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Abstract

Objective We assessed the psychometric properties, established normative data for the German Multifactorial Memory
Questionnaire (MMQ), and analyzed its association with neuropsychiatric factors across the life span to provide a validated
metamemory assessment for a German-speaking population.

Methods The three MMQ scales (memory satisfaction, self-rated ability, and strategy application) were translated into Ger-
man, considering cultural, linguistic, and conceptual aspects. To validate the MMQ and assess associations with neuropsy-
chiatric factors, the Complainer Profile Identification, Geriatric Depression Scale, Beck Anxiety Inventory, Pittsburgh Sleep
Quality Index, and Short-Form-Health Survey were applied in an online study in 336 healthy participants with follow-up
after 8 months.

Results Psychometric evaluation of the German MMQ showed normal distribution of all scales and good to excellent validity,
internal consistency, and retest reliability. We provide percentiles and normative data for z-score conversion. Importantly,
even subclinically elevated scores in depressiveness and anxiety were associated with decreased memory satisfaction and
self-rated ability. Furthermore, although the influence of age on the German MMQ scales was minimal, effects of neuropsy-
chiatric factors such as sleep quality, anxiety, and depressiveness on MMQ Satisfaction and Ability varied across the life span.
Conclusions Our study provides a validated German translation of the MMQ with normative data and reliability measures,
including reliable change scores. We show the impact of neuropsychiatric factors on the MMQ scales across the life span
and emphasize the relevance of a multifactorial approach to metamemory as a measure of individualized everyday function-
ality and the importance of including neuropsychiatric factors into both research and clinical assessments of metamemory.

Keywords Multifactorial Memory Questionnaire - MMQ - German normative data - Metamemory - Subjective memory
impairment - Subjective cognitive decline

Introduction

Metamemory refers to the ability to monitor or make judg-
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SMI is frequently reported in many neurological disor-
ders, e.g., epilepsy [6], Parkinson’s disease [7], or multiple
sclerosis [8], but can also increase with age [9]. In memory
clinics, clinicians face the challenge that sometimes mem-
ory complaints cannot be objectified by standard neuropsy-
chological assessments, but still precede future cognitive
decline. Indeed, research from large populations [10] and
individuals with increased biomarker-based risk for Alz-
heimer’s disease [11, 12] indicates that subjective memory
decline is associated with an increased risk for conversion to
mild cognitive impairment and dementia even in cognitively
unimpaired people [5, 13]. Furthermore, SMIs are associ-
ated with an Alzheimer’s disease-like gray matter atrophy
pattern [14] and medial temporal lobe volume loss [11, 15].
Beside this potential for identifying cognitive decline earlier
than standardized cognitive tests, SMI can also be a more
individualized approach to assessing everyday impairment,
especially in high-performing individuals lacking baseline
assessments [16, 17].

To operationalize subjective memory, existing approaches
vary regarding covered domains and time frames, adminis-
tration modes, and number and phrasing of items and answer
scales [4]. Common methods include asking for a judgment
of the extent of memory decline, e.g., Memory Complaint
Questionnaire [18], memory complaint frequency, like in
the Complainer Profile Identification [19], or rating how
often memory-related tasks present a problem, e.g., Mem-
ory Functioning Questionnaire [20]. Some approaches also
integrate strategy use and external judgment, such as the
Subjective Memory Complaints scale [21]. Lastly, one-item
binary assessments of the presence or absence of subjective
complaints are frequently applied, but might lack sensitivity
to identify people with high-risk profiles. In contrast, con-
tinuous measures enable evaluating metamemory changes
over time and investigating associations between subjective
judgments and other outcomes. However, many question-
naires lack psychometric assessment, normative data, and
appropriate cultural adjustments [22] and approach metam-
emory as a singular factor.

