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Abstract.

Background: Assessing dementia knowledge is critical for developing and improving effective interventions. There are
many different tools to assess dementia knowledge, but only one has been validated in German so far.

Objective: To validate two tools for assessing dementia knowledge — the Dementia Knowledge Assessment Scale (DKAS-
D) and the Knowledge in Dementia Scale (KIDE-D) for the German general population — and compare their psychometric
properties with the Dementia Knowledge Assessment Tool 2 (DKAT2-D).

Methods: A convenience sample of 272 participants completed online surveys. Analyses included internal consistency,
structural validity, construct validity through the known-groups method, retest-reliability with a subgroup of n = 88, and floor
and ceiling effects. This study used the STROBE checklist.

Results: Internal consistency was acceptable for DKAT2-D (a=0.780), very good for DKAS-D (a=0.873), and poor for
KIDE-D (ac=0.506). Construct validity was confirmed for all questionnaires. Retest-reliability was good for DKAT2-D
(0.886; 0.825-0.926) and KIDE-D (0.813; 0.714-0.878), while it was great for DKAS-D (0.928; 0.891-0.953). Trends
toward ceiling effects were observed for DKAT2-D and KIDE-D but not for DKAS-D. The principal component analysis did
not reveal a coherent structure for DKAT2-D or KIDE-D, while the confirmatory factor analysis proposed the removal of 5
items for DKAS-D, resulting in the shortened DKAS20-D, which had nearly identical properties.

Conclusion: Both DKAS-D and its shortened version, DKAS20-D, are reliable instruments for evaluating programs intended
for the general population, as they were found to be convincing in all aspects.
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INTRODUCTION most common neurodegenerative diseases [1]. How-
ever, this number has continued to rise over the past

In Germany, around 330,000 new cases of demen- decades and, according to forecasts by the German
tia are counted each year, making it one of the Alzheimer Society, will grow by another 45,000 new

cases each year [1, 2]. The reason for this is the
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over 35% for those over 90, with women being dispro-
portionately more affected [1, 3]. Though the number
of dementia patients will increase from 1.53 million
in 2022 to around 2.35 million by 2050, accompanied
by an increased need for caregivers.

In Germany, about 74% of all people in need of care
are cared for at home by their relatives. About two-
thirds of informal caregivers provide care without the
professional support of outpatient care services [4]. It
is mainly women who take on caring responsibilities
for their relatives, mostly children and spouses of the
person with dementia (PwD) [5, 6], whereby the share
of men has grown over the past years [7].

The increase in informal caregiving has driven the
interest in psychological consequences for those who
provide it, resulting in a better understanding of the
factors which need to be considered. The stress expe-
rienced by informal caregivers when providing care
has been shown to pose a significant risk to their
mental health, potentially leading to mental disorders
such as depression and anxiety [8—11]. To counteract
this, psychosocial interventions for carers are offered
to improve the efficiency of the care activity. Over
the last decade, two initiatives were established to
build a network of institutions providing educational
support for people interested in acquiring knowledge
about dementia. These initiatives are called “Demen-
tia Friends” in the UK and “Dementia Partners” in
Germany. The training material for these interven-
tions typically includes information on understanding
dementia and its symptoms, communication strate-
gies for interacting with PwD, and practical tips for
managing challenging behaviors. The goal of the
training is to equip individuals with the knowledge
and skills they need to provide effective care while
also taking care of their own mental health. These
courses are open to all individuals who want to sup-
port others in their community, not just caregivers
of people with dementia [12], and there are courses
that are specifically tailored to certain occupational
groups, such as police officers, retail employees, fire-
fighters, emergency service personnel, and others
[13].

With millions of participants and over 98,000
trained individuals in Germany alone [12, 14, 15],
the program has expanded internationally in recent
years, funded by their respective governments [16,
17].

These interventions often include knowledge
acquisition as one of the central elements. In the
last few years, a number of studies have been pub-
lished, which have confirmed the importance of

caregivers’ knowledge about dementia [18, 19], espe-
cially when combined with individualized training
[20]. Nevertheless, these publications also illustrated
the current methodological constraints of inaccurate
measurements or no measurements at all for demen-
tia knowledge and the problems with self-developed,
non-validated instruments [21, 22], even though there
are numerous questionnaires available.

Sullivan etal. (2017) and Spector etal. (2012) com-
pared various dementia knowledge questionnaires
[23, 24] and found major differences in the qual-
ity of their psychometric properties. The researchers
also discovered weaknesses that should be consid-
ered in future projects. According to their reviews,
several questionnaires are being used outside their
target sample without re-establishing their psycho-
metric properties. These are mostly questionnaires
for nurses and health professionals that are applied
to survey informal caregivers or the general public.
Some of the questionnaires also contain items that no
longer reflect the current state of research.

The validation and improvement of programs such
as the Dementia Partners Program require precise
instruments; however, to date, only the Dementia
Knowledge Assessment Tool 2 (DKAT?2) has been
translated into German and validated for the gen-
eral public [25]. Although the Dementia Knowledge
Assessment Scale (DKAS) by Annear et al. (2017)
[26] and the Knowledge in Dementia Scale (KIDE)
by Elvish et al. (2014) [27] are already available in
German, and KIDE has been applied in research [28,
29], both have not been validated yet.

In light of these findings and to identify the scale
best suited for evaluating psychosocial interventions,
the study aims to validate the German versions of the
KIDE and DKAS and compare their psychometric
properties with those of DKAT2-D, which we have
already validated in a previous study [25].

