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ABSTRACT
When self-report items with a Likert-type scale include a middle response option (e.g., Unsure, Neither
agree nor disagree, or ?), this middle option is assumed to measure a level of the trait intermediate
between the high and low response categories. In this study, we tested this assumption in the 16
Personality Factor Questionnaire, Version 5 (16PF5) by fitting Bock’s nominal response model in the U.S.
and UK standardization samples of the 16PF5. We found that in many cases, the middle option was
indicative of higher levels of the latent trait than the ostensibly highest response option. In certain other
cases, it was indicative of lower levels of the latent trait than the ostensibly lowest response option. This
undermines the use of a simple successive integer scoring scheme where responses in adjacent response
categories are assigned scores of 0, 1, and 2. Recommendations for alternative scoring schemes are
provided. Results also suggested that certain personality traits, especially neurotic traits, are associated
with a tendency toward selecting the middle option.

In inventories measuring psychological constructs, it is com-
mon to offer respondents a middle option on the response
scale. These middle options have verbal labels such as not sure,
neutral, ?, or neither agree nor disagree, and are typically treated
as if a response to this category indicates an intermediate level
of the construct, or latent trait, that the inventory purports to
measure (Kulas, Stachowski, & Haynes, 2008). For example, if
an item has three options, disagree, ?, and agree, then the three
responses are usually assigned scores of 0, 1, and 2, respectively.
However, the assumption that middle response options repre-
sent an intermediate position on the latent trait continuum is
rarely, if ever, assessed and the consequences of its violation are
potentially important (Gonz�alez-Rom�a & Espejo, 2003; Pres-
ton, Reise, Cai, & Hays, 2011). In this study, we explored this
issue using the 16 Personality Factor Questionnaire, Version 5
(16PF5; Conn & Rieke, 1994).

Research on the use of middle response categories suggests
that ambiguous response options such as ? might be problem-
atic because respondents’ understanding and use of this cate-
gory does not tend to be consistent (Hern�andez, Drasgow, &
Gonz�alez-Rom�a, 2004; Kulas & Stachowski, 2013). Rather, it
ends up behaving as a “catch-all” response option that is
selected when, for whatever reason, the other response options
are not viewed as appropriate descriptions of the self. That is,
instead of representing an intermediate level of the latent trait
as intended, selecting the middle option could represent a mul-
titude of other factors such as ambivalence, indifference, a lack
of understanding of the question, a reticence about expressing
a trait (e.g., when the items pertain to sensitive topics or socially
undesirable traits), or a feeling of being insufficiently informed

or familiar to answer the question definitively (DuBois &
Burns, 1975; Gonz�ales-Rom�a & Espejo, 2003). Consistent with
this, studies have shown that selecting the middle option is
associated with scoring high on impression management
(Hern�andez et al. 2004), poorer item clarity (Kulas & Stachow-
ski, 2009), and will often be selected in cases where the true
response might be closer to “not applicable” or “it depends”
(Kulas et al. 2008; Kulas & Stachowski, 2013). Kulas et al.
(2008), for example, found that when individuals were offered
two versions of a personality inventory, one with a response
option labeled N/A and one without, those individuals who
selected the N/A option were likely to select the middle
response option in the second version in lieu of an N/A option.
These studies suggest that selecting the middle option can
reflect a diversity of factors other than being intermediate in
the latent trait.

The 16PF5 assesses 15 primary personality scales with a
range of 10 to 14 items per scale. Each of these items has a
three-point response format that includes a positive and nega-
tive option for each trait, and a middle ? option. Items are
scored 0 (negative option), 1 (?), and 2 (positive option). In pre-
vious editions of the inventory, the middle option varied across
items. However, as noted by Conn and Rieke (1994) in the test
manual, this led to complaints by respondents as, for example,
they objected to using a middle option of Uncertain when they
were certain what their response was, but that response did not
correspond to either of the other options available to them
(p. 8). Therefore, the ? option was introduced as a way of
resolving the ambiguities caused by varied middle response
options. In line with the research noted earlier, Conn and Rieke
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acknowledged the possibility of varied use of the ? option in the
16PF5, stating that this option provides “a uniform response
choice that can cover several different reasons for not selecting
either the a or c alternative” (p. 8), where a and c represent the
positive (2) and negative (0) response options for each item.

Selecting the ? response option for reasons other than being
intermediate on the latent trait undermines the functioning of
a simple scoring scheme that assigns successive integers to the
low (0), middle (1), and high (2) response options. This is
because when the sum or average of all items in a scale is used
as a score to represent an individual’s position on a latent trait,
an implicit scoring scheme is employed wherein each response
category is given equal weight and contributes to the sum score
in accordance with the numerical value that it is assigned. This
assumes that not only are the response categories in the order
that corresponds with their assigned numerical values, but that
each response category carries equal information about an indi-
vidual’s position on the latent trait. If either assumption is
false—possibly due to one of the response processes described
earlier—the sum score will be a distorted representation of an
individual’s standing on the latent trait.

The use of the middle response option in an unintended
manner is most problematic for sum or average scoring when
the selection of the middle response option is related to pos-
sessing high or low levels of the very latent trait that is being
measured by the item. As an example, this could occur if highly
neurotic individuals are more likely to be uncertain about their
response and thus tend to disproportionately select the middle
option. In this and similar cases, the middle response option
might behave as though it is positioned below an ostensibly
lower response option or above an ostensibly higher response
option on the latent trait continuum. Thus, a successive integer
scoring scheme that treats the middle option as lying at an
intermediate level of the latent trait will assign the integers in
an order that is at odds with their true order and lead to sys-
tematic under- or over estimates or trait levels for some
individuals.

Despite the potential complications entailed by the ? option,
empirical studies using the 16PF5 tend to employ either this
simple successive integer scoring strategy or a similar strategy
that makes untested assumptions about the functioning of the ?
response option. Reviewing a number of studies using the
16PF5, it can be seen that most cases do not report their treat-
ment of the ? option even though the sum scores are used to
represent the latent traits measured by the scale (e.g., Aluja,
Blanch, & Garc�ıa, 2005; Dancer & Woods, 2006; Rossier, Meyer
de Stadelhofen, & Berthoud, 2004). In these cases, it is likely
that a successive integer scoring scheme was employed, in line
with the recommendations of the test manual (Conn & Rieke,
1994). In addition, some studies using sum scores explicitly
report using a successive integer scoring scheme (e.g., Booth &
Irwing, 2011; Irwing, Booth, & Batey, 2014; these studies used
summed item parcels). The use of one other scoring strategy
was identified. Chernyshenko, Stark, and Chan (2001; see also
Chernyshenko, Stark, Chan, Drasgow, & Williams, 2001; dis-
cussed later) explored the hierarchical structure of the 16PF5
using dichotomized item responses that collapsed the ? option
into either the a or c options. The justification for this was
based on the authors’ experience with analyzing the inventory

and the lack of substantial influence of how the ? is treated on
previous findings. It is likely that the decision was also based
on low endorsement rates for the middle response option and
the consideration that modeling such data without collapsing
this with another category would have led to unstable or unin-
terpretable parameter estimates.

