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Background: One of the key clinical features of Alzheimer’s disease (AD) is impairment
in daily functioning. Patients with mild cognitive impairment (MCI) also commonly have
mild problems performing complex tasks. Information and communication technology (ICT),
particularly techniques involving imaging and video processing, is of interest in order to improve
assessment. The overall aim of this study is to demonstrate that it is possible using a video
monitoring system to obtain a quantifiable assessment of instrumental activities of daily living
(IADLs) in AD and in MCI.
Methods: The aim of the study is to propose a daily activity scenario (DAS) score that detects
functional impairment using ICTs in AD and MCI compared with normal control group
(NC). Sixty-four participants over 65 years old were included: 16 AD matched with 10 NC
for protocol 1 (P1) and 19 MCI matched with 19 NC for protocol 2 (P2). Each participant
was asked to undertake a set of daily tasks in the setting of a “smart home” equipped with two
video cameras and everyday objects for use in activities of daily living (8 IADLs for P1 and
11 for P2, plus 4 temporal execution constraints). The DAS score was then computed from
quantitative and qualitative parameters collected from video recordings.
Results: In P1, the DAS score differentiated AD (DASAD,P1 = 0.47, 95% confidence interval [CI]
0.38–0.56) from NC (DASNC,P1 = 0.71, 95% CI 0.68–0.74). In P2, the DAS score differentiated
MCI (DASMCI,P2 = 0.11, 95% CI 0.05–0.16) and NC (DASNC,P2 = 0.36, 95% CI 0.26–0.45).
Conclusion: In conclusion, this study outlines the interest of a novel tool coming from the ICT
world for the assessment of functional impairment in AD and MCI. The derived DAS scores
provide a pragmatic, ecological, objective measurement which may improve the prediction
of future dementia, be used as an outcome measurement in clinical trials and lead to earlier
therapeutic intervention.
Keywords: functional impairment, ICT, IADL, MCI

Introduction
One of the key clinical features of Alzheimer’s disease (AD) is impairment in daily
functioning. Activities of daily living (ADLs) consist of bathing, dressing, going to
the toilet, transferring, continence, and feeding.1 Instrumental ADLs (IADLs) are the
activities often performed by a person who is living independently in a community
setting during the course of a normal day, such as using the telephone, shopping, food
preparation, housekeeping, laundry, mode of transportation, responsibility for own
medication, and ability to handle finances.2 The inability to perform ADLs and IADLs
leads to loss of independence, affects quality of life of patients with dementia, and
increases the burden of caregivers by shifting to them many daily responsibilities.3
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Mild cognitive impairment (MCI) is often a precursor to
AD and other forms of dementia, as 12% of individuals with
MCI convert to AD within 1 year,4 and as many as 60% of
individuals with MCI develop AD over a 5-year period.5 It
has been shown that more complex IADL may already be
impaired in the early stages of cognitive decline before a
diagnosis of dementia is warranted.6–9 As indicated in the
recommendations from the National Institute on AgingAlzheimer’s Association (NIA-AA),10 persons with MCI
commonly have mild problems performing complex tasks.
Nevertheless, they generally maintain their independence
with minimal assistance. It is recognized that the application
of this criterion is challenging but also necessary for the
determination of whether a person has dementia. Methods
to assess IADL comprise self-reported questionnaires,
performance-based assessment, and informant-based
questionnaires. These measurements have some limitations11
because they do not offer accurate, reproducible, objective,
and ecological perspectives. Moreover, these assessment
batteries and standardized tools rely on quantitative scales,
which are often lacking sensitivity.
For this reason, information and communication
technology (ICT), particularly techniques involving
imaging and video processing, is of interest12 and may
overcome the limitations in reducing the inter/intra-rater
variability due to human interpretation. Such techniques
enable the patients’ performances and actions in real
time and real life situations to be captured and accurately
evaluated.
In France, a third Alzheimer plan was launched in
2008 (French National Plan for “Alzheimer and Related
Disorders” 2008–2012) 13 to strengthen research on
Alzheimer’s disease and related disorders, promote earlier
diagnosis, and improve both patient management and
support for carers. In this context, the French National
Research Agency (ANR) launched a call to promote
research projects in health and autonomy through innovative
concepts and technological breakthrough. This call was
proposed to engineers and companies involved in innovative
computer sciences but also to clinical practitioners. This
explains why clinical centers belonging to the nationwide
network comprising 27 “memory resource and research
centers” (CMRRs: centres mémoire de ressources et de
recherche) also participated.
The overall aim of the SWEET Home (ANR TecSan
2009) project was to demonstrate that it is possible using
a video monitoring system (VMS), to obtain a quantifiable
assessment of IADLs in AD and in MCI.
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Study participants and methods
This study was promoted by the Nice University Hospital
(study 11-pp-03) and funded by the National Research
Agency in France (ANR-09-TECS-016-01). Ethical approval
was received from the Protection of Persons Committee
“Sud Méditerranée V” (CPP N°11029 from May 24, 2011)
and the “Agence Française de Sécurité Sanitaire des Aliments et des Produits de Santé” (AFSSAPS N°B110465-30
from April 14, 2011). Informed consent was obtained before
the first assessment.