The Multifactorial Memory Questionnaire—MMQ [17]
offers a multifactorial approach to SMI or metamemory. It
dissociates the scales Satisfaction, Ability, and Strategy,
which allows to take differential confounding factors into
account. Dissatisfaction, concerns, or worries about one’s
own memory performance, are important predictors for the
development of symptomatic Alzheimer’s disease [5, 10]
and conversion to objective cognitive impairment [23], but
are also associated with affective disorders like depression
[24] and confounded by depressiveness [25]. In contrast,
self-rated ability directly relates to everyday memory func-
tion, but is impacted by monitoring ability. Skewed judg-
ments may result from underlying brain pathologies or be
biased by the degree of confrontation and self-reflection.
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Lastly, mnemonic strategies have a complex relationship
to subjective memory ability and satisfaction. While they
are frequently applied by high-performing individuals and
trained in cognitive interventions [26-28], an increased use
of everyday memory strategies is consistently associated
with more memory complaints [29-31]. This highlights the
potential confounding effect of strategy items in unifactorial
questionnaires. Therefore, the additional application time
of a multifactorial questionnaire differentiating memory
satisfaction, subjective performance, and strategies use can
bring significant value by ensuring accurate assessment and
facilitating effective treatment planning.

Here, we present the German translation and normative
data of the Multifactorial Memory Questionnaire (MMQ
[17]) and (i) provide a culturally and linguistically appro-
priate transfer, (ii) assess its psychometric properties, and
(iii) investigate the differential influence of neuropsychiatric
factors including depressiveness, anxiety, sleep, and health-
related quality of life on its scales Satisfaction, Ability, and
Strategy. Multifactorial metamemory questionnaires have
numerous potential applications in research and clinical
contexts, including monitoring of longitudinal changes,
and evaluating the efficacy and contributing factors of reha-
bilitation and training interventions. Additionally, they can
function as a standardized assessment of self-efficacy and
compensatory mechanisms. However, since depressiveness,
anxiety, physical and mental health, and sleep differentially
affect memory across the life span [29, 32, 33], neuropsy-
chiatric symptoms need to be considered when evaluating
metamemory.

Materials and methods
Participants and data acquisition

We recruited 439 healthy participants between April 2020
and April 2021 using the online tool SoSci Survey [34].
Participants were invited through the hospital-based website,
community clubs and organizations for senior citizens, and
social media posts. Inclusion criteria were age > 18 years
and adequate German language proficiency. Exclusion
criteria were a history of neurological or psychiatric dis-
orders, clinically relevant screening scores for mood, pain,
and sleep disorders, substance abuse, as well as previous
chemo- or radiation therapy or current medication suspected
to interfere with cognition (for a detailed flowchart of the
exclusion process of participants please see Fig. 1). Of the
439 individuals who participated, 336 participants fulfilled
the predetermined inclusion criteria for the baseline assess-
ment. Demographic information on the final sample is pre-
sented in Table 1 and Fig. 6 illustrates the age and gender
distribution of the norm sample. For the retest assessment,
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Table 1 Demographic information and clinical self-assessment scales

Mean SD Range
Age (years) 51.18 +17.63 19-86
Geriatric Depression Scale (GDS) 1.84 +2.34 0-11
Beck Anxiety Inventory (BAI) 5.47 +5.12 0-25
Physical quality of life (SF-12) 39.99 +3.47 20.73-48.44
Mental quality of life (SF-12) 44.54 +5.62 22.79-53.61
Complainer Profile Identification (CPI) 1.96 +0.56 14
CPI attention 1.88 +0.61 14
CPI executive 2.01 +0.64 1-4.33
CPI memory 1.93 +0.61 14
Category n Share of the
sample (%)
Gender Female 231 69
Male 105 31
Education High school (12-13 years) 203 60
Upper secondary (11-12 years) 35 10
Secondary (10 years) 89 26
Lower secondary (8-9 years) 9 3
Current work status Full-time 175 52
Part-time 43 13
Unemployed 1 <1
Retired 97 29
Other 20 6
Household income® <1.000€ 11 3
1.000-<2.000€ 90 27
2.000-<3.000€ 123 23
3.000-<4.000€ 54 16
>4.000€ 58 17

*Monthly net income

included participants were invited to participate again on
average 8 months later (SD =1.27 months), mirroring the
interval of biannual or annual clinical visits. A total of 122
participants responded and 94 participants were included
who could be matched to their baseline assessment based
on their participation ID.

To ensure data fidelity of the online study, we incorpo-
rated rigorous compliance measures in the study design and
quality checks during data processing. These included the
contextualization of the data collection as normative data
for clinical evaluation, thorough physical and mental health-
related questionnaires, and previous warnings that these
questionnaires are included, contact details of services who
provide specific help and information in situations of psy-
chological distress, optional possibility to receive feedback
on questionnaire scores with clinical relevance, possibility
to self-declare untrue data, and double participation checks.