However, the effects of dichotomization require further
exploration and although it might have only a small distort-
ing effect on sample statistics such as correlations, its effects
could be more severe when estimating latent trait values for
each individual in the sample. This might bias individual
inferences in, for instance, clinical practice. Treating the ?
as missing—another strategy that we expected to find—was
not to our knowledge used in any example of an empirical
study using the 16PF5. Furthermore, there are two options
when dichotomizing: to combine the middle response
option with the lower response option or to combine it
with the higher response option. Depending on the func-
tioning of the middle response option, one of these strate-
gies is likely to be more appropriate than the other and this
could vary by subscale or even item. Fortunately, if
researchers choose to dichotomize responses, the most
appropriate way to do so for a given item is an empirical
question answerable by examining how the middle option
tends to be used by participants; however, it is a question
that is as yet unanswered for the items of the 16PF5.

In fact, studies examining the 16PF5 at the level of the items
have provided little evidence bearing on the functioning of the
? option because all have made an a priori assumption about
category ordering (Aluja & Blanch, 2004; Chernyshenko, Stark,
Chan, et al. 2001; Ellis & Mead, 2000; Irwing et al., 2014). To
our knowledge, only one study has provided direct evidence
about the functioning of the middle response option in the
16PF5 (Gonz�alez-Rom�a & Espejo, 2003). They assessed the
hypothesis that ? lies between 0 and 1 in the 16PF5, using
Bock’s (1972) nominal response model (NRM), but did so for a
very limited set of items.

Gonz�alez-Rom�a and Espejo (2003) selected four items of the
Social Boldness scale of the 16PF5 and studied the functioning
of the middle response option. They found that for three items,
the middle response option was not performing as an optimal
indicator of intermediate levels of the latent trait because there
was no interval of latent trait values for which it was the most
probable response option. However, in terms of its location on
the latent trait continuum, the ? option did sit between the low
and high response options for all items and so the more impor-
tant assumption of correct category orderings was met.
Although similar in intention to this study, the authors ana-
lyzed this small subset of items in isolation—not as part of the
full 10-item Social Boldness scale from which they were
selected; therefore, the implications for use of this scale and
indeed the remainder of the 16PF5 in practice are not clear.
Furthermore, they administered the items in the context of an
experimental manipulation in which participants were offered
the same items but with multiple different response formats.
Specifically, participants saw the same set of items with four
different response formats (? vs. Not sure vs. In between vs. no
middle option), separated by a distracter set of questions. The
order of presentation of the item sets was randomized, and as a
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result, many participants will have answered the same items
with an alternative response format before answering the item
with the current 16PF5 response format with ? as the middle
option. It is very likely that this design and its obvious emphasis
on the middle option affected responses to the 16PF5-format
items. Therefore, the study is unlikely to have captured
responding to the 16PF5 items as it occurs when the instrument
is administered in practical applications or in other research
settings.

Finally, the sample included a moderate number (n D 816)
of undergraduate students. Ideally, studies of the performance
of inventories should be conducted on large population-
representative samples to improve the generalizability of
findings.

Given the very limited amount of research conducted to date
regarding the relative location of the 16PF5 middle response
options on their respective latent trait continuums, it was our
aim in this study to test whether the ostensibly middle response
option really does have its assumed function as an indicator of
intermediate levels of the latent trait. Extending the work of
Gonz�ales-Rom�a and Espejo (2003), we examined the function-
ing of the middle response option in the entire set of 158 items
of the 16PF5 (excluding the Reasoning and Impression Man-
agement scales) in two large and independent standardization
samples.

Method

Participants

16PF5 U.S. and UK standardization samples
We used the 16PF5 standardization samples from the United
States (N D 10,261) and United Kingdom (N D 1,212) from a
total sample of N D 10,261).1 The U.S. standardization sample
was reviewed in 2002 based on the U.S. Census in 2000 to
ensure it remained representative of the general population of
the United States with respect to a number of demographic var-
iables including gender, ethnicity, age, and geographic region.
The test publishers note that the educational level and years in
education of the sample is greater than that of the U.S.
population.

The UK version of the 16PF5 was initially standardized
in 1993 through a joint data collection from ASE consul-
tants and the Office of Population Censuses and Surveys
(OPCS). The current sample was collected in 2011 by
Oxford Psychologists Press (OPP) via an online market
research panel. Participants received a small financial incen-
tive for completing the questionnaire. Data were collected
until quotas based on UK population demographics for sex,
age, education, and level of employment were satisfied. The
sample is largely representative of the underlying population
with respect to age, gender, and years of education. Table 1
contains information on the demographic characteristics of
each sample.

Measures

16PF5
The 16PF5 contains 185 items organized into 15 primary personal-
ity scales each with between 10 and 14 items. The 15 primary per-
sonality scales are organized under five global (higher order) traits,
namely Extraversion, which includes Self-Reliance (Q2), Warmth
(A), Liveliness (F), Privateness (N), and Social Boldness (H); Anxi-
ety, which includes Tension (Q4), Apprehension (O), Emotional
Stability (C), and Vigilance (L); Tough-Mindedness, which
includes Sensitivity (I), Openness to Change (Q1), Warmth (A),
and Abstractness (M); Independence which includes Dominance
(E), Social Boldness (H), Vigilance (L), and Openness to Change
(Q1); and Self-Control, which includes Abstractness (M), Rule
Consciousness (G), Perfectionism (Q3), and Liveliness (F).

In addition to the 15 primary personality scales, the 16PF5
includes a 15-item Reasoning scale and a 12-item Impression
Management Scale that we did not use in this study. The
response format for each of the items consists of a choice from
three: a negative option for the trait, ? and a positive option for
the trait, scored as 0, 1, and 2 respectively. Respondents are
instructed to avoid using the ? option where possible.

The test manual for the 16PF5 reports internal consistencies
for the 15 primary personality scales ranging from .66 to .86
(n D 4,460), test�retest reliability ranging from .69 to .87 over
2 weeks (n D 204), and .56 to .79 over 2 months (n D 159;
Conn & Rieke, 1994, p. 81). Further, in a recent study, Irwing
et al. (2014) found reasonable to good fit for single-factor,

Table 1. Demographic characteristics of the U.S. and UK standardization samples
of the 16PF5.

