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Abstract

The Bedford Alzheimer Nursing-Severity Scale (BANS-S) assesses disease severity in patients with advanced Alzheimer’s disease.
Since Alzheimer is a progressive disease, studying the hierarchy of the items in the scale can be useful to evaluate the progression
of the disease. Data from 164 Alzheimer’s patients and 186 patients with other dementia were analyzed using the Mokken Scaling
Methodology to determine whether respondents can be ordered in the trait dementia severity, and to study whether an ordering
between the items exist. The scalability of the scale was evaluated by the H coefficient. Results showed that the BANS-S is a
reliable and medium scale (0.4<H<O0.5) for the Alzheimer group. All items with the exception of the item about mobility could be
ordered. When later item was eliminated from the scale, the H coefficient decreased indicating that the scalability of the scale in
the original form is more accurate than in the shorter version. For the other dementia group, the BANS-S did not fit any of the
Mokken Scaling models because the scale was not unidimensional. In this group, a shorter version of the scale without the sleeping

cycle item and the mobility item has better reliability and scalability properties than the original scale.
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Introduction

Several instruments to assess physical and mental functioning
have been developed and validated in nursing research and
practice. These instruments can support practitioners in making
health care decisions. Two examples are the activities of daily
living (ADLs) questionnaire developed by Katz et al' and the
Mini-Mental State Examination developed by Folstein et al.?
Two approaches are commonly used to study the reliability and
validity of these instruments. Classical test theory is concerned
with the estimation of measurement error and the estimation of
the true score, and item response theory (IRT) evaluates the
responses to individual items. Another alternative approach
that is becoming popular in nursing research’ is the Mokken
scaling.*> This scaling methodology follows the principles of
IRT for assessing the relationship between items but it requires
less rigid assumptions.

One interesting property of IRT models is that items and
measured constructs or traits are measured in the same scale.
Thanks to this property, items can be ordered along latent
trait levels and a hierarchy of symptoms can be established.

Hierarchical scales have been useful for measuring a range of
constructs for instance, feeding behavior in dementia,® dis-
tress,” or happiness.® All these articles used Mokken scaling
to determine whether some symptoms are expected to be more
frequently observed than other symptoms in the scale.
Further, for an Alzheimer’s disease severity scale, assessing the
ordering of the items within the scale may be useful. Alzheimer’s
disease is a progressive disease characterized by limitations in
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cognitive and physical performance.’ Although the progression is
not uniform for patients, the first symptoms are usually cognitive
deficits, followed by functional impairments, and finally patholo-
gical symptoms.'® For dementia severity, ordering scales’ items
implies that the ordering of the items is the same for all patients,
irrespective of dementia severity. This means that people with
low-dementia severity are expected to have difficulties only with
complex items or it is expected that, in general, some problems
will appear earlier than others in the dementia disease process.

The Bedford Alzheimer Nursing-Severity Scale (BANS-S)
was developed to assess disease severity in patients with advanced
Alzheimer’s dementia. The scale is based on clinical information
about the development of Alzheimer-type dementia. The BANS-
S combines measurements of cognitive and functional deficits
with the occurrence of other symptoms. It is composed of 7 poly-
tomous items, 2 cognitive items (speech and eye contact), 3 func-
tional items (dressing, eating, and ambulation), and 2 items
referring to pathological symptoms (sleep—wake cycle distur-
bance and muscle rigidity/contractions). The BANS-S total score
ranges from 7 to 28, summing the 7 items each ranging from 1 to 4.

The BANS-S has been used extensively in nursing practice and
has been quoted in 39 publications (eg, in a large prospective study
on advanced dementia in nursing homes by Mitchell et al'®). The
first validation of the current version of the scale'' showed that the
scale is psychometrically strong. Bellelli et al'? performed a new
validation study and they demonstrated that this instrument is
valid and that it discriminates between groups of patients with dif-
ferent dementia severity. Volicer et al'® performed a study on the
progression of Alzheimer’s dementia with the BANS, which is a
previous version of the BANS-S. They estimated dementia dura-
tion after which at least 50% of the patients had problems with
each BANS item. The patients first had problems with dressing
themselves (after 5 years), then sleep—wake cycle dysfunctions
(after 6 years), then they lost the ability of feeding themselves and
ambulating independently (after 8 years), and finally the ability to
keep eye contact (after 12 years). Although this pattern did not
apply to all patients because some patients retained some func-
tions despite a long duration, these results indicate a possible hier-
archy in the appearance of dementia symptoms.