@ Springer

Translation process into German

Instructions, items, and rating scales were translated in
an iterative approach considering linguistic and cultural
conventions in German-speaking countries and the preci-
sion of the underlying constructs. To ensure this, the first
transfer from English to German was done by two native
German speakers (JH, SR) with high English proficiency.
The resulting translation was proofread by a native English
speaker with high German proficiency (Graham Cooper)
and edited. This version was checked regarding grammar
and spelling by a German linguist (Julia Heine). After inte-
grating these revisions, the second version was created. To
ensure the precision of the underlying constructs, we then
chose an automated back-translation of this second version
into English using the Al-based software “DeepL”. The
authors of the original MMQ scales (Angela Troyer, Jill
Rich) checked this automated translation and their edits
were integrated to create the final version of the German
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MMQ. For details on each item, see Supplementary infor-
mation 1.

Questionnaires

The Multifactorial Memory Questionnaire (MMQ) devel-
oped by Troyer & Rich [17] includes three scales: (1) Satis-
faction, encompassing 18 statements on the subjective over-
all appraisal of and worries associated with one’s memory;
(2) Ability, which assesses the perception of one’s own
day-to-day memory performance and includes 20 common
memory mistakes that are rated regarding their frequency in
the past 2 weeks; and (3) Strategy, comprising 19 practical
memory strategies and aids which are rated analogously in
terms of their frequency. Shaikh et al. [35] found that fac-
tor analyses supported that the latter scale can be further
divided into internal (i.e., mental) and external (i.e., using
auxiliary elements in the environment) memory strategies.
Each MMQ item is scored on a 5-point Likert scale from 0O
to 4, after recoding inverted items. The resulting score for
each scale is interpreted separately with low scores indicat-
ing low satisfaction, low self-rated ability (mistakes occur
frequently), or infrequent use of strategies. The MMQ and its
translation are freely available for researchers and clinicians
for non-commercial use at the Baycrest website (https://
www.baycrest.org/mmaq).

To validate the German MMQ, we also applied the ques-
tionnaire Complainer Profile Identification (CPI), which
assesses subjective complaints in the domains memory,
attention, and executive functions [19]. It consists of 17
items describing cognitive complaints, which are rated on
a 5-point Likert scale regarding their frequency (“never” to
“very often”). Affective symptoms were assessed using the
Geriatric Depression Scale (GDS-15) [36, 37] for depressive
symptoms and the Beck Anxiety Inventory (BAI) [38, 39]
for symptoms of anxiety. Furthermore, we assessed sleep
quality using the Pittsburgh Sleep Quality Index components
subjective sleep quality, use of sleeping medication, and day-
time dysfunction (PSQI [40, 41]) and mental and physical
health-related quality of life using the Short-Form-Health
Survey (SF12) [42, 43]. Moreover, we acquired demographic
information, including age, gender, language proficiency,
medication, smoking habits, and potential alcohol and drug
abuse (see Table 1 and Fig. 1).

Statistical analysis

Preprocessing and all analyses were performed using R,
Version 3.6.1 [44]. Details on used packages and versions
are available in the analysis script, which can be accessed
at the Open Science Framework (https://osf.io/x6e8f). The
level of statistical significance for all analyses was set at
p <0.05. The psychometric properties of the German MMQ

scales were investigated regarding variability (distribution,
skewness, and excess kurtosis), convergent validity assessed
by correlations with the CPI scales on an individual level
and considering intercorrelations using multiple regression
analyses. Furthermore, we tested the MMQ scales’ internal
consistency using Cronbach's alpha, retest reliability using
Pearson’s product-moment correlation (r), and calculated
reliable change scores for the MMQ scales by multiplying
the standard error of the difference (SE;;), based on the
standard errors of the measurement (SEM) at baseline and
retest, by the z-score 1.96 (95% CI) [45, 46]. To assess corre-
lates of the MMQ scales, we assessed their associations with
demographic and neuropsychiatric measures using Pearson’s
product-moment correlation for approximately normally
distributed variables (skewness <I2| and excess kurtosis <I4)
[47]. When comparing two groups, ¢ test for independent
samples was used, when homogeneity of variance could
be assumed based on Levene’s test. For regression models,
significant predictors on an individual level were entered
simultaneously. Successive predictor reduction for identi-
fication of the most parsimonious model was conducted by
excluding non-significant predictors. The three age groups
for the analyses across the life span were identified based
on age tertiles in the sample to ensure approximately equal
group sizes (young (18—40 years) n=113, middle-aged
(41-60 years) n= 112, older adults (61-86 years) n=111).

