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Abstract

Background: The 25-item Dementia Knowledge Assessment Scale (DKAS2) is a widely used tool for measuring
knowledge of dementia. To increase the applicability of the Chinese-language version of the tool (DKAS-TC) for the
general public, this study aimed to develop a shortened version using the item response theory (IRT) approach.

Methods: A total of 401 participants voluntarily completed a Chinese-language version of the DKAS2 questionnaire
(DKAS-TC) at the start of dementia awareness training courses in 2020 and 2021. The four Rasch family models were
used to analyze the dimensionality of the shortened scale (the DKAS-s) and to confirm its accuracy in measuring
dementia knowledge.

Results: The results justified supported the use of a dichotomous response scale for responding to the DKAS-s and
demonstrated good fit of the data to a Rasch model with the four dimensions of “Causes and Characteristics’,"Com-
munication and Engagement’,“Care Needs’, and “Risks and Health Promotion”. Moreover, we shortened the DKAS-TC
by selecting items that had both above-average discriminative ability and above-average information. The DKAS-s
retained 64.13% of the information contained in the DKAS-TC, resulting in a 16-item scale which retained four items
in each of the original four dimensions. The DKAS-s also correlated highly (>0.95) with the DKAS-TC and exhibited a
sizeable range of difficulty of dementia knowledge.

Conclusions: The DKAS-s is expected to be more efficient in field settings while retaining an acceptable level of psy-

chometric properties when used as a survey instrument to measure the general public’s knowledge of dementia.
Keywords: Dementia, Knowledge, Item response theory, Shortened scales, Psychometrics

Background

The prevalence of dementia has increased dramati-
cally with the aging of the global population. In 2021,
the percentage of seniors 65 or older in Taiwan is 16.6%
[1], and the number of people living with dementia had
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exceeded 300,000 by the end of 2020, accounting for
1.29% of the entire population of Taiwan [2]. The Tai-
wanese government launched the “Taiwan Dementia
Policy: A Framework for Prevention and Care” in 2014,
with the goal of achieving more than 5% of Taiwanese
citizens with an awareness of dementia [3]. However,
the government did not provide a specific definition of
“awareness of dementia’, nor was a proper tool made
available to measure the general public’s knowledge of
dementia. Therefore, there remains a need to develop
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a suitable measurement instrument for evaluating the
knowledge of dementia in the Chinese language.

According to systematically conducted reviews pub-
lished in the past 5 years, there is no consistently used
measurement tool for assessing public knowledge of
dementia [4, 5]. Among the examples of such instru-
ments identified in a scoping review, the most fre-
quently used was the Alzheimer’s Disease Knowledge
Scale (ADKS) [6], followed by the Dementia Knowledge
Assessment Tool Version 2 (DKAT2) [7]. Although
scales including ADKS [6], Knowledge of Memory Loss
and Care Test [8], and the Dementia Quiz [9] have been
developed to assess knowledge of dementia, they have
been used with small samples or a specific population at
a particular developmental stage, resulting in a lack of
generalizability [10]. Furthermore, the three aforemen-
tioned scales have mostly focused on the biomedical
domain or specific types of dementia, which may lead
to a ceiling effect for educated members of the general
public. Such shortcomings highlight the need for the
use of more robust, contemporary knowledge assess-
ment tools applied to the evaluation of the effectiveness
of psychosocial interventions related to dementia [11].

As one contemporary tool developed by Annear et al.
in 2016, the Dementia Knowledge Assessment Scale
(DKAS) was an improvement of the DKAT2 in order to
address the limitations of existing measurement instru-
ments [10, 12]. The DKAS includes four components,
defined as “Causes and Characteristics’, “Communica-
tion and Engagement’, “Care Needs’, and “Risks and
Health Promotion” It has been shown to be a reliable,
valid measure of dementia knowledge and to perform
better than the ADKS when administered to a large and
diverse international cohort [12]. It was shortened to
a 25-item version (DKAS2) after being evaluated with
a confirmatory factor analysis (CFA) [13]. The original
response options for each item included “true’, “possi-
bly true’, “false’, “possibly false’, and “don’t know’, but
the scoring system required recording responses to
“fully correct” (2), “partly correct” (1), and “incorrect”
(0), with a total score ranging from 0 to 50.

The DKAS2 has been translated into Chinese by
different research teams. There are currently three
translated versions, including one using traditional
Chinese characters [14] and another one with simpli-
fied Chinese characters [15]. The third one, also using
traditional Chinese characters (the DKAS-TC), was
developed by Sung et al. and is the version of the ques-
tionnaire we used in this study [16]. In fact, there are
considerable differences in the three Chinese-language
versions of the DKAS2 in terms of the wordings of the
test items and the scoring methods.
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The first of these translated assessment tools is a tra-
ditional Chinese version of the DKAS2 which has been
translated by Taiwanese scholars for use in Taiwan (the
T-DKAS) [14]. The participants were 150 adults who
were administered the T-DKAS in order to determine
its level of reliability (a Cronbach’s alpha of 0.78). The
scoring method was different from that of the origi-
nal version, with the response to each item recorded as
“incorrect” or “correct” (score=0 or 1, respectively) so
that the total score of the T-DKAS was 25 [14].

