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Aims. To demonstrate the principles and application of Mokken scaling.

Background. The history and development of Mokken scaling is described, some examples of applications are given, and some
recent development of the method are summarised.

Design. Secondary analysis of data obtained by cross-sectional survey methods, including self-report and observation.
Methods. Data from the Edinburgh Feeding Evaluation in Dementia scale and the Townsend Functional Ability Scale were
analysed using the Mokken scaling procedure within the ‘R’ statistical package. Specifically, invariant item ordering (the extent
to which the order of the items in terms of difficulty was the same for all respondents whatever their total scale score) was
studied.

Results. The Edinburgh Feeding Evaluation in Dementia scale and the Townsend Functional Ability Scale showed no violations
of invariant item ordering, although only the Townsend Functional Ability Scale showed a medium accuracy.

Conclusion. Mokken scaling is an established method for item response theory analysis with wide application in the social
sciences. It provides psychometricians with an additional tool in the development of questionnaires and in the study of
individuals and their responses to latent traits. Specifically, with regard to the analyses conducted in this study, the Edinburgh
Feeding Evaluation in Dementia scale requires further development and study across different levels of severity of dementia and
feeding difficulty.

Relevance to clinical practice. Good scales are required for assessment in clinical practice and the present paper shows how a
relatively recently developed method for analysing Mokken scales can contribute to this. The two scales used as examples for

analysis are highly clinically relevant.
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naire is a valuable instrument for the measurement of

Introduction
phenomena such as psychological morbidity, quality of

The use of questionnaires is important and widespread in

nursing research and practice. A well-designed question-

life and clinical symptoms. Also, in nursing and other
areas of social research, the measurement of attitudes,
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opinions and educational achievement is common and
valuable.

The development of questionnaires requires some obliga-
tory steps including the clarification of the concept being
studied, the selection of items, validation of content, estab-
lishing the reliability of the items, and then further steps to
investigate the construct validity of the questionnaire (Bann-
igan & Watson 2009). This field of research is known as
psychometrics (Rust & Golombock 1999) and depends
heavily on methods developed in psychology which are
equally applicable across the different fields where question-
naires are used. The methods employed to ensure that
questionnaires are psychometrically sound range from com-
mon sense (selection of items and validation of content) to
some sophisticated mathematical and statistical methods for

establishing reliability and validity.

Classical test theory

The methods used to establish reliability and validity rely
heavily on what is referred to as classical test theory, which
includes methods such as Cronbach’s alpha for the estimation
of reliability of a test score. Classical test theory — which will
not be expounded on further here — is concerned with the
estimation of measurement error and establishing, within the
bounds of the methods available, an estimate of the true

score.

Item response theory

A more recently developed and very powerful alternative to
classical test theory is item response theory (Hulin et al.
1983) which seeks to solve much the same problems as
classical test theory and, indeed, can often be complementary
to classical test theory in terms of identifying sets of items
that measure the same concept (i.e. that are unidimensional)
(van Schuur 2003). This is exemplified in the case of the
EdFED (Edinburgh Feeding Evaluation in Dementia) scale
(Watson & Deary 1994, 1997, Watson 1996) where both
exploratory factor analysis and Mokken scaling identified the
same set of items to measure feeding difficulty in older people
with dementia. Item response theory is less concerned with
scores on sets of items (test level scores) and more concerned
with the responses to individual items. Additionally, item
response theory enhances the interpretive power by providing
measurement precision that varies with a person’s ability
level (Hambleton et al. 1991). The discrepancies between
observed and true scores indicate how much the test score
differs from the true scores, and are summarised by the

standard error of measurement; better reliability estimates

result from high precision or relatively small measurement
error (Alagumalai & Curtis 2005).This information (i.e. error
that varies by person performance) can be used to identify the
most sensitive part of the instrument or scale under investi-
gation (Wilson 2005). The range of item response theories
will not be covered here but the method that has most
recently come to characterise and be described as an example
of item response theory (although it differs from some other
methods) is Rasch modelling (Meijer & Sijtsma 1990).
However, a convenient, useful and relatively easy to
understand method which follows the principles of item
response theory has also been developed and this is known as
Mokken scaling after Robert Mokken (http://staff.science.
uva.nl/~mokken/; retrieved 30 September 2010) who initially
developed it. The remainder of this paper will explain the
principles of Mokken scaling and provide some recent

examples of its application.

