determined by a
single underlying trait, are locally independent, and
conform to the model and therefore are monotone

increasing functions of the latent trait (Hambleton
& Swaminathan, 1985; Lord, 1980).

Analyses and Results

Number-Keyed Score Analyses

Table 1 presents descriptive statistics for the raw
scores (number of items answered in the keyed
direction) for the 11 MPQ scales. As the table shows,
the 11 scales differ in their first and third moments.

Although some scales (e.g., Absorption) have rel-
atively Gaussian distributions, other scales (e.g.,
Alienation) are relatively skewed. Given these dif-
ferences, it is important to investigate whether the
shapes of the raw-score distributions were associ-
ated with model-data fit; this issue is considered
below.

Choice of model. An initial concern with per-
sonality data is whether item responses can be ad-
equately represented by the family of logistic ogives.
If it is shown that the logistic ogive accurately
portrays personality response behavior, a second
concern is whether the two-parameter logistic model
is the best model from the family of possible item-
response models. Specifically, with personality data,
the probabilities of a keyed response might not have
lower asymptotes near 0 and/or upper asymptotes
near 1.

To investigate these concerns, local difficulty
(LD) vectors were computed for all 284 MPQ items
using the aggregated sample of 2,000 persons. LD
vectors represent the proportions of persons re-
sponding in the keyed direction conditional on hav-
ing the same raw scale score (minus the item being
investigated).

Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227.  
May be reproduced with no cost by students and faculty for academic use.  Non-academic reproduction  

requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 



47

Table 1

Descriptive Statistics for 11 MPQ Scales

At the raw-score level, the overwhelming ma-
jority of items conformed to the model’s specifi-
cations (i.e., monotonicity, lower asymptotes of
0.0, upper asymptotes of 1.0). However, several
items had endorsement probabilities greater than 0
for persons with very low (i.e., 0, 1,2) raw scale
scores, and a few items had endorsement proba-
bilities less than 1 for high raw scale scores. Table
2 displays the LD vectors for several items char-
acteristic of these observations.
The LD vectors, illustrated in the first three col-

umns of Table 2, may reflect low item discrimi-
nation, extreme (high or low) item difficulty, and/
or bounded raw scores. They may also indicate that
a different latent trait model is more appropriate
for these items. For example, some MPQ items might
be more accurately modeled by the three-parameter
(Lord & Novick, 1968) or four-parameter (Barton
& Lord, 1981) models. However, as discussed be-
low, most of the items that appeared to be three-
or four-parameter functions at the raw-score level
fit the two-parameter model quite well when the
scores were determined on the 0 metric. Figure I

illustrates this point using Achievement item 36,
whose LD vector is shown in Table 2.

One-parameter versus two-parameter model.
While the LD vectors indicate that a three- or four-

parameter model is not needed for the MPQ items,
they do not provide the information necessary to

choose between a one- or a two-parameter model.
Two analyses were performed to investigate this
issue. First, classical item discrimination estimates

(point-biserial correlations) and difficulty estimates
(proportion endorsed) were computed for each of
the 284 items based on the aggregated sample of
2,000 persons. The MPQ items differ markedly in
endorsement propensity (difficulty); although this
is a desirable characteristic, it is known to affect
the range of the item-test point-biserials (Lord &
Novick, 1968). Therefore, item-scale biserial cor-
relations, which are not confounded by item dif-
ficulty, were computed.
A substantial amount of variation existed be-

tween the item-scale biserials. This suggested that
the one-parameter model was not appropriate. To
investigate this issue further, standard errors of the
biserial correlations based on the mean (within-
scale) endorsement frequencies were computed.
Ratios of the within-scale standard deviations of
the item-scale biserials to the average within-scale
biserial standard errors were then computed. These
ratios indicated that more variation existed between
the item-scale biserials than can be accounted for

by sampling error. In all cases the standard devia-
tions of the item-scale biserials were substantially
larger than the average biserial standard errors. This
result offered further support for the use of the two-

parameter model with this inventory.
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Table 2
Local Difficulty (LD) Vectors for Four MPQ Items

’Did not have lower asymptote of 0 or upper asymptote of 1.
bDid not have lower asymptote of 0.
’Did not have upper asymptote of 1.
dA typical two-parameter ogive function.