MATERIALS AND METHODS
Design

The study design corresponds to an exploratory
cross-sectional study, evaluating and comparing the
psychometric properties of DKAS-D, KIDE-D, and
DKAT2-D. The present study adheres to the EQA-
TOR guidelines for reporting research using the
“Strengthening the Reporting of Observational Stud-
ies in Epidemiology” (STROBE) checklist.
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Farticipants

The data used is based on a convenience sample
recruited online from September 2022 to December
2022. Subjects were recruited through newsletters,
flyers, publicity, and through social media channels
such as WhatsApp, Instagram, and Facebook. There
were no inclusion criteria other than the minimum age
of 18 years. The sample size was calculated according
to Polit’s (2012) recommendation of ten subjects per
item used [30]. DKAS is the longest questionnaire
with 25 items, whereby a sample size of N=250 is
targeted.

The final sample size was N =272, and some of the
participants completed the questionnaire again after
four weeks, resulting in a subgroup of n=_88.

Data collection and procedure

The data was collected via a Google Forms
questionnaire, which required the participants to
consecutively fill out all three scales. Additional ques-
tions included sociodemographic data and knowing
someone with dementia, caring for a PwD or work-
ing with them, and if he or she has participated in
any form of dementia training course. At the end of
the questionnaire, the participants were asked if they
wanted to participate a second time in four weeks,
leaving their email addresses to be contacted. Those
who agreed to participate a second time were required
to create a unique identifier consisting of the letters
of their parents’ names and the digits of their birth-
days, which were used to match the records. The time
needed to complete the questionnaire was estimated
to be around 10-15 minutes.

There was no missing data, as Google Forms only
accepted completed sets of data.

Instruments

DKAT2-D

The DKAT?2 questionnaire was developed in 2014
by Toye et al. [31], the German version was trans-
lated and validated by Teichmann et al. (2022) [25].
It measures how much general knowledge a person
has about the dementia disease. It has also been trans-
lated and validated in Greek, Spanish, and Portuguese
and showed an internal consistency of 0.68—0.83 [25,
32-34] with a retest-reliability of 0.918, 95% CI
[0.879, 0.945] [25]. The questionnaire consists of 21
items, each of which proposes a true or false state-
ment about the dementia disease, e.g., “Dementia

occurs because of changes in the brain” and must be
answered by either “yes”, “no”, or “I don’t know”.
Correct answers are rewarded with one point, and
incorrect or “I don’t know” answers are counted as
zero points. The score is calculated by adding up the
points from each individual item, so that a score from
0 to 21 can be achieved, with a higher score associ-
ated with a better knowledge of the dementia disease.
Items 5, 6, 7, 8, 12, 16, 18, and 20 are reverse-coded

because they are false statements.

DKAS-D

The 25-item version of DKAS by Annear et al.
(2017) also measures a person’s knowledge about
dementia and achieved an internal consistency of
0.85 [26] in their validation. The scale is character-
ized by four subscales: “Causes and Characteristics”,
“Communication and Behaviours”, “Care Consid-
erations”, and “Risks and Health Promotion” and
contains statements that the participant must answer
on a 4-point Likert scale, which gives the following
possible answers: “true”, “probably true”, “proba-
bly false”, and “false”. In case of uncertainty, the
participant can also state, “I don’t know”. If the state-
ment is true, and “true” was given as an answer, two
points are awarded, for “probably true” the partici-
pant receives one point, and for all other options zero
points are awarded for this item. This applies vice
versa if the item is a false statement. Therefore, the
range for the final score is 0-50, with a higher score
indicating a better knowledge about dementia. DKAS
is considered by Annear et al. as a direct successor
and improved version of DKAT?2 [35]. In addition,
it has been validated in Japanese [36], Spanish [37],
Chinese [38], traditional Chinese [39], and Turkish
[40].

The back-translation method was used for the
translation process [41]. The English original was
first translated into German and then back-translated
independently by two native English speakers. The
back translations were compared with the original
and, in the case of linguistic differences, adjusted,
retranslated, and back-translated again. The final Ger-
man version was then tested for comprehensibility
by external nurses of different specialties and profes-
sional years.

KIDE-D

The “Knowledge in Dementia Scale” (KIDE),
developed by Elvish et al. in 2014, is a 16-item
questionnaire with true and false statements about
dementia that participants must answer with either
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“agree” or “disagree”. Correct answers are rewarded
with one point and false answers with zero points.
Therefore, the range for the total score is between
0-16, with a higher score being associated with bet-
ter knowledge about dementia. Elvish et al. reported
a Cronbach’s alpha of 0.66 to 0.72 [27, 42] with no
coherent factor structure [42]. KIDE was also trans-
lated using the back-translation method [43—45] but
is not validated yet either. To our knowledge, KIDE
has not yet been translated into any other language.

Statistical analysis

The program IBM SPSS Statistics Version 27 was
applied for the descriptive and inferential statistical
analysis of the data [46]. For all three questionnaires,
the following psychometric properties were exam-
ined: internal consistency with Cronbach’s alpha,
structural validity with principal component analy-
sis or confirmatory factor analysis, construct validity
through the method of known groups, an item analy-
sis, and a test for floor and ceiling effects.

The confirmatory factor analysis (CFA) was per-
formed using the AMOS 27.0 package for SPSS [47].