Background

Mokken scaling is a non-parametric method for investigating
the relationship between items and latent traits which evolved
from the Guttman method of investigating hierarchies of
items within scales.

Guttman scaling

Guttman scaling, developed by Louis Guttman (Stouffer
et al. 1950, Katz 1988) is deterministic in the sense that it
does not take any stochastic elements into account. This
means that it does not view the relationship between an item
and the latent trait that is being measured in terms of
probability (as in the probability of a score on the item being
related to the extent to which the latent trait is present);
rather, it sees the relationship as being one of complete
discrimination between the presence or absence of the latent
trait based on the endorsement or lack of endorsement of an
item or an item step response (i.e. the response to any one of
the points on, for example, a Likert scale as opposed to a
response to a dichotomous item — we will only consider
dichotomous items here in relation to Guttman scales for
clarity and will return to polytomous items under Mokken
scaling). This relationship is shown in Fig. 1.

The way Guttman scaling works can be demonstrated by
considering the questions listed in Table 1. The idea behind
these questions — which, for the purposes of this example are
deliberately ordered as they appear in the table — is to
measure the attitude of individuals towards the supporters of
an opposing football team. The questionnaire is based on the

fact that most people will not openly express any particular
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P(0)

0
Figure 1 An example of an item behaving according to the deter-

ministic Guttman model along a latent trait 6 on the abscissa with the
probability of a positive response to the items on the ordinate.

Table 1 Questions used to demonstrate hierarchical item ordering

Item Label Response
1 I like supporters of opposing football teams Yes/no
2 I would sit next to an opposing supporter on a bus Yes/no
3 I would speak to a supporter of an opposing team  Yes/no
4 I would invite an opposing supporter to my house  Yes/no
5 I would allow an opposing supporter to marry one Yes/no

of my children

prejudice towards other people but, when pushed further; for
example, inviting such a person to their house or welcoming
them into their family, then they will eventually ‘draw the
line” somewhere. A set of responses to the questions is shown
in Table 2 and this demonstrates that all the respondents,
except one, show no general prejudice; however, as we
progress through the questions, they become increasingly
hard for these respondents to endorse with only one person
endorsing all of the items. Of course, the response pattern

shown here is perfect: people always endorse an ‘easier’ or

Item response theory

more popular item before they endorse a ‘harder’ or less
popular item — and things are rarely like that in reality and we
are more likely to obtain a response pattern like the one
shown in Table 3. In reality, answer patterns are subject to
more than the underlying construct or trait; answer patterns
are influenced by factors like mood of the respondent and
interpretation of the question (Kempen et al. 1995). There-
fore, the relationship to item responses and the construct is
better defined as probabilistic rather than deterministic.
Furthermore, to be sure that a scale follows the expectation
of clear-cut pass/fail point (i.e. deterministic nature) for each
person, the differences between item difficulties must be large
(Fisher & Fisher 1993). Thus, the sensitivity of such scales to
small changes in functioning within individuals over time or
to small differences between individuals can be reduced quite
substantially (Finch et al. 1994). Without explaining the
Guttman method in detail, the method is concerned with
calculating acceptable levels of reproducibility and scalability
(Menzel 1953, Schuessler 1971) based on the number of
violations of the underlying pattern. This involves identifying
the incidences when an individual does not answer in a way
that is consistent with the majority of the other respondents
and comparing these incidences with the number of correct
responses and calculating coefficients that tell us how well the
data conform to a Guttman scale.

Mokken scaling

Guttman scaling is described as deterministic in that it does
not allow for randomness: a score on the scale should closely
indicate the responses to the items in the scale and items are
written (or discarded) to achieve this. Mokken scaling refers
to a series of methods for investigating whether stochastic

