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Abstract

Background: Since dementia is a result of cognitive rather than physical
impairment, cognitive aspects are important for care planning. This mixed-
model study aims to understand how the loss of cognitive functioning
affects mental representations of daily activities.
Methods: Mental representations were assessed via the script generation
task of daily activities (grocery shopping, dentist appointment, doing laun-
dry, leaving the house, car accident) and a qualitative semi-structured inter-
view from 25 people (age (mean: 67.64; SD: 23.625), gender (f: 14 (56%);
m: 17 (68%)). Cognitive status was assessed via the Montreal Cognitive
Assessment.
Results: Mental representations of daily activities loose content and get
inaccurate throughout the disease (i.e. number of actions, abstractions,
unemotional content) with poorer cognitive status. People with mild demen-
tia report the most strategies and extend their mental representation by
including strategies to circumvent experienced problems. Overall, mental
representations of daily activities seem to be largely intact throughout the
course of dementia (i.e. sequencing, personalisations, intrusions, examples,
emotional content).
Conclusion: This study outlines that even though the content of mental rep-
resentations decreases with dementia, the mental representations themselves
remain in good order. Performance of daily activities throughout dementia
may be hampered by the loss of content of the generated actions.

INTRODUCTION
When getting older, not only our body changes but
also our memory. Activities of daily living that were
easy to manage in the past now become a
challenge1–3 and require appropriate support to guar-
antee a life that is normal and worth living, especially
in terms of age-related disorders such as dementia.
Humans store the actions of a daily activity in form of
a mental representation in long term memory once
they are experienced.4–6 Mental representations of
daily activities are often stored in scripts that com-
prise successional action sequences of how the daily
activity is normally executed.7, 8 These action plans
get disrupted by dementia9–11 which also might
reflect the inability of performing daily activities.11, 12

The script generation task provides information
about one’s ability to produce complex, successional
action plans derived from mental representations of
daily activities, where participants are asked to enu-
merate out loud a list of actions they generally per-
form for achieving a daily activity and to place these
actions in the correct chronological order.7, 13, 14

Each generated action of a script can be, for
instance, classified according to the position in the
action sequence, how central an action is regarding
the script goal, the distinctiveness of a generated
action and also how frequent the action is among
other participants.11, 12 These are interesting charac-
teristics that can be considered when examining how
mental representations of daily activities change
throughout the course of dementia.
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There are two underlying theories how script
actions are stored. According to the Shallice
model,15 script actions are hierarchically organised
and comprise two distinct processes that can be
activated depending on the nature of the script.
Whereas the Supervisory Attentional System relies
on the activation of the frontal lobe when dealing with
non-routine, novel scripts where conscious control is
needed, the Contention Scheduling supports routine
scripts that are already stored in semantic memory
and can therefore be executed automatically, by its
activation of the basal ganglia.15–19

In contrast to Shallice’s model,15 Grafman et al.
(1991) referred script knowledge to managerial
knowledge units that consist of chronological
sequences with a hierarchical action organisation
including a start and end action as well as a repre-
sentation of the execution time each action will
need.20 Instead of distinguishing the Supervisory
Attentional System from the Contention Scheduling,
Grafman et al. (1991) assumed that generating rou-
tine and non-routine scripts rely on the same struc-
ture and that in both cases the frontal lobe,
especially the prefrontal part is activated.

Since the script generation task relies heavily on
the frontal lobe21 as studies with frontal lobe
patients22 as well as patients with a frontal lobe dys-
function like in Parkinson’s disease23 can evidence, it
is likely that mental representations of daily activities
of demented patients get disrupted too as dementia
pathology disrupts the connectivity of the frontal
lobes in the brain.24, 25

Only three script generation studies were con-
ducted with demented participants, investigating the
impact of the disease on verbalised script actions.
While all three studies agree that demented partici-
pants generate fewer actions than do controls,9–11

generating more sequencing errors10, 11 and intru-
sions11 can only partly be supported. Since previous
studies made only script generation comparisons
between demented patients and healthy controls, we
wanted to get a better insight into how the generated
actions of a script get lost and affected with increas-
ing cognitive impairment.

The aim of this study was to understand how
the loss of cognitive functioning affects mental rep-
resentations of daily activities throughout the course
of dementia. A mixed-model study was conducted
to study specifically how the content of the

mental representations differ between stages of
dementia.

METHODS
Study design
A total of 25 individuals were recruited by handing
out flyers in pharmacies, nursing homes, adult edu-
cation centres, and fitness centres that offer sports
for seniors. We included individuals who were
German, 60 years or older, and fulfilled one of the
two inclusion group characteristics: individuals were
either diagnosed with dementia (group characteristic
1) or had trouble with/ worries about their memory
(group characteristic 2). Further, we excluded all indi-
viduals who had a history of mental disorders and
severe brain injury.

At the beginning of the interview, participants filled
out an informed consent form. Afterwards, personal
data were obtained like year of birth, gender, profes-
sion, educational background, mother tongue, diag-
nosed medical diseases, use of vision aids, and
hearing devices as well as possible motoric restric-
tions of each participant to control for biases that
could influence the results of this study. Table 1 rep-
resents the characteristics of the participants. Fur-
ther, tests of quantitative measures like memory
functioning, mental representations of daily activities
were performed as well as qualitative aspects of
recognised daily activity problems and their there-
upon developed strategies to circumvent those diffi-
culties (described in more detail in the following
section) were assessed. After the semi-structured
interview participants received a payment of 20 € for
their study participation.

The study was conducted in coherence with the
Declaration of Helsinki and was approved by the
ethics committee of the University of Kaiserslautern
(reference number mh/mk 09072018 Nr. 5).