UK sample (N D 1,216) U.S. sample (N D 10,261)

n % n %

Gender Gender
Male 606 50.0% Male 5,124 49.9%
Female 606 50.0% Female 5,137 50.1%

Age (years) Age (years)
16�19 51 4.2% 15�24 3,714 36.2%
20�24 99 8.2% 25�44 4,282 41.7%
25�34 331 27.3% 45�54 1,614 15.7%
35�49 449 37.0% 55�64 577 5.6%
50�65 282 23.3% 65C 74 0.7%

Education level Education level
School-pre GCSE 47 5.1% HS graduate or less 2,541 24.7%
School GCSE 219 23.6% Some college 2,901 28.3%
A-level 194 20.9% College graduate 4,819 47.0%
University (1st year) 55 5.9%
University (2nd year) 100 10.8%
Bachelor’s degree 225 24.3%
Master’s degree 73 7.9%
Doctorate 9 1.0%
Postdoctorate 5 0.5%

Employment status
Full-time (self or other) 747 61.4%
Part-time (self or other) 238 19.6%
Unemployed 68 5.6%
Student 77 6.3%
Homemaker 43 3.5%
Retired 34 2.8%
Volunteer 5 0.4%

Note. GCSE D General Certificate of Secondary Education.

1 Copyright © 1993 by the Institute for Personality and Ability Testing, Inc., Cham-
paign, Illinois, USA. All rights reserved. Reproduced with special permission of
the publisher. Further reproduction is prohibited without permission of IPAT Inc.,
a wholly owned subsidiary of OPP Ltd., Oxford, England.
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item-level confirmatory factor analysis (CFA) models of each of
the primary scales based on the same data as this study (root
mean square error of approximation range D .05�.09; compar-
ative fit index range D .95�.99).

Statistical Procedure

Nominal response models
Originally developed as a means to study the functioning of dis-
tracters in multiple choice tests, the NRM can be used to empiri-
cally assess category ordering hypotheses because it places no
constraints on the ordering of response options. The NRM is a
very general model from the “divide by total” family of item-
response theory models. Other familiar and commonly used divide
by total models such as the generalized partial credit model
(GPCM; Muraki, 1992) and partial credit model (Masters, 1982)
can be obtained from the NRM with the addition of appropriate
model constraints (see Preston et al., 2011). Note, however, that
these and other models that place constraints on the ordering of
categories cannot be used to provide a direct empirical test of cate-
gory ordering because a specific category ordering is assumed a pri-
ori. A comprehensive discussion of the NRM, its properties, and its
uses can be found in Mellenbergh (1995) and Preston and Reise
(2014), which we draw on in our later description of themodel.

In the NRM, the probability of an individual i with trait level
ui endorsing response option x D 0,… mk can be written as:

Pkx uið ÞD exp ckx ¡ akxuið ÞPm

xD 1
exp ckx ¡ akxuið Þ

(1)

The akx parameter is a slope parameter or category discrimina-
tion parameter that represents the rate of change in log-odds of
responding in a response category with ui (Preston & Reise, 2014).
The ckx parameters are intercept parameters that reflect the rela-
tive popularity of a particular response category. Larger ckx param-
eters indicate a more popular response option. For identification
purposes, some parameters must be constrained. Bock (1972) sug-
gested constraining the sum of akx and ckx, the parameters within
an item, to zero. In most contemporary uses of the NRM, how-
ever, the akx and ckx parameters of the first or last category are set
to zero to achieve identification.

In the context of testing category ordering, it is interesting to
consider the probability of choosing between one of two
response categories assumed to be adjacent, x and x’ D x � 1
(Thissen, Steinberg, & Fitzpatrick, 1989):

Pkx j x D x or x
0 D 1

1C exp ¡ a�kuC dk
� �

where a�k is ax � a0x and dk D c0x ¡ cx.When a�k is positive, the
probability of responding in category x versus x’ increases as the
level of u increases. As a�k is positive when ax > a0x, the category
response functions can be ordered based on their akx parameters.
Therefore, the ordering of categories can be assessed by examining
whether the akx parameters increase for successive response cate-
gories and whether all the corresponding a�k parameters are posi-
tive (Samejima, 1972, 1996; Gonz�alez-Rom�a & Espejo, 2003).

Second, it is possible to assess whether the middle option is a
genuine middle option in the sense that there is an interval of
the latent trait continuum where individuals with latent trait
values in that range are more likely to select the middle
response option than the response options on either side. This
can be assessed by examining the response category thresholds;
that is, the point on the latent trait continuum at which the cat-
egory response curves for two response options intersect and at
which, therefore, there is an equal probability of responding in
either of the two categories. The thresholds between two
response categories can be estimated from the parameters of
the NRM as (Gonz�alez-Rom�a & Espejo, 2003):

tx;x¡ 1 D ckx ¡ ck; x¡ 1

ak;x¡ 1 ¡ akx
(2)

where ckx and c k;x¡ 1 are the location parameters for two
response categories and akx and ak;x¡ 1 are the corresponding
discrimination parameters. For the ? option to be performing
as a middle category, the threshold dividing the lowest and
middle category t01 should occur at a lower value of the latent
trait than the threshold dividing the middle and highest cate-
gory t12. The NRM, therefore, allows the testing of two key
hypotheses relating to the functioning of middle options: that
of ordered response options and of ordered thresholds.

Visual inspection of the category response curves for an item
can also help diagnose unexpected functioning of the middle
category option. When the middle option is functioning as
implied by the numerical values assigned to the responses, then
plotting the category response curves for the three response
options would result in a plot similar to that in Figure 1. In
Figure 1, the category response curves are in the expected order
based on their assigned numerical values in terms of their loca-
tion along the latent trait continuum. That is, the category
response curve for the 0 option is located to the left of that of
the 1 option, which is in turn located to left of the 2 option. In
addition, each response option is the option most likely to be
selected by respondents for a given interval of the latent trait;
that is, there is a range of latent trait values for which the height
of the response curves for 0, 1, and 2 exceed that of the other
two response curves. For the 0 option this is at lower levels of
the latent trait, for the 1 option this is at intermediate levels of

Figure 1. Example category response curves with thresholds and discriminations
in the correct order.
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the latent trait, and for the 2 option this is at higher levels of the
latent trait.

Deviations from this pattern would imply that the middle
option is not functioning as is typically assumed (i.e., when
using a successive integer scoring scheme). There are two ways
in which this can occur: category disordering and category
threshold disordering. Figure 2 illustrates category threshold
disordering. Here, the category response curves are in the order
that corresponds with their assigned numerical values but there
is no interval of the latent trait for which the height of its cate-
gory response curve exceeds that of the category response
curves for the lowest and highest response option. This means
that the 1 option is never the most likely response option, even
for middle values of the latent trait. Category disordering is
illustrated in Figure 3. Here, the category response curve for
the middle option lies to the left of that for the response option
with the lowest assigned numerical value. This means that the
categories are in the correct order and selecting 1 is actually
indicative of lower levels of the latent trait than selecting 0.

Models were estimated using the mcIRT package (Reif, 2014) in
the R statistical software package (R Core Team, 2013). The pack-
age uses the parameterization given in Equation 1. For identifica-
tion purposes, the akx and ckx parameters for the last response
option were constrained to zero for each item.

