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Abstract

Since it was shown that Alzheimer’s disease (AD) begins many years before the onset of symptoms with subjective 
cognitive decline (SCD), there has been increasing interest in the early clinical stages where disease-modifying drugs are 
expected to have the greatest benefit. However, at this early stage cognitive testing may yield unremarkable results, it is 
necessary to find a tool that can provide a simple and reliable indication of SCD as a part of a screening tool for AD in 
the general population. The German version of the 24-item Subjective Cognitive Decline Questionnaire (SCD-Q) with a 
dichotomous answer scale was tested, which then revealed some challenges. For this reason, an adaptation of the question-
naire was necessary. 360 participants completed the SCD-Q, all of whom were outpatients at a memory clinic. The most 
relevant subitems were identified by principal component analysis. This analysis focused on the self-perceived perspective 
of the decline. Results of the principal component analysis, consultations with experts and feedback from respondents 
were integrated into a short version of the SCD-Q with 17 items and a Likert scale – the SCD-Q17. The SCD-Q17 was 
sent to 100 participants of the original questionnaire for re-completion and, a new cut-off value was calculated by receiver 
operator characteristic (ROC) curves. The SCD-Q17 is a useful tool for the reliable detection of subjective symptoms, and 
thus may prompt more in-depth assessments of the underlying etiology. CogScreen has been retrospectively registered at 
clinical trials (NCT06191952).
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Introduction

Facing the increasing prevalence of Alzheimer’s disease 
(AD) and the advent of novel disease-modifying drugs 
most likely to benefit individuals in the earliest stages of 
the disease, there is an urgent need to reliably detect subjec-
tive cognitive decline (SCD), which is known to be associ-
ated with an increased risk of clinical progression (Ismail 
et al., 2021). These stages are considered the most effec-
tive in terms of disease-modifying therapies (Assunção et 
al., 2022). However, healthcare systems worldwide are ill-
equipped to detect neurodegenerative diseases such as AD 
at an early stage, and easy-to-use methods for routine clini-
cal care are needed to support early detection.

SCD is defined as a self-perceived progressive decline in 
cognitive abilities such as memory, executive function, or 
language. This condition is associated with subtle cognitive 
decline that may not be detectable by standardized tests, but 
only by self-report (Jessen et al., 2014). This term is also 
included in the most recent version of the National Insti-
tute on Aging-Alzheimer’s Association (NIA-AA) diagnos-
tic framework and in the revised criteria for diagnosis and 
staging of AD by the Alzheimer’s Association Workgroup 
(in press), where it is referred to as “Stage 2 Transitional 
decline”, characterized by a decline from a previously 
higher cognitive level but normal performance on objective 
cognitive tests, including individuals who do not (yet) meet 
criteria for mild cognitive impairment (MCI) (Albert et al., 
2011; Petersen, 2004).

Due to the limited agreement on standardized methods, 
the assessment of SCD varies widely between studies. A 
systematic review examined 17 different self-report instru-
ments, some of which have not been psychometrically 
evaluated, designed to measure SCD, either for screening or 
diagnosis (Ibnidirs et al., 2022). For example, for screening 
purposes, the SCD Questionnaire (Gifford et al., 2015), the 
Memory Functioning Questionnaire (MFQ) (Gilewski et al., 
1990), or the Cognitive Change Index (CCI) (Rattanabanna-
kit et al., 2016) were included. For diagnosis, the Cognitive 
Function Instrument (Chipi et al., 2018) or the Subjective 
Cognitive Decline Questionnaire (SCD-Q) (Rami et al., 
2014) were used.

For the present study, the SCD-Q by Rami et al. (2014) 
was used because the original version had been sufficiently 
validated on an appropriate sample and demonstrated good 
scores for convergent validity and internal consistency reli-
ability scores. After validation, the original version of the 
SCD-Q was described as “a useful tool for measuring self-
perceived cognitive decline that incorporates the decliner 
and informant perspectives” (Rami et al., 2014). In the pres-
ent study, only the self-perceived perspective of the decline 
(MyCog) was used (see Appendix A) in order to optimize it 

as a screening tool for unaccompanied persons. In the first 
three pre-questions, the SCD-Q asks about the presence of 
forgetfulness, whether one would consult a doctor about 
these difficulties, and whether memory has deteriorated 
in the last two years. The SCD-Q then consists of another 
24 statements about activities, for which the respondent is 
asked whether he or she is less able to perform the respec-
tive activity than approximately two years ago. The SCD-Q 
indicates subjective cognitive decline when seven items are 
answered ‘yes’.