Table 1 Characteristics of the study participants

Participant characteristics Frequency (n, %)/ (mean, SD)

Age (years) 67.64; 23.625
Education (<12 years/ ≥12 years) 8 (32%) / 17 (68%)
Gender (female/male) 14 (56%) / 11 (44%)
Vision aids (yes/no) 22 (88%) / 3 (12%)
Hearing devices (yes/no) 7 (28%) / 18 (72%)
Motor restrictions (yes/no) 5 (20%) / 20 (80%)
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Quantitative measurements
Two different kinds of tests were conducted to get a
better insight into the participant’s mental represen-
tations of daily activities and the cognitive status.
The used materials are listed chronologically
according to the order at the assessment.

Montreal Cognitive Assessment
The cognitive status of the participants was assessed
via the Montreal Cognitive Assessment (MoCa) test.
The MoCa was developed by Nasreddine et al.
(2005) as a brief screening tool for cognitive impair-
ment and is a short clinical test that evaluates several
cognitive domains of an individual by means of
30 questions. Examined domains are short-term
memory recall, visuospatial abilities, multiple aspects
of executive functions, attention, concentration,
working memory, language and orientation to time
and place. Participants were classified according to
their achieved score on the MoCa test. Normal age-
ing elderly reach a MoCa score between 26 to 30.26

Further, we set cut-offs for scores between 16 to
25 to classify participants with a mild dementia and
participants below a score of 16 as having severe
dementia. According to that, out of the sample size
of 25 participants, six (24%) participants can be clas-
sified as healthy, seven (28%) as mild demented and
12 (48%) as severe demented.

Script generation task
The script generation task was developed to assess
mental representations of daily activities.27 Partici-
pants were asked to enumerate out loud, step by
step and in chronological order how they perform five
scripts of daily life activities.11, 22, 28 The assessed
scripts comprised grocery shopping (script 1), having
a dentist appointment (script 2), doing the laundry
(script 3), leaving the house (script 4), and having a
car accident (script 5).29, 30

We analysed the script generation task based on
Godbout and Doyon (1995, 2000). The total number
of mentioned actions for the five scripts were calcu-
lated as well as the mean total number of generated
actions for each script. In addition, for each script,
generated action sequences were established by
including all actions that were mentioned by 20% of
all participants regardless of their cognitive status.
Further, we classified the actions that did not fit in

the action sequences according to the following ele-
ments:13, 31

1 intrusions (INT): actions that were normally not part
of the script like opinions or jokesIntrusions can be
subdivided into:
a -relevant intrusions (INTrel): generated actions

that belong to the script.
b irrelevant intrusions (INTirr): generated actions

that were not related to the script.For both types
of intrusions, we classified if the type of intrusion
was situational (i.e. giving an example; INTrelSit
/ INTirrSit) or emotional (i.e. expressing anger or
joy; INTrelEm / INTirrEm)

2 personalisations (PER): type of intrusion that was
personalised or episodic

3 sequencing errors (SEQ): actions that were men-
tioned in an incorrect sequence place

Qualitative measurements
The generated actions for each script of the script
generation task were also analysed qualitatively. In
addition, participants were asked, in a semi-
structured interview, open-end questions about their
daily activities (with a special focus on the activities
in the scripts) including problems and developed
strategies that allow the participant to talk in more
detail on those issues.32 The semi-structured inter-
view followed the approach of the Grounded
Theory,33 in which the focus of the questions lay on
incidents, events, and happenings in a person’s life
that might provide information on the research ques-
tion.34 If the participant mentioned problems in the
interview before, the experimenter will start with
questions concerning these problems and events
that happened around this issue. If the participant
was hesitant in providing information, the experi-
menter either proceeded with open-ended questions
on the scenarios already used in the script generation
task or asked for more information on the character-
istics of the mental representations (attributes, loca-
tions, related actions, related categories).

Data analysis
Data analysis comprised three different parts. First,
statistically relevant differences among the three dif-
ferent classified cognitive status groups, healthy, mild
and severe demented participants, on the collected
script generation data were estimated via the non-

Mental representations of daily activities
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parametric Kruskal-Wallis test35 in combination with
the Dunn’s test36 for pairwise comparisons.

The second part comprises the qualitative data
analysis including the script generation task and
open-end questions concerning daily activities. The
qualitative analysis was based on the Grounded The-
ory approach from Glaser and Strauss (1967) using
the qualitative data analysis software nVivo. Qualita-
tive data analysis was carried out by one coder. First,
digital text files for each participant were created
either by transcription of the audiotaped interviews or
by digitalising experimenters´ notes. Then, the cre-
ated files were loaded into the nVivo software.
According to the Grounded Theory,33 we first per-
formed an “open” coding technique followed by an
“axial” and a “selective” coding technique. Every text
file was coded by assigning concepts and ideas
emerging from the collected data and the literature
review via an iterative line by line reading in the
“open” coding approach where descriptive concep-
tual labels were summarised to a code.37 Constant
comparisons among text files were used to validate
as well as refine an established code or to expand
the coding scheme. Developed codes were grouped
to a greater extent into conceptual categories
through the elaboration of properties, dimensions,
and/or subcategories. With the “axial” coding tech-
nique, we related those established categories and
properties to each other to identify intervening condi-
tions, strategies, and consequences. This process
was completed by the “selective” coding technique
where the categories were further condensed and
integrated into a category network through the elabo-
ration of a core category.32, 33, 38

In the third part, we turned the qualitative analysis
of the script generation data, strategies and problems
into quantitative data by counting the number of each
mentioned strategy (Nb_STRAT), problems
(Nb_PROB) and useful tools (Nb_TOOL) as well as
categorising the generated actions of each script
according to the three dimensions (1) Level of
Abstraction (Abstract actions (Abstr) vs. Personalised
/ Example actions (PerExa), (2) Level of Emotion
(unemotional actions (UnEm) vs. emotional actions
(Em)) and (3) Ordering (if there is no interest in gener-
ating order actions (noINTord) and if order words are
generated (ORDac) like after/before…). These qualita-
tively derived formalised script generation scores
were statistically analysed via the non-parametric

Kruskal-Wallis test35 in combination with the Dunn’s
test36 for pairwise comparisons. We also conducted
a sensitivity analysis by calculating the ratio of the
new scores to the total number of actions generated
in the script generation task across all cognitive sta-
tus groups.