Another study was conducted in China to verify the
psychometric properties of a simplified Chinese version
of the DKAS2 questionnaire (the DKAS-C) [15]. The
respondents included 290 healthcare providers recruited
from care homes and hospitals. The Cronbach’s alpha of
the DKAS-C was 0.77, indicating that the DKAS-C has
good reliability. It was also determined that the DKAS-
C had an acceptable level of concurrent validity by find-
ing a moderate correlation between the DKAS-C and the
Chinese-language version of the ADKS [15].

Our study used the third traditional Chinese-language
translation of the DKAS2, also known as the DKAS-TC
[16]. The results of the CFA confirmed the validity of the
use of the four-factor, 25-item model for the DKAS-TC.
The DKAS-TC also achieved a good overall Cronbach’s
alpha of .93 and McDonald’s omega of 0.94. In addi-
tion to having good reliability, another important factor
behind our choice to use this scale was that the meaning
of the translated words is closer to the English used in
the original questionnaire and also for cultural relevance.
For instance, the DKAS-C and the DKAS-TC used dif-
ferent vocabularies for translating the term “depression”
reflecting different cultural traditions between Taiwan
and China. Although the DKAS-TC has shown good psy-
chometric properties, their participants were limited to
healthcare providers [16] . Therefore, this study aimed
to determine whether their questionnaire is applicable to
our target population: the general public.

Recently, item response theory (IRT) based methods
have been used widely across disciplines in the social,
behavioral, and health sciences [17-22]. IRT offers several
advantages over classical test theory (CTT) for question-
naire design [23, 24]. One of the advantages of IRT over
CTT is the unbiased estimates of item properties even
from two extreme samples. Moreover, the basis of accu-
rate estimation of measurement is different between IRT
and the CTT. A constant standard error is assumed in
CTT regardless of a respondent’s test total score. Instead,
in IRT models, the standard error of measurement differs
across scores and generalizes across populations. It pro-
vides a precise estimation for the latent trait of the meas-
urement. Once item parameters are estimated, the test
information function indicates “measurement precision”
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of the scale in measuring the construct of interest [23,
25, 26]. Item and test information have many uses in IRT:
item information is used to select items for inclusion, and
test information can be used to compare two competing
measures of a construct [24]. Previous studies have dem-
onstrated how the IRT provides powerful tools for item
selection and scale shortening [27-29]; for example, one
study applied IRT analysis to obtain a 10-item scale from
the original 18-item Need for Cognition Scale (NFC-
18) while maintaining the measurement’s reliability and
validity [27].

These features, among others, along with the draw-
backs inherent in CTT, have led us to apply the IRT
approach to shortening the Chinese-language version
(DKAS-TC) of one of the frequently used measures of
dementia awareness —the 25-item DKAS2. This study
aimed to develop a short-form of DKAS-TC, hereafter
referred to as the DKAS-s, to increase the applicability
of the test items and shorten the time required to answer
the questionnaire.

Methods

Participants and material

All participants of this study completed the DKAS-TC
questionnaire at the start of dementia awareness-raising
training courses taught by the corresponding author. The
sample consisted of three kinds of participants attending
the course at different times: bank employees (103 peo-
ple), undergraduate students (201 people), and pharma-
cists (137 people). The bank employees were recruited
from two financial institutions working in local branches
throughout Taiwan. The undergraduate students were
enrolled in an introduction to public health course at a
national university in southern Taiwan. The pharmacists
were recruited through public health-education train-
ing programs conducted in Tainan City, in southern Tai-
wan. The training course for bank employees were held
as part of a funded project into the financial security of
persons with dementia, but the other two respondent
groups came from purposive sampling of participants in
a dementia awareness course taught by the same instruc-
tor. Data collections complied with all relevant ethical
regulations and was approved by the Institutional Review
Board of the National Cheng Kung University Hospital
(No. A-ER-108-101).

The participants agreed to complete the DKAS-TC
anonymously. Between September 2020 and May 2021,
441 participants were invited to participate in the ques-
tionnaires and all agreed to undertake the pre-class
survey. Incomplete questionnaire responses which
amounted to 4.7% of the data were excluded from
the analysis. Therefore, a total of 410 valid question-
naire responses were collected in class, of which the
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undergraduate students accounted for the largest part
(43%), followed by the pharmacists (32%) and the bankers
(25%). There were slightly more female participants (54%)
than male participants. As for the format of the survey,
since the undergraduate students usually took their class
quizzes online, this survey was also completed online,
while bank employees and pharmacists filled out paper
questionnaires.