Internal consistency and reliability

For internal consistency, Cronbach’s alpha was
calculated, which expresses the degree of shared vari-
ance among items and is helpful in assessing the
reliability of single-construct scales with more than
10 items [48—-50]. The recommended range for Cron-
bach’s alpha is 0.70-0.90 [48, 50].

For evaluating the retest-reliability, we compared
the data of the total sample (N =272) with the sub-
group that participated (n=288) after a four-week
interval. Furthermore, we calculated the interclass
correlation coefficient, which characterizes the simi-
larities in the results of the two surveys [51, 52]. The
retest reliability was calculated according to Koo and
Li (2016) in SPSS using a two-way mixed effects
model with the mean of k measurements and absolute
agreement.

Structural validity

A principal component analysis (PCA) with vari-
max rotation was performed for DKAT?2-D to check
whether the questionnaire exhibited a factor struc-
ture. In the next step, we compared the PCA to our
previous validation [25], where we could not identify
a comprehensible factor structure.

We examined if DKAS-D retains its structural
identity originally proposed by its authors [26] by

performing a CFA with the maximum likelihood
estimation procedure. The results of the CFA were
reported according to the recommendations of Jack-
son et al. (2009) and Schreiber et al. (2006) [53,
54]. We additionally examined whether KIDE-D also
had an ambiguous factor structure for our sample, as
reported by the original authors [42]. The criteria that
had to be met for the PCA were the Kaiser-Meyer-
Olkin coefficient of >0.6 [55, 56] and a significant
Bartlett’s test of sphericity [57].

Construct validity

To investigate construct validity, we used the
known-groups method with persons with and with-
out experience with dealing with dementia as well as
with those who had either participated in a demen-
tia training course or not. We scored “Experience
with dementia” if the person either knew someone
with dementia, cared for a person with dementia, or
worked with them. The information about attending
a dementia course was explicitly asked about in the
questionnaire and prioritized if more than one cate-
gory applied. It was expected that knowledge would
be higher among those who had experience with a
person with dementia than among those who had
not, and that participation in dementia training should
also result in significantly higher knowledge about
dementia. For that reason, we tested the following
hypothesis for each of the three scales: 1) Individu-
als with prior experience with PwD will score higher
on the scales than those without such experience. 2)
Individuals who have participated in dementia train-
ing will score higher on the scales than those who
have not received any training.

To test these hypotheses, we used the Wilcoxon-
Mann-Whitney (resp. Mann-Whitney-U) (WMW)
test [58]. Because the interpretation of the WMW
test depends on whether the two groups tested have
the same or different distributions [59, 60], a two-
sample Kolmogorov-Smirnov test was performed to
verify the variance homogeneity of the groups [61].
In the case of equal distribution, the WMW test makes
a statement about the medians of the two groups; in
the case of unequal distributions, the WMW test con-
siders the distribution form as a whole and considers
the mean ranks of the two groups.

According to Fritz et al. (2012), effect sizes for
the WMW tests are calculated with the Pearson-
Correlation coefficient [62].
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Power analysis

To ensure that the WMW tests for experience with
dementia and participation in a dementia training are
not underpowered, we performed a power analysis
with G*Power (version 3.1.9.7) [63, 64] according
to Kang (2021) [65]. The following hypotheses were
formulated: 1) the group with dementia experience
will have a significantly higher median or mean rank
in total score than the group without experience, and
2) the group who has participated in a dementia train-
ing will have a significantly higher median or mean
rank in total score than the group that did not partici-
pate. These hypotheses were investigated for all three
scales. The corresponding null hypotheses were: 1)
there will be no significant difference in median or
mean rank for the total score between the two groups,
or the group with dementia experience has a lower
median or mean rank in total score than the group
with no experience, and 2) there will be no signifi-
cant difference in median or mean rank for the total
score between the two groups, or the group that partic-
ipated in a dementia training will have a lower median
or mean rank for the total score than the group that
did not participate.

The expected effect size is at least d=0.5 with a
power of 1 — 3=0.95 and significance level o =0.05.
The allocation ratio was set at 3 because it was found
in our earlier study and other studies that included the
general population that there tended to be an unequal
number of people who had attended dementia train-
ing or had experience with PwD, which resulted in
a higher number of participants needed [25, 26, 40].
The resulting recommended sample size was N =244
for both groups combined, which is lower than the
applied rule of thumb previously stated.

Item analysis

For all three questionnaires, an item analysis was
conducted in which we examined the difficulty of
all items. At the same time, for DKAT2-D and
DKAS-D, we also examined the percentage of “don’t
know” responses in the entire questionnaire, which
we termed “item ignorance”. We conducted the dif-
ficulty and ignorance analysis for the total sample as
well as separately for those who did and did not partic-
ipate in dementia training. In addition, we examined
the item-total correlation of all items, which indicates
the extent to which an individual item’s score is con-
sistent with the overall scale score, which is a valuable
statistic for identifying items with weak explanatory
power. Furthermore, we investigated inter-item cor-
relation, which indicates how strongly items correlate

with each other. A commonly used criterion for item-
total and mean inter-item correlations is a correlation
of around 0.2 to 0.4 for the items to contribute sig-
nificant information to the scale, although a higher
correlation does not equate to higher reliability; on
the contrary, too high a correlation means that an item
becomes redundant and artificially increases reliabil-
ity [66—68].