Results
Psychometric properties
Variability

Prior to computing percentiles, the shape of the distribution
for each scale was analyzed to test for normal distribution.
All skewness and excess kurtosis values were well within
the range of — 1.0 to 1.0 for the three MMQ scales, indicat-
ing normal distribution (Satisfaction: skewness=—0.92,
kurtosis =0.55; Ability: skewness =—0.59, kurtosis =0.48;
Strategy: skewness =0.13, kurtosis =0.05; Fig. 2A). Further
details of the distribution of each MMQ scale, including
mean and standard deviation for the calculation of stand-
ardized norm scores like z-scores, are provided in Table 2.

Validity

To assess the validity of the German MMQ, we analyzed its
associations with the scales memory, attention, and execu-
tive complaints of the CPI. As shown in Fig. 2B, less com-
plaints in all CPI domains were strongly associated with
a higher MMQ Satisfaction and self-rated Ability and a
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Table 2 Distribution and retest information of the MMQ scales in the German normative group

Baseline N Mean+SD SE mean Range
MMQ Satisfaction 336 54.26+11.67 0.64 15-72
MMQ Ability 336 58.21+10.04 0.55 22-80
MMQ Strategy 336 25.99+9.95 0.54 0-55
Internal 336 10.32+6.09 0.33 0-34
External 336 15.67+5.20 0.28 0-28
Retest (8 months) N Test-retest reliability [95% CI] ~ SE Reliable change score®
MMQ Satisfaction 94 0.84 [0.76, 0.89] 6.96 13.64
MMQ Ability 94 0.81[0.72,0.87] 6.39 12.52
MMQ Strategy 94 0.76 [0.66, 0.83] 6.96 13.63

“Reliable Change Index (RCI) * 1.96 (p <0.05)

medium-sized decrease in use of strategies in the MMQ.
Detailed test statistics on the correlations of the MMQ scales
with questionnaire measures can be found in Table 6.

Reliability

We found excellent internal consistency for the MMQ scales
Satisfaction («¢=0.93, 95% CI [0.92, 0.94]) and Ability
(¢=0.90, 95% CI [0.89, 0.92]) and good internal consist-
ency for the Strategy scale (a=0.84, 95% CI [0.81, 0.86]).
As reported in Table 2, we also found good test-retest reli-
ability for the scales Satisfaction and Ability and acceptable
test—retest reliability for the MMQ Strategy scale after an
average interval of 8 months (range: 3.30-9.13, SD=1.27).
Table 2 also provides reliable change scores for each scale
(95% C1), i.e., the number of points that indicate a clinically
significant change on the respective scale.

Normative data and correlates of metamemory
Demographic variables and questionnaire data
Age had a small, but significant association with MMQ Saz-

isfaction (r=—0.11,95% CI [-0.21,0.00], #(334)= — 1.97,
p=0.0499) and Ability (r=—0.13,95% CI [-0.24,—0.03],
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t(334)= —2.45, p=0.015), but not with Strategy
(#(334)= — 1. 44, p=0.150). Men and women did not dif-
fer with respect to memory satisfaction (#(334)=1.28,
p=0.201) or self-rated ability (#(334)=0.98, p=0.328),
but men scored on average 2.41 points more on the Strat-
egy scale than women (d= 0.24, #(334)= —2.07, p=0.039).
The level of education did not impact any of the three
MMQ scales (Satisfaction: y*(3)=0.62, p=0.892; Ability:
7/(3)=0.50, p=0.918; Strategy: F(3,332)=0.90, p=0.443).
Considering the very small effect of age on Satisfaction
and Ability, and the small effect of gender on Strategy, we
decided to include all age groups into one normative sample
in accordance with the original MMQ normative data by
Troyer and Rich [17]. The normative data using percentile
ranks for Satisfaction and Ability are presented in Table 3
and for the Strategy scale in Table 4 with recommendations
for interpretation provided in Table 5.