In addition to the completing the DKAS-TC, our
participants also provided demographic informa-
tion, including their gender, age, and education level.
A summary of participant demographics is presented
in Additional file 1: Appendix 1. As shown in the Addi-
tional file 1: Appendix 1 Table, results from Chi-square
test showed that the age distribution across the three
professional groups were significantly different, with
undergraduates as the youngest group, but results for
gender distribution was similar across groups.

Data analysis

Because the original DKAS2 adopted partial credit scor-
ing of responses (0 = “completely don’t know/wrong
answer”; 1="“partially correct”; and 2="“completely
correct”), the polytomous partial credit model (PCM)
[30] was used to represent respondents’ knowledge and
partial knowledge of dementia. The partial credit scor-
ing intended to allow respondents who present partial
knowledge of dementia on each endorsed item. For sim-
plicity this is referred to herein as the PCM. Addition-
ally, a dichotomous scoring Rasch model [31], referred
to herein as the Rasch model, was tested to reflect the
correct compared with incorrect knowledge of dementia
of the respondents. This considers items in the original
DKAS2 to require dementia-related factual decisions and
justifies the assumption that there is no ‘partially’ cor-
rect answer. With the Rasch model, both the “completely
wrong” response and the “partially correct” response
were recoded as “wrong” responses. The PCM belongs
to the Rasch family of models, and the four models
tested in this study were: a unidimensional PCM, a four-
dimensional PCM, a unidimensional Rasch, and a four-
dimensional Rasch model. Maximum marginal likelihood
methods of estimation were employed for item param-
eter estimation. Model-data fit was assessed using the
full information in the test by means of the — 2 loglikeli-
hood (—2LL) statistic, Akaike information criterion (AIC)
[32], Bayesian information criterion (BIC) [33], as well as
the root mean square error of approximation (RMSEA)
[34, 35]. Specifically, the difference in -2LLs between the
two competing models is distributed as a chi-square and,
thus, allows for statistical comparisons between mod-
els. For the global measure of model fit such as AIC and
BIC statistics, the lower the value, the better the model
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fits the data. Note the RMSEA is calculated using the
M2 statistics which uses second-order marginal prob-
abilities rather than using the full information in the test.
The RMSEA values below 0.05 was applied to identify the
best data-model fit [36].

The expectation of the marginal posterior distribu-
tion, or the expected a posteriori (EAP) estimate [37],
was used to generate predictions of the latent trait scores
of the respondents. To identify undesired and problem-
atic response patterns, the weighted (infit) mean-square
fit statistic (MNSQ) and the unweighted (outfit) MNSQ
were adopted to assess item quality. The ideal value of
both the infit and outfit MNSQ is 1.0, but the acceptable
values of these statistics generally fall in the range of 0.5—
1.5 [38]. All analyses were conducted using the ConQuest
3.0.1 computer program [39] and R Statistical Software
(v4.2.0; R Core Team 2022) with the mirt package [40].

To verify the effectiveness of the DKAS-TC, both item
separation reliability (ISR) and person separation reli-
ability (PSR) were calculated [41]. The PSR is interpreted
in the same way as the Cronbach’s alpha [17], and >0.70
indicates adequate reliability. Additionally, both item and
test information functions graphically reflect the reliabil-
ity of the individual items and how the test as a whole
estimates the construct being assessed over the entire
scale range.

Along with the fit indexes based on IRT, we also con-
sidered results based on item-to-total correlations (20.3
and <0.8 were considered acceptable) and measures of
internal consistency (obtained with Cronbach’s alpha)
[42] to evaluate item quality and assess the appropriate-
ness of scoring items together on a single scale («>0.70
was considered acceptable).

Results

Stage 1: elucidate the dimensionality and scaling

of the DKAS-TC

To investigate the dimensionality and scaling issues of
the DKAS-TC, four models were employed and com-
pared—the unidimensional Rasch, the four-dimensional
Rasch, the unidimensional PCM, and the four-dimen-
sional PCM model. As shown in Table 1, the four-dimen-
sional Rasch model demonstrated better fit to the data
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(—2LL=5446.330; RMSEA=0.058; BIC=11,103.23;
AIC=10,962.66), which indicates that the four dimen-
sions of the DKAS fit the observed data well, and thus
item parameters discussed subsequently were obtained
with the four-dimensional Rasch model. This finding
provides theoretical support, on the one hand, that the
DKAS measures the four dimensions of dementia knowl-
edge it was designed to evaluate and, on the other, that
responses to the DKAS can be given on a dichotomous
response scale.