Table 2 Responses to questions in Table 1

showing perfect Guttman scalability Respondent 1

Item

Respondent 2 Respondent 3 Respondent 4 Respondent 5§

No
No
No
No
No

“L AW N -

Yes Yes Yes Yes
Yes Yes Yes Yes
No Yes No Yes
No Yes No No
No Yes No No

Table 3 Responses to questions in Table 1

showing violations of Guttman scalability* frem

Respondent 1

Respondent 2 Respondent 3 Respondent 4 Respondent §

No
No
No
Yes
No

N N N

Yes Yes Yes Yes
No Yes Yes No
Yes Yes No Yes
No Yes No No
No Yes No No

*Violations of Guttman scalability are shown in bold.
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versions of the Guttman scale hold in the data. These
stochastic versions of a Guttman scale are known as the
model of monotone homogeneity (MHM) and the double
monotonicity model (DMM), which fall within the broad
spectrum of methods described as item response theory (IRT).
The scores on a scale, representing the presence of the latent
trait, are related to the scores on individual items by
probability (Sijtsma & Molenaar 2002); that is, an item is
more likely to be endorsed if the person scores high in the
latent trait; an individual is more likely to agree to an item
indicating that they are anxious if they suffer from anxiety —
but the model does allow for error and individual counter-
intuitive responses to some items. Thus, if we represent the
response to an item on a Guttman scale as shown in Fig. 1,
we can see that the response to the item is either endorsement
or not; that is ‘yes’ or ‘no’ to an item where agreement with a
statement is required — this is a deterministic model.
However, Fig. 2 shows how responses to an item are viewed
in a stochastic model such as the MMHj; as the amount of the
latent trait increases, the probability of endorsing the item
also increases and it does so in a characteristic fashion to be
described below.

Item characteristic curve

The behaviour of individual items in a scale relative to the
latent trait is described by item characteristic curves (ICCs)
(Hambleton & Swaminathan 1985). If the Greek symbol
theta (0) represents the latent trait then the ICC for any
particular item represents P(6) — the probability of an
individual’s score on an item being obtained in the presence
of a particular level of the latent trait. As the latent trait
increases, then the probability of a score on the item increases
in a non-linear fashion described by a probability distribution
function as shown in Fig. 2. The shape of and relationship
between ICCs is part of Mokken scaling analysis and this will
be described below.

p(0)

0

Figure 2 An item responding stochastically in the presence of latent
trait 6 on the abscissa with the probability of a positive response to
the items on the ordinate.

Item 1

/7 Ttem?2
7

p(0)

Figure 3 Two items showing different levels of difficulty and dis-
crimination: item 1 is more difficult than item 2 and item 2 is more
discriminating than item 1.

Discrimination and difficulty

ICCs, as shown in Fig. 3 can differ in steepness and those that
are steeper are described as more discriminating than those
that are less steep. Item 1 is more difficult than item 2 because
for the majority of trait levels, the probability of endorsing
item 2 is greater than the probability of endorsing item 1. In
this sense ‘difficulty’ refers to the ease with which an item is
endorsed by respondents. Ideally, in general trait measure-
ment, what is required is highly discriminating items with
varying levels of difficulty.

Assumptions of IRT

Before proceeding to describe Mokken scaling in more detail,
three assumptions of IRT which are common across IRT
methods should be explained. These assumptions are: unidi-
mensionality, local independence, and monotonicity. IRT
assumes that, for the items that form a scale, there is a
dominant single latent trait that determines the answers to
the items; this is known as unidimensionality (Hulin et al.
1983). This does not mean that, in a large set of items, more
than one dimension may not exist; rather, that sets of items
fitting an IRT model are unidimensional. This distinction is
noteworthy if we emphasise that, despite meeting the
assumption of unidiminsionality for this scale, minor abilities
can still influence response patterns. ‘It has been long argued
that responses to a set of items are multiply determined, in
that several minor abilities are required to respond to items’
(Nandakumar 1994, p. 17). IRT also assumes local stochastic
independence of items in a scale, which means that an
individual’s responses to items in a scale are dependent on the
individual’s level on the latent trait being measured: the
response to one item is not influenced by the score on another
(Nunnally 1978). It should be emphasised that this is, largely,
an assumption as complete local stochastic independence is
very hard to achieve, especially where items in a scale form an
item chain where success on one item depends on success on

the previous item or where items overlap (Balazs & De Boeck
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undated). Montonicity refers to the increasing probability of
the score on the item increasing as the level if the latent trait
increases; this is illustrated in Fig. 2.

The model of monotone homogeneity

The next important stage of the Mokken procedure is
investigating if items fit the MMH (Mokken & Lewis 1982).
The MMH is a very unrestrictive model, assuming only the
three common assumptions in IRT: unidimensionality, local
independence, and monotonicity. While unidimensionality
and local independence cannot be visualised, Fig. 4 illustrates
one item (item 1) which has monotonicity and one (item 2)
which has not. MMH means that, for all items, as the score
on the latent trait increases, the score on the items in the scale
should also increase. The MMH allows for the ordering of
persons on the latent trait by the sum of the item score — an
essential requirement for a psychological test. The software
for Mokken scale analysis (Molenaar & Sijtsma 2000) pro-
vides diagnostics which allow you to detect items which

violate MMH and remove them from the analysis.