Based on the acquired questionnaire data (Fig. 3), we found
that higher scores on MMQ scales Satisfaction and Ability
were correlated with lower depressiveness (GDS), lower
anxiety (BAI), less sleep problems (PSQI), and better mental
health (SF-12), while the opposite pattern was observed for the
Strategy scale. Physical health (SF-12) was not correlated with
any of the collected measures. Detailed statistics on the cor-
relations can be found in Table 6. Interestingly, the effect that
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Table 3 Percentiles for the

Percentile Percentile
MMQ scales Satisfaction and
Ability (N=336) Raw Score Satisfaction Ability Raw Score Satisfaction Ability

80 40
79 39
78 38
77 37
76 36
75 35
74 34
73 33
72 32
71 31
70 30
69 29
68 90 83 28
67 87 8o 27
66 85 77 26
65 82 73 25
64 79 68 24
63 74 65 23
62 72 60 22
61 67 55 21
60 63 52 20
59 59 48 19
58 56 45 18
57 52 41 17
56 48 36 16
55 45 33 15
54 39 30 14
53 37 25 13
52 33 23 12
51 31 20 11
50 28 19 10
49 25 16 9
48 24 14 8
47 22 13 7
46 20 10 6
45 18 8 5
b 16 8 4
43 16 7 3
42 14 7 2
41 13 1

o

higher anxiety and depressiveness are associated with lower
Satisfaction and Ability was already seen at subclinical levels
of anxiety (BAI) and depressiveness (GDS) with a gradual
decrease of Ability and Satisfaction scores from minimal to
mild and moderate anxiety and depressiveness (Fig. 4). Impor-
tantly, this is not specific to clinically relevant severe levels. In
fact, even participants with mild compared to no or minimal
anxiety or depressiveness show significantly lower subjective
memory ability (BAI: d=0.47, #(311)=3.42, p=0.001; GDS:
d=0.87, 1(328)=4.31, p<0.001) and memory satisfaction

(BAI: d=0.51, #311)=3.70, p<0.001; GDS: d=1.15,
#(328)=5.75, p<0.001).

Neuropsychiatric correlates of memory satisfaction
and self-rated memory ability across the life span

Next, we calculated two regression models, using Satis-
faction and Ability as the respective outcome measures, to
account for the intercorrelation between age and the signifi-
cant questionnaire measures. Here, we found that depres-
siveness, anxiety, and sleep problems remained significant

@ Springer
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Table 4 Percentiles for the Percentile Percentile
MMQ Strategy scales (N=336)
Raw Score Strategy Internal External | Raw Score Strategy Internal External

76 38 89

75 37 87

74 36 85

73 35 83

72 34 79

71 33 76

70 32 73

69 31 69

68 30 65

67 29 62

66 28 56

65 27 53

64 26 49

63 25 45

62 24 43 97 95
61 23 38 96 91
60 22 33 95 87
59 21 30 94 83
58 20 26 93 76
57 19 22 92 69
56 18 20 90 62
55 17 18 87 56
54 16 15 83 48
53 15 11 79 40
52 14 9 75 35
51 13 8 70 29
50 12 7 62 23
49 11 6 55 17
48 10 5 48

47 97 9 3 42

46 97 8 3 35

45 96 7 26

44 95 6 23

43 94 5 18

42 93 4 12

4 93 3 10

40 91 2 5

39 91 1 3

: =

predictors for memory satisfaction and self-rated abil-
ity, respectively, but mental health did not (Satisfaction:
1(330)=0.59, p=0.556; Ability: t(330)=1. 12, p=0.263).
Regression models using the significant predictors age,
GDS score, BAI score, and PSQI score explained 36% of
the variance in the Satisfaction score (F(4,331)=47.32,
p<0.001) and 25% of the variance in the Ability score
(F(4,331)=27.97, p<0.001). To address the question
how these significant predictors affect the self-rated ability
and memory satisfaction across the life span, we defined
three age groups, i.e., young (18-40 years), middle-
aged (41-60 years), and older adults (61-86 years) and
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calculated separate regression models for each age group
with the MMQ scales Ability and Satisfaction as outcome
measures (Fig. 5). Interestingly, we observed a differen-
tial impact of the three factors on metamemory, although
they did not differ between age groups (depressiveness:
7°(2)=2.16, p=0.340; anxiety: y°(2)=3.00, p=0.223;
sleep: 72(2)=2.11, p=0.349): Depressiveness was associ-
ated with poorer memory satisfaction in all age groups, but
relevant for self-rated ability only in older adults. Anxiety
affected both memory satisfaction and self-rated ability, but
only in young and older adults. Lastly, sleep problems were
associated with memory satisfaction in middle-aged adults
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and self-rated memory ability in young and middle-aged
adults.