Establishing the hierarchical properties of the BANS-S pro-
vides information additional to the total score obtained by sum-
ming patient responses. A scale with hierarchical properties has
items that can be ordered according to their mean scores in the
total group. Dementia severity is the latent trait assessed by the
scale. Patients with a higher dementia severity score are
expected to have higher scores in items that are high in the hier-
archy than patients with a lower dementia severity score.

The Mokken scaling methods to study the hierarchical prop-
erties of a scale with polytomous items are more complex than
for a scale with dichotomous items.'* A set of polytomous
items with ordered categories forms a hierarchical scale when
the ordering of the items according to their mean score is the
same across different values of the latent trait or the measured
construct. This property is also named invariant item ordering
(IT0). Recently, Ligtvoet et al'®> have developed a method to
assess 110 for polytomous items.

The present study assesses the hierarchical properties of the
items of the BANS-S using Mokken scaling. First, we assess
whether the probability of presenting difficulties with the
BANS-S’ item scores is higher for patients with higher scores
in the trait dementia severity. Then, we use Ligvoet et al'®
method to investigate whether the BANS-S items can reliably
be invariantly ordered as severity indicators of dementia. Since
the BANS-S was developed for patients with Alzheimer’s dis-
ease, we first study the subgroup of patients with Alzheimer’s
disease and then we study whether the ordering of the items
found for patients with Alzheimer’s disease applies to the group
of patients with other types of dementia, because this instrument
is often used in research in nursing homes in the United States,
Italy, and the Netherlands to assess patients with different types
of dementia.'®** Finally, we study the ordering of the BANS-S
items for the complete scale to investigate whether the BANS-S
measures different traits for the different groups.

Methods

Description of the Sample

The data were collected as part of the Dutch End of Life in
Dementia study describing quality of dying and end-of-life care
and assessing associated factors. We enrolled 372 residents in
28 long-term care facilities upon admission. A comprehensive
description of the participants of this study can be found in van
der Steen et al.>* The diagnoses of dementias were based on
international guidelines.>*>¢

Description of the Instrument

The BANS-S is a nursing staff-administered questionnaire
comprising 7 items with 4 ordered categories. Respondents are
evaluated in their ability to perform 3 ADLs (“dressing,” “eat-
ing” [dependence], and “mobility” [ability to walk indepen-
dently]), their ability to speak (“speech”), their capacity to
maintain eye contact (“eye contact”), the regularity of their
sleep—wake cycle (“sleeping”), and the state of their muscles
(“muscles”). The item categories have different labels, and they
range from 1 to 4. The total score is the sum of the item scores, and
it ranges from 7 (no impairment) to 28 (complete impairment).

In our study, the BANS-S was administrated by a nurse or a
physician every 6 months. For this analysis, we used the first
measurement approximately 8 weeks after admission to the
long-term care facility.

Statistical Methods

The R package Mokken®”*® was used to study the hierarchy of the
BANS-S instrument. First, we fit the Monotone Homogeneity
model (MHM). If the MHM fits, the mean of the latent trait
increases as the total score increases,”” and the sum score can
be used to order patients stochastically on the trait in most practi-
cal situations.*° To fit this model, 3 model assumptions are tested,
(1) unidimensionality: all items in the instrument measure the
same latent trait (the construct dementia severity); (2)
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Table I. Mean Item Scores and Scalability Coefficients (H) With the Standard Errors (SEs) in Parentheses for the BANS-S Items.?

Alzheimer’s Dementia (N = 164)

Other Dementias (N = 186)

Complete Group (N = 350)

Item Label Mean Scores H (SE) Mean Scores H (SE) Mean Scores H (SE)
I. Dressing 2.76 .58 (.04) 2.96 .58 (.03) 2.86 .58 (.03)
2. Sleeping 1.64 .31 (.06) 1.48 .22 (.08) 1.56 .25 (.05)
3. Speech 1.83 .37 (.06) 1.77 40 (.05) 1.79 .38 (.04)
4. Eating 1.76 49 (.05) 1.87 .50 (.04) 1.82 .50 (.03)
5. Mobility 1.76 .55 (.04) 2.11 49 (.04) 1.94 .51 (.03)
6. Muscles 1.82 .50 (.05) 1.93 42 (.05) 1.88 45 (.03)
7. Eye contact 1.43 47 (.05) 1.48 .39 (.07) 1.45 42 (.04)

Abbreviations: BANS-S, Bedford Alzheimer Nursing-Severity Scale; SE, standard error; MS, Molenaar Sijtsma statistic.
? Scale: Alzheimer dementia: H =.47 (.04); reliability MS =.82, Cronbach’s o =.81. Other dementias: H =.44 (.04); reliability MS =.81, Cronbach’s o =.80.