Participants and clinical assessment
Sixty-four individuals aged 65 or older were recruited at
the Nice Research Memory Center within two consecutive
protocols: P1 for AD and normal controls (NC), P2 for MCI
(NIA-AA criteria) and NC.
For the AD group, the diagnosis was determined using
the NINCDS-ADRDA criteria.14 For the MCI group, patients
with a mini-mental state examination (MMSE) score
higher than 24 were included using the Petersen clinical
criteria.4 Subjects were not included if they had a history
of head trauma with loss of consciousness, psychotic or
major depressive disorder according to the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition
criterion, or aberrant motor activity (tremor, rigidity,
Parkinsonism) as defined by the Movement Disorder Society
Unified Parkinson Disease Rating Scale.15 Participants
were administered a cognitive and behavioral examination
prior to completing the video monitoring session. Global
cognitive functioning was assessed using the MMSE.16
Other cognitive functions were assessed with the frontal
assessment battery,17 5 Words,18 clock drawing test,19 and
verbal fluencies.20 Depressive symptoms were assessed using
MADRS21 and GDS.22 Finally, functions were assessed using
the IADL scale (IADL-E)23 during a clinical interview with
the caregivers.

Ecological assessment of autonomy
based on a VMS
The ecological assessment of IADLs was conducted in an
observation room located in the Nice Research Memory Center.
This room was equipped with everyday objects for use in ADLs
and IADLs, eg, an armchair, a table, a tea corner, a television,
a personal computer, and a library. Two fixed monocular video
cameras (eight frames per second) were installed to capture
the activity of the participants during the experiment. The aim
of this ecological assessment of autonomy was to determine
the extent to which the participant could undertake a list of
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daily activities with the respect of constraint after having been
given a set of instructions. To achieve this aim, two functional
scenarios which could realistically be undertaken within the
confines of the room were proposed to participants: one for
the AD and NC participants (P1), and the other for the MCI
and NC participants (P2). All assessments were performed at
the same time of day, between 2 pm and 3 pm. The rating of
the videos was made by engineers specialized in video signal
analysis working at the Institut National de Recherche en
Informatique et en Automatique.

Daily activity scenario (DAS).,n associated
with protocol P1
For the protocol P1 scenario, participants were assessed in
their ability to carry out a list of seven activities (eg, reading

the newspaper, turning on the television) in a specific order
within a timeframe of 20 minutes (see Table 1).