We aimed to develop a short but still valid German ver-
sion of the SCD-Q in order to create a tool for use in set-
tings characterized by time constraints and to respond to 
feedback from participants. For this reason, the present 
study examined the questionnaire based on test-statistical 
properties to see whether meaningful over-categories can 
be formed and, if necessary, the number of items can be 
reduced. In addition, a more precise response scale should 
be added. This is of particular practical importance because 
a time-saving short version with an improved response scale 
is needed to create a useful tool for the reliable detection of 
subjective symptoms of AD, which may lead to more in-
depth assessments of the underlying etiology. The SCD-Q is 
an easy-to-use instrument for the rapid and practical detec-
tion of subjective cognitive complaints. It can be used as a 
screening tool to guide further diagnostic testing (e.g. blood 
biomarkers). However, the SCD-Q also has some limita-
tions. For example, it cannot distinguish SCD from MCI 
or AD. There are also some methodological difficulties in 
the development of the original SCD-Q by Rami (no test-
ing of concurrent validity with similar questionnaires, use 
of cross-sectional data), that require further psychometric 
work-up. In the future, the SCD-Q17 should also be widely 
used, with a digitized version to be completed by the sub-
jects themselves.

Materials and methods

Study design SCD-Q

Most of the data were collected as part of the Community 
geriatric diagnosis-based cognitive screening to identify 
early decline in seniors in Germany (COGSCREEN) study 
(see Fig. 1). The aim of this project is to find out which 
measures, using questionnaires, digital cognitive tests and 
blood-based biomarkers, are best suited to prepare the health 
care system for the identification and treatment of patients 
with AD in its earliest stages. In the present analysis, only 
the SCD-Q is considered to assess its psychometric quality.

As a first step, 360 subjects were recruited to complete 
the German version of the SCD-Q (see Appendix A), 
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following the recommendation to recruit 10–15 subjects 
per variable (Pett et al., 2003). As there are 24 variables in 
the SCD-Q, this corresponds to between 240 and 360 sub-
jects. Participants were recruited from various social and 
cultural centers and groups for seniors in Munich as well 
as through advertisements in local newspapers. Inclusion 
criteria were an age over 60 years and no obvious signs 
of significant cognitive impairment or a known diagnosis 
of dementia. Participants were only included if they gave 
written informed consent after being fully informed of the 
study procedures, and if they agreed that their assessment 
results could be shared with their general practitioner (GP). 
The study was approved by the Ethics Committee of LMU 
Munich (project numbers 22–0786 and 22-1117).

In a quiet environment, participants were given a paper-
and-pencil questionnaire, and those who agreed to partici-
pate were asked to answer ‘yes’/‘no’ to questions on the 
SCD-Q about whether they had noticed a decline in their 
cognitive abilities in the past two years. As part of the study 
design for the overall project, the results were then sent to 
their general practitioner after scoring. In addition, sociode-
mographic information such as age, sex and years of educa-
tion was requested. A contact address and details of a GP for 
re-contact were also requested.

Data storage and SCD-Q software

The data from the paper-pencil questionnaires were first 
entered into Castor EDC, which is an eClinical data manage-
ment platform. Only members of the working group entered 
the data. In addition, access was restricted and regular back-
ups were carried out. From there, the data could be exported 
to an Excel spreadsheet or as an SPSS file and processed 
for further calculations. All data were pseudonymized. The 

SCD-Q comes with a dichotomous response scale. Fac-
tor analysis using a Pearson correlation cannot be applied 
because it would violate the following assumptions: (1) the 
observed variables do not have continuous, multivariate 
normal distributions, and (2) their relationships are not lin-
ear (Lorenzo-Seva & Ferrando, 2012). Instead, it is neces-
sary to use a factor analysis that calculates with tetrachoric 
correlations. This possibility is offered by the free software 
FACTOR with PCA, developed at the University Rovira i 
Virgili. For this program, the data were again saved from an 
Excel spreadsheet in Windows Editor format. The Windows 
Editor files were then read with the FACTOR program, the 
missing values had to be named and then the analysis could 
be performed.