The double monotonicity model

The next stage of the Mokken scaling procedure is investi-
gating whether the items fit the double monotonicity model
(DMM) (Mokken & Lewis 1982). In addition to the three
assumptions of the MMH, the DMM assumes that the ICCs
do not intersect. This is shown in Fig. 5 where items 1 and 2
do not intersect and item 3 intersects items 1 and 2; therefore,
item 3 violates the DMM. The DMM allows for the ordering
of persons on the latent trait by the sum score and allows for
an invariant ordering (IIO) of the items in terms of difficulty.
The IIO property is crucial for establishing hierarchical
scales. The order of the items in terms of difficulty should be
the same for all respondents whatever their latent trait value
(Sijtsma & Junker 1996). The software for Mokken scale
analysis also provides diagnostics which allow you to detect
items which violate the DMM and remove them from the
analysis.

p(©)

Figure 4 Two items with Item 1 showing MMH and Item 2 violating
MMH.

© 2011 Blackwell Publishing Ltd, Journal of Clinical Nursing
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Item 1

Item 2

Item 3

Figure 5 Three items with items 1 and 2 showing DMM and item 3
violating DMM.

Mokken scaling analysis

Mokken scaling is an improved version of Guttman scaling in
the sense that it is stochastic and, thereby, less restrictive in
nature: it does not assume that the responses of individuals to
items in a scale are deterministic. Therefore, Mokken scaling
produces a similar outcome to Guttman scaling but is likely
to include more items from a pool of items into a hierarchical
scale and also to provide more information about the
behaviour of individual items. For scale developers, Mokken
scaling is an additional tool for the identification of unidi-
mensionsal sets of items and it provides additional informa-

tion about the relationship between items in such scales.

Loevinger’s coefficient (H)

The first parameter to be established in Mokken scaling is
whether or not, based on their mean scores, the items in a
questionnaire form a hierarchy. In Mokken scaling this is
done by inspecting the item scores relative to one another to
see how consistently they are ordered. This is precisely the
same as Guttman scaling and it is low violations of Guttman
ordering that lead to the initial inclusion of items in a Mok-
ken scale. The principals of this can easily be demonstrated by
looking at Table 4 which shows, in a 2 x 2 contingency table
(based on Niemoller & van Schuur 1983), two items 7 and j
and all possible patterns of endorsement. If item i has greater
‘difficulty’ than item j then responses in cells a, c and d are all
acceptable, but responses in cell b are not, as these are clearly
violations of the Guttman ordering and arise from respon-
dents who have scored item 7 as being less difficult than item ;.
Cell b, therefore, is the error cell and the proportion of
responses in cell b to those in the remaining cells gives an
estimation of the scalability: the extent to which items form
a hierarchy. This proportion is used to compute item-pair
scalability coefficient H;;: if there are no observations in error
cell b, then Hj; equals 1 and items 7 and j form a perfect
Guttman scale. As the number of observations in the error
cell increase H; decreases. Additionally, there is an item
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Table 4 Contingency table showing possible response categories to
two items i and j

Item j

Item i 1 0

1 a(1,1) b (1, 0)
c (0, 1) d (0, 0)

scalability coefficient H;, indicating the scalability of an
individual item, and a scalability coefficient H, indicating the
scalability of the set of items. A set of items forms a so-called
Mokken scale if two conditions are met: (1) for all item pairs,
scalability coefficient H;; is greater than zero and (2) scala-
bility coefficient H; is greater than some a priori chosen cri-
terion ¢ (c usually equals 0-3, but this is up to the researcher).
In addition, the following guidelines for H are common:
0-30-0-40 is called a weak scale, 0-40-0-50 is called a medium
scale, and >0-50 is called a strong scale Molenaar and Si-
jtsma (2000).