Table 2 lists the descriptive statistics of the four-dimen-
sional Rasch model of the 25-item DKAS-TC. The item-
total correlation ranged from .20 to .58, which indicates
considerable variation in the items’ discriminative abil-
ity. The Cronbach’s alpha reliability coefficient for the
DKAS was .70. We also calculated Cronbach’s alpha if an
item is deleted, which estimates what Cronbach’s alpha
would have been if an individual item had been removed
from the scale. Table 2 shows that none of these values
were greater than .70, which suggests that all items can
be included in the scale. The percentage of responses
for each item in Table 2 suggests that most participants
responded to the DKAS-TC items with either “correct”
(2) or “incorrect” (0), whereas participants selected “par-
tially correct” (1) the least often among all options.

As for the assessment of item difficulty, estimations
ranged from —0.249 to 2.775, which suggests a sizeable
range of difficulty of the underlying construct, the DKAS-
TC. The model fit indices in Table 2 all fell between 0.5
and 1.5, indicating that all the DKAS-TC items fit the
four-dimensional Rasch model well. Furthermore, the
ISR of the scale was 0.989, which indicates the items were
well distinguished by the test takers. On the other hand,
the acceptable PSR for the four subscales (between 0.74
and 0.81) indicated that their items have acceptable inter-
nal consistency and so can be used to distinguish partici-
pants. These results justify the use of the four dimensions
of the DKAS-TC.

Stage 2: item selection for the DKAS-s
Both CTT-based and IRT-based item analyses for
each item in the DKAS-TC were performed, and all

Table 1 Comparisons of unidimensional and 4-dimensional Rasch models and PCMs

Models Deviance Parameters -2LL AIC BIC RMSEA
Unidimensional Rasch model 11,023.44 26 —5511.55 11,075.44 11,179.52 0.070
4-dimensional Rasch model 10,889.01 25 —5446.33 10,939.02 11,103.23 0.058
Unidimensional PCM 18,452.79 51 —9226.40 18,554.79 18,759.62 0.071
4-dimensional PCM 18,324.44 60 —9160.93 18,444.44 1862.84 0.072

Abbreviations: PCM partial credit model, —2LL 2 loglikelihood, AIC Akaike information criterion, BIC Bayesian information criterion, RMSEA root mean square error of

approximation
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the information available was carefully considered to
decide on the best items to include in the final version
of our shortened scale as well as their ideal number.
First, we shortened the scale by selecting the items that
had above-average discriminative ability (i.e. an item—
total correlation value higher than 0.3). Thus, items 2,
5, 13, 15, and 21 were targets for removal because of
having low item-total correlation values.

Second, we shortened the DKAS-TC by selecting the
items that offered above-average information because
an item with more information can more precisely
differentiate the overall level of the DKAS-TC based
on respondents’ ratings of individual items. The item
information function, IIF, is an indication of item qual-
ity: of how much information an item provides about
the IRT score. The test total information function, TIF,
is a measure of the information provided by the item
responses on a test. If the information value is high, it
can be concluded that the extent to which an exami-
nee’s performance represents his true ability at that
point can be estimated with accuracy [43] [43]. For a
25-item scale, if each item is assumed to equally dif-
ferentiate the level of the scale as a whole, each item
should provide 4% of the total test information (i.e.
100% divided by 25 items) [44]. Therefore, we short-
ened the DKAS-TC by selecting the items that had bet-
ter than average discriminative ability (i.e. providing
more than 4% of the total test information). As shown
in Table 2, items 5, 6, 13, and 21 provided less than 4%

Table 3 Results of parameters and information of the DKAS-s
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of the total test information and so were targets for
removal.

Of the items examined under the first dimension of the
DKAS-TC, we reserved item 6 instead of item 4 because
the content of the latter requires medical knowledge to
be clearly understood compared with the other items in
the same dimension and so it may be misunderstood by
the general public. Regarding the items in the second
dimension, item 9 was deleted because its low degree of
difficulty resulted in a negatively skewed score distribu-
tion, making it impossible to rule out the presence of a
ceiling effect. As for the items in the third dimension, we
kept the four items with the best item quality as meas-
ured by item-total correlation. Finally, in the case of the
fourth dimension, item 25 was deleted for the same rea-
son that item 4 was removed. As a result, in our DKAS-
s, we retained four items in each dimension, all of which
had acceptable infit and outfit MNSQs. The 16 items also
reflected a sizeable range of difficulty of the underlying
construct, as well as acceptable item information and
PSR, as shown in Table 3.