Transparency and openness

We describe our sampling plan, all data exclusions, all 
manipulations, and all measures in the study. Data were ana-
lysed using IBM SPSS Statistics, version 29.0.0.0 (241), and 
FACTOR, version 12.04.01 by Ferrando et al. (2017). The 
data can be made available upon request after verification.

Data analysis SCD-Q & development of SCD-Q17

After computing a robust factor analysis and PCA, several 
data reduction options were considered. Items that loaded 
on more than one factor were removed (items 1, 10, 22). 
Similarly, items with very low total factor loadings were 
removed (items 7, 3, 5, 2). After consultation with neurolo-
gists and psychiatrists from the Alzheimer Research Unit of 
the LMU Hospital, who were also concerned about prac-
tical administration, an abbreviated version of 17 items 
was agreed upon (SCD-Q17). In a subsequent qualitative 

Fig. 1 Overview of the data 
collection
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variable. These two new variables were then used to calcu-
late the receiver operator characteristic (ROC) curve.

Results

Demographic characteristics

Outpatients of a memory clinic were interviewed. The par-
ticipants´ demographic characteristics of the first assess-
ment are shown in Table 1. The mean age was M = 71.15 
(SD = 7.73). The gender distribution was uneven, with 66% 
of participants being female and 33% male. The second 
assessment covered the same topics as the first.

Principal component analysis SCD-Q

Factor analysis was first performed on the SCD-Q data. 360 
subjects participated in the study. However, only data from 
313 subjects were used for the PCA, as some test subjects 
had to be excluded, e.g., due to incomplete responses. The 
measure of the sample adequacy provided by the Kaiser-
Meyer-Olkin test (KMO = 0.87) confirmed that the items 
were appropriate for PCA. The Kaiser-Guttmann criterion 
was used to identify 5 factors with an eigenvalue < 1. Items 
were assigned to specific factors according to their factor 
loadings, and after the 5 factors were labeled as follows: 
Memory for personally relevant items (Component 1), Abil-
ity to organize daily life (Component 2), Ability to cope 
with unfamiliar situations (Component 3), Ability to learn 
with attention (Component 4), and Retention of social inter-
actions (Component 5) (see Table 2 & Appendix A). A PCA 
was then performed, resulting in a rotated load matrix (see 
Table 2). Three items showed high loading on different fac-
tors (items 1, 10, 22, Table 2). Other items, especially items 
7, 3, 5, and 2, showed low loadings below r =.4. After care-
ful analysis and consultations with experts, we decided to 
exclude the above seven items, which provides further evi-
dence for the validity of the questionnaire.

Principal component analysis SCD-Q17

The structure of the Subjective Cognitive Decline short form 
instrument was subjected to exploratory factor analysis. The 
results of both Bartlett’s test chi-square (136) = 981.891, 
p <.001 and the Kaiser-Meyer-Olkin measure of sampling 
adequacy (KMO = 0.916) indicated the viability of the 
variables for factor analysis. A PCA with varimax rotation 
was performed, and a two-factor solution, accounting for 

survey (N = 30, publication in preparation), the subjects of 
the COGSCREEN study were asked for structured feed-
back on the different parts of the test. It turned out that the 
questionnaire was perceived as too long, or that the items of 
the SCD-Q in German were not understood correctly, did 
not cover the problem sufficiently, or that the dichotomous 
‘yes’/‘no’ response scale was perceived as too imprecise to 
capture the actual answer. Therefore, the response scale was 
also changed to a Likert scale from ‘strongly disagree’ to 
‘strongly agree’ (see Appendix B). This short version was 
then mailed as a paper-pencil test to 100 participants who 
had agreed to participate again, following the recommen-
dation of Kass and Tinsley (1979). 80 questionnaires were 
completed and returned. Once the data were collected, they 
were entered into an Excel spreadsheet. This Excel spread-
sheet was then imported into SPSS statistical software, as 
the interval scaling made it possible to calculate a factor 
analysis using a PCA based on a Pearson correlation. Once 
the data were prepared, the assumptions were verified. A 
PCA was then calculated.