Discussion

In this study, we assessed the German MMQ and its asso-
ciations with neuropsychiatric factors in a healthy norm
sample. First, we translated the original items and instruc-
tions considering cultural, linguistic, and conceptual aspects.
Second, we assessed the psychometric properties and built
normative data for the application of the MMQ in Ger-
man speakers. The three scales Satisfaction, Ability, and
Strategy exhibited a normal distribution, and we observed
strong validity, internal consistency, and retest reliability in
the German sample. In line with the original MMQ [17]
and other translations of the MMQ [31], we found no or
only small associations of age and gender with the MMQ
scales. Furthermore, we found that neuropsychiatric factors
such as anxiety, depressiveness, sleep problems, and mental,
but not physical health, were associated with the German
MMQ scores. Moreover, anxiety, depressiveness, and sleep
problems differentially impacted memory satisfaction and
self-rated ability across different age groups. Importantly,
even subclinical levels of anxiety and depressiveness were
associated with significantly reduced Satisfaction and Ability
MMQ scores.

mental health (SF-12)

Concerning the psychometric properties of the German
MMQ, the normal distribution of the three scales is advan-
tageous for statistical analyses and enables converting raw
scores not only to percentiles, but also to norm scores,
like z-scores [48]. In addition, we confirmed the German
MMQ’s convergent validity in its associations with the
CPI, a German questionnaire on subjective cognitive com-
plaints. Satisfaction and Ability showed large negative cor-
relations, while Strategy demonstrated medium-to-large
positive associations with the CPI scales memory, atten-
tion, and executive complaints. Our findings indicate that
higher memory satisfaction and self-reported ability are
linked to fewer cognitive complaints, whereas using more
memory strategies is correlated with more cognitive com-
plaints. Importantly, associations with the CPI attention
and executive scales are reasonable considering the inclu-
sion of some CPI memory items in the attention scale, as
well as the overall high item-total correlations and internal
consistency of the CPI total score (¢ =0.87) [19]. Further-
more, several MMQ items require metamemory judgments
about everyday memory tasks and prospective memory,
where attention and executive functions are essential [49].

Regarding reliability, we found good (Strategy) to
excellent (Satisfaction and Ability) internal consistency.
Especially for clinicians, using the reliability to calcu-
late confidence intervals is highly recommended (e.g.,
Crawford & Garthwaite, 2009). Furthermore, this find-
ing supports the three-scale design for the German MMQ,

@ Springer
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MMQ Ability and anxiety (BAI)
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Fig.4 MMQ Ability and Satisfaction scores across levels of anxiety
and depressiveness. Increases of anxiety and depressiveness levels
from minimal to mild already significantly decrease self-rated abil-
ity and satisfaction. Participants with severe levels, who are excluded

although evidence suggests a potential division of the
Strategy scale into internal and external strategies with
factor analyses supporting both a 3- and 4-factor model of
the MMQ [35, 50]. Thus, interpreting the Strategy scale as
one or two scales is valid, depending on the user’s needs.
We provide normative data for both interpretations. More-
over, we found acceptable (Strategy) to good (Satisfaction
and Ability) retest reliability, even after an extended retest
interval of 8 months. The derived reliable change scores
can serve as valuable indicators of clinically relevant
changes after an intervention period or during follow-up
monitoring.