Item evaluation

akx Parameters. In this study, where the ai2 is fixed to zero for
each item, for response categories to show the correct ordering, ak0

and ak1 should both be negative with ak0 being more negative than
ak1.We examined akx parameters and noted for which items these
occurred in an unexpected order. We distinguished between cases
in which the middle option behaved as though it was the lowest
response option and between cases in which the middle option
behaved as though it was the highest response option.

Category thresholds. The thresholds between two categories
were computed from the parameter estimates of the NRM as in
Equation 2 earlier. These thresholds represent the point on the
latent trait continuum at which an individual has equal proba-
bility of responding in either of the two adjacent categories. For
the ? option to be performing as a genuine middle category, the
threshold dividing the lowest and middle category should occur
at a lower value of the latent trait than the threshold dividing
the middle and highest category. Category threshold disorder-
ing in the context of ordered akx parameters implies that there
is no interval of the latent trait for which the middle response
option is the most likely to be selected. In cases where response
categories are in the incorrect order, we do not interpret the
ordering of the thresholds because the category ordering is a
more fundamental assumption than category threshold order-
ing. Although the disordering of category thresholds is not as
problematic as disordering of the akx parameters, it still sug-
gests that the middle option is not functioning as intended
because a genuine middle option should be the most likely
response option for middle values of the latent trait.

Statistical tests
In addition to the descriptive analyses of response category order-
ing described earlier, we also compared the fit of the NRM to that
of the GPCM (Muraki, 1992). The GPCM is nested within the
NRM. In the GPCM, the ordering of categories is constrained
because the akx parameters are fixed to x, where x is the integer
assigned to a response option according to a consecutive integer
scoring scheme. This guarantees the ordering of the response
options. A comparison of the fit of the GPCM to the NRM, there-
fore, provides a further test of the category ordering hypothesis.
We compared the fits of the GPCM and NRM based on Dx2,
DAIC; DBIC; and DsaBIC.We considered the difference in fit to
be practically significant when DBIC was >10 (Raftery, 1995).
Models were estimated using the ‘mirt’ package in R statistical
software (Chalmers, 2012; R Core Team, 2013).

Results

Response scale evaluation: U.S. standardization sample

Table 2 provides information on number of items, endorse-
ment rates for the middle response category, and summary
information about the performance of the middle option for
each primary scale. Provided is information on the following:

1. How many items had response options that were not
correctly ordered.

2. How many items with correctly ordered response
options had category thresholds that were not correctly
ordered.

Figure 2. Example category response curves with thresholds disordering.

Figure 3. Example category response curves with discriminations disordering.
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When the category response options were in the incorrect
order, we note when the middle option behaved as the lowest
response option versus the highest response option.

The average middle response option endorsement rates for a
scale ranged from 7% in the C (Emotional Stability) and Q3 (Per-
fectionism) scales up to 14% in the L (Vigilance) scale. With the
exception of the Q1 (Openness to Change) scale, most items
showed discrimination parameters that were in the correct order.
For Q1, the ? option was functioning as the lowest response
option rather than as the middle response option. Other items
that showed incorrect ordering of categories were Items 1, 4, 5, 7,
8, 9, 10, and 11 from the A scale (Warmth). In these items, as in
the Q1 scale, low rather than intermediate levels of latent trait
were associated with selecting the ? response option. Neither of
these scales showed anomalous rates of middle category endorse-
ment as compared to the other scales of the 16PF5. Among the
items in which the response categories were technically in the cor-
rect order, there were many cases in which the discrimination
parameter of the middle response category was very similar to
that of an adjacent category. That is, the strength of ordering of
the response categories was poor. For example, in Item 6 of the A
(Warmth) scale, ai0 and ai1 were �0.99 and �0.95, respectively,
suggesting that these categories were not clearly distinguishable
in terms of their location on the latent trait continuum.

Further, among those items that showed correctly ordered
discrimination parameters, none showed category thresholds
that were in the correct order. Therefore, there were no items
in which the ? option was performing as a genuine middle
option. Overall, the majority of items had category response
curves that resembled those in Figure 2 in which discrimination
parameters but not the category thresholds were in the correct
order. This is consistent with the relatively low endorsement
rates of the ? option, which can result in this response option
never being the most probable response option. Under these
circumstances, the thresholds will be in the incorrect order.

The comparisons of model fit for the NRM against the
GPCM in the U.S. standardization sample also suggested
that category ordering was not always as assumed. In the A

(Warmth), O (Apprehension), C (Emotional Stability), L (Sen-
sitivity), Q1 (Openness to Change), M (Abstractness), G (Rule
Consciousness), and E (Dominance) scales, the NRM was bet-
ter fitting to a level that could be considered practically signifi-
cant according to DBIC > 10. The difference in fit favoring the
NRM was most pronounced for those scales in which the NRM
parameter estimates identified out-of-order response categories
(Q1 and A) but was still substantial for many others. In the G
scale, for example, in which fit indexes also strongly favored
the NRM, the discrimination parameters were ordered but not
strongly so. Specifically, the ak0 parameters were close in mag-
nitude to corresponding ak1 parameters within each item
(e.g., �1.27 vs. �1.15 for Item 5). In these cases, the middle
option, although technically falling in the middle of the
response scale-, was difficult to distinguish from the lowest
response option.

Response scale evaluation: UK standardization sample

Results analogous to those in the U.S. standardization sample for
the UK sample are provided in Table 3. The average middle cate-
gory response option rates for this scale were higher than those
for the U.S. standardization sample and ranged from 11% for the
Q4 (Tension) scale up to 19% for the M (Abstractness) scale.
These are also higher than middle category endorsement rates of
between 5% and 10% reported in previous research (Cherny-
shenko, Stark, Chan, et al., 2001). There were a large number of
items that did not show the correct ordering of discrimination
parameters. Like the U.S. sample, this included the entire Q1 scale
(Openness to Change) in which the ? response option functioned
as the lowest response option. Other items in which the discrimi-
nation parameters were in the incorrect order were several items
from Q4 (Tension), one item from N (Privateness), one item
fromA (Warmth) and all items from L (Vigilance), G (Rule Con-
sciousness), and O (Apprehension). In some cases, the ? option
was functioning as the lowest response option (all items of G
[Rule Consciousness]), whereas in others it was functioning as
the highest response option (Items 4, 7, and 8 of Q4 [Tension];

Table 2. Nominal response model (NRM) model results for U.S. standardization sample.