Polytomous items

Thus far we have been concerned with dichotomous items
where the non-intersecting ICCs as implied by the DMM is
equivalent to IIO. Mokken scaling has been developed to
analyse polytomous (Sijtsma et al. 1990, Hemker & Sijtsma
1995) items. The principles remain the same, but the analysis
is not simply of ICCs, but of the responses to each of the
levels in the items (e.g. 1-5 on a Likert type scale). The
resulting relationship between these responses and the score
on the latent trait can be represented using item step char-
acteristic curves or item step response functions (ISRFs).
These are the responses of each of the steps in the scale. For
example, in a Likert scale with five response categories, there
are four steps between the five categories, so there are four
ISRFs. ISRFs are central to the analysis of polytomous items
using Mokken scaling. The procedure for establishing if a set
of polytomous items forms a Mokken scale follows the same
pattern as that for dichotomous items. Without a detailed
explanation, the parameters of H, MHH and DMM should
hold for ISRFs and diagnostics exist to establish this in ver-
sions of the Mokken scaling procedure that have been
developed to process polytomous items.

An important difference between dichotomous items and
polytomous items is that for polytomous items, the DMM
does not automatically yield items that are invariantly ordered
in terms of difficulty. Hence, for polytmous items, establishing
the DMM is not enough for establishing IO (Sijtsma et al.
2011). Recently, Ligtvoet et al. (2010) developed a method to
investigate whether IIO holds. The method should be applied
after the conventional Mokken scaling procedure and consists

of two steps: first, based on statistical testing, items are
detected (and removed if requested) that clearly violate IIO.
Second, a diagnostic analogous to H, called Htrans or H' is
used to establish IIO; values of HT > 0-3 are considered to
indicate a scale with IIO (Ligtvoet et al. 2010). The methods
for investigating IIO will be described below. Likewise,
establishing IIO is possible and the software for these analyses
will be described below and some examples of the application
of Mokken scaling will be provided.

Software for Mokken scaling

The Mokken scaling procedure (MSP) (Molenaar & Sijtsma
2000) is commercially available for Windows and this
software is capable of analysing polytomous items and of
investigating scalability, MMH and DMM for dichotomous
and polytomous items. It is also capable of analyzing IIO for
dichotomous items but not, in its most recent release, of
analyzing I1O for polytomous items. However, public domain
software called R contains Mokken scaling analysis (van der
Ark 2007) and is capable of analysing IIO for polytomous
items and generating H' (van der Ark 2010). For specific
details on how to run these software packages, manuals are
available with step-by-step guidance. The outputs from MSP
and R have some similarities and some differences. MSP is
probably more ‘user friendly’ and produces outputs that are
more directly interpretable and which can be imported
relatively easily into publications. R, on the other hand, is
more sophisticated in its analytical possibilities but, as this is
public domain, the output options are less sophisticated.
Mokken scaling is only one method for investigating IRT
models; other IRT methods, such as Rasch modelling and the
Generalized Partial Credit Model will not be described here.
However, other software for analyzing items is available and
TestGraf, for example, is also public domain software for item
analysis (http://www.psych.mcgill.ca/faculty/ramsay/TestGraf.
html; retrieved 1 October 2010) and can be a useful adjunct
for investigating item properties.

Applications of Mokken scaling

Mokken scaling has been applied to a wide range of sets of
items in psychology, social science, medicine and nursing; it
has been applied to psychological questionnaires (Moorer &
Suurmeijer 1994, Watson et al. 2007, 2008a,b, Bedford et al.
2010a,b, Deary et al. 2010, Stewart et al. 2010), attitude
measurements (Gillespie 1988, Tenvegert et al. 1992), qual-
ity of life (Moorer et al. 2001, Ringdal ef al. 1999, 2003,
Thompson & Watson 2010), disability (Kempen et al. 1995,
van Boxel et al. 1995), nursing (Watson 1996, Dijkstra et al.

© 2011 Blackwell Publishing Ltd, Journal of Clinical Nursing
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1999, 2000, Lin et al. 2008), psychiatry (de Jong & Mole-
naar 1987, Meijer & Baneke 2001), pain (von Korff et al.
1992), sleep (Kingshott et al. 1998) and activities of daily
living (Kempen & Suurmeijer 1990, 1991, Suurmeijer &
Kempen 1990, Fieo et al. 2010) inventories. Specific exam-
ples of recent applications include the use of MSP to analyse
sets of items in inventories of psychological distress such as
the General Health Questionnaire (Watson et al. 2008) and
the Clinical Outcomes in Routine Evaluation-Outcome
Measure (CORE-OM) (Bedford et al. 2010).