All statistical analyses were conducted using
STATA Version 15.0 and used P < 0.05 as the signifi-
cance level (two-tailed).

RESULTS
Quantitative results
The results of the script generation data are demon-
strated in Table 2 and show that script generation for
script 1 was significantly associated with the cogni-
tive status. Dunn’s test revealed there is a strong evi-
dence that severe demented participants generate
significantly fewer actions than healthy controls
do. In contrast to this, there was no evidence of a dif-
ference in script generation between the other pairs
(severe demented compared to mild demented and
mild demented compared to healthy participants).
Further, script generation for scripts 3 and 4 were
also significantly associated with cognitive status,
where severe demented participants produced signif-
icantly fewer actions than healthy and mild demented
participants do. In contrast, no overall significant
decline was found for generating the actions for
script 2 and script 5.

None of the associations between cognitive status
and the classified actions for the five scripts
according to the type of intrusion (INT, INTrel/INTirr,
INTrelSit/INTirrSit, INTrelEm/INTirrEm), personalisa-
tion (PER) and sequencing errors (SEQ) reached
significance.

General established action sequences by at least
one-fifth of the participants for the three significant
action generations of the scripts 1, 3 and 4 are
reported in the Table 3. As Table 3 indicates and in
contrast to other actions, the actions ‘go to the store’
and ‘pick products from shelf’ for script 1 seem to be
relatively stable throughout the course of dementia,
since these actions were mentioned by 50% or more
severe demented participants. With severe dementia,
checking out, paying, and bagging the items are
most likely to be lost. Regarding the script generation
for script 3, the action ‘press the start button’ was
not mentioned by severe demented participants and
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Table 2 Script generation results including the mean and SD of generated script actions and actions classified as intrusions, per-
sonalisations and sequencing errors for each script mentioned by the cognitive status group

Script Score
Mean (SD)

Kruskal-Wallis test Dunn’s test

Total Healthy Mild Severe P df Chi P (H:M) P (H:S) P (M:S)

Script 1 AC 8.48 (5.96) 12.67 (4.89) 10.29 (6.45) 5.33 (4.64) 0.024 2 7.445 0.152 0.004 0.057
INT 2.32 (3.1) 2.17 (2.86) 2.29 (2.87) 2.41 (3.55) 0.975 2 0.050 0.421 0.417 0.494
INTrel 1.88 (2.93) 2.17 (2.86) 2.14 (2.54) 1.58 (3.37) 0.656 2 0.844 0.379 0.292 0.174
INTrelSit 1.80 (2.93) 2.17 (2.86) 1.86 (1.95) 1.58 (3.37) 0.663 2 0.823 0.394 0.2837 0.180
INTrelEm 0.08 (0.40) 0.00 (0.00) 0.29 (0.76) 0.00 (0.00) 0.862 2 0.297 0.100 0.500 0.067
INTirr 0.44 (0.82) 0.00 (0.00) 0.14 (0.38) 0.83 (1.03) 0.160 2 3.669 0.313 0.014 0.041
INTirrSit 0.20 (0.50) 0.00 (0.00) 0.14 (0.38) 0.33 (0.65) 0.686 2 0.755 0.256 0.089 0.258
INTirrEm 0.24 (0.72) 0.00 (0.00) 0.00 (0.00) 0.50 (1.00) 0.570 2 1.125 0.500 0.066 0.569
PER 2.08 (3.05) 1.67 (2.25) 1.86 (3.08) 2.42 (3.55) 0.820 2 0.396 0.419 0.352 0.262
SEQ 0.20 (0.41) 0.00 (0.00) 0.29 (0.49) 0.25 (0.45) 0.629 2 0.927 0.104 0.110 0.427

Script 2 AC 4.64 (3.85) 6.33 (4.13) 5.57 (4.35) 3.25 (3.17) 0.215 2 3.076 0.353 0.054 0.107
INT 1.32 (1.93) 1.17 (1.60) 1.43 (2.57) 1.33 (1.83) 0.950 2 0.103 0.451 0.428 0.368
INTrel 1.12 (1.76) 1.17 (1.60) 1.43 (2.57) 0.92 (1.38) 0.985 2 0.030 0.427 0.447 0.470
INTrelSit 0.84 (1.62) 1.00 (1.55) 1.14 (2.61) 0.58 (0.90) 0.849 2 0.328 0.257 0.330 0.382
INTrelEm 0.28 (0.61) 0.17 (0.41) 0.29 (0.76) 0.33 (0.65) 0.930 2 0.145 0.488 0.325 0.329
INTirr 0.20 (0.82) 0.00 (0.00) 0.00 (0.00) 0.42 (1.16) 0.779 2 0.500 0.500 0.115 0.103
INTirrSit 0.20 (0.82) 0.00 (0.00) 0.00 (0.00) 0.42 (1.16) 0.779 2 0.500 0.500 0.115 0.103
INTirrEm 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
PER 1.16 (1.86) 0.67 (0.82) 1.29 (2.63) 1.33 (1.83) 0.759 2 0.551 0.403 0.320 0.217
SEQ 0.04 (0.20) 0.16 (0.41) 0.00 (0.00) 0.00 (0.00) 0.833 2 0.365 0.067 0.048 0.500