Results from NRM NRM versus GPCM fit comparisons

Scale Label No. items
Mean ?

endorsement rate

Items where ?
behaves as

lowest response
option

Items where ?
behaves as

highest response
option

Items with
thresholds
out of order Dx2 df DAIC DBIC DsaBIC

A Warmth 11 .08 8 — 3 560.27 11 ¡538.27 ¡458.67 ¡493.63
C Emotional Stability 10 .07 — — 10 270.81 10 ¡250.81 ¡178.45 ¡210.23
E Dominance 10 .09 — — 10 138.90 10 ¡118.90 ¡46.54 ¡78.31
F Liveliness 10 .10 — — 10 59.78 10 ¡39.78 32.58 0.80
G Rule Consciousness 11 .09 — — 11 455.23 11 ¡433.23 ¡353.63 ¡388.59
H Social Boldness 10 .09 — — 10 55.15 10 ¡35.15 37.21 5.43
I Sensitivity 11 .10 — — 11 40.75 11 ¡18.75 60.85 25.89
L Vigilance 10 .14 — — 10 30.72 10 ¡10.72 61.65 29.87
M Abstractness 11 .12 — — 11 146.77 11 ¡124.77 ¡45.17 ¡80.13
N Privateness 10 .09 — — 10 38.16 10 ¡18.16 54.20 22.42
O Apprehension 10 .08 — — 10 118.61 10 ¡98.61 ¡26.25 ¡58.03
Q1 Openness to Change 14 .10 14 — — 619.47 14 ¡591.47 ¡490.17 ¡534.66
Q2 Self-Reliance 10 .11 — — 10 77.36 10 ¡57.34 15.01 ¡16.77
Q3 Perfectionism 10 .07 — — 10 66.55 10 ¡46.55 25.82 ¡5.96
Q4 Tension 10 .09 — — 10 40.73 10 ¡20.73 51.64 19.86

Note. GPCM D generalized partial credit model; AIC D Akaike’s information criterion; BIC D Bayesian information criterion. Negative values of DAIC; DBIC, and DsaBIC
indicate that the NRM fits better than the GPCM.
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Item 7 of N [Privateness]; Item 1 of A [Warmth]; all items of L
[Vigilance]; all items of O [Apprehension]). There were no items
that showed both discrimination parameters and category thresh-
olds that were in the correct order.

The comparisons of model fit for the NRM against the
GPCM in the UK standardization sample provided further evi-
dence for unexpected response behavior regarding the ? option.
Based on our criteria of DBIC > 10, the fit of the NRM was
favored to a practically significant level in four scales: O
(Apprehension), L (Vigilance), Q1 (Openness to Change), and
G (Rule Consciousness). All of these scales were identified as
having a large number of items with category response options
that were out of order. Our model fit criterion did not identify
the cases previously identified by inspection of NRM parameter
estimates when only a small number of items in a scale had
response categories in the correct order.

Illustrative examples

To appreciate what these results mean, we discuss two illustrative
examples in depth. First, consider Item 1 from the Sensitivity (I)
scale in the U.S. standardization sample, which showed category
responses in the correct order but thresholds in the incorrect
order. The category endorsement rate for the middle option for
this item was 10%. The NRM parameter estimates for this item
are provided in Table 4. It can be seen that the akx parameters are
correctly ordered (the discrimination of the first category is more
negative than the second category); therefore, the response cate-
gories are also in the correct order. However, the category thresh-
olds are in the incorrect order. That is, the category response
curve for the middle response option intersects with the category
response curve for the highest response option at a lower latent
trait level than it intersects with the category response curve for
the lowest response option. This feature can be seen in Figure 4,
which plots the category response curves for the item. Note that

at no point along the latent continuum is the middle response
option themost probable response option.

Another illustrative example is Item 1 from the Openness to
Experience (Q1) scale from the U.S. standardization sample. In
this instance, the response categories were in the incorrect
order. Parameter estimates for this item are also provided in
Table 4. For this item, the akx values place the? not in the mid-
dle of the response scale, but further down the latent trait con-
tinuum than the ostensibly lowest response option. That is, ak1
is more negative than ak0 (recall that ak2 is fixed to zero for
identification). This incorrect ordering of categories can be
seen in the category response curves for the item in Figure 5.

Practical implications of category disordering

Finally, to investigate the implications of disordering of catego-
ries, we estimated scores for the Q1 scale in the 16PF5 U.S.
standardization sample using the following:

1. NRM factor scores estimated from the NRM factor
scores expected using a posteriori method (Embretson &
Reise, 2000).

2. A simple summing of item scores (“sum scores”).
3. Sum scores treating the middle option as missing and

using the mean of the remaining scores as the trait
estimate.

Table 3. Item response theory model results for UK standardization sample.

Results from NRM
NRM versus GPCM
model fit comparisons

Scale Label No. items

Mean ?
endorsement

rate

Items where ?
behaves as

lowest response
option

Items where ?
behaves as highest

response
option

Items with
thresholds
out of order Dx2 df DAIC DBIC DsaBIC

A Warmth 11 .13 — 1 10 41.71 11 ¡19.71 36.40 1.456
C Emotional Stability 10 .14 — — 10 15.71 10 4.29 55.29 23.53
E Dominance 10 .14 — — 10 20.54 10 ¡0.54 50.46 18.70
F Liveliness 10 .15 — — 10 14.52 10 5.48 56.48 24.72
G Rule Consciousness 11 .12 11 — — 455.23 11 ¡433.23 ¡353.63 ¡388.59
H Social Boldness 10 .13 — — 10 19.13 10 0.87 51.87 20.10
I Sensitivity 11 .13 — — 11 40.75 11 ¡18.75 60.85 25.89
L Vigilance 10 .18 — 10 — 261.59 10 ¡241.56 ¡190.56 ¡222.34
M Abstractness 11 .19 — — 11 146.77 11 ¡124.77 ¡45.17 ¡80.13
N Privateness 10 .13 — 1 9 59.36 10 ¡39.36 11.64 ¡20.12
O Apprehension 10 .13 — 10 — 276.24 10 ¡256.24 ¡205.24 ¡237.01
Q1 Openness to Change 14 .14 14 — — 645.22 14 ¡617.21 ¡545.81 ¡590.28
Q2 Self-Reliance 10 .13 — — 10 17.53 10 2.47 53.47 21.71
Q3 Perfectionism 10 .12 — — 10 38.79 10 ¡18.79 32.22 0.45
Q4 Tension 10 .11 — 3 7 60.09 10 ¡40.09 10.91 ¡20.86

Note. NRMD nominal response model; GPCMD generalized partial credit model; AIC D Akaike’s information criterion; BICD Bayesian information criterion. Negative val-
ues of DAIC; DBIC, and DsaBIC indicate that the NRM fits better than the GPCM.

Table 4. Parameter estimates from nominal response model for two illustrative
examples.

Item ak0 (SE) ak1 (SE) ak2 (SE) ck0 (SE) ck1 (SE) ck2 (SE) t01 t12

I Item 1 ¡1.30 ¡0.67 0.00a 0.35 ¡1.49 0.00a 2.92 ¡2.22
(0.03) (0.05) (N/A) (0.02) (0.04) (N/A)

Q1 Item 1 ¡0.57 ¡1.29 0.00a ¡1.04 ¡3.01 0.00a ¡2.74 ¡2.33
(0.03) (0.05) (N/A) (0.02) (0.06) (N/A)

aFixed for identification purposes.
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4. Sum scores recoding the middle option as 0; that is, col-
lapsing the category with the lowest response option.