The multifactorial approach of the MMQ, which recog-
nizes each scale as a separate factor, is a key advantage,
allowing for separate interpretation of three dimensions of
metamemory [17]. Although the MMQ scales Satisfaction
and Ability are strongly associated, they assess different
aspects of metamemory, measuring the affective appraisal
of memory vs. self-rated frequency of memory mistakes.
The finding that increased use of memory strategies cor-
relates with lower self-rated ability and memory satisfac-
tion is in line with MMQ studies in other languages [29,
31]. Although mnemonic strategies can be relevant in
high-demand memory challenges and task-specific strategy
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from other analyses, are portrayed by the gray shading, and do not
differ significantly in their Ability and Satisfaction scores in compari-
son to participants with moderate anxiety and depressiveness

use has been related to better performance [51], MMQ’s
strategies are more applicable to everyday situations where
healthy individuals typically do not require mnemonic tech-
niques. Thus, an above average strategy use may indicate
a subjective need for everyday functioning. However, the
Strategy score can also assist to plan and monitor cogni-
tive interventions in individuals who experience memory
impairment and require compensatory strategy use for daily
functioning [52].

In this study, we found minimal associations of the MMQ
with demographic factors. Age had a small impact on Sat-
isfaction and Ability, while men scored slightly higher on
the Strategy scale than women, with no effect of education
on any MMQ scale. Given the small effect sizes, we did not
divide the norm tables by age or gender, considering the ben-
efits of a larger norm sample. These findings on the small-
to-negligible impact of demographic variables, although in
contrast to some findings in metamemory in general [9], are
in line with other MMQ translations [31, 53, 54].

However, it is important to consider participant age
when examining the varying influence of neuropsychiat-
ric factors. Our results show that even subclinical levels
of anxiety and depressiveness affect Satisfaction and Abil-
ity scores and anxiety impacted young and older but not
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OLDER (61-86 YEARS)
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DEPRESSION

(B=-1.22)

Fig.5 Predictors of self-rated memory ability and memory satisfac-
tion across the life span. Regression models are shown for the three
age groups with their explained variance (R?) using the predictors
sleep problems (PSQI), anxiety (BAI), and depressiveness (GDS).
p represents the predictors’ standardized regression weights, i.e., a
change of one standard deviation on the predictor scale results in a

middle-aged adults, consistent with prior research on SMI
and affective symptoms in elderly people [55, 56]. Moreo-
ver, depressiveness most strongly and robustly affected
memory satisfaction, likely due to depression-associated
worries, negative self-beliefs and aging stereotypes [19,
57], and strong overlap of some Satisfaction items with
affective symptoms (e.g., MMQ Satisfaction: “I feel
unhappy when I think about my memory ability.”). Anxi-
ety might lower self-rated ability and memory satisfac-
tion through increased uncertainty intolerance and health
monitoring [58]. Sleep problems may disproportionately
impact Satisfaction and Ability in middle-aged adults due
to increased time and cognitive demands by family and
work responsibilities. This results in diminished sleep
duration and greater functional impairment compared to
older and frequently retired individuals [59], where total
sleeping time was not associated with cognitive perfor-
mance [60]. These findings highlight that depressiveness,
anxiety, and sleep quality should be assessed and con-
sidered along with participants’ age, even when clinical

Memory satisfaction

o ‘
SLEEP ANXIETY DEPRESSION
(B=-120)  (B=-377)  (B=-3.15)
R*=49%
SLEEP ANXIETY DEPRESSION
(B=-418)  (B=-019)  (B=-5:50)
R2=45%
O
SLEEP ANXIETY DEPRESSION
(B=-0.96)  (B=-2.19) (B=-4.75)
N.S.

change of f points on the MMQ scale. Depressiveness was associ-
ated with lower Satisfaction scores in all age groups and lower Ability
scores in older adults. Anxiety affected both scales, but only in young
and older adults, while sleep problems resulted in lower memory
satisfaction in middle-aged adults and self-rated memory ability in
young and middle-aged adults

cutoffs are not met, and advocate for a multifactorial
approach toward metamemory.

It is important to note that the multifactorial approach
of the MMQ also has drawbacks, including extended
assessment time and the lack of an integrated single
metamemory score. A limiting factor in our study is the
online assessment lacking an objective marker of cogni-
tive impairment. Despite a rigorous exclusion process to
mitigate their impact, participants with cognitive impair-
ment may remain in the sample. Ongoing studies will scru-
tinize the German MMQ’s onsite validity and assess its
sensitivity in different pathologies and predictive value
for patients’ quality of life. Furthermore, participants
with lower educational background and with an age above
82 years are underrepresented in the current normative
sample, warranting future studies with geriatric partici-
pants. Lastly, longer retest intervals, while common for
follow-up visits, may have introduced bias, since not all
participants could be reassessed.