As a second analysis, 1,000 responses from each
of the 11 MPQ scales were parameterized with one-
and two-parameter models using BILOG (Mislevy
& Bock, 1986). The BILOG goodness-of-fit statis-
tics are reported in Table 3. The table clearly shows
that the MPQ scales are more accurately described
by a two-parameter model.

Unidimensionality and Local Independence

The unidimensionality assumption was exam-
ined by comparing the ratio of the first to the second

eigenvalue for each within-scale matrix of tetra-
choric correlations. This ratio is an index of the

strength of the first dimension of the data. Strictly
speaking, the IRT model assumes that an exam-
inee’s position in the latent space can be accounted
for completely by one latent dimension. This as-
sumption, however, is rarely if ever met in practice
(Hambleton & Swaminathan, 1985, p. 17). A more
realistic requirement, therefore, is that the first di-
mension of a dataset account for a substantial pro-
portion of the matrix variance.

Table 4 presents the eigenvalues from this anal-
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Figure 1
IRF and Observed Response Probabilities for Achievement Item 36

(X2 = 17.40, a = 1.36, b = - l.15)

ysis for the 11 MPQ scales. These eigenvalues were
obtained by performing an eigenstructure decom-
position on the 11 tetrachoric correlation matrices
using LISCOMP (Muthdn, 1987). Because a conclu-
sive test of the dimensionality assumption is not
available (see Hattie, 1985), the data were exam-
ined to determine if one dominant trait accounted
for the item intercorrelations (see Lord, 1980, pp.
20-21). The table shows that the assumption of a
dominant dimension underlying each scale was well
founded, because the first dimension accounted for

considerably more variance than any other dimen-
sion for all scales.
The local-independence assumption was not di-

rectly examined because no satisfactory tests of this
assumption currently exist (however, see Rosen-
baum, 1984; Stout, 1987).

Parameterizations

The 11 MPQ scales were parameterized twice
(two samples of 1,000 persons) using BILOG (Mis-

Table 3
Goodness-of-Fit Summary From BILOG After
Parameterizing the 11 MPQ Scales With

Both a One- and Two-Parameter Logistic Model
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Table 4

Eigenvalues for 11 MPQ Scales Based
on Tetrachoric Correlations (N - 2,000)

levy & Bock, 1986). All BILOG default values were
used, with the exception that an empirical distri-
bution of examinee latent trait scores was computed
after each iteration. This option was implemented
because scores for several of the MPQ scales (e.~.,
Alienation) were not normally distributed.

Item parameters across calibrations. An item
calibration performed twice using different sam-
ples will not produce item parameters on the same
scale. However, if the model holds, the parameters

will be highly related because in theory IRT item
parameters are invariant up to a linear transfor-
mation within a defined population (Hambleton &
Swaminathan, 1985). Table 5 presents descriptive
statistics for these parameters and the correlations
between the parameter estimates for the two cali-
hrations. Only the descriptive statistics for the first
sample are shown because the means and standard
deviations were essentially equivalent across sam-
ples.
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As seen in Table 5, the correlations between

parameter estimates across calibrations are uni-

formly high, especially for the item difficulty es-
timates (median r = .88). The item discriminations
correlated above .80, which was considered sat-

isfactory given that (1) any likelihood-based pro-
gram will have problems estimating this parameter
(Thissen & Wainer, 1982), and (2) by design, the
range of discriminations was somewhat restricted
as compared to the range of item difficulties.