5. Sum scores recoding the middle option as 2; that is, col-
lapsing the category with the highest response option.

We then used these scores in two different types of analyses
to mimic research and real-world applications. First, we esti-
mated a correlation with another trait; second, we considered
rank ordering of respondents in making a selection decision.
We chose the Q1 scale because in exhibiting category disorder-
ing for all 14 items, it could act as a worst case scenario.

Figure 6 plots each of the Q1 sum scores (y axes) and the
NRM factor scores (x axis). All scores have been standardized
to have a mean of 0 and a variance of 1 to facilitate comparison.
A reference line shows where the sum scores would be expected
to sit, were they identical to the NRM factor scores. The corre-
lation between the factor scores and the simple sum scores was
relatively high at r D .83, lower when using the missing data
strategy at r D .77, lower still when collapsing the middle
response category with the top category at r D .62, and highest
when collapsing the middle response category with the lowest
response category at r D .95. This is consistent with the fact
that the NRM results suggested that selecting the middle cate-
gory was informative about trait levels (making the missing
data strategy suboptimal); however, it indicated low, rather
than intermediate trait levels (making collapsing it with the

lowest category superior to collapsing it with the highest
response category).

To investigate the impact of scoring method on criterion
correlations, we computed correlations between Q1 NRM fac-
tor scores and Q1 sum scores with the 16PF5 Reasoning scale
scores. The Reasoning scale is a short (15-item) cognitive ability
measure assumed to assess verbal, numerical, and logical abili-
ties. It is designed to provide a quick measure of intelligence
and is moderately correlated (r D .61) with the Information
Inventory and with the Form A, Scale 2 Culture Fair Intelli-
gence Test (r D .51; Conn & Rieke, 1994). The test manual
reports a Cronbach’s alpha of .80 for the scale with 2-week and
2-month test�retest reliabilities of .71 and .70, respectively.
Investigations of differential item functioning by gender and
ethnicity found no biasing by race or gender, with the exception
of one item that functioned differently in a Hispanic sample
(Conn & Rieke, 1994).

The correlation between Reasoning scores and NRM scores
was r D .20, with the simple sum scores it was r D .21, with the
sum scores using a simple missing data strategy it was r D .21,
with the sum scores collapsing the middle response category
with the highest response category it was r D .19, and with the
sum scores collapsing the middle response category with the
lowest response category it was r D .21. The method of scoring,
therefore, made very little difference to a criterion association.

Finally, to mimic the use of the test in a selection setting we
selected the top 100, 500, and 1,000 participants based on
NRM factor scores and compared it to selection based on the
three kinds of sum scores. We assessed the extent to which the
same participants were selected depending on the scoring
method. Results are provided in Table 5 and are the percentage
of individuals selected according to the NRM factor scores who
were also selected according the various sum score estimates.
When selecting the top 100, 500, and 1,000 participants, all
sum score estimates tended to select a group of participants
with only low to moderate overlap with those selected based on
NRM scores. There was more overlap when selection was based
on the bottom 100, 500, and 1,000 participants. Overall, col-
lapsing the middle category with the lowest response category
showed the most similar selections to the NRM factor scores
and collapsing with the highest response category showed the
worst. Again, this is consistent with the fact that the use of mid-
dle response category was indicative of low trait levels accord-
ing to the NRM results.

Summary

In all, 22 items out of the 158 items of the 16PF5 that were eval-
uated in this study had response categories that were in the
incorrect order in the U.S. sample and 50 had response catego-
ries that were in the incorrect order in the UK sample. The Q1
scale was problematic in both samples, with the middle
response option functioning as the lowest response option in
both. In addition, none of the 158 items had both response cat-
egories and category thresholds in the correct order in either
sample. The practical implications of category disordering were
negligible for criterion correlations but significant for a selec-
tion decision. This is consistent with the idea that category
disordering might matter little for group-level analysis but

Figure 4. Category response curves for item 1 of the Sensitivity (I) scale in the U.S.
standardization sample.

Figure 5. Category response curves for Item 1 of the Openness to Change (Q1)
scale in the U.S. standardization sample.
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becomes important when scores are used for individual-level
assessments and decisions.

Discussion

In this study, we found evidence that the middle option (?) of
the 16PF5 personality scales does not always behave as an indi-
cator of intermediate levels of the latent trait as implied by the
consecutive integer scoring scheme usually adopted to score
the items in this inventory. In many cases, the middle response
option was actually associated with levels of the latent trait
lower than the ostensibly lowest response option, and in others
it was associated with levels of the latent trait higher than the
ostensibly highest response option. In such instances, using

consecutive integers to score the low, middle, and high
response options is not appropriate and will lead to distorted
estimates of the latent trait. A secondary observation was that
even when response categories were in the order implied by
their typically assigned numerical values, category thresholds
were not correctly ordered. This meant that there was no inter-
val of the latent trait for which the middle response option was
the most probable response. Although this is less serious than
response options being in the incorrect order, it reflects a lack
of use of the middle response option and thus calls into ques-
tion its utility. In terms of the practical implications of unin-
tended use of the middle response option, we showed that
simulating a selection scenario for the worst-affected scale, the
use of sum scores versus factor scores estimated according to
the NRM led to widely diverging selection decisions. The use
of sum scores as trait estimates for high-stakes selection deci-
sions is, therefore, potentially problematic when middle
response category use is not as assumed. However, criterion
correlations were essentially invariant to scoring method, sug-
gesting that the scoring method will matter little in many
research settings.

Results highlight the need to empirically assess the func-
tioning of response categories, rather than assuming that they
function in the manner implied by the numerical scores
assigned to response options. This can be done following the
procedure in this study and other similar studies (Gonz�ales-

Figure 6. Nominal response model (NRM) factor scores plotted against different types of sum score for Openness to Change (Q1).

Table 5. Percentages of participants selected by nominal response model factor
scores who were also selected by simpler scoring methods.

Selection
criterion

Sum
score

Treat middle
category as missing

Collapse middle
category with
lowest category

Collapse middle
category with

highest category

Top 100 2% 16% 29% 0%
Top 500 25% 35% 55% 14%
Top 1,000 43% 52% 69% 30%
Bottom 100 100% 45% 100% 42%
Bottom 500 69% 43% 80% 38%
Bottom 1,000 71% 65% 82% 48%
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Rom�a & Espejo, 2003). Although the middle response category
of the 16PF5 might represent a particularly ambiguous
response option, other personality inventories use middle
response options with verbal labels that are subject to at least
some degree of ambiguity of interpretation. For example, the
middle option of three commonly used personality inventories
are ?(16PF5; Conn & Rieke, 1994), neither accurate nor inaccu-
rate (the items included in the International Personality Item
Pool; Goldberg, 1999), and neutral (NEO Five-Factor Inven-
tory; Costa & McCrae, 1992). Such response options are also
liable to elicit responses that are due to factors other than being
of an intermediate level of the latent trait. Therefore, the need
to assess the functioning of response categories also applies to
other commonly used personality inventories.