monotonicity: the probability of choosing a higher category of the
item increases with increasing dementia severity; and (3) condi-
tional independence: The responses regarding the same patient
to different items are only related to his dementia severity level.
Assumptions 1, 2, and 3 can be tested by checking the following
restrictions on the scalability coefficients H*® (Theorem 4.3): the
total H coefficient value, the H coefficient for each item, and the H
coefficient for each pair of items must be between 0 and 1. The
procedures to check these restrictions are the automated-item
selection procedure®! and the item rest score regression. The scal-
ability coefficient H* was computed to determine the strength of
the relationship of each item with the latent trait. A set of items
form a scale if the H coefficient for each pair of items is higher
than or equal to .3. Furthermore, scales are classified according
to the following criteria for the H value: (1) .3 < H < .4: weak
scale, (2) .4 < H <.5: medium scale, and (3) H > .5: strong scale.
The unidimensionality assumption was also assessed by explora-
tory factor analysis, but the results are not reported because they
were equivalent to the results obtained with the MHM. The relia-
bility of the scale was checked with the Cronbach’s o and the
Molenaar Sijtsma statistic (MS), which is a more accurate relia-
bility coefficient. For a description of the properties of these coef-
ficients see van der Ark.*

Next, we fitted Double Monotonicity Model (DMM) for
polytomous items. This model fits when the previously
described assumptions hold, and when the items are ordered
among patients. This means that people with a higher dementia
severity have a higher probability to experience more difficul-
ties to perform complex activities without help. This—I10O—is
a necessary condition for a scale to be hierarchical, and it can
be tested by the method of manifest 11O (MIIO)."> Items
involved in violations of the IIO assumption are removed from
the questionnaire by the backward method.** After ITO was
established, the H' coefficient was calculated to assess the pre-
cision of the item ordering.'> The H™ coefficient was evaluated
following the criteria described for the H coefficient.

Results

Of the 372 patients assessed with the BANS-S questionnaire,
350 had completed all the items. Almost half (47%, n = 164)
of these patients had Alzheimer’s dementia, 22% (n = 77) had

vascular dementia, 17% (n = 60) had Alzheimer’s and vascular
dementia, and 14% (n = 49) had another type of dementia. Since
the BANS-S was built for patients with Alzheimer’s disease, the
psychometric characteristics of 2 groups of patients were stud-
ied separately: patients (n = 164) with Alzheimer’s disease and
the other type of dementia (n = 186) group which includes com-
binations of Alzheimer’s dementia with other dementias.

The MHM

Table 1 shows the mean scores and the scalability coefficients
(H) for the BANS-S items computed for the Alzheimer’s, the
other dementia, and the complete groups. For the Alzheimer’s
group, the BANS-S scale was a medium scale (H = .47) and
had a high reliability according to both reliability coefficients
used (MS = .82 and Cronbach’s oo = .81). The scale was uni-
dimensional and there were no violations in the assumption
of monotonicity. Therefore, we can conclude that the MHM
model fits for this scale.

For the other dementia group, the scalability and the reliabil-
ity coefficients were very similar (H = .44, MS = .81, and
Cronbach’s o = .80) to the coefficients reached by the Alzhei-
mer’s group. There was no violation in the monotonicity
assumption for both the groups. However, the results from the
Mokken’s automated-item selection algorithm to check unidi-
mensionality showed that the “sleeping” item did not belong
to the same dimension as the other items in the scale. After
eliminating this item, the remaining 6 items formed a strong
scale with H = .51 (standard error [SE] = .04), and the reliabil-
ity coefficients for the new scale were MS = .82 and Cron-
bach’s o = .81. Therefore, we cannot conclude that the
MHM fits for the complete BANS-S scale for the other demen-
tia group, because the assumption of unidimensionality is vio-
lated. Finally, the results for the complete group were close to
the results for the other dementia group (H = .45, MS = .82,
and Cronbach’s oo = .80). Again, the “sleeping” belonged to
another dimension. The scalability coefficient for the scale
without the “sleeping” item was H = .52 (SE = .03), and the
reliability coefficients were MS = .83 and Cronbach’s o = .82.
For both the other dementia and the complete groups, the MHM
fits for a 6-item subscale without the “sleeping” item.
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Table 2. Mokken Scale of the BANS-S Checked for Violations of Invariant [tem Ordering for the Alzheimer Dementia Group (N = 164) and for
the Other Dementias Group (N = 186): Mean Item Scores and Scalability Coefficients (H) With the Standard Errors (SEs) in Parentheses.”