Floor and ceiling effects
Another important criterion that should be consid-

ered is whether ceiling or floor effects occur. The
floor or ceiling is a value that an observation cannot
exceed, such as a perfect score. A ceiling or floor
effect is when a variable accumulates at this value
and skews its distribution, introducing a bias and pro-
ducing misleading results in analyses that assume a
normal distribution [69, 70]. Thresholds for this effect
are not strictly defined, and we considered such an
effect to be present if more than 10% of all partic-
ipants scored a minimum or maximum score on a
questionnaire. In addition, we re-examined ceiling
effects for the sample that participated in dementia
training to determine whether a ceiling effect was
sample dependent.

Ethics

The study was performed according to the ethi-
cal standards outlined in the Declaration of Helsinki.
Participants participated voluntarily in the study after
being informed about the aim of the study and
subsequently provided their written consent for par-
ticipation. The General Data Protection Regulation
(GDPR) in a research context [71] was respected
through the confidentiality and anonymity of the data.
This study was approved by the Ethics Committee of
the Faculty for Behavioural and Empirical Cultural
Sciences Heidelberg University, Germany (AZ Teich
2022 2/1).

RESULTS

The final sample consisted of 272 subjects, with
an additional subgroup of 88 participants. The socio-
demographic data are depicted in Table 1. The
average age of the participants was 45.03 years, with
most of them being female (71.3%). Most partic-
ipants hold at least a diploma or master’s degree
(32.7%). In terms of experience with dementia, 75%
of participants know a PwD, 11% care for a PwD,
and 20.6% work with PwD. Among all participants,
28.7% have participated in dementia training.
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Table 1
Participants’ characteristics of the total sample and the Subgroup

Full sample (N=272)

Subgroup' (n=88)

Characteristics n % n %
Age
mean 45.03 47.39
SD 19.05 18.84
Gender
male 77 28.3% 26 29.5%
female 194 71.3% 62 70.5%
diverse 1 0.4% 0
Education
9 years or less 7 2.6% 0
10 years 16 5.9% 5 5.7%
12-13 years 64 23.5% 20 22.7%
Vocational training 43 15.8% 16 18.2%
Bachelor 31 11.4% 13 14.8%
Master/Diploma 89 32.7% 28 31.8%
PhD 20 7.4% 5 5.7%
Others 2 0.7% 1 1.1%
Occupation
School student 4 1.4% 0
Student 58 21.3% 17 19.3%
Unemployed 2 0.7% 0
Retiree 44 16.2% 17 19.3%
Care profession 28 10.3% 13 14.8%
Therapeutical profession 17 6.3% 4 4.5%
Physician 2 0.7% 1 1.1%
Others 117 43.1% 36 40.1%
Experience with PwD
I know one or more persons with dementia 204 75.0% 70 79.5%
I care for a person with dementia 30 11.0% 13 14.8%
I work with PwD 56 20.6% 21 23.9%
Participation in a program about dementia
Yes, I participated 78 28.7% 35 39.8%
I did not participate 194 71.3% 53 60.2%

I'Subgroup after four weeks for the retest.

DKAT2-D

The DKAT2-D had a mean value of 14.17
(SD=3.69) on a range from 0 to 21 points.

Internal consistency

Psychometric properties from all the question-
naires are listed in Table 2. DKAT2-D achieved a
Cronbach’s alpha of a=0.78 which is considered
to be a sufficient value [50], although it is worth
mentioning that the DKAT2-D had an unsatisfactory
Cronbach’s alpha (a =0.536) for those who attended
adementia training. This is presumably because items
1, 13, and 18 were answered 100% correctly, so there
was no variance for these items.

Structural validity

The Kaiser-Meyer-Olkin (KMO) value for the 21-
item scale is 0.739 with a significant Bartlett’s test for
sphericity %x%(210)=965.07, p<0.001, which makes

this dataset suitable for the PCA. However, the dimen-
sionality reduction of the PCA failed to identify any
coherent factors.

Construct validity

All results for the known-groups method are shown
in Table 3, including the test for variance homogene-
ity and effect size. The Wilcoxon-Mann-Whitney
tests were able to show that DKAT2-D was able
to discriminate between (1) the groups with or
without previous experience with PwD (U =2802.0,
z2=-5.861, p<0.001, |/=0.36) and (2) the groups
that had participated or had not participated in
dementia training (U =2626.5, z=-8.447, p<0.001
[=0.51).

Item analysis
In the total sample, 67.5% of the 21 items were
answered correctly on average by one participant,
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Table 2
Psychometric properties of the DKAT2-D, DKAS-D, shortened DKAS20-D and KIDE-D
Cronbach’s alpha Mean item-total Mean inter-item Mean item Mean item
correlation correlation difficulty ignorance
Total sample NoDT? DT? Total sample Total sample Total sample Total sample
DKAT2-D 0.780 0.743 0.536  0.331 0.141 67.50% 20.10%
DKAS-D 0.873 0.838 0.809  0.433 0.215 70.71% 14.30%
DKAS20-D  0.872 0.831 0.821 0472 0.259 69.13% 15.75%
KIDE-D 0.506 0.458 0.461  0.159 0.051 77.10% n. a.
'NoDT, has not participated in dementia training; 2DT, has participated in dementia training.
Table 3
Results of the Wilcoxon-Mann-Whitney tests for all questionnaires
Group variable Mean rank Median
Experience with Yes (n=219) No (n=53) Yes No u! 72 p3 r* K-S test®
dementia
DKAT2-D 150.21 79.87 15 11 2802.0 -5.861 <0.001 -0.36 <0.001
DKAS-D 148.92 85.18 31 23 3083.5 -5.296 <0.001 -0.32 0.026
DKAS20-D 148.68 86.19 24 17 3137.0 -5.193 <0.001 -0.31 0.031
KIDE-D 141.88 114.25 13 12 4624.5 -2.319 0.02 -0.14 0.367
Participated in Yes (n="78) No (n=194) Yes No U z p r K-S test
dementia training
DKAT2-D 199.83 111.04 17 13 2626.5 -8.447 <0.001 -0.51 0.415
DKAS-D 197.97 111.78 36 25.5 2771.0 -8.177 <0.001 -0.50 0.68
DKAS20-D 198.86 111.43 30 19 2702.0 -8.296 <0.001 -0.50 0.71
KIDE-D 174.61 121.18 13 12 4593.5 -5.121 <0.001 -0.31 0.178