Script 3 AC 3.56 (3.70) 6.67 (5.16) 4.43 (2.44) 1.50 (2.02) 0.039 2 6.515 0.364 0.012 0.024
INT 0.44 (0.77) 0.50 (0.84) 0.57 (0.98) 0.33 (0.65) 0.930 2 0.145 0.490 0.344 0.347
INTrel 0.44 (0.77) 0.50 (0.84) 0.57 (0.98) 0.33 (0.65) 0.930 2 0.145 0.490 0.344 0.347
INTrelSit 0.44 (0.77) 0.50 (0.84) 0.57 (0.98) 0.33 (0.65) 0.930 2 0.145 0.4890 0.344 0.347
INTrelEm 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
INTirr 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
INTirrSit 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
INTirrEm 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
PER 0.40 (0.71) 0.50 (0.84) 0.43 (0.79) 0.33 (0.65) 0.946 2 0.111 0.425 0.339 0.414
SEQ 0.12 (0.33) 0.00 (0.00) 0.14 (0.38) 0.17 (0.39) 0.846 2 0.335 0.219 0.158 0.440

Script 4 AC 2.68 (2.79) 5.67 (1.97) 3.71 (2.81) 0.58 (0.79) 0.001 2 13.62 0.140 0.000 0.007
INT 0.28 (0.68) 0.33 (0.52) 0.43 (1.13) 0.17 (0.39) 0.849 2 0.328 0.249 0.218 0.488
INTrel 0.28 (0.68) 0.33 (0.52) 0.43 (1.13) 0.17 (0.39) 0.849 2 0.328 0.249 0.218 0.488
INTrelSit 0.28 (0.68) 0.33 (0.52) 0.43 (1.13) 0.17 (0.39) 0.849 2 0.328 0.249 0.218 0.488
INTrelEm 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
INTirr 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
INTirrSit 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
INTirrEm 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
PER 0.20 (0.65) 0.00 (0.00) 0.43 (1.13) 0.17 (0.39) 0.849 2 0.328 0.202 0.168 0.486
SEQ 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000

Script 5 AC 3.72 (3.18) 6.17 (3.43) 2.71 (2.87) 3.08 (2.81) 0.155 2 3.736 0.031 0.052 0.319
INT 1.12 (1.76) 0.67 (0.82) 0.29 (0.49) 1.83 (2.29) 0.285 2 2.513 0.237 0.205 0.044
INTrel 0.60 (0.87) 0.67 (0.82) 0.14 (0.38) 0.83 (1.03) 0.330 2 2.220 0.105 0.433 0.050
INTrelSit 0.60 (0.87) 0.67 (0.82) 0.14 (0.38) 0.83 (1.03) 0.330 2 2.220 0.105 0.433 0.050
INTrelEm 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
INTirr 0.52 (1.33) 0.00 (0.00) 0.14 (0.38) 1.00 (1.81) 0.301 2 2.398 0.296 0.027 0.081
INTIrrSit 0.52 (1.33) 0.00 (0.00) 0.14 (0.38) 1.00 (1.81) 0.301 2 2.398 0.296 0.027 0.081
INTirrEm 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
PER 1.04 (1.79) 0.50 (0.84) 0.29 (0.49) 1.75 (2.34) 0.415 2 1.758 0.396 0.153 0.083
SEQ 0.04 (0.20) 0.17 (0.41) 0.00 (0.00) 0.00 (0.00) 0.833 2 0.365 0.067 0.048 0.500

P (H:M), p-value of the Dunn’s test when comparing healthy to mild demented participants; P (H:S), P-value of the Dunn’s test when comparing healthy to
severe demented participants; P (M:S), P-value of the Dunn’s test when comparing mild demented to severe demented participants; Script 1, grocery shopping;
Script 2, dentist appointment; Script 3, doing the laundry; Script 4, leaving the house; Script 5, having a car accident; AC, actions generated; INT, intrusions;
INTrel, relevant intrusions; INTrelSit, relevant intrusions situation specific; INTrelEm, relevant intrusions emotional specific; INTirr, irrelevant intrusions; INTirrSit,
irrelevant intrusions sitiational specific; INTirrEm, irrelevant intrusions emotional specific; PER, personalisations; SEQ, sequencing error.
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decrease with the progress of the disease. In con-
trast, the action ‘hang out the laundry’ was men-
tioned equally often by healthy and severe demented
participants, whereby the action was mentioned
more by mild demented participants. The actions
‘get dressed’, ‘take the keys’ and ‘check if all win-
dows and doors are closed’ for script 4 are
completely absent in the severe demented cognitive
status group. Opposed to this mild demented partici-
pants check more for closed windows and doors
than healthy participants do.

Qualitative results
Qualitative analysis first comprised open coding lead-
ing to properties, dimensions and subcategories
including diary and shopping list usage, storing things
in always the same place, sorting things according to
a particular schema, awareness of problems leading to
strategy development, daily activities conducted on
their own vs. daily activities overtaken by others,
digression, concentration deficits, memories, fears and
worries as well as gratefulness. Subsequently axial
coding was conducted, in which we identified the fol-
lowing strategies, consequences and conditions:
orderliness, making notes, conversations, stress,
noise, severe problems, some problems, no problems.

The categories network that was established in this
process emphasises the variance in the desire for
order, naming of examples vs. abstract actions, gener-
ation of emotional content, experience of disturbing
daily life factors, development of strategies, and the
usage of problem solving skills.