Item position effects. A concern with person-

ality data is that the item discrimination parameters
may be correlated with the location of the items in

the test booklet (Knowles, 1988). Strong item dis-
crimination-position correlations may indicate that
the local-independence assumption is violated.
Several factors unique to personality data have been
shown to contribute to item discrimination-position
correlations. Knowles (1988), for example, has
shown that for single-trait personality scales, item-
scale correlations generally increase in later sec-
tions of an inventory.

Knowles’ findings were based on single-con-
struct measures, and therefore are not likely to ap-
ply to inventories such as the MPQ that do not
present items by scale (i.e., the items within a scale

are interspersed throughout the inventory). How-
ever, as a precautionary step the independence of
item discrimination and item location was inves-

tigated. Correlations between the item discrimi-

nation, squared item discrimination, and booklet
item numbers across the 284 items were computed.
The results of this analysis suggest that these var-
iables are not linearly related to item position. The
average correlations across scales were r = .11 for
discrimination and r = 11 for squared discrimi-
nation.

Model-Data Fit

Having generated two sets of parameter esti-
mates for each scale, an analysis was conducted to
determine which set of parameters best represented
the entire sample. Item parameters derived from
the first sample were used to compute maximum
likelihood 0 estimates for persons in the second

sample. Response vectors of persons answering all
or none of the items in the keyed direction received
boundary scores of 4.00 and - 4.00, respectively.
Chi-square tests of fit for the second sample were
then computed using parameters from the first sam-
ple. This procedure was repeated with the param-

Table 5

Descriptive Statistics for the Item Parameters Based on the
First Sample of 1,000 Responses and Correlations Between

Item Parameters From the Two Calibration Samples
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eters from the second sample and the response vec-
tors from the first sample. For each scale, the set
of parameters that demonstrated the best X2 fit-to-
model result on the independent sample was se-
lected as the final parameter set.

In the assessment of model-data fit a modified
version of Bock’s (1972) X2 was employed. The
modification was to construct 10 6 intervals con-

taining an equal number of examinees per interval.
This statistic has the following form:

where i is the item,
j is the interval created by grouping per-
sons on the basis of their 6 estimates (10
intervals of equal N were used in all anal-
yses),

Nj is the number of persons with 0 estimates
falling in the jth interval,

Oij is the observed proportion of keyed re-
sponses on item i for interval j, and

Eij is the expected proportion of keyed re-
sponses on item i for interval j based on
computing the item response function (wF)
evaluated at the median 0 estimate within
the interval.

Bock’s X2 statistic is one of many X2 statistics used
to assess model-data fit in IRT. McKinley and Mills
(1985) have shown that most common X2 tests (e.g.,
Wright & Mead, 1977; Yen, 1981) produce com-
parable results with normally distributed data. In
the present study Bock’s X2 was used because this
index has been shown to yield the smallest Type I
error rate of the commonly employed X2 fit indices
(McKinley & Mills, 1985).

Bock’s X2 statistic may be used to assess model-
data fit at two levels of analysis: (1) at the item
level, and (2) at the scale level by summing the
individual item X2s within a scale. These fit indices
should not be interpreted as conclusive evidence
of adequate model fit, as they are extremely sen-
sitive to several factors including the construction
of the intervals, the number of intervals created,
and the sample size. But even within these limi-
tations Bock’s x2 can be used legitimately to sug-

gest which set of parameters is more robust across

samples and to tentatively identify misfitting items.
In the present dataset, persons whose responses

were in either the all keyed or all non-keyed di-
rection could be retained with little effect on the

x2 for all scales except Alienation. In this scale,
760 persons with all zero response vectors were

eliminated for the analyses described below. The
elimination of these response vectors resulted in

improved fit.
After determining which set of parameters ex-

hibited greater robustness across samples, maxi-
mum likelihood score estimates for each scale were