A new cut-off had to be defined for the SCD-Q17 because 
it consists of fewer items and does not have a ‘yes’/‘no’ 
response scale. Therefore, both the 17 items of the short-
ened SCD-Q and the three pre-questions of the original 
SCD-Q were used to calculate the cut-off. A new variable 
‘cognitive deficits’ was created for this purpose. If any of 
the three pre-questions were answered in the affirmative, 
the variable was adjusted. An individual´s total score on all 
variables was then calculated and defined as the second new 

Table 1 Sociodemographic characteristics of participants of SCD-Q
Parameters N Mean (M) Standard 

Devia-
tion 

(SD)
Gender 339
  Female 226
  Male 113

Age 311 73.15 7.73
Years of education 232 14.87 3.86
Parameters N %
  Gender 339
  Female 226 66.1
Male 113 33

Cut-off for Subjective 
Decline

313

  Reached 184 53.8
  Not reached 129 37.7
Due to a group of participants with decreasing cognitive abilities, 
there were distorted age data (e.g., indication of year of birth instead 
of age)
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67.503% of the variance, was selected. Two factors were 
identified. The first factor encompasses items 8, 2, 3, 4, 
7, 1, 16 and 5 as these items load higher on the first fac-
tor (r ≥.69). Items 9, 15, 17, 10 and 14 load higher on the 
second factor than on the first factor (r ≥.7) and therefore 
are assigned to this factor. The first factor was ultimately 
named “Difficulties in performing tasks related to daily 
activities” (Component 1) because the items that load high 
on the first factor address problems with everyday activities 
(e.g. item 8: recalling amounts of money, item 2: finding 
personal items). The second factor was named “Challenges 
in adapting to new situations” (Component 2) because these 
items describe topics that have to be learned anew (e.g. item 
17: remembering names of places recently visited, item 14: 
recalling street and place names) (see Table 3 & Appendix 
B). Items 11, 6, 12 and 13 show cross-loadings on both fac-
tors. This is indicated by the fact that the differences between 
the loadings on the first and second factors are less than 
r =.2. In terms of content, this means that these items have 
similarities with Factor 1 and Factor 2. For example, the 
cross-loading of item 11 (“I find it more difficult to remem-
ber the details of the latest news”) could be explained by the 
fact that it addresses topics from the first and the second fac-
tor. For example, the item combines an everyday situation 
(watching the news) with new elements (details of the latest 
news). However, based on prior knowledge of the subject 

Table 2 Rotated loading matrix SCD-Q
Variable Compo-

nent 1

Compo-
nent 2

Compo-
nent 3

Compo-
nent 4

Com-
ponent 
5

scdq_1 0.347 0.311 0.466
scdq_2 0.374
scdq_3 0.414
scdq_4 0.577
scdq_5 0.475
scdq_6 − 0.0.406 0.906
scdq_7 0.447
scdq_8 0.762
scdq_9 0.684
scdq_10 0.304 0.338 0.541
scdq_11 0.352 0.628
scdq_12 0.734
scdq_13 0.437
scdq_14 0.514
scdq_15 0.919
scdq_16 0.674
scdq_17 0.829
scdq_18 -0.569
scdq_19 0.668
scdq_20 0.733
scdq_21 0.657
scdq_22 0.480 0.576
scdq_23 -0.359 0.759
scdq_24 0.845
The values of the rotated loading matrix for the five extracted compo-
nents for each item of the SCD-Q are shown

Table 3 Rotated loading matrix SCD-Q17
Variable Component 1 Component 2
scdq_8 0.838 0.310
scdq_2 0.823 0.281
scdq_3 0.783 0.303
scdq_4 0.756 0.365
scdq_7 0.740 0.315
scdq_1 0.737 0.345
scdq_16 0.721 0.287
scdq_5 0.699 0.445
Scdq_11 0.636 0.457
scdq_6 0.611 0.452
scdq_9 0.225 0.811
scdq_15 0.320 0.806
scdq_17 0.397 0.771
scdq_10 0.341 0.728
scdq_14 0.294 0.713
scdq_12 0.476 0.630
scdq_13 0.512 0.618
The values of the rotated loading matrix for the two extracted compo-
nents for each item of the SCD-Q17 are shown

Fig. 2 ROC Curve.  Note. Determining the cut-off threshold. Diagonal 
segments are produced by ties.
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the preclinical stage. The aim of this study was to assess and 
improve an instrument for measuring subjective cognitive 
decline in German-speaking countries. Its primary function 
is to detect early signs of subjective cognitive decline that 
may progress to the AD spectrum. Data from 313 individu-
als, who were outpatients from a memory clinic, were used 
to perform a PCA for item reduction and adaptation to com-
mon feedback from study participants about problems with 
understanding the instructions, the length of the original 
questionnaire (Rami et al., 2014), and the binary ‘yes’/‘no’ 
response scale of the questionnaire.