Mixed results
Scores were calculated for the categories obtained in
the qualitative analysis: Nb_STRAT, Nb_PROB,
Nb_TOOL, Abstr, PerExa, UnEm, Em, noINTord,
ORDac. Results are shown in Table 4. They confirm
that Nb_STRAT and Nb_PROB vary significantly
across cognitive status groups. People with severe
dementia named significantly fewer strategies and
problems than healthy and mild demented partici-
pants do. Whereby a steady decrease in NB_PROB
can be observed along the disease, the Nb_STRAT is
higher for mild demented than for healthy partici-
pants. Albeit the Nb_TOOL is not significantly
affected by cognitive status it should be mentioned
that wherby tool usage is completely absent for
severe demented participants, mild demented partici-
pants rely more on tool usage compared to healthy
participants. There were significant main effects
between Abstr and cognitive status of script 1, script

Table 3 Generated common actions for scripts 1, 3 and 4 throughout the disease, rounded percentage to two decimal places where given
for every action mentioned by the classified cognitive status group

Script content Healthy (%) Mild (%) Severe (%)

Script 1
Write a shopping list 100.00 57.14 25.00
Take a bag 66.67 28.57 33.33
Go to the store 100.00 85.71 50.00
Pick products from the shelf 100.00 71.42 58.33
Proceed to checkout 100.00 57.14 8.33
Pay 100.00 57.14 16.67
Bagging 66.67 0.00 16.67
Go home 100.00 57.14 33.33
Script 3
Separate clothes 66.67 71.43 8.33
Load the machine 66.67 57.14 8.33
Add detergent 50.00 42.86 8.33
Choose program 66.67 28.57 16.67
Press the start button 50.00 28.57 0.00
Hang out the laundry 16.67 41.86 16.67
Script 4
Get dressed 83.33 42.86 0.00
Take the keys 50.00 28.57 0.00
Check if all windows and doors are closed 16.67 42.86 0.00
Leave the house 83.33 14.29 16.67
Lock the door 66.67 42.86 16.67

Script 1, grocery shopping; Script 3, doing the laundry; Script 4, leaving the house.

S. D. Ross and F. S. Rodriguez

© 2020 The Authors
Psychogeriatrics published by John Wiley & Sons Australia, Ltd on behalf of Japanese Psychogeriatric Society
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3 and script 4, where severe demented participants
generated significantly less Abstr than healthy and
mild demented participants do. In concordance with
this, also the generation of UnEm actions differ sig-
nificantly throughout the disease where severe
demented participants produce fewer UnEm actions
than healthy and mild demented participants do for
scripts 1, 3, and 4. None of the other analysed
dimensions reached an overall significance.

Sensitivity analysis
As represented in Table 5 the NB_STRAT_ratio and
NB_PROB_ratio are higher for healthy and mild

demented participants when comparing to severe
demented participants.

DISCUSSION
The aim of the study was to investigate mental repre-
sentations of daily activities throughout the course of
dementia. A mixed-model study was conducted to
study the content of the mental representations in
more detail. The qualitative part of the study identi-
fied a desire for order, the naming of example
vs. abstract actions, the generation of emotional
action content, the development of strategies and

Table 5 Ratios of the quantified mixed-method results including the mean and SD of generated strategies, problems and tools as well as
script actions classified according to their level of abstraction, level of emotion and sequences for each script mentioned by the cognitive
status group

Script Score
Mean (SD)

Kruskal-Wallis test Dunn’s test

Total Healthy Mild Severe P df Chi P (H:M) P (H:S) P (M:S)

Script 1 NbSTRAT_ratio 0.03 (0.06) 0.02 (0.03) 0.08 (0.09) 0.01 (0.03) 0.038 2 6.536 0.202 0.043 0.003
NbPROB_ratio 0.02 (0.02) 0.03 (0.02) 0.03 (0.02) 0.00 (0.01) 0.023 2 7.573 0.428 0.006 0.007
NbTOOL_ratio 0.03 (0.10) 0.01 (0.01) 0.11 (0.18) 0.00 (0.00) 0.059 2 5.670 0.198 0.036 0.002
Abstr_ratio 0.67 (0.38) 0.84 (0.11) 0.81 (0.38) 0.50 (0.41) 0.169 2 3.556 0.277 0.126 0.030
PerExa_ratio 0.33 (0.37) 0.16 (0.11) 0.21 (0.37) 0.50 (0.41) 0.211 2 3.116 0.326 0.126 0.043
UnEm_ratio 0.91 (0.23) 1.00 (0.00) 0.99 (0.03) 0.82 (0.32) 0.400 2 1.831 0.305 0.037 0.010
Em_ratio 0.08 (0.23) 0.00 (0.00) 0.01 (0.03) 0.17 (0.32) 0.621 2 0.952 0.279 0.072 0.195
noINTord_ratio 0.07 (0.16) 0.00 (0.00) 0.04 (0.09) 0.12 (0.21) 0.621 2 0.952 0.279 0.072 0.195
ORDac_ratio 0.02 (0.06) 0.01 (0.03) 0.07 (0.09) 0.00 (0.00) 0.302 2 2.395 0.088 0.216 0.009

Script 2 Abstr_ratio 0.59 (0.45) 0.73 (0.39) 0.74 (0.40) 0.41 (0.47) 0.245 2 2.814 0.371 0.103 0.051
PerExa_ratio 0.41 (0.45) 0.27 (0.39) 0.26 (0.40) 0.59 (0.47) 0.245 2 2.814 0.371 0.103 0.051
UnEm_ratio 0.87 (0.27) 0.92 (0.20) 0.89 (0.27) 0.82 (0.32) 0.731 2 0.628 0.477 0.193 0.211
Em_ratio 0.13 (0.27) 0.08 (0.20) 0.11 (0.27) 0.17 (0.32) 0.898 2 0.215 0.476 0.289 0.313
noINTord_ratio 0.21 (0.36) 0.08 (0.20) 0.06 (0.14) 0.37 (0.46) 0.332 2 2.206 0.468 0.074 0.062
ORDac_ratio 0.03 (0.07) 0.01 (0.03) 0.04 (0.07) 0.04 (0.08) 0.831 2 0.370 0.207 0.365 0.285