Alzheimer Dementia (N = 164)

Other Dementias (N = 186)

Item Label Mean Scores (Ordering) H (SE) Mean Scores (Ordering) H (SE)
|. Dressing 2.76 (1) .54 (.04) 2.96 .57 (.04)
2. Sleeping 1.64 (5) .29 (.06)

3. Speech 1.83 (2) .37 (.06) 1.77 45 (.06)
4. Eating 1.76 (4) 45 (.05) 1.87 .54 (.04)
5. Muscles 1.82 (3) 44 (.05) 1.93 41 (.06)
6. Eye contact 1.43 (6) 46 (.05) 1.48 43 (.07)

Abbreviations: BANS-S, Bedford Alzheimer Nursing-Severity Scale; SE, standard error; MS, Molenaar Sijtsma statistic.
? Scale: Alzheimer dementia: H =.42 (.04); reliability MS =.77, Cronbach’s o =.76. Other dementia: H =.48 (.04); reliability MS =.79, Cronbach’s a0 =.77.

The DMM

As with MHM, to fit the DMM, the ordering of the items was
evaluated for the Alzheimer, the other dementia, and the com-
plete groups. In the Alzheimer’s group, 5 items (“mobility,”
“muscles,” “eating,” “speech,” and “sleeping”) were involved
in several significant violations of MIIO. The items for which
MIIO violations occur do not follow the same ordering by diffi-
culty for all individuals in the population of interest. The back-
ward selection procedure suggested that the item “mobility”
should be eliminated from the scale. After removing the “mobi-
lity” item, no violations were left. The new scale has a H' coef-
ficient of .57 that suggests strong support for 11O (H" > .5). This
means that the item ordering found has a high accuracy. Table 2
shows the coefficients for the scale after excluding the “mobi-
lity” item. Lower mean scores indicate that these deficits appear
with higher dementia severity. After adjusting for 11O, the scal-
ability and reliability coefficients for the scale without the mobi-
lity item decreased (H = .42, MS = .77, and o = .76). The
scalability coefficients for all the items decreased and for the
“sleeping” item, it became lower than the cutoff for the H coef-
ficient of .3.These results indicate that, although the “mobility”
item cannot be ordered in the hierarchy, the scale should stay in
its original form for the group of patients with Alzheimer’s dis-
ease, because it achieves better values for reliability and scalabil-
ity in this form.

For the other dementia group, the “sleeping” item was
removed from the scale, and the DMM model was fitted for the
remaining items. The “mobility,” “muscles,” “eating,” and
“speech” items were involved in several significant violations
of MIIO. The backward selection procedure also indicated that
the “mobility” item should be eliminated from the scale. After
removing the “mobility” item, no violations were left, and the
new scale had a H' coefficient of .62. This means that the item
ordering found has a high accuracy. After adjusting for 110, the
reliability coefficients for the scale without the “mobility”
decreased (MS = .79 and o = .77), but the scalability coeffi-
cient increased from H = .44 to H = .48. The scalability coef-
ficients for all the items increased or remained the same.

Finally, we fit the DMM model for the complete group to
assess whether the BANS-S measured different traits for the
different groups. Four items (“mobility,” “muscles,” “eating,”
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and “speech”) were involved in several significant violations
of MIIO. The backward selection procedure indicated that the
item mobility should be eliminated from the scale for this group
too. After removing the mobility item, no violations were left
(H" = .59). The item ordering found for the complete group was
very similar to the ordering obtained for the other dementia group.

Discussion

In this article, we have fitted Mokken models to the BANS-S to
study its psychometric properties. We found that the BANS-S
meets the criteria for an ordinal scale for the patients with Alz-
heimer’s disease. The DMM did not fit well because the
“mobility” item could not be accurately ordered in the scale.
However, if we remove the “mobility” item from the scale the
reliability and the scalability of the scale decrease indicating
that the “mobility” item must be retained in the scale.

We found that the BANS-S also meets the criteria for an
ordinal scale for other dementias, but the “sleeping” item
could not be accurately ordered in the scale. The scale without
the “sleeping” item did not fit well with DMM because the
“mobility” item could not be accurately ordered in the scale
for other dementias. Removing the “mobility” item from
the scale increases the scalability of the scale and only slightly
decreased the reliability. Our results pointed out that the order-
ing of the symptoms was different for the patients with Alzhei-
mer’s disease compared with the other dementia group but the
differences vanished when patients with Alzheimer’s disease
and other dementia patients were combined.