Psychological morbidity

The application of MSP to inventories measuring psycho-
logical morbidity and personality disturbance show hierar-
chies of items ranging from relatively mild distress to more
extreme forms of distress and these are often anchored at the
most difficult end of the scale in items which indicate feelings
of worthlessness or suicidal ideation. For example, Mokken
scaling of one version the General Health Questionnaire
(GHQ), the GHQ-30, shows a hierarchy of items running in
terms of difficulty from being unable to face up to problems
and being constantly under strain to feeling that life is not
worth living (Watson et al. 2008a). Mokken scaling of the
CORE-OM shows a hierarchy of items running in terms of
difficulty from not being able to achieve things and being
unable to ignore problems to making plans to end one’s life
(Bedford et al. 2010). Clearly, in these cases, the intervening
items are also logically related to the anchoring items in the
range.

ADL scales

An ADL (Activities of Daily Living; Townsend 1962) scale,
the Townsend Functional Ability Scale (Townsend), has
been analysed using MSP (Fieo et al. 2010) and this shows a
hierarchy of items in terms of difficulty from tying a knot in
a piece of string to cutting one’s own toe nails indicating
that, as ADL function is increasingly impaired, it is fine
movements that are affected. The above inventories are self-
administered, but MSP has been applied to observational
data and one example of this is the development of the
EdFED scale (Watson 1994 a,b, 1997, Watson & Deary
1996, 1997, Watson et al. 2001, 2002). The EdFED was
developed from a set of items designed to measure feeding
difficulty in older people with dementia. Early versions of
the EAFED were analysed using factor analysis and Guttman
scaling and it was shown that there were distinct underlying
dimensions to the EAFED and that one of these was related
solely to the behavioural aspects of feeding displayed by the
older people with dementia. The factor analysis and the

Guttman scaling confirmed this and the later application of

© 2011 Blackwell Publishing Ltd, Journal of Clinical Nursing
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Mokken scaling further confirmed that this was the case.
Subsequent analysis of separate datasets have confirmed
both the factor structure of the EAFED and the hierarchical
ordering of the behavioural items and this holds for a recent
dataset obtained from Taiwan using a translated version of
the EAFED scale (Lin et al. 2008). The EAFED items form a
hierarchy, in terms of difficulty, from a general refusal to
eat, up to being unable to swallow and allowing food to fall
out of the mouth.

The present study

Therefore, the psychometric properties of the EdFED and
Townsend scales have been intensively studied, including the
use if IRT. Both demonstrate four of the essential features of
Mokken scales but neither — in common with many published
Mokken scales with polytomous items — has been investi-
gated for 11O, which can only be implied from the above
parameters. We considered that these two short scales were
good candidates for a study of IIO that would complement
the existing information on these scales, complete the present
paper, and illustrate the principles and application of IIO.
With the advent of the R programme containing the Mokken
scaling procedure and, within that, the ability to check for

IO in polytomous items, it is now possible to analyse the

Townsend and the EJdfED for I10.

Methods

The EJFED database came from a study by Lin et al.
(2008) and comprised data from 477 older people with
dementia (mean age 79-5 [SD 9-62] years; 67-7% male) in
nine special licensed long-term care facilities in Taiwan.
The Townsend database came from a study by Fieo et al.
(2010) and comprised data from 548 older people aged 79
and 42-3% male. The analysis here is concerned only with
items that showed Mokken scaling properties in the
previous studies; i.e. six of 11 items in the case of the
EdFED and seven of nine items in the case of the
Townsend. Data from both sets of items were imported
into the R package by converting SPSS databases to
* Rdata files and, using the default settings, checked for
violations of IO and coefficient H' by running the

‘check.iio’ procedure for both sets of data.

Results

The results are shown in Table 5. For both scales there are no
significant violations of 11O for either set of items; therefore,

no items required removal and only one step was required.
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Table 5 Violations of 11O and coefficient H for the EdFED and the
TEAS

EdFED Step TFAS Step
Items™ 1 Items™ 1
Refusing to eat 0 Tie knot 0
Refusing to open mouth 0 Wash or bathe 0
Turning head away 0 Reach overhead 0
Spitting 0 Get on bus 0
Refusing to swallow 0 Up and down stairs 0
Leaving mouth open 0 Cut toe nails 0
Coefficient H' 027 0-48

*Items are abbreviated.