Although subjective judgment about one’s own mem-
ory ability has repeatedly been shown to have small or
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no associations with objectified memory performance in
standardized tests (e.g., Burmester et al. [61]), metamem-
ory offers a distinct advantage over standardized memory
assessments through its reflection of individual challenges
[17]. Furthermore, it is sensitive to declines in personal
performance, even in high-performing and mildly affected
patients, where comparison to normative data might fall
short. Consequently, the MMQ holds considerable value
for clinical diagnosis and cognitive rehabilitation, where
the goal is to regain adequate functionality within an indi-
vidual’s environment [52, 62].

Taken together, our study indicates that the German
MMQ scales show normal distribution, are valid and reli-
able, and provides normative data that can be useful to
detect subjective memory impairment and monitor meta-
memory. Specifically, the MMQ scales Satisfaction and
Ability sensitively reflect individual everyday memory
problems, while the Strategy scale can be used to plan
and monitor strategy applications and promote functional
adaptation, for instance in cognitive interventions. The
MMQ scales can be applied separately and easily inte-
grated into clinical and research settings, particularly
by employing a tablet or computerized version with

automated scoring. In addition, the reliable change scores
provide helpful measures for follow-up and therapy evalu-
ation. This way, the German MMQ provides a sensitive
assessment of metamemory as a personalized measures of

104 gender
female

81 - male

count

19 23 27 31 35 39 43 47 51 55 59 63 67 71 75 79 83
age

Fig.6 Histogram illustrating the age and gender distribution of the
normative sample

Table 5 Interpretation of

il Percentile (range) z (range) Interpretation  Satisfaction  Ability  Strategy
percentiles
Total  Internal External

>97.7 >2 Very high >71 >76 >48 >25 >26
93.3-97.6 151019 High 70 73-75 43-47 21-24 24-25
84.1-93.2 lto1.4 Above average 66—69 69-72 3642 17-20 22-23
16.0-84.0 -0.9100.9 Average 43-65 49-68 17-35 5-16 11-21
6.8-15.9 —141—-10 Below average 33-42 4248 12-16 3-4 9-10
2.4-6.7 —-19t0—-15 Low 27-32 37-41 8-11 12 6-8
<23 <-2 Very low <26 <36 <7 0 <5
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Table 6 Pearson correlations of MMQ scales with questionnaire data

Strategy

Ability

Satisfaction

95% CI 1(334) p

r

p

1(334)

r 95% CI

p

1(334)

95% CI

r

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

8.43
8.34
8.03

4.

[0.33, 0.50]
[0.32,0.50]

0.42
0.42
0.40
0.25
0.27
0.21
—-0.18
—-0.02

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

—20.88
—19.93

—15.71

[-0.80, —0.70]

-0.75
-0.74
—-0.65
—-0.36

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

-16.34
—18.00
—14.46
-11.50

[-0.72, —0.60]

-0.67
-0.70
-0.62
-0.53
-0.41
-0.44

CPI-memory

[-0.78, —0.68]

[-0.75, —0.64]

CPI-attention

[0.31,0.49]
[0.14, 0.34]
[0.17,0.37]

[0.10, 0.31]

[-0.71, - 0.59]

[-0.45, -0.27]

[-0.68, —0.55]

CPI-executive

GDS
BAI

62

-7.14
—17.62
-8.04

[-0.61, —0.45]
[-0.49, —0.32]

5.12
3.83
-3.35
-0.44

[-0.47, -0.29]

-0.39
-0.40

0.30
-0.05

-8.18
-9.03

7.09
-1.18

[-0.49, —0.31]
[0.20, 0.39]

[-0.53, —0.35]
[0.27,0.45]

PSQI

0.001

[-0.28, —0.07]
[—0.13,0.08]

5.70
—0.86

0.36
—-0.06

SF-12, mental health

0.659

0.239 [-0.15,0.06] 0.392

[-0.17,0.04]

SF-12, physical health

functionality in acute care hospital, rehabilitation settings,
observational studies, and clinical trials.

Appendix

See Fig. 6, Tables 5 and 6.
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