U, U test statistic; 2z, z statistic; 3p, significance; 41, Pearson correlation coefficient for effect size; K-S test, two-sample Kolmogorov-
Smirnov test for variance homogeneity, significant K-S tests are bold highlighted, numbers highlighted in bold are the descriptive statistics

to be interpreted according to the K-S test.

and typically, “I don’t know” was given as an option
for 20.1% of the items. Comparing dementia training
participants with non-participants showed that those
who participated in a training answered on average
81.1% of questions correctly and chose the “I don’t
know” option on average for 7.4% of the items. Those
who did not participate answered on average 62% of
the questions and chose the “I don’t know” option for
24.9% of the items.

The item-total correlations were mostly good, with
arange of 0.111 to 0.532 and a mean item-total cor-
relation of 0.331. Item 7 had a correlation with the
total scale that was slightly low, at 0.111. The mean
inter-item correlation was 0.14, ranging from 0.046
to 0.225, with no redundant items. Some items had
a mean below 0.1, with item 7 having the lowest
value at 0.046, indicating that it barely contributed
any relevant information to the scale.

Retest reliability

The retest reliability was calculated with the sub-
group (n=2388) after a four-week interval. Table 4
contains all intraclass correlation coefficients with
their respective confidence intervals for all question-
naires. DKAT2-D achieved an ICC with the lower

Table 4
Test-retest reliability with the subgroup (n =88)

Intraclass 95% - Confidence interval

Correlation

Coefficient

Lower bound ~ Upper bound

DKAT2-D 0.886 0.825 0.926
DKAS-D 0.928 0.891 0.953
DKAS20-D 0.931 0.895 0.955
KIDE-D 0.813 0.714 0.878

bound at 0.825, which is considered a good value
[52].

Floor and ceiling effects

In the total sample, only one person managed to
achieve the maximum score of 21, and there were
no participants who achieved a score lower than 3.
Therefore, no ceiling or floor effect was observed.
In the dementia training group, no person achieved
a score of 21, but 14.1% of participants reached a
score of 20. The psychometric properties of item 7
clearly indicate that it should be removed from the
scale, and since it is by far the most challenging item
on the scale, this would result in 5.5% of the total
sample achieving a maximum score (20 in this case)
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and 12.8% of the dementia training group achieving
a maximum score, resulting in a significant ceiling
effect.

DKAS-D

DKAS-D had a mean score of 28.80 (SD =9.46)
on a scale from 0 to 50 points.

Internal consistency

DKAS-D achieved a Cronbach’s alpha of
o =0.873, which corresponds to a high common vari-
ance of the scale items [50].

Construct validity

DKAS-D was also able to distinguish 1) between
individuals with and without prior experience with
PwD: U=3083.5, z=-5.296, p<0.001 [1=0.32
and 2) between participants and non-participants in
dementia training: U=2771.0, z=-8.177, p<0.001
|1=0.50.

Item analysis

For the calculation of the difficulty level, a ques-
tion was considered to be answered correctly if 1 or 2
points were scored. In the total sample, the question-
naire was answered correctly on average 70.71% of
the time, with 14.30% of questions answered “I don’t
know”.

The group that had not participated in any training
was able to answer an average of 66.0% correctly,
with “I don’t know” being given for 17.9%. On the
other hand, the group that attended a training course
answered the questionnaire correctly with an aver-
age of 82.5%, with only 5.4% of the questions being
answered with “Idon’t know”. When examining indi-
vidual items in the total sample, Item 6 proved too
easy with 96% correct answers. However, there were
no other outliers.

The mean item-total correlation was 0.433, with a
range of 0.214 to 0.578, indicating a good reliability
of the questionnaire and no item redundancy or any
item with too little explanative power. The mean inter-
item correlation was 0.215, ranging from 0.110 to
0.286, with items 4, 6, 18, 19, and 25 having the
lowest means with 0.110-0.182.

Retest reliability

Retest reliability for DKAS-D was at 0.928, with
its lower bound at 0.891 (see Table 4), which could
be considered a very good reliability.

Floor and ceiling effects

The lowest score achieved was 8, and there were
two individuals who achieved the maximum score of
50, so by our definition, there was neither a ceiling nor
afloor effect present. Only one person in the dementia
training group scored the maximum score, and there
was no aggregation of scores near the maximum.