The reliability of the instrument was already studied for the
development population (see Voilcer et al'') using classical test
theory. They found that a Cronbach’s o ranged from .64 to .80,
an excellent correlation between raters’ score and Spearman cor-
relations higher than .5 with other related test measuring physi-
cal functioning, cognitive functioning, speech ability, and
dementia progression. In our population, we also studied the
reliability of the instrument. We found a Cronbach’s o of .81 for
the Alzheimer’s group and .80 for the other dementia group.

The range of the mean scores suggests that the items can dis-
criminate between patients with different degrees of dementia.
These findings confirm the results reported in Bellelli et al.'?
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We found that patients with Alzheimer’s disease had the high-
est mean score for the dressing item and the lowest for the eye
contact item. Volicer et al'® also found that patients with a short
dementia duration often have problems with dressing them-
selves and that a high proportion of patients could keep eye
contact 12 years after diagnosis.

For both the Alzheimer’s and the other dementia groups, the
“mobility” item could not be ordered in the dementia intensity
scale. This means that the scores for this item do not have the
same ordering for all the values of the latent trait. The reason
may be that not only dementia but also other diseases such as
stroke, arthritis or the effects of a fall may affect a person’s
ability to walk independently.

The results differed between the group of patients with Alz-
heimer’s disease and the group of other dementias. The last
group comprised patients who had vascular dementia, a combi-
nation of vascular dementia and Alzheimer’s dementia or other
types of dementias and, therefore, this group was more heteroge-
neous. The scale was not unidimensional for the other dementia
group, because the “sleeping” belonged to a different dimen-
sion. Problems with the “sleeping” item were already reported
by van der Steen et al.>° Furthermore, a lower mean score for the
other dementia group in Table 1 suggest that people with other
types of dementia had sleeping problems less often than patients
with Alzheimer’s disease. The proportion of patients who report
an irregular sleep—wake cycle in the other dementia group was
44% versus 56% of the patients in the Alzheimer’s group.
Although an irregular sleep—wake rhythm is a symptom that may
occur for all dementia types, differences in sleep symptoms and
signs may vary according to the dementia (sub) type.** Sleep dis-
turbances may occur more frequently and in an earlier stage of
the Alzheimer’s disease in comparison with other dementia
types. In a population of patients with autopsy-confirmed Alz-
heimer’s disease, a unique profile of disordered activity was
found when compared to those with other neurodegenerative
dementias. The hypothesized mechanism of circadian rhythm
disturbance includes damage to the suprachiasmatic nucleus, cir-
cadian pacemaker damage, and alterations in pineal gland func-
tion and melatonin secretion.*>

Another difference in the results for the Alzheimer’s and the
other dementia groups was that the place of the item “speech”
in the hierarchy was different. This result is difficult to interplet
clinically because the moment in the course of the dementia in
which this item is affected may vary between type of demen-
tia.** For example, speech is often affected early in frontotem-
poral dementia®>*® while it may be a later symptom in
Alzheimer’s disease.’’° However, whether this symptom is
affected in vascular dementia or not depends on the location
of the lesion.**

The present study has some limitations that warrant com-
ment. First, this study is based on cross-sectional analyses lim-
ited to the first measurement of a longitudinal study. Further
work may replicate the analyses for measurements obtained
later after admission to study, to investigate whether the rela-
tionships between the items change, and to study individual
disease progression. Second, we had no external criterion

against which to evaluate the responsiveness of the scale to
clinical changes. Third, we could not explain associations
between mobility and comorbidity, because we do not know
if the mobility problems were caused by the dementia or by
other diseases. Finally, the differentiation between dementia
types was mostly based on clinical findings, which may not
always correlate with neuropathological evaluation.*!

Determining IO gives a clear meaning to test scores because
we learn about the ordering of the problems. The probability of
having problems with an item with a higher mean score (higher
in the hierarchy) was higher for patients with high-dementia
severity than for people with low-dementia severity. This result
is relevant because many scales do not discriminate between
patients with more severe dementia. However, this scale may
present a floor effect for patients with lower levels of dementia,
because they did not have difficulties with most of the items.
This was not the case because only 26% of the patients has a sum
score of <9). Furthermore, it should be also taken into account
that the data were from baseline measurements and that the
patient population at this point was not always severely demen-
ted. Further research should be done to study whether the
dementia patterns found for this population apply to the course
of the dementia for an individual and to evaluate the responsive-
ness of the scale to individual changes.
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