Figure 1 shows the spread of item difficulty and the dis-
tribution of latent trait estimates. A participant whose
DKAS-s latent trait estimate is the same as the level of
difficulty of a given item has a 50% chance of endorsing
this item. The “Xs” on the left-hand side of the figure rep-
resent the distribution of the participants’ ability on each
dimension of the DKAS-s. The right-hand side shows the
distribution of the item calibrations, with difficulty levels

Information Total Test

=79.397
Dimension Item No estimate error out FIT InFIT Value % PSR
Cause and characteristics 1 0.94 12 0.99 1.05 4.97 6.26% 0.66
3 0.12 12 1.07 0.95 4.98 6.27%
6 244 16 0.74 0.92 4.89 6.16%
7 1.25 0.13 1.04 1.08 4.96 6.25%
Risks and health promotion 8 0.65 0.13 0.89 1.01 497 6.26% 0.73
10 1.17 0.13 0.92 1.07 4.96 6.25%
11 —1.37 0.14 1.05 0.99 4.96 6.25%
12 —147 0.14 1.03 0.96 4.96 6.24%
Communication and behavior 16 0.05 0.12 1.07 1.04 498 6.27% 0.73
17 1.00 0.12 0.82 09 4.97 6.26%
18 1.07 0.13 0.87 0.94 4.97 6.25%
19 1.33 0.13 1.07 1.08 4.96 6.25%
Care considerations 20 —1.61 0.14 141 1.23 4.95 6.23% 0.80
22 —0.63 0.13 1 1.05 4.97 6.26%
23 0.05 0.13 1.05 1.09 4.98 6.27%
24 0.19 0.13 0.77 0.95 4.98 6.27%

Abbreviations: PSR person separation reliability
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of the DKAS-s items ranging from —1.61 to 2.44 logits.
Ideally, the distribution of item difficulty levels would
cover the entire span of the distribution of participants’
ability levels, thus providing an accurate measurement
of participants’ proficiency over the whole scale. Both
the results presented in Fig. 1 and the estimates of the
item difficulty values shown in the Table 3 confirm that
the DKAS-s items can locate most participants precisely.
This is not the case for the participants who find them-
selves at the extreme ends of the scale, which indicates
that additional items with greater difficulty and ease are
needed for specific populations.

In sum, our shorter version of the DKAS-TC retained
64.13% of the total test information of the original scale,
which we determined by dividing the two values of Total
Test Information. By aggregating the item information
curves (IICs) of all the items in a scale, the test infor-
mation function (TIF) curve can be generated [24]. As
depicted in Fig. 2, the test information and test error of
both the DKAS-TC and the DKAS-s provide sufficient
information and spread the information over a wider
range of ability levels.

Preliminary validity evidence of the shortened scale

The correlation between the 25-item DKAS-TC and the
shortened DKAS-s using their estimates of item diffi-
culty is 1.00 (See Table 4), suggesting that the ordering
of item difficulty of the two versions is identical. The
bivariate Pearson correlation coefficients between the

DKAS-TC and the DKAS-s using the estimates of EAP
measures (i.e. the latent trait scores of the respondents
on the four dimensions) are also listed in Table 4. For the
complete 16-tem DKAS-s questionnaire and correspond-
ing English translations, see Additional file 2: Appen-
dix 2. All the correlations were greater than 0.95 and
significant (p<0.01). Given that the full-length DKAS-
TC has proven to be predictive of important knowledge
of dementia, it is assumed that the shortened DKAS-s is
also significantly related to such knowledge. Results from
additional MANOVA analyses showed that the highest
DKAS-s item estimates were found among the pharma-
cists in all four domains when compared to both the col-
lege students and bank employees. This finding suggests
that individuals from the health-allied sciences have
higher ability in their knowledge about dementia.

Discussion

The primary goal of the current study was to develop an
abbreviated Chinese-language version of the 25-item,
four-dimensional DKAS-TC [16] for assessing the knowl-
edge of dementia among the general public. The results
of the series of IRT analyses we performed revealed
that the items in the DKAS-s were able to differentiate
between high and low levels of performance on the four
dimensions of dementia knowledge. However, the item
difficulty parameters indicated that, overall, the DKAS-s
items were more useful for identifying populations with
average DKAS-s scores than those with extremely high
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Table 4 Pearson correlation coefficients between estimates for DKAS-TC and DKAS-s

Dimension DKAS-s?
DKAS-TC @ Estimates of latent traits Cause and characteristics 0.95
Risks and health promotion 0.96
Communication and behavior 0.95
Care considerations 0.96

Estimates of item difficulty

2 ATraditional Chinese translation of the 25-item DKAS2
b A shortened version of the DKAS-TC

or low scores. We suggest that if the DKAS-s is adminis-
tered to medical or nursing professionals, more difficult
items should be added. Additionally, an interesting find-
ing is that our study participants in Taiwan seemed to
prefer the definitive responses of either “true” or “false”
to the more vague or unsure answer of “possibly true/
false” This observation is consistent both with our rec-
ommendation to use a dichotomous scale for responding
to the DKAS items and the conclusion that the four-
dimensional Rasch model has the best model fit. Fur-
thermore, we argue that a simple dichotomous response
format is more accessible and easier to use for partici-
pants in the general public, particularly those with low
literacy or education.

The current study makes important contributions
to the research on dementia in several ways. First, the
shortened versions of the DKAS identified herein allow
researchers and practitioners to incorporate additional
constructs into their survey instruments. For example,

in our future research we plan to collect data on the atti-
tudes of bank employees towards customers who may
have dementia in addition to the information gathered
with the DKAS-s. Second, we expect the DKAS-s to be
more efficient in field settings while retaining an accept-
able level of test information among our survey’s target
population: the general public.