Script 3 Abstr_ratio 0.75 (0.42) 0.78 (0.44) 0.92 (0.13) 0.57 (0.53) 0.793 2 0.463 0.388 0.330 0.220
PerExa_ratio 0.26 (0.42) 0.24 (0.43) 0.08 (0.13) 0.43 (0.53) 0.793 2 0.463 0.388 0.330 0.220
UnEm_ratio 0.93 (0.24) 0.78 (0.44) 0.98 (0.06) 1.00 (0.00) 0.515 2 1.326 0.159 0.038 0.219
Em_ratio 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
noINTord_ratio 0.19 (0.39) 0.20 (0.45) 0.00 (0.00) 0.36 (0.48) 0.443 2 1.627 0.209 0.203 0.040
ORDac_ratio 0.09 (0.14) 0.00 (0.00) 0.20 (0.17) 0.07 (0.13) 0.142 2 3.904 0.011 0.184 0.059

Script 4 Abstr_ratio 0.85 (0.30) 0.94 (0.09) 0.88 (0.31) 0.70 (0.45) 0.765 2 0.536 0.375 0.276 0.1842
PerExa_ratio 0.15 (0.30) 0.06 (0.09) 0.13 (0.31) 0.30 (0.45) 0.765 2 0.536 0.375 0.276 0.1842
UnEm_ratio 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.000 2 0.000
Em_ratio 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
noINTord_ratio 0.09 (0.26) 0 0.00(0.00) 0.08 (0.20) 0.20 (0.45) 0.824 2 0.387 0.207 0.147
ORDac_ratio 0.05 (0.13) 0.02 (0.06) 0.04 (0.10) 0.10 (0.22) 0.976 2 0.048 0.466 0.375

Script 5 Abstr_ratio 0.62 (0.44) 0.81 (0.40) 0.83 (0.24) 0.37 (0.45) 0.173 2 3.510 0.429 0.034 0.078
PerExa_ratio 0.39 (0.44) 0.19 (0.40) 0.21 (0.21) 0.63 (0.45) 0.172 2 3.523 0.264 0.027 0.150
UnEm_ratio 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.000 2 0.000
Em_ratio 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.000 2 0.000
noINTord_ratio 0.12 (0.19) 0.08 (0.20) 0.00 (0.00) 0.21 (0.20) 0.209 2 3.133 0.262 0.071 0.025
ORDac_ratio 0.01 (0.05) 0.00 (0.00) 0.05 (0.10) 0.00 (0.00) 0.759 2 0.553 0.050 0.500 0.042

P (H:M), p-value of the Dunn’s test when comparing healthy to mild demented participants; P (H:S), P-value of the Dunn’s test when comparing healthy to
severe demented participants; P (M:S), P-value of the Dunn’s test when comparing mild demented to severe demented participants; Script 1, grocery shopping;
Script 2, dentist appointment; Script 3, doing the laundry; Script 4, leaving the house; Script 5, having a car accident; NbSTRAT, number of mentioned strate-
gies; NbPROB, number of mentioned problems; NbTOOL, number of mentioned tools; Abstr, abstract actions; PerExa, personalised / example actions; UnEm,
unemotional actions; Em, emotional actions; noINTord, no interest in generating order actions; ORDac, generation of order actions.
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the usage of problem solving skills as relevant com-
ponents of mental representations. We calculated
scores for each of these dimensions and included
them in the quantitative analysis. Results suggest
that the number of actions generated for scripts 1, 3
and 4 significantly decline with dementia stage, in
particular the number of Abstr and UnEm content
decreased. This decline occurs steadily with the pro-
gress of the disease. Since the generation of Abstr
and UnEm actions significantly decrease for scripts
1, 3 and 4, where actions significantly decline
throughout the course of dementia, these dimensions
might describe better how script actions get affected
along the disease by generating not precise succes-
sional action plans that are common for every human
but more individualised actions that the participants
associate with the script. It should be noted that sen-
sitivity analysis revealed that the Abstr and UnEm
generation depend on the cognitive status of the par-
ticipant and not on the number of actions generated.
No significant action generation differences were
found for script 2 and script 5, where only a steady
decrease can be found for script 2 along the cogni-
tive status groups. Therefore, our data partly confirm
the findings from previous dementia script generation
studies that demented patients produce significantly
fewer actions than healthy participants do.9–11

Overall, mental scripts seem to remain largely
intact in dementia patients, as we could not find sig-
nificant differences in INT generation10 as well as
SEQ, PER, Em content, and giving PerExa. When
taking the INT discriminations into account, if healthy
participants generate INT, they are always relevant.
Opposed to this, INTirr are only generated by mild
and severe demented participants and increase along
the disease. Participants generated no INTirr for
scripts 3 and 4. Only in script 1 INTirrEm were found,
where severe demented participants generate more
INTirrEm than INTirrSit. Evidence is inconclusive for
INT, PER and SEQ. Further, it could be that the
observed loss and variation in content might reflect
the inability of performing daily activities in the severe
stages of dementia.11, 12

Despite the fact that scripts 1, 3 and 4 significantly
lose content throughout the course of dementia,
many actions are still mentioned in the severe
dementia stages. People with dementia are least
likely to remember the actions checking out, paying,
and bagging items in the grocery store and getting

dressed, taking the keys, and checking for open win-
dows when leaving the house. Knowing that these
are the most vulnerable actions, further research
should develop means to help people with dementia
in those aspects of daily life. The transition from
healthy over mild to severe demented participants
does not always go steadily down for the generated
actions. First, it seems to be dependent on the type
of script (i.e. type of household activity), and, second,
it seems to be dependent on the action with some
actions being a more stable mental representation
even in later dementia stages than others. Since the
script generation task investigated semantic
knowledge15–19, 21 it could be that the loss of script
content either reflect an impairment of semantic
memory by dementia pathologies or a reduced ability
to access the verbal representation of a script action
albeit the conceptual representation is still
available.39–41

The qualitative analysis enriched the quantitative
analysis with additional scores. Results suggest that
the perceived problems and number of abstractions
and unemotional content of mental representations
decrease steadily with dementia. No overall steady
decline can be observed for strategy development
and tool usage. Dementia patients in mild stages
report more strategy development and tool usage
than healthy controls and seem therefore able to
extend their mental representation of daily activities
by incorporating a strategy into their established
action sequence when noticing a problem with the
activity under question. For example, they mention
checking for closed windows and doors when leaving
the house more frequently than healthy participants
do. In concordance with this, only healthy and mild
demented participants report problems with daily
activities, hence a certain cognitive status is needed
to be able to name problems. The perception of a
problem requires the interpretation of the situation in
a broader context and this ability seems to be
impaired in dementia patients, probably because
their mental representation of daily activities for the
context have lost content since the safety check for
closed windows and doors is completely absent for
severe demented patients. Therefore, strategies are
extensions to existing mental representations with
the purpose of preventing problems to maintain a
good functioning in daily life that could not only mini-
mise the help someone needs but also enhance the

Mental representations of daily activities
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self-esteem of a dementia patient while reducing
nursing fees and caregiver burden.