computed for all 2,000 persons. XZ values were
then computed and a residual table and residual
plots (i.e., the plot of the theoretical and empirical
IRFS) were generated. The residual plots depict the
observed proportion of keyed responses within each
of the 10 9 intervals minus the predicted propor-
tions at the interval median 0 estimate. The residual
table is a 284 (items) x 10 (0 intervals per item)
matrix consisting of the observed minus the ex-
pected proportions of persons answering the item
in the keyed direction. Further discussion of resid-
ual analysis can be found in Hambleton and Swa-
minathan (1985, pp.184-193) or Kingston and
Dorans (1985).
The X2 fit-to-model (N = 2,000) results are sum-

marized in Table 6. At the item level, each is
associated with 8 degrees of freedom (df = 10 0
intervals minus 2 parameters). The df associated
with a given scale is computed by summing the
item df within that scale. With a sample size of
2,000 there was no expectation that the item- or
scale-level X2 would be nonsignificant at a = .05
(indicating fit to the model). A high value oft
for the present study was operationally defined as
X2 > 26.13, which is the a = .001 level of signif-
icance with 8 df. Thirty-six items meeting this cri-
terion were identified. Of the 36 items tentatively
identified as misfitting, 25 were from the Aliena-
tion, Aggression, and Harm Avoidance scales.

At the scale level, the ratio of ~2 to df was com-
puted as an index of scale fit. These ratios are
shown in Table 6. Alienation, Aggression, and Harm
Avoidance clearly have high ratios in comparison
to the other scales. After identifying potentially

Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227.  
May be reproduced with no cost by students and faculty for academic use.  Non-academic reproduction  

requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 



53

Table 6

Item and Scale x2 Fit Values for the MPQ Under a
Two-Parameter Model (N s 2,000)

*xz greater than 26.13.

troublesome items, the item content, factor load-

ings (from an unweighted least-squares principal
factor analysis on the tetrachoric correlation ma-
trices), LD vectors, residual table, and residual plots
were examined to determine possible causes of
misfit.

If an MPQ item had a Xz fit value less than 26.13,
the theoretical and empirical ms within a given
interval of 0 (i.e., the cells in the residual table)
tended to differ by no more than .05 on the prob-
ability metric. This observation, combined with an
inspection of the residual plots, suggests that for
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the majority of MPQ items, responses conformed
to the logistic model. Figure 2a is a typical residual
plot for an item with a XZ value less than 26.13.
Of the 36 items tentatively identified as misfit-

ting (denoted by asterisks in Table 6), 23 had X2
values less than 40.0. Inspection of the residual
table for these items revealed that for items with

~2 between 26.13 and 40.0 there were typically
only one, or at most two, cells with deviant resid-
uals (i.e., discrepancy more than .05). These de-
viant cells were inflating the ~2 values for these 23
items. The residual plots shown in Figures 2b and
2c exemplify how deviant responses within a single
0 interval may inflate the ~2 statistic even though
the model may fit over a broad trait range. This
result suggests that for the majority of persons tak-
ing the MPQ, the item parameters for the items with
~2 between 26.13 and 40.0 adequately portray the
observed response behaviors and would be ac-

ceptable for future work with this inventory (see
Waller & Reise, 1989).
The remaining 13 items with XZ values above

40.0 were from the Alienation (6), Aggression (4),
and Harm Avoidance (3) scales. After inspecting
both the classical and IRT item parameters, it be-
came clear that the 13 items with the highest ~2
values were relatively easy items embedded in dif-
ficult scales, or relatively difficult items embedded
in easy scales. For example, the three worst-fitting
Harm Avoidance items (see Table 6) have the three
lowest classical difficulties. Conversely, the worst-
fitting Aggression item has the highest classical
difficulty (i.e., this item has a relatively high en-
dorsement frequency for this scale). Evidently,
within these samples there are not enough persons
with trait values in the ranges for which these items
are most discriminating. Consequently, the esti-
mation program was not provided with sufficient
information and thus the parameters were poorly
estimated.