The current study also has limitations that highlight
possible directions for future research. First, we used
purposive sampling to recruit participants, so our sam-
ple was not representative of the general population of
Taiwan, although we tried to recruit participants from
various backgrounds (i.e. college students, bank employ-
ees, and pharmacists) to represent the diversity of the
population at large. However, as mentioned earlier,
the ‘representativeness’ of the sample does not impact
the estimates of the IRT parameters and thus should
not significantly affect the performance of the assess-
ment tool. Second, we did not have data to evaluate the
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convergent or divergent validity of the DKAS-s. Never-
theless, Annear et al. have demonstrated good concur-
rent validity between the original DKAS and the ADKS
(Pearson correlation r =0.56, P<.001) [12]. The DKAS2
has also been shown to have discriminative ability based
on the finding of significant differences in knowledge of
dementia among different occupational cohorts [13].
We believe that our DKAS-s also has good convergent
validity because the scores of the shortened scale cor-
related strongly with those of the 25-item DKAS-TC
scale (r >.95). Future studies could consider collect-
ing responses on factors affecting dementia knowledge
(e.g. self-reported attitudes towards dementia and data
from educational interventions) in order to establish the
criterion-related validity of the shortened scale. Third,
although the range of difficulty of our DKAS-s items
covers the majority of the latent trait levels of dementia
knowledge, as does the range of difficulty of the items on
the 25-item DKAS-TC (See Fig. 2), these items were less
efficient in differentiating participants at either extremes
of the amount of knowledge of dementia they had. Future
studies on a shortened version of the DKAS-TC should
consider adding items with a higher level of difficulty if
the scale is used with medical or nursing professionals.

Conclusions

In conclusion, using an IRT analytical approach, the cur-
rent study developed a shortened version (DKAS-s) of
the previously developed Chinese version of a 25-item
dementia knowledge assessment tool (DKAS-TC). More
specifically, we identified 16 items with above-average
discriminative ability that retained at least 64% of the
original total test information. It is our expectation that
the DKAS-s will increase the utility of the assessment of
dementia knowledge in both research and practice.

Abbreviations

ADKS: The Alzheimer's Disease Knowledge Scale; DKAS: The Dementia Knowl-
edge Assessment Scale (27 items); DKAS2: The Dementia Knowledge Assess-
ment Scale (25 items); DKAS-TC: Traditional Chinese-language translation of
the DKAS2; DKAS-s: The shortened scale of DKAS-TC (16 items); CTT: Classical
Test Theory; IRT: Item Response Theory.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512877-022-03596-1.

Additional file 1: Appendix 1. Characteristics of participants.

Additional file 2: Appendix 2: Table 1. The short-form of the Demen-
tia Knowledge Assessment Scale-Traditional Chinese version (DKAS-s).
Table 2. Chinese/English statements about dementia in the short-form
of Dementia Knowledge Assessment Scale-Traditional Chinese version
(DKAS-s)

Page 9 of 10

Acknowledgements
Not applicable.

Authors’ contributions

SP Hung and LJ Ku together designed the study and SP Hung performed data
analysis. YH Liao and SP Hung drafted the manuscript. C Eccleston contributed
to results interpretation and revising of the manuscript. LJ Ku was respon-
sible for the interpretation of data. All authors read and approved the final
manuscript.

Funding
This work was supported by the Ministry of Science and Technology of Taiwan
(grant number MOST 110-2314-B-006 -052 -MY3).

Availability of data and materials
The datasets analysed during the current study are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was conducted according to the principles expressed in the
Declaration of Helsinki and was approved by the Institutional Review Board of
the National Cheng Kung University Hospital. Due to anonymity of the survey
questionnaire, we obtained verbal informed consent from all the participants
and/or their legal guardians with approval by the Institutional Review Board of
the National Cheng Kung University Hospital (No. A-ER-108-101).

Consent for publication
Not applicable.

Competing interests
The authors report there are no competing interests to declare.

Author details

'Center of Teacher Education, National Cheng Kung University, Tainan, Taiwan.
?Institute of Education, National Cheng Kung University, Tainan, Taiwan.
3Department of Public Health, College of Medicine, National Cheng Kung
University, No.1, University Road, Tainan City 701, Taiwan. *Wicking Dementia
Research and Education Centre, University of Tasmania, Hobart, Australia.

Received: 18 June 2022 Accepted: 8 November 2022
Published online: 22 November 2022

References

1. Monthly bulletin of interior statistics: 1.11 Resident population by age
[https://ws.moi.gov.tw/001/Upload/400/relfile/0/4413/1ef09c4c-efOe-
4035-afdb-ea8fec457491/month/month.html#1%E6%88%B6%E6%94%
BF9%E3%80%812%E6%B0%91%E6%94%BF].