The EJFED items show H' of 027 and those from the
Townsend show H' of 0-48. The retention of all items
suggests that there is evidence of 11O in both sets of items but
it is stronger for the Townsend items. According to Ligtvoet
et al. (2010), H' may be interpreted in the same way as
H meaning that H' < 0-3 indicates that item ordering is too
inaccurate to be useful and 0-4 < H' < 0-5 means that

accuracy of item ordering is medium.

Discussion

This paper has described the development of Mokken scaling
analysis from its roots in the non-stochastic, deterministic
scaling method of Guttman through its evolution as a method
for the analysis of dichotomous items and polytomous items.
The basic precepts of IRT: MMH (unidmensionality, local
stochastic independence), DMM and IO have been consid-
ered and how these apply to Mokken scaling and how these
compare and contrast with classical test theory. The compu-
tational software, principally MSP and R, available for
Mokken scaling analysis have been described along with
some applications of Mokken scaling in different fields of
study in the social sciences.

However, recent exchanges between scaling practitioners
(Watson & Deary 2009, Bedford er al. 2010, Meijer 2010)
have revealed some misunderstanding of the extent to which
IIO is both understood and can be implied from the
Mokken scaling analysis procedures and software available
for polytomous items. In addition, recent additions to the
literature (Ligtvoet et al. 2010, Sijtsma ef al. 2011) have
demonstrated that the concept of 11O, as it applies to
polytomous items, is now much better understood and how,
with the advent of new computational software, it can be
addressed in sets of polytomous items. Therefore, the
original contribution of this paper is to re-visit two existing
databases which have previously been analysed using the

MSP and where items have been shown to be unidmensional
and hierarchical and where ISRFs have been shown to
adhere to the MMH and the DMM. The unique contribu-
tion of this paper has been to investigate these sets of items
for 11O.

IIO was shown to be a safe assumption for items from the
Townsend but not for the EdFED, despite there being no
violations of ITO in either set of items. This is good news for
users of the Townsend and little more needs to be said here —
the items extracted by the MSP are hierarchical and do not
overlap in the sample of individuals tested. However, what
about the EdFED scale? The uniqueness and utility of
the EAFED scale have been highlighted (Amella 2002, Amella
& Stockdell 2008, Chang & Roberts 2008, Aselage 2010,
Aselage & Amella 2010) and it has been recommended by the
The Hartford Institute for Geriatric Nursing, New York
University, College of Nursing, and the Alzheimer’s Associ-
ation in the USA (http://consultgerirn.org/uploads/File/
trythis/try_this_d11_1.pdf; retrieved 10 October 2010). The
EdFED shows good psychometric properties (Watson et al.
2001, 2002), is responsive to different levels of dementia and
has been used as an outcome measure in recent studies of
feeding difficulty (Lin et al. 2010a,b). Clearly, the EAFED is a
useful instrument but the indications here, based on the work
of Ligtvoet et al. (2010), are that the items lack either
discrimination or are located very close on the latent trait of
feeding difficulty. Analysis using TestGraf (unpublished)
suggests that ICCs are relatively steep and, therefore,
discriminating. It is likely, therefore, that the explanation
for inaccurate 11O is closeness of items on the latent trait of
feeding difficulty in dementia.

Conclusion

Mokken scaling is a useful way of investigating the behaviour
of items in scales in response to varying levels of a latent trait.
Mokken scaling has recently been enhanced by the introduc-
tion of software to enable analysis of IIO. The Townsend,
a scale to measure ADL, shows good 11O and the EdFED,
a scale to measure feeding difficulty in older people with
dementia, does not. Further development of the EdFED scale
is required to increase its utility. Possibly, additional items are
required and its properties need to be studied further across a

range of severity of dementia.

Relevance to clinical practice

Generally, in clinical practice, we require good measure-
ment scales with good psychometric properties including

I1O. Sequential functional loss scales are more informative

© 2011 Blackwell Publishing Ltd, Journal of Clinical Nursing
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than those simply summing functional loss, with predictive
value to the clinician monitoring, for example, an older

patient: if the sequence is out of order or accelerated, the

need for interventions may be indicated (Daltroy et al.

1992). Additionally, examination of the sequence of loss

Contributions

may help characterise adaptations to impairment and

differences among subgroups. The Townsend shows good
11O and is likely to be useful in its present form in clinical
practice. The EdFED remains, demonstrably, a useful

RF, RM.

clinical tool but its applicability across a wide range of

levels of feeding difficulty and dementia remains problem-

atic. In addition, clearly, replication of the EAFED study is

necessary.
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