Structural validity

The first CFA model included all 25 items and
provided insufficient model fit. The x> test was sig-
nificant, which is expected with a large sample size,
X2(269, N=272)=463.23, p<0.001, and should not
be considered for model fitting [72, 73]. The model
achieved a root mean square error of approxima-
tion (RMSEA) of 0.052, 90% CI [0.044; 0.059] a
comparative fit index (CFI) of 0.875, the Tucker-
Lewis’s coefficient (TLI) of 0.861, and a standard
root mean square residual (SRMR) of 0.058. The CFI
and TLI were below the recommended thresholds of
>0.95 for model fit criteria [54], the RMSEA sug-
gests a good fit with the upper confidence interval
<0.06, and the SRMR does too, with a value <0.08.
After investigating standardized regression weights,
squared multiple correlations, and standardized resid-
ual covariances, items 4, 6, 18, 19, and 25 were
excluded from the model because they all had very
low regression weights <0.4 and very low squared
multiple correlations <0.2. Moreover, items 25, 18,
and 19 showed overall high residual covariances >2
with many items. These are all indicators that these
items are not suitable for the model and are a source
of misfit [74]. These five items also showed the lowest
mean inter-item correlations, all below <0.2, support-
ing their removal. Additionally, error variances from
items 2 and 7 and items 8 and 9 were covaried because
they showed high covariance.

Psychometric properties of the 20-item DKAS-D

After that, the 20-item version was retested,
which is depicted in Fig. 1. Fit indexes improved
slightly, although the x? test was still significant with
x2(162,N=272)=263.5, p <0.001. The 20-item ver-
sion achieved an RMSEA of 0.048, 90% CI [0.037;
0.058]. It also showed a higher CFI of 0.928, an
improved TLI of 0.915, and an improved SRMR
of 0.052.

The psychometric properties of the 20-item version
were retested to compare the modified version with
the original. The full results are given in Tables 2—4.
Overall, the quality of the questionnaire did not
change, and the shortened 20-item version has very
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Fig. 1. Standardized estimates of the confirmatory factor analysis of the shortened DKAS-D without Items 4, 6, 18, 19, and 25.

similar properties. For construct validity, the WMW
tests for dementia experience and dementia training
were significant. The retest yielded nearly identical
results to the 25-item version, and the item analyses
yielded very similar results to the 25-item version,
with no floor or ceiling effects.

KIDE-D

KIDE-D had a scale mean of 12.43 (SD=2.05) on
a scale from O to 16.

Internal consistency

KIDE-D achieved a Cronbach’s alpha of a=0.51
for the total sample, indicating that the scale items
have low shared variances and suggesting low relia-
bility [50].

Structural validity
The Kaiser-Meyer-Olkin (KMO) value for the 16-
item scale is 0.603, with a significant Bartlett test for

sphericity x2(120)=280.10, p<0.001, making this
dataset suitable for the PCA.

When conducting the PCA, item 15 had to be
excluded because it did not show any variance as
it was answered correctly by all participants except
one. The PCA produced a six-factor solution with
an explained variance of 54.6%. Two factors were
open to interpretation: one consisting of items 1 and
7, which related to aggressive behavior, and the other
consisting of items 11 and 6, which addressed phys-
ical pain. In addition, no clear interpretations were
possible, and item 4 had a very low communality
(h2 =0.20), so it did not load on any factor.

Construct validity

KIDE-D was able to distinguish between 1) indi-
viduals who had no experience with PwD and those
who had, and 2) individuals who had attended demen-
tia training and those who had not. For the groups with
no dementia experience and the ones with experience,
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the WMW test statistics were: U=4624.5,z=-2.319,
p=0.02 ||=0.14. The WMW test for those who
attended dementia training and those who did not was
U=4593.5,z=-5.121, p<0.001 |{=0.31.

Item analysis

The average participant was able to answer 77.7%
of the items correctly. Analysis of the difficulty of
the items showed that many questions were answered
correctly by most participants. The scale included five
items that were answered correctly by over 90% of
participants: item 15 (99.6% correct answers), item
14 (98.5%), item 13 (97.1%), item 16 (96.3%), and
item 2 (93.4%).

When looking at the inter-item correlations, it was
noticeable that there were many small negative cor-
relations between the items, even though this was a
single scale measuring a single variable. This was not
the case with the other scales. There were also many
correlations next to zero, suggesting that the items are
generally unfit to map the construct for which they are
intended. The mean correlation between items was
0.051, well below the suggested value of 0.2 to 0.4,
and the mean item-total correlation was 0.159. How-
ever, we also detected some negative correlations
that affected the reliability of the scale. Therefore,
no absolute values were used, as this would distort
the reliability of the scale, since the items should
be positively correlated due to the measurement of
a unidimensional construct.

Retest reliability

KIDE-D achieved an ICC of 0.813 with the lower
bound at 0.714 for the retest reliability, which is still
considered a good reliability.

Floor and ceiling effects

When examining the floor and ceiling effects, it
became clear that the overall score showed a strong
tendency toward higher scores, while low scores were
virtually absent. The visualization of this can be
seen in Fig. 2. In the total sample, only 4.4% of
participants achieved the maximum score of 16, so
there were no floor or ceiling effects according to
our threshold. However, when assessing those who
attended dementia training, 11.5% reached the max-
imum score, indicating a significant ceiling effect.

DISCUSSION

The goal of this study was to validate the German
versions of DKAS and KIDE for the general popula-

tion and compare them with the recently validated
DKAT2-D to identify the best tool for measuring
knowledge of the dementia disease.