However, this study has some limitations. We
acknowledge that we only investigated a small sam-
ple size in which the cognitive status groups did not
comprise the same amount of participants. This
could have influenced the results of our study for the
assessed SEQ and inappropriate action generation
and our developed dimensions in the respective
cognitive status group since they were too small to
reach significance given the variance that we
observed in our sample. It could be that our devel-
oped dimensions are also sensitive when investigat-
ing a small sample size since Abstr and UnEm
reached significance. Therefore, in future it is more
important to investigate a larger sample size for each
cognitive status group to receive a more precise and
valid view of how the action generation of a script
gets affected throughout the course of dementia and
to validate our established dimensions. Another
aspect to consider is that this study investigated
semantic knowledge of mental representations of
daily activities. It might also be that mental represen-
tations of daily activities are also stored in episodic
memory and a person with dementia might be able
to perform the action if given the right cue without
being able to describe it verbally. Further studies are
needed to investigate episodic mental representa-
tions of daily activities. Including a diagnostic neuro-
logical assessment with imaging data in the study
could be quite enlightening to see if different types
of dementia affect different mental representations
or not. It could also be that participants experience
specific problems depending on their type of demen-
tia and that all types of dementia share some prob-
lems or helpful strategies while other problems or
strategies are type specific. Apparently, this would
help to estimate the optimal care for a dementia
patient.

Despite the fact that mental representations seem
to be largely intact throughout the course of demen-
tia, the generated content as well as Abstr and UnEm
decreases. Therefore, it is important to develop help-
ful strategies and tools for dementia patients that fill
missing actions of a script to enhance or stabilise the
autonomy level, while reducing caregiver burden,
nursing and medical care costs as well as holding
the quality of life as long as possible for a longer
independent life worth living.

ACKNOWLEDGEMENTS
We thank all study participants for their contributions.
Due to data protection reasons, the data are not pub-
licly available. The study was not registered in an
international registry.

FUNDING
This study was supported by the Nachwuchsring of
the University of Kaiserslautern (reference number
mh/mk 09072018 Nr. 5).

ETHICAL STANDARDS
The authors assert that all procedures contributing to
this work comply with the ethical standards of the rel-
evant national and institutional committees on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

REFERENCES
1 Demura S, Sato S, Minami M, Kasuga K. Gender and age dif-

ferences in basic ADL ability on the elderly: comparison
between the independent and the dependent elderly. J Physiol
Anthropol Appl Human Sci 2003; 22: 19–27.

2 Femia EE, Zarit SH, Johansson B. Predicting change in activi-
ties of daily living: a longitudinal study of the oldest old in Swe-
den. J Gerontol B Psychol Sci Soc Sci 1997; 52: P294–P302.

3 Willis SL. Everyday cognitive competence in elderly persons:
conceptual issues and empirical findings. Gerontologist 1996;
36: 595–601.

4 Galambos JA. Normative studies of six characteristics of our
knowledge of common activities. Behav Res Method Instrum
1983; 15: 327–340.

5 Corson Y. The structure of scripts and their constituent ele-
ments. Cahiers de Psychologie cognitive/current psychology of
Cognition 1990; 10(2):157–183.

6 Schank RC, Abelson RP. Scripts, Plans, Goals, and Under-
standing: an Inquiry into Human Knowledge Structures.
Hillsdale, New Jersey: Psychology Press, 2013.

7 Bower GH, Black JB, Turner TJ. Scripts in memory for text.
Cogn Psychol 1979; 11: 177–220.

8 Galambos JA, Rips LJ. Memory for routines. J Mem Lang 1982;
21: 260.

9 Weingartner H, Grafman J, Boutelle W, Kaye W, Martin PR.
Forms of memory failure. Science 1983; 221: 380–382.

10 Rusted J, Sheppard L. Action-based memory in Alzheimer’s
disease: a longitudinal look at tea making. Neurocase 2002; 8:
111–126.

11 Grafman J, Thompson K, Weingartner H, Martinez R,
Lawlor BA, Sunderland T. Script generation as an indicator of
knowledge representation in patients with Alzheimer’s disease.
Brain Lang 1991; 40: 344–358.

12 Allain P, Le Gall D, Foucher C et al. Script representation in
patients with Alzheimer’s disease. Cortex 2008; 44: 294–304.

S. D. Ross and F. S. Rodriguez

© 2020 The Authors
Psychogeriatrics published by John Wiley & Sons Australia, Ltd on behalf of Japanese Psychogeriatric Society

12

 14798301, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/psyg.12641 by D

eutsches Z
entrum

 Für N
eurodeg, W

iley O
nline L

ibrary on [11/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



13 Godbout L, Doyon J. Mental representation of knowledge fol-
lowing frontal-lobe or postrolandic lesions. Neuropsychologia
1995; 33: 1671–1696.