Inspection of the residual plots for these 13 items
confirmed this impression. Figure 2d exemplifies
a residual plot for an item with a XZ above 40.0.
As can be seen in this figure, the IRF needs to be
pulled to the right and made steeper. However,
even with the relatively high XZ value for this item

(45.86) the plot shows that the degree of misfit is
not great. This observation shows the necessity of
using IRF plots in conjunction with point estimates
of fit such as the ~2.
The LD vector analyses suggested that at the raw-

score level the item responses are monotonic in-

creasing functions. Also, the ranked eigenvalues
of the tetrachoric item correlations suggested that
a single dominant dimension underlies each scale.
These observations implied that parameter esti-

mation, not faulty item construction, caused the
high ~2 values. In terms of item content and item
factor loadings, there was no apparent difference
between the misfitting items and the fitting items.
However, as mentioned above, there is good reason
to infer that the shape of the raw-score scale dis-
tribution is related to eventual fit of the two-pa-
rameter model, as estimated by BILOG. The more
skewed the distribution (e.g., Alienation, Aggres-
sion), the more handicapped the estimation pro-
gram will be, especially when estimating param-
eters for items that discriminate best in the tails of
the distribution.

For a final analysis of fit, the residual table was
partitioned by scale and examined. If the model
fits, the within-scale row sums (the residuals across
trait levels for each item within a given scale) and
column sums (the residuals across items in a scale
as a function of trait level) will exhibit a normal
distribution centered at 0. Rows with a prepon-
derance of positive or negative residuals indicate
that the difficulty parameter has been poorly esti-
mated. In the present dataset, there was no evi-
dence that this occurred except for the 13 worst-

fitting items previously discussed.
Column residual sums divided by the number of

scale items indicate whether the iRFs are biased
within specific sectors of the latent trait. Table 7
displays the results of summing the column resid-
uals across items for each of the 11 MPQ scales.
The table reveals no overwhelming evidence that
the curves are consistently biased as a function of
trait level.

Conclusions

The results of this investigation suggest that the
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Table 7
Median 9 Estimate and Residual Column Total

as a Function of Trait Level

two-parameter logistic model fits the MPQ and that
researchers engaged in the assessment of normal-
range personality processes have much to gain from
exploiting item response models. The present anal-
ysis revealed that the overwhelming majority of
MPQ item responses conformed to the critical and

necessary assumptions underlying the two-param-
eter logistic latent trait model. Although the find-
ings cast a favorable light on the future use of IRT
in the domain of normal-range personality assess-
ment, several issues remain to be addressed con-

ceming the applicability of IRT in the personality
domain.
A primary question is whether parameters for

items that do not fit the model should be reesti-

mated, retained as is, or discarded. In the present
study, items withy below 26.13 were found to fit
the model well, items with X2 between 26.13 and
40.0 provided reasonable approximations to the ob-
served response probabilities, and items with x2
above 40.0 were found to be slightly problematic.
However, future studies employing more hetero-
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geneous samples on the Alienation, Aggression,
and Harm Avoidance scales may provide data more
amenable to obtaining satisfactory parameter esti-
mates for these problematic items (see Stocking,
1988).

In personality scale research, a promising pursuit
is to increase the range of item difficulties and
reduce the corresponding peakedness of the test
information curves. Peaked information curves are
a common problem with classically derived scales
(McBride, 1976). But for certain personality traits,
unlike cognitive traits, it may prove difficult to
write items that are discriminating in certain ranges
of the latent trait. For example, it is difficult to
conceive of Alienation items that discriminate max-

imally in a very low trait range.
Some personality traits may have an inherently

quasi-categorical rather than a full-range contin-
uum structure (Gangestad & Snyder, 1985). Con-
sequently, for various personality traits, further de-
velopments in the application of IRT-such as item
banking or adaptive testing (Waller & Reise, 1989)-
may not be easily achieved without a Herculean
item writing effort.
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