All three questionnaires demonstrated a good con-
struct validity by distinguishing inexperienced and
experienced groups with respect to persons with
dementia and by distinguishing those persons who
participated in dementia training from those who
did not. When looking at the other psychometric
properties, it became clear that KIDE-D has signif-
icant weaknesses, and DKAT-D is mostly a good
questionnaire, while DKAS-D shows the strongest
characteristics in all areas.

DKAT?2-D had acceptable Cronbach’s alpha values
for the general population, and DKAS-D achieved
a very good value. The Cronbach’s alpha values
of DKAT2-D are identical to our previous publi-
cation [25] and comparable to the results of other
groups’ translations [32, 33, 75-77], but just like
other researchers, we have also noticed that the inter-
nal consistency of DKAT2-D declines for samples
with higher dementia knowledge [32, 33] as it was
much lower for those who had attended a dementia
training. DKAS-D’s internal consistency was slightly
higher compared to other translations [36—40] but
comparable to what Annear et al. reported in the orig-
inal [26, 35, 78], with no differences when training
and non-training groups were inspected separately.
KIDE-D had a lower consistency than reported by
Elvish et al. (2014 & 2016) in the original study
[27, 42] and, unfortunately, did not convince with
an overall very low internal consistency.

For structural validity, KIDE-D and DKAT2-D did
not reveal an underlying factorial structure. However,
we were able to confirm the four-factorial structure
of the DKAS-D, which was theorized by the authors
[26].

Although we found that items 4, 6, 18, 19, and
25 could be removed without affecting the quality
of the questionnaire, we also should note that the fit
indexes for the CFA were ambiguous. The RMSEA
and SRMR were good, but the TLI and CFI were a
bit low (<0.95), suggesting that the latent variables
are represented by choice of items, but there is still
room for improvement. Nevertheless, the reported fit
indexes are not poor, and some authors consider a
CFI and TLI>0.90 as good, although these thresholds
change over time [79].

When comparing our CFA to other translations,
we found that Sung et al. (2021), who conducted the
CFA for the traditional Chinese translation of DKAS
[39], and Akyol etal. (2021), who performed the CFA



F. Melchior and B. Teichmann / Comparison of Three Dementia Knowledge Scales in German 679

60

%
o

N
o

N
o

Num of participants
w
o

=
o

0 —

0 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15 16

KIDE total score

Fig. 2. Frequency of the KIDE-D total scores for the total sample.

for the Turkish version [40], both found a better fit
for their models. However, Sung et al. (2021) argued
that the CFA is dependent on the sample. Consider-
ing that the Chinese participants were already caring
for someone with dementia, while the Turkish sam-
ple included a high proportion of nurses and nursing
students, it is conceivable that their high model fit is
due to a sample with higher general knowledge about
dementia.

In the item analyses, we found that DKAT?2-D con-
tained some items that were poorly correlated with the
overall scale but still within the acceptable range. In
contrast, the items of DKAS-D achieved very good
values overall and had a coherent structure. How-
ever, we obtained poor inter-item correlation values
foritems 4, 6, 18, 19, and 25, which is consistent with
our CFA’s findings that these should be removed.

Comparing this with the results of other publica-
tions, it appears that DKAS contains excessive items
and is often shortened after item analyses, with Ann-
ear etal. (2017) [36] removing a total of nine items in
their Japanese translation due to poor performance in
the item and PCA and Akyol et al. (2021) [40] remov-
ing eight items in their Turkish translation. However,
not the same items had to be removed, which can be
considered as an additional indication of the impact
of the sample on item performance.

The items of KIDE-D hardly correlated with each
other, and some of them could not contribute relevant
information to the scale. It is currently not possible
to compare the item analyses of DKAT2 and KIDE
with other publications due to the lack of published
materials on the subject.

By looking at the difficulty and mean scores of
the questionnaires, it became clear that KIDE-D was
overall too easy, and a high score was achieved too
quickly. This is confirmed by Schneider et al. (2020)

and Jack-Waugh et al. (2018), finding a very high
mean for their sample, while Lorio et al. (2016)
reported a ceiling effect for their sample [28, 80, 81].
One problem with KIDE is the way the scale is con-
structed, as it lacks “I don’t know” responses, which
forces participants to guess when they do not know
the answer and introduces a systematic error in the
consistency of the scale that should be avoided by
introducing a neutral response [82].

DKAT2-D had a similar problem: it was slightly
too easy for people who already had knowledge
about dementia, but it was in a good range over-
all. Compared to other studies, this does not seem
to be an isolated case. In our previous study [25], we
found that people with prior knowledge about demen-
tia also answered a few items exclusively correctly.
Both Parra-Anguita et al. (2018) [32] and Toye et al.
(2013) [31], when validating the original scale, were
able to identify some items that were answered more
than 90% correctly by individuals with prior knowl-
edge. However, considering the difficulty, DKAT2
performs well in more heterogeneous samples [25,
32, 33].

DKAS-D, on the other hand, convinced in terms of
difficulty and showed no weaknesses in this regard.
Moreover, DKAS-D’s total score and the average
percentage of correct answers in our sample is com-
parable to the findings of other translations [36—40],
being slightly higher than what Sung et al. (2021)
found in Taiwan but lower than what the sample of
Annear et al. (2017) was able to achieve.