After a robust factor analysis and PCA, items that 
loaded on more than one factor (items 1, 10, 22) and items 
with very low total factor loadings (items 7, 3, 5, 2) were 
removed. In addition, the response scale was also changed 
to a Likert scale from ‘strongly disagree’ to ‘strongly agree’. 
All changes to the original SCD-Q were discussed with var-
ious experts in Alzheimer’s research and adapted taking into 
account the comments from a qualitative survey. This short 
version with an adapted response scale was then mailed 
as a paper-pencil test to 100 participants. After 80 people 
returned the questionnaire, a PCA was then computed. Fur-
thermore, a rotated loading matrix showed favorable factor 
loadings. Finally, a cut-off value of 22 was calculated for 
the SCD-Q17. When comparing the cut-off values for the 
SCD-Q and the SCD-Q17, it can be seen that the SCD-Q17 
is capable of identifying abnormalities with a similar level 
of precision with less effort. This is due to the reduced num-
ber of items and the modified response scale of the SCD-
Q17, which was developed in response to the critisism from 
study participants and from experts and boasts favorable 
psychometric test values.

From a test psychological perspective, there are sev-
eral advantages to using Likert scales: For example, the 
Likert scale allows a more precise and sensitive grada-
tion of responses (Grassi et al., 2007; Greenwald et al., 
1970), socially desirable responses are made more dif-
ficult and many statistical test procedures require a Lik-
ert scale as a prerequisite for conducting certain tests. 
It is also important to keep the response burden as low 
as possible. Meta-analyses have found a general corre-
lation between response rate and questionnaire length 
(Rolstadt et al., 2011). This empirical evidence was also 
reported back qualitatively by participants who found 
the questionnaire too long or incomprehensible or the 
response scale not precise enough. This feedback was 
one reason for developing the SCD-Q17 as a useful tool 
for a reliable measurement of subjective symptoms of 
the AD. This is particularly relevant for typical amnestic 

matter, we can assume that this represents an appropriate 
solution.

According to Hemmerich (2018), the ROC curve was 
used to identify the optimal point between an appropriate 
ratio of sensitivity and specificity in order to find the cut-off 
value for the SCD-Q17. Sensitivity measures the propor-
tion of true positives that are correctly recognized as such, 
while specificity measures the proportion of true negatives 
that are correctly classified as such. The ROC curve shows 
graphically where this point is located (Fig. 2). It is about 
0.7 on the sensitivity axis and about 0.1 on the 1-specific-
ity axis. A reasonable cut-off value can then be read from 
Table 4 using the coordinates of the curve. In this case it is 
between 21.5 and 22.5 and can be reported as 22. It can be 
concluded that participants with a cumulative SCD-Q score 
above 22 on the SCD-Q are more likely to experience sub-
jective cognitive decline than those with a score below 22. 
The mean score (M) was 25.49 and the standard deviation 
(SD) was 15.01. Approximately 50% of the participants met 
the cut-off threshold. On the SCD-Q17 version, 50 indi-
viduals scored above the cut-off threshold of 22. Based on 
the original SCD-Q, approximately 53.8% of participants 
scored abnormal with a cut-off of 7 positive items. In terms 
of clinical implications and diagnostic relevance, the com-
parison of the number of subjects who are abnormal at the 
new and the old cutoffs indicates that the new cutoff of the 
SCD-Q17 identifies abnormal subjects as reliably as the cut-
off of the SCD-Q24.

Discussion

Considering AD begins many years before symptom onset 
with subjective cognitive decline (SCD) and various treat-
ments are expected to be most beneficial at this early stage, 
an instrument is needed that can easily and reliably indicate 

Table 4 Coordinates of the curve
Positive if Greater Than or Equal to Sensitivity 1-Specificity
14.5000 0.824 0.467
15.5000 0.804 0.467
16.5000 0.784 0.467
18.0000 0.765 0.333
19.5000 0.745 0.267
20.5000 0.725 0.267
21.5000 0.725 0.133
22.5000 0.686 0.133
24.0000 0.686 0.067
Only the coordinates relevant for specificity and sensitivity were pre-
sented in the table
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influence of the sex hormone estrogen on the difference 
in the AD rates between men and women (Kang et al., 
2012; Yaffe et al., 2000). Due to the limited represen-
tativeness of the sample, it is not possible to draw any 
generalized conclusions. The applicability of the find-
ings is limited to the selected participant group of seniors 
from German-speaking countries, which is also the target 
group of the SCD-Q17.