In particular, we recommend a combined strategy of examin-
ing NRM parameters and comparing model fits with the GPCM.
The former can identify individual problematic items and the lat-
ter provides amore objective statistical test regarding the response
options across items in the scale as a whole. Substantive research-
ers have several software options including the freely available
‘mcIRT’ (Reif, 2014) or ‘mirt’ packages in the R statistical software
package (Chalmers, 2012), or ‘MIRT’ software (Glas, 2010).

To date, few previous studies have used the NRM and nested
models to study category responding; however, in those studies
that have, evidence generally suggests that response categories
but not response category thresholds tend to be in the correct
order. For example, Hern�andez, Espejo, Gonz�alez-Rom�a, and
G�omez-Benito (2001) studied the performance of a 5-point
Likert scale in three measures of job satisfaction, role overload,
and support climate, respectively, with an ambiguous middle
option labeled indifferent. They found that although the
response options were in the correct order, for several items the
category thresholds were not. Gonz�alez-Rom�a and Espejo
(2003), as described in detail earlier, found similar results in a
small subset of 16PF5 items. However, as this study illustrates,
category disordering will also sometimes arise and category
ordering should be tested, not simply assumed.

In cases such as this study in which the categories appear in
the incorrect order, the most defensible solution is to obtain
latent trait estimates using a measurement model such as the
NRM used here that takes category disordering into account.
More crude strategies such as scoring the middle option as
missing or combining it with another response option are sub-
optimal because, like simple consecutive integer scoring, they
also entail an implicit scoring scheme with assumptions that
are likely to be violated under disordered response categories
or thresholds. For example, when combining the middle option
with another response category, this makes an implicit assump-
tion that the ? response carries the same information about the
latent trait level as responding in the category with which it is
combined. This is in contrast to the scoring scheme engendered
in the NRM, in which the contribution of category response to
latent trait estimates are determined by category discrimination
parameters and thus take into account the differential informa-
tion conferred by responses in different categories.

We evaluated the potential implications of using sum scores
in practice when the middle response category is not used in
the manner assumed using Q1, the worst affected scale in this
respect. We found that criterion correlations are little affected

by whether a sum score or a factor score from the NRM is
used, suggesting that parameter estimates based on aggregated
data are unlikely to be strongly affected. This would suggest
that the use of affected scales in research settings is largely
unproblematic.

However, when we simulated selection based on various
kinds of sum scores and compared this to selection based on
factor scores estimated from the NRM, we found that there was
little to moderate overlap in the individuals selected by the two
alternative methods. Although there will be other sources of
unreliability that will have contributed to the discrepancies
between the two scoring methods, an important characteristic
of category disordering is that it led on average to an overesti-
mation of trait levels for individuals at the lowest levels when
using sum scores relative to NRM scores. These individuals had
a tendency to select the middle response option, earning them
an item score of 1 when in fact a more appropriate item score
would have been 0.

Of the kinds of sum scores compared, the best strategy was
to collapse the middle category with the response category to
which the NRM results suggested it was closest. In the Q1 scale,
the middle response option was behaving as if it were the lowest
response category. As a result, the best results were obtained
when the middle and lowest response categories were collapsed
and the worst results were obtained when the middle and high-
est response categories were collapsed. Treating the middle cat-
egory as being in between the lowest and highest response
categories and treating endorsements of the middle response
category as missing data yielded results intermediate between
these two extremes.

These results suggest that the best strategy after estimating
factor scores would be to first establish which response category
the middle response category is closest to and then collapse it
with this category, but that this depends on the item in ques-
tion. For the 16PF5, the current results would suggest that for
most scales, the middle response category should continue to
be scored as a middle response. In U.S. samples, exceptions are
all items of the Q1 scale and Items 1, 4, 5, 7, 8, 9, 10, and 11 of
the A scale where the middle response category should be col-
lapsed with the lowest response category. In UK samples,
exceptions are all items of the Q1 scale and all items of the G
scale where the middle response should be collapsed with the
lowest response option and Items 4, 7, and 8 of Q4; Item 7 of
N; Item 1 of A, and all items of L and O, where the middle
response option should be collapsed with the highest response
option.

We also noted that, although it was only the minority of
items that showed out-of-order response options, all of the
remaining items showed out-of-order category thresholds. This
means that there is no value of the latent trait for which the
middle response option is the most probable response. We do
not, however, think that this observation is problematic because
it does not imply any systematic bias in scoring. It most likely
reflects the low endorsement rates of the middle response
option and is not surprising given that the test instructions
encourage respondents to avoid using the middle response
option where possible. At worst, it suggests that the middle
response option is uninformative about latent trait levels and is
thus superfluous. However, amending test instructions such
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that respondents felt free to use the middle response options
would most likely reverse this situation and result in category
thresholds that were in the correct order.

In terms of the implications for future test construction, our
results highlight the challenge of providing participants with a
middle response option—namely, that it will tend to elicit
responses other than indications that an individual possesses
intermediate trait levels. In spite of this, it has been suggested
that middle response options could be important for minimiz-
ing missing data and maintaining participant cooperation (e.g.,
Rammstedt & Krebs, 2007). Therefore, we would argue that
middle response options can be useful; however, any ambiguity
in the associated verbal labels should be carefully avoided. If
the middle response option is intended to function as a marker
of intermediate trait levels, a verbal label such as In between
should be used, rather than Unsure or ?. Similarly, any other
factors that have been suggested to promote unintended use of
the middle category such as poor item comprehensibility (pro-
moting confusion), or a lack of contextualization of items (pro-
moting “it depends” responses) could be minimized to the
extent that this is appropriate in the context of a given measure
(Kulas & Stachowski, 2009). In addition, participants could be
offered an additional unscored response category such as a Not
applicable option to help avoid unintended uses of the middle
category (Kulas et al., 2008).

As well as highlighting the need to assess category ordering
empirically, our results are also potentially informative about
the role of personality itself in influencing the manner in which
individuals tend to use response scales. Evidence from both
samples suggested that there was an increased likelihood of
selecting the ? option in individuals who were low in openness
to change. One possibility is that individuals who are low in
openness to change are more intolerant of ambiguity or uncer-
tainty and thus select the ? option when not entirely certain
about their response, rather than selecting a closest option
from the 0 or 2 options. In addition, there was some evidence
from the UK sample that individuals were more likely to select
? when low in rule consciousness. This same general tendency
was observed in the U.S. sample, in which the low and ?
response options were difficult to distinguish (highly similar
discrimination parameters) but the tendency was not so
marked as to result in a reversal of the two response categories.
This could reflect a greater willingness to ignore the test
instruction that requests that respondents aim to avoid select-
ing the ? response.