In terms of stability over time, all scales were in
good to very good range, with DKAS-D and DKAT2-
D achieving very similar and slightly higher scores on
the test-retest than KIDE-D. Compared to the results
of the first validation study in German, DKAT2-
D achieved a slightly lower but very similar retest
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reliability [25]. Our result regarding DKAS-D is con-
sistent with other studies that have shown very good
stability [37, 38, 40, 78], while no retest reliabilities
have been reported for KIDE-D to date.

We did not observe any floor or ceiling effects
in DKAT?2-D for the total sample, but there was an
aggregation of scores near the maximum for individ-
uals who attended dementia training and were more
educated about dementia. Out of all the respondents
in this group, item 7 was only answered correctly
by 14.1%. Given that it had an inter-item correlation
close to zero and the lowest item-total correlation,
it is an item that should be removed from the scale,
which would result in DKAT2-D having a signifi-
cant ceiling effect because so many participants were
missing this one point for a maximum score. We
previously acknowledged [25] that item 7 has con-
spicuous values, and there is a divergence of opinions
about whether it actually contains a false statement
[25]. However, we will refrain from further discus-
sion on this matter at this point. For DKAS-D, no
ceiling or floor effects could be observed, which is
consistent with other studies. [36, 40, 83].

Similar to DKAT2-D, KIDE-D did not meet our
definition of ceiling effects for the total sample, but
examining the distribution diagram clearly underlines
the low difficulty of the scale, as most participants
were able to achieve a very high score, which hinders
the scales’ ability to detect small changes and makes
it susceptible to ceiling effects. This was evident in
the group that had attended dementia training, as they
achieved the maximum score of 11.5% of the time,
implying that a better-trained group experiences a sig-
nificant ceiling effect. In a doctoral thesis on dementia
knowledge by Gamble (2022) [84], several distribu-
tion diagrams of KIDE scores for different samples
revealed that the scale experiences a strong ceiling
effect in samples with higher pre-existing dementia
knowledge. While MacRae et al. (2022) found signif-
icant ceiling effects for KIDE in health professionals
[83], and given that DKAT2-D and DKAS-D showed
that dementia training has a strong effect on dementia
knowledge (Jr|>0.50), KIDE-D would likely be suffi-
cient to measure changes before and after dementia
training in people who have not yet participated in
any, respectively large effects. When looking at other
publications, it becomes evident that this is possi-
ble to some extent, as Elvish et al. (2014 & 2016)
had previously managed to distinguish pre- and post-
intervention groups in their “Getting to Know Me”
project [27, 42]. Jack-Waugh et al. (2018) success-
fully used KIDE to evaluate an intervention [81],

while Lorio et al. (2016) detected no pre-post dif-
ference in the KIDE scores even after an extensive
12-hour training, attributing this to a ceiling effect
[80] because their participants were already well
educated. Schneider et al. (2020) also expected a
significant increase in the KIDE scores after an elab-
orate intervention on dementia knowledge but failed
to demonstrate this [28]. Therefore, according to the
studies mentioned above, future projects are recom-
mended to evaluate KIDE-D in a sample that has
low dementia knowledge to assess its ability to detect
large effects.

For purposes other than identifying large effects,
either DKAT2-D or DKAS-D should be used. How-
ever, we clearly recommend DKAS-D as we consider
it superior in all aspects. This is no surprise because
the DKAS can be seen as a further development of
the DKAT?2 [78] and compares favorably with other
dementia knowledge questionnaires, as reported by
Annear et al. (2016) [35] and MacRae et al. (2022)
[83]. Since the shortened form of DKAS-D with
20 items performs equally well in all parameters, is
completed more quickly, and fits better with the pro-
posed theoretical framework, we recommend it for
further studies. As previously mentioned, it is crucial
to regularly adapt questionnaires and evaluate their
psychometric properties to maintain their quality and
keep them in line with current research standards.

Limitations

Although we have a diverse sample that includes
people from all social groups and we encouraged peo-
ple to let their social environment participate in the
study, comparing our sociodemographic data to the
German general population, it seems like our sample
is likely to be more educated than the general pop-
ulation [85]. This is a known bias, probably due to
the need for less educated people to engage in sci-
entific projects. Also, the channels used to recruit
participants are aimed at individuals who are more
interested in dementia research.

The format of the online survey brings a set of prob-
lems with it, which should also be considered. Online
surveys tend to attract certain types of respondents,
such as those who are technologically adept or have
a lot of free time [86, 87]. This can create a selection
bias and skew the results. Furthermore, they lack the
personal interaction that is possible with other meth-
ods of data collection, such as face-to-face interviews.
This can limit the ability to probe for more detailed or
nuanced responses [88]. And lastly, technical difficul-
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ties such as slow loading times or problems with the
survey software can create frustration for respondents
and potentially impact response rates.

Accordingly, we would recommend larger sam-
ples for future projects and propose an expanded
recruitment program. In general, convenience sam-
ples tend to be statistically unclean due to the data
being WEIRD “Western, Educated, Industrialized,
Rich, and Democratic* [89]. Therefore, generaliza-
tion and comparisons between cultures are limited.

One problem inherent to this type of study arises
from the fact that completing three scales in suc-
cession can lead to fatigue. The order of the three
scales was not randomized because the survey instru-
ment we used does not support this method. The term
“dementia training” was not further specified. More-
over, it should be noted that the quality, quantity,
and frequency of these training programs can have
a significant impact on a person’s knowledge about
dementia.
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