Further research should consider testing additional 
items that more accurately reflect the range of problems 
experienced by the subjects. In addition, it is imperative 
that the TheirCog is no longer disregarded. However, the 
TheirCog version, which includes relatives, was not used 
in this study because the aim was to develop a simple 
self-report measure for early diagnosis. The statisti-
cal validation of the German translation of the SCD-Q 
should also be improved. For example, convergent and 
knowngroup validity, test-retest and split-half reliability 
should be examined. In addition, cross-cultural valida-
tion should be a topic for further researchers. Finally, 
more objective criteria should have been used in the fac-
tor analysis of the study.

Conclusion

However, there has been a search for an useful tool to mea-
sure subjective symptoms in Alzheimer’s disease, which can 
be found in the SCD-Q17. Feedback from participants in the 
COGSCREEN study indicated that the length of the original 
SCD-Q was too long and the response scale too imprecise. 
As a result, a revision was undertaken using PCA for item 
reduction. The binary option to answer was changed to Lik-
ert scale. The revised version of the SCD-Q, the SCD-Q17, 
was administered to additional participants and was found 
to identify cognitive complaints as reliably as the original 
SCD-Q.

The SCD-Q17 is of practical importance as an improved 
response scale and a shortened questionnaire were needed 
to create a useful tool for the detection of preclinical AD 
cases, which cannot be identified other than by self-report. 
The SCD-Q17 may therefore lead to a more thorough clini-
cal assessment. In the future, the SCD-Q17 should also be 
widely used with low-threshold access. A digitized version 
of the questionnaire should be available for self-administra-
tion by the subjects.

AD, which is also the most common form of the dis-
ease (Dubois et al., 2014) while AD variants (e.g. with 
a behavioral-dysexecutive presentation) may not be cap-
tured by this questionnaire (Graff-Radford et al., 2021; 

Ossenkoppele et al., 2015).
Despite the comprehensive analysis conducted in this 

study, it is important to acknowledge certain criticisms. 
One important issue is the general shortcomings of fac-
tor analysis, which can be highly subjective. Even after a 
thorough evaluation of all statistical values, factor analy-
sis often involves subjective decisions such as determin-
ing the number of items and assigning factor names. The 
SCD-Q has been criticized for failing to collect data on 
the timing of onset and the extent of subjective cognitive 
decline. In addition, it selectively focuses on memory 
while excluding domains (such as executive function 
or language), even though self-perceived decline affects 
cognitive domains other than memory (Ibnidiris et al., 
2022). In addition, participants in the COGSCREEN 
study and in the testing of the SCD-Q17 reported that 
the selected items did not fully cover their cognitive 
problems. The German SCD-Q lacks important statisti-
cal parameters (e.g., content validation). Nevertheless, 
the original version of Rami et al. (2014) was sufficiently 
validated. The representativeness of the sample is lim-
ited because only participants from the Munich area 
were recruited. It is important to note that the SCD-Q 
may only be valid in Western cultures and that cultural 
differences may lead to different responses. It is well 
known that cultural factors also play an important role 
in problem-solving approaches. For example, belonging 
to an individualistic vs. collectivistic culture may lead 
to different cognitive processes in problem solving (rule-
based vs. context-based) (Arieli et al., 2018). It should 
also be noted that the sex distribution of the sample was 
uneven. Significantly more women participated, which 
is a bias typically observed in similar studies due to 
women´s greater willingness to participate in research. 
Another reason may be that most subjects were recruited 
through personal contact, which may also have influ-
enced motivation to participate. However, one reason for 
the sample distribution could also be the increased inci-
dence of dementia in women. The reasons for this are 
being discussed. One reason could be, for example, that 
women live longer than men and older age is the great-
est risk factor for AD (Chêne et al., 2015; Herbert et al., 
2001; Seshadri et al., 1997). In addition, several studies 
and meta-analyses are still discussing whether there is an 
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adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.
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