Neurotic traits were also associated with selecting the ?
response: The traits of apprehension, vigilance, and tension all
showed a positive relation with selecting ? in the UK sample.
This is consistent with previous studies reporting that individu-
als higher in neurotic traits are more likely to select a middle
option (Hern�andez et al. 2004; Kulas & Stachowski, 2013;
McFadden & Krug, 1984). Hern�andez et al. (2004), whose
results are particularly relevant to those of this study in having
used the 16PF5, proposed that this result could be explained by
individuals who are higher in neuroticism having greater diffi-
culty in choosing between the high and low response options
and thus electing to avoid making the decision altogether by
selecting the middle option. Consistent with our analyses of the
U.S. sample, Hern�andez et al. (2004) also found that low

warmth was associated with increased use of the ? category and
suggested that those low in warmth might be more reluctant to
share personal information with others. Finally, we found that
one item from the Privateness scale was associated with the ?
option in the UK sample, suggesting that participants with
higher levels of privateness are less likely to disclose informa-
tion about themselves, preferring to select ?.

The preceding information highlights that although the Q1
scale showed the same pattern of ? responding across U.S. and
UK samples, there were also some differences between the
results of the two samples. Overall, there were more items with
out-of-order categories in the UK sample, which could reflect
the reduced cultural relevance of such items for a UK respon-
dent given that the scale was originally developed in the United
States. As a result, UK respondents might have more difficulty
interpreting items or feel that the appropriate response is not
applicable, exacerbating any tendencies to select the ? option.
Indeed, the use of the middle response category was overall
greater in the UK sample than in the U.S. sample. However, the
differences between samples could simply reflect the fact that
the size of the UK sample was smaller. Given that for many
items, discrimination parameters for the middle and an adja-
cent category were very close in value, this would lead to these
categories being out of order by chance more often in the UK
sample.

Recommendations for scoring the 16PF5 in practice

Based on our results it is possible to recommend the following
scoring scheme for the use of the 16PF5 in practice. If adminis-
tering the 16PF5 to a U.S. sample, the following scoring scheme
should be used:

� Use a D 0, ? D 1, and c D 2 for all items in scales C, E, F,
G, H, I, L, M, N, Q2, Q3, and Q4, and Items 2, 3, and 6 of
scale A.

� Use a D 0, ? D 0, and c D 2 for all items in scale Q1 and
for Items 1, 4, 5, 7, 8, 9, 10, and 11 of scale A.

� Do not use aD 0, ?D 2, and cD 2 as a scoring scheme for
any item.

If administering the 16PF5 to a UK sample, the following
scoring scheme should be used:

� Use a D 0, ? D 1, and c D 2 for all items in scales C, E, F,
H, I, M, Q2, and Q3; Items 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and
11 of the A scale; Items 1, 2, 3, 4, 5, 6, 8, 9, and 10 of the
N scale; and Items 1, 2, 3, 5, 6, 9, and 10 of the Q4 scale.

� Use a D 0, ? D 0, and c D 2 for all items in scales Q1 and
G.

� Use a D 0, ? D 2, and c D 2 for all items in scales L and O;
Item 7 of the N scale; Items 4, 7, and 8 of the Q4 scale;
and Item 1 of the A scale.

Limitations

In terms of study limitations, although our results signal a need
to empirically assess category ordering, it is unclear how our
results with the 16PF5 would generalize to most other personal-
ity inventories that do not explicitly discourage the selection of
the middle option. This instruction might have exaggerated
any tendency for the categories or thresholds to be in the
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incorrect order. Further, although the model used in this study
imposes relatively few restrictions on the data, it is inevitable
that some standard assumptions are made, thus opening the
possibility of model misspecifications. For example, the true
form of relation between item and latent construct might be
better represented by some other function, or the items of a
putatively unidimensional scale might be better represented by
multiple dimensions. Based on previous research with the
16PF5, we judged that any misspecification would be suffi-
ciently minor to justify the use of the models. Nonetheless, it is
possible that future theoretical and empirical work will yield
psychometric models for the 16PF5 that improve on the models
suggested in this study.

One potentially useful future direction would be to explore
the use of the middle response category in the context of
unfolding models (Chernyshenko, Stark, Chan, et al. 2001;
Chernyshenko, Stark, Drasgow, & Roberts, 2007; Drasgow,
Chernyshenko, & Stark, 2010; Stark, Chernyshenko, Drasgow,
& Williams, 2006). The majority of item response theory
modeling in personality to date—including this study—has
used a dominance model to represent the relation between the
latent trait and item responses (Weekers & Meijer, 2008). Here,
it is assumed that the higher a person’s trait level, the more
likely it is that he or she will endorse a higher response category
on an item. In contrast, unfolding models assume an ideal point
process in which the probability of endorsing an item or
response category increases with proximity of trait levels to the
response category location on the latent trait continuum.
Empirically, comparisons between ideal point and dominance
models to personality data have provided mixed results, with
some studies showing support for ideal point models (e.g., Stark
et al., 2006, using the 16PF), and others suggesting fit is not
ubiquitously improved by fitting ideal point models (Weekers
& Meijer, 2008).

Here, although we acknowledge this interesting and ongoing
debate regarding whether item responding is best conceptual-
ized as following an ideal point process versus a dominance
process (see, e.g., the responses to Drasgow et al., 2010), we
choose to focus on the performance of the middle category
through the application of traditional dominance models for a
number of reasons. First, although it might be beneficial to
develop new inventories based on an ideal point process, the
16PF5 was developed under an implicit dominance model. As a
result, the vast majority of its items are extreme-worded items
that are not conducive to ideal point modeling, which requires
items to be located at both extreme and intermediate levels
(Brown & Maydeu-Olivares, 2010). For extreme items, there is
little practical difference between applying a dominance versus
an ideal point model.

Second, it has been argued that by virtue of including a mid-
dle response option, the tenets of ideal point processes are vio-
lated. This was noted by Dalal, Carter, and Lake (2014), who
argued that the ideal point response process requires individu-
als to agree or disagree based on the proximity of an item on
the trait continuum to their own position. Thus, a disagree
response could either be because an item is too low or too high
on a measured trait. Given this basic principle, Dalal et al.
argued it is difficult to conceptualize what a neither agree nor
disagree statement would mean for the location of an

individual’s ideal point. They further noted that the middle
response category was introduced to Likert-type scales to con-
vey a neutral standing on a trait. Within an ideal point model-
ing, a neutral standing is conveyed by agreement to items that
are at the center of the trait continuum—thus a neutral position
is determined by items, not response scales. To demonstrate
their concerns with middle response options in ideal point
models, Dalal et al. (2014) used a quasi-experimental design
where participants responded to a scale developed from an
ideal point perspective that had either a 4-, 5-, or 6-point
response scale. It was found that whereas the 4- and 6-point
scales provided good fit to an ideal point model, the 5-point
scale did not.
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