2. Population estimation of People with Dementia in Taiwan [http://www.
tada2002.org.tw/About/IsntDemential.

3. Taiwan Dementia Policy: A Framework for Prevention and Care [https://
1966.gov.tw/LTC/cp-4020-44217-201.html].

4. Choi SK, Rose ID, Friedman DB. How is literacy being defined and
measured in dementia research? A scoping review. Gerontol Geriatr Med.
2018;4:2333721418812246.

5. Cahill S, Pierce M, Werner P, Darley A, Bobersky A. A systematic review of
the public's knowledge and understanding of Alzheimer’s disease and
dementia. Alzheimer Dis Assoc Disord. 2015;29(3):255-75.

6. Carpenter BD, Balsis S, Otilingam PG, Hanson PK, Gatz M. The Alzheimer’s
disease knowledge scale: development and psychometric properties.
Gerontologist. 2009;49(2):236-47.

7. Resciniti NV, Tang W, Tabassum M, Pearson JL, Spencer SM, Lohman MC,
et al. Knowledge evaluation instruments for dementia caregiver educa-
tion programs: a scoping review. Geriatr Gerontol Int. 2020;20(5):397-413.


https://doi.org/10.1186/s12877-022-03596-1
https://doi.org/10.1186/s12877-022-03596-1
https://ws.moi.gov.tw/001/Upload/400/relfile/0/4413/1ef09c4c-ef0e-4035-afdb-ea8fec457491/month/month.html#1%E6%88%B6%E6%94%BF%E3%80%812%E6%B0%91%E6%94%BF
https://ws.moi.gov.tw/001/Upload/400/relfile/0/4413/1ef09c4c-ef0e-4035-afdb-ea8fec457491/month/month.html#1%E6%88%B6%E6%94%BF%E3%80%812%E6%B0%91%E6%94%BF
https://ws.moi.gov.tw/001/Upload/400/relfile/0/4413/1ef09c4c-ef0e-4035-afdb-ea8fec457491/month/month.html#1%E6%88%B6%E6%94%BF%E3%80%812%E6%B0%91%E6%94%BF
http://www.tada2002.org.tw/About/IsntDementia
http://www.tada2002.org.tw/About/IsntDementia
https://1966.gov.tw/LTC/cp-4020-44217-201.html
https://1966.gov.tw/LTC/cp-4020-44217-201.html

Hung et al. BMC Geriatrics

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

(2022) 22:886

Kuhn D, King SP, Fulton BR. Development of the knowledge about
memory loss and care (KAML-C) test. Am J Alzheimers Dis Other Dement.
2005;20(1):41-9.

Gilleard C, Groom F. A study of two dementia quizzes. Br J Clin Psychol.
1994,33(4):529-34.

Annear MJ, Toye CM, Eccleston CE, McInerney FJ, Elliott KE, Tranter BK,

et al. Dementia knowledge assessment scale: development and prelimi-
nary psychometric properties. J Am Geriatr Soc. 2015;63(11):2375-81.

. Spector A, Orrell M, Schepers A, Shanahan N. A systematic review

of 'knowledge of dementia’ outcome measures. Ageing Res Rev.
2012;11(1):67-77.

Annear MJ, Eccleston CE, McInerney FJ, Elliott KE, Toye CM, Tranter BK,

et al. A new standard in dementia knowledge measurement: compara-
tive validation of the dementia knowledge assessment scale and the Alz-
heimer’s disease knowledge scale. J Am Geriatr Soc. 2016;64(6):1329-34.
Annear MJ, Toye C, Elliott KJ, McInerney F, Eccleston C, Robinson A.
Dementia knowledge assessment scale (DKAS): confirmatory factor
analysis and comparative subscale scores among an international cohort.
BMC Geriatr. 2017;17(1):168.

Chang CY, Hsu HC. Relationship between knowledge and types of
attitudes towards people living with dementia. Int J Environ Res Public
Health. 2020;17(11):3777.

Zhao'Y, Eccleston CE, Ding Y, Shan Y, Liu L, Chan HYL. Validation of a Chi-
nese version of the dementia knowledge assessment scale in healthcare
providers in China. J Clin Nurs. 2020;31:1776-85.

Sung H-C, Su H-F, Wang H-M, Koo M, Lo RY. Psychometric properties of
the dementia knowledge assessment scale-traditional Chinese among
home care workers in Taiwan. BMC Psychiatry. 2021,21(1):515.

Pallant JF, Tennant A. An introduction to the Rasch measurement model:
an example using the hospital anxiety and depression scale (HADS). Br J
Clin Psychol. 2007;46(Pt 1):1-18.

Hung HY, Hung SP, Chang YJ. Development and validation of the prenatal
activity restriction stress questionnaire: a Rasch rating scale analysis. BMC
Pregnancy Childbirth. 2020;20(1):659.