14 Light LL, Anderson PA. Memory for scripts in young and older
adults. Mem Cognit 1983; 11: 435–444.

15 Shallice T. Specific impairments of planning. Philos Trans R
Soc Lond B Biol Sci 1982; 298: 199–209.

16 Shallice T. From Neuropsychology to Mental Structure. Cam-
bridge: Cambridge University Press, 1988.

17 Norman D, Shallice T. Attention to action: willed and automatic
control of behavior. In: Davidson RJ, Schwartz GE, Shapiro D,
eds. Consciousness and Self-Regulation, Vol. 4. New York: Ple-
num Press, 1986; 1–18.

18 O’Connor DW, Pollitt PA, Roth M, Brook PB, Reiss BP. Memory
complaints and impairment in normal, depressed, and
demented elderly persons identified in a community survey.
Arch Gen Psychiat 1990; 47: 224–227.

19 Shallice T, Burgess PW. Deficits in strategy application follow-
ing frontal lobe damage in man. Brain 1991; 114: 727–741.

20 Grafman J. Plans, actions, and mental sets: Managerial knowl-
edge units in the frontal lobes. In E. Perecman (Ed.), Integrating
theory and practice in clinical neuropsychology. New Jersey:
Lawrence Erlbaum, 1989; 93–138.

21 Cosentino S, Chute D, Libon D, Moore P, Grossman M. How
does the brain support script comprehension? A study of exec-
utive processes and semantic knowledge in dementia. Neuro-
psychology 2006; 20: 307–318.

22 Godbout L, Grenier M, Braun C, Gagnon S. Cognitive structure
of executive deficits in patients with frontal lesions performing
activities of daily living. Brain Inj 2005; 19: 337–348.

23 Godbout L, Doyon J. Defective representation of knowledge in
Parkinson’s disease: evidence from a script-production task.
Brain Cogn 2000; 44: 490–510.

24 Franzmeier N, Caballero MA, Taylor A et al. Resting-state
global functional connectivity as a biomarker of cognitive
reserve in mild cognitive impairment. Brain Imaging Behav
2017; 11: 368–382.

25 Morbelli S, Nobili F. Cognitive reserve and clinical expression of
Alzheimer’s disease: evidence and implications for brain PET
imaging. Am J Nucl Med Mol Imaging 2014; 4: 239–247.

26 Nasreddine ZS, Phillips NA, Bédirian V et al. The Montreal cog-
nitive assessment, MoCA: a brief screening tool for mild cogni-
tive impairment. J Am Geriatr Soc 2005; 53: 695–699.

27 Godbout L. Représentation mentale d’activités familières
(scripts) chez des patients porteurs de lésions corticales cir-
conscrites ou atteints de la maladie de Parkinson: Université
Laval; 1994.

28 Godbout L, Fiola M, Braun C, Gagnon S. Cognitive structure
and real life implementation of scripts in late adulthood. Phys
Occup Ther Geriatr 2005; 23: 25–50.

29 Barsalou LW, Sewell DR. Contrasting the representation of
scripts and categories. J Mem Lang 1985; 24: 646–665.

30 Scott JC, Woods SP, Vigil O et al. Script generation of activities
of daily living in HIV-associated neurocognitive disorders. J Int
Neuropsychol Soc 2011; 17: 740–745.

31 Roman M, Brownell HH, Potter HH, Seibold MS, Gardner H.
Script knowledge in right hemisphere-damaged and in normal
elderly adults. Brain Lang 1987; 31: 151–170.

32 Charmaz K, Belgrave L. Qualitative interviewing and grounded
theory analysis. The SAGE Handbook of Interview Research:
The Complexity of the Craft 2012; 2: 347–365.

33 Glaser B, Strauss A. The Discovery of Grounded Theory: Strate-
gies for Qualitative Research. Chicago, IL: Aldine de Gruyter,
1967.

34 Corbin JM, Strauss A. Grounded theory research: procedures,
canons, and evaluative criteria. Qual Sociol 1990; 13: 3–21.

35 Kruskal WH, Wallis WA. Use of ranks in one-criterion variance
analysis. J Am Stat Assoc 1952; 47: 583–621.

36 Dinno A. Nonparametric pairwise multiple comparisons in inde-
pendent groups using Dunn’s test. Stata J 2015; 15: 292–300.

37 Miles MB, Huberman AM. Qualitative Data Analysis: an
Expanded Sourcebook. Thousand Oaks, California: Sage,
1994.

38 Strauss A, Corbin J. Basics of Qualitative Research: Techniques
and Procedures for Developing Grounded Theory. Thousand
Oaks, CA: Sage Publications, 1998.

39 Foster PS, Drago V, Yung RC et al. Differential lexical and
semantic spreading activation in Alzheimer’s disease.
Am J Alzheimers Dis Other Dement 2013; 28: 501–507.

40 Salehi M, Reisi M, Ghasisin L. Lexical retrieval or semantic
knowledge which one causes naming errors in patients with
mild and moderate Alzheimer’s disease. Dement Geriatr Cogn
Dis Extra 2017; 7: 419–429.

41 Tchakoute CT, Sainani KL, Henderson VW, Investigators
RiAsD. Semantic memory in the clinical progression of
Alzheimer disease. Cogn Behav Neurol 2017; 30: 81–89.

Mental representations of daily activities

© 2020 The Authors
Psychogeriatrics published by John Wiley & Sons Australia, Ltd on behalf of Japanese Psychogeriatric Society

13

 14798301, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/psyg.12641 by D

eutsches Z
entrum

 Für N
eurodeg, W

iley O
nline L

ibrary on [11/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	 Mental representations of daily activities throughout the course of dementia
	INTRODUCTION
	METHODS
	Study design
	Quantitative measurements
	Montreal Cognitive Assessment
	Script generation task

	Qualitative measurements
	Data analysis

	RESULTS
	Quantitative results
	Qualitative results
	Mixed results
	Sensitivity analysis

	DISCUSSION
	ACKNOWLEDGEMENTS
	Funding
	Ethical Standards
	References