Hung SP. Validating the creative self-efficacy student scale with a Taiwan-
ese sample: an item response theory-based investigation. Think Skills
Creat. 2018;27:190-203.

Hung SP,Wu CL. Cognitive component analysis comparing three Chinese
remote associates tests: linear logistic latent trait model approach. Creat
Res J. 2021;33(3):224-34.

Lin CY, Hou WL, Mamun MA, Aparecido da Silva J, Broche-Pérez Y, Ullah

|, et al. Fear of COVID-19 scale (FCV-19S) across countries: measurement
invariance issues. Nurs Open. 2021;8(4):1892-908.

Brostrom A, Ulander M, Nilsen P, Lin CY, Pakpour AH. Development and
psychometric evaluation of the motivation to use CPAP scale (MUC-

S) using factorial structure and Rasch analysis among patients with
obstructive sleep apnea before CPAP treatment is initiated. Sleep Breath.
2021,25(2):627-37.

Hambleton R, Robin F, Xing D. ltem response models for the analysis

of educational and psychological test data. In: Tinsley HEA, Brown SD,
editors. Handbook of applied multivariate statistics and mathematical
modeling. San Diego: Academic; 2012.

Embretson SE, Reise SP. Item response theory for psychologists. 1st ed.
New York: Lawrence Erlbaum Associates Publishers; 2000.

de Ayala RJ. The theory and practice of item response theory. New York:
The Guilford Press; 2008.

Kim S, Feldt LS. The estimation of the IRT reliability coefficient and its
lower and upper bounds, with comparisons to CTT reliability statistics.
Asia Pac Educ Rev. 2010;11(2):179-88.

Chiesi F, Morsanyi K, Donati MA, Primi C. Applying item response theory
to develop a shortened version of the need for cognition scale. Adv Cogn
Psychol. 2018;14(3):75-86.

Sekely A, Taylor GJ, Bagby RM. Developing a short version of the Toronto
structured interview for alexithymia using item response theory. Psychia-
try Res. 2018;266:218-27.

Stark S, Chernyshenko OS, Lancaster AR, Drasgow F, Fitzgerald LF. Toward
standardized measurement of sexual harassment: shortening the SEQ-
DoD using item response theory. Mil Psychol. 2002;14(1):49-72.

Masters GN. A rasch model for partial credit scoring. Psychometrika.
1982;47(2):149-74.

Page 10 of 10

31. Rasch G. Probabilistic models for some intelligence and attainment tests.
Expanded ed. Chicago: University of Chicago Press; 1960/1980; 1993.

32. Akaike H. A new look at the statistical model identification. IEEE Trans
Autom Control. 1974;19(6):716-23.

33. Schwarz GE. Estimating the dimension of a model. Ann Stat.
1978,6(2):461-4.

34. Maydeu-Olivares A, Joe H. Limited information goodness-of-fit testing in
multidimensional contingency tables. Psychometrika. 2006;71(4):713-32.

35. Maydeu-Olivares A. Goodness-of-fit assessment of item response theory
models. Measurement: Interdisciplinary Research and Perspectives.
2013;11(3):71-101.

36. LtH, Bentler PM. Cutoff criteria for fit indexes in covariance structure
analysis: conventional criteria versus new alternatives. Struct Equ Model
Multidiscip J. 1999;6(1):1-55.

37. Bock RD, Mislevy RJ. Adaptive EAP estimation of ability in a microcom-
puter environment. Appl Psychol Meas. 1982;6(4):431-44.

38. Linacre JM. What do Infit and outfit, mean-square and standardized
mean? Rasch Meas Trans. 2002;16(2):878.

39. Adams RJ, Wu ML, Wilson MR. ACER ConQuest 3.0.1. [Computer software].
Camberwell: Australian Council for Educational Research, Ltd.; 2012.

40. Chalmers P. Multidimensional Item Response Theory. In: Package ‘mirt’
User Guide 1.37.1; 2022.

41. Wright BD, Masters GN. Rating scale analysis: Rasch measurement. Chi-
cago: Mesa Press; 1982.

42. Cronbach LJ. Coefficient alpha and the internal structure of tests. Psycho-
metrika. 1951;16(3):297-334.

43. Hambleton RK, Swaminathan H, Rogers HJ. Fundamentals of item
response theory, vol. 2. Newbury Park: Sage; 1991.

44. Veerkamp WJ, Berger MP. Some new item selection criteria for adaptive
testing. J Educ Behav Stat. 1997,22(2):203-26.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Developing a shortened version of the dementia knowledge assessment scale (DKAS-TC) with a sample in Taiwan: an item response theory approach
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants and material
	Data analysis

	Results
	Stage 1: elucidate the dimensionality and scaling of the DKAS-TC
	Stage 2: item selection for the DKAS-s
	Preliminary validity evidence of the shortened scale

	Discussion
	Conclusions
	Acknowledgements
	References