DAS associated with protocol P2
For the functional scenario associated with P2, participants
were assessed in their ability to carry out a list of ten activities
in a logical order respecting temporal execution constraints
within a timeframe of 15 minutes (see Table 1). Prior to leaving
the room, the examiner described each of the activities and the
location and use of various objects needed to undertake the
tasks. The examiner left the room only after it was clear that
the participant understood the tasks. The participant kept the
list of instructions and referred to them at any point during the
assessment. He/she could leave the room when he/she felt that
he/she had completed the required tasks. The participant was

Table 1 Daily activity scenarios characteristics in protocols 1 (P1) and 2 (P2)

Activities

Constraints

Daily activity scenario associated
with the protocol 1 (P1)

Daily activity scenario associated
with the protocol 2 (P2)

“Your task is to perform this list of activities in the order
given within a time frame of 20 minutes”
• Walk to the reading table and read something
for 2 mn
• Walk to the coffee corner where the kettle is and
boil some water
• Walk to the phone and compose this number:
xxxxxx
• Take the watering can and water the plant.
• Walk to the television and turn it on with the
remote control
• Walk to the reading table, take the playing cards
and classify them by color (reds with reds, blacks
with blacks)
• Take the green “ABCD” folder on the desk with the
A, B, C, D sheets in it. Match the A, B, C, D sheets
from the folder to the relevant folders dispersed all over
the room; A with A, etc … Put the “ABCD” folder back
on the desk
• Leave the room
Participant has to perform the activities
in the given order

“Your task is to perform this list of 10 activities
in a logical manner within 15 min. These 15 minutes
represent a typical morning period of everyday life”
• Read the newspaper
• Water the plant
• Answer the phone
• Call the taxi
• Prepare today’s medication
• Make the check for the Electricity Company
• Leave the room when you have finished all
activities
• Watch the TV
• Prepare a hot tea
• Write a shopping list for lunch

Duration

20 minutes

Parameters extracted from video
used to compute DAS.,n scores

– REff Є R[0,1]
– Number of activities omitted, a1,P1 Є [1,7]
– Total number of repetitions, a2,P1 Є N
– Order error, a3,P1 Є {0,1} with a3,1 = 1 if order error
was done
– Total number of attempts before completing a given
activity, a4,P1 Є N

Clinical Interventions in Aging 2012:7

1. watch the TV before the phone call
2. water the plant just before leaving the room
3. call the taxi, which will arrive in 10 minutes and
ask the driver to drive you to the market
15 minutes
– REff Є R[0,1]
– Number of activities omitted, a1,P2 Є [0,10]
– Total number of repetitions excluding the leisure
activities (“watching TV”, and “reading”), a2,P2 Є N
– Number of activities performed but not achieved,
a3,P2 Є [0,10]
– Respect of temporal execution constraints,
a4,P2 Є {0,1} with a4,P2 = 1 if more than two
or three temporal constraints were not
respected
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also told that the examiner would be available for questions
on the other side of the door and that he/she could leave the
room at any point should he/she choose to do so. During the
clinical scenario, an examiner located outside of the room
monitored the safety of the participants.

The DAS score [DAS.,.()] for assessing
the scenario
The first step (Step 1) was to manually select and collect the
clinical relevant data to be extracted from videos. Secondly
(Step 2), the mathematical algorithm for assessing the
scenario (DAS score) was constructed, and then parameters
ki,n included in the expression of the DAS score were
determined using a fitting procedure (Step 3). The final
step (Step 4; to validate the procedure and the values of
parameters ki,n) was done using the leave-one-out crossvalidation (LOOCV) methodology. All these steps are
described below.

Step 1: DAS.,.() development – annotated data

Researchers blinded to a participant’s clinical status viewed
and annotated the video to extract relevant parameters. To
avoid inter- and intra-rater variability due to subjective
interpretation of performed activities, the beginning and
the end of each activity were defined using specific criteria
(Table 2). A ratio related to the percentage of time participants
carried out goal-oriented behaviors was computed as follows:

REff = (total time [in seconds] spent by the participant in
performing the listed activities/total time spent in the room),
REff Є R[0,1].
For the DAS associated with P1, the following parameters
were extracted: a1,P1 number of activities omitted, a1,P1 Є [1,7];
a2,P1 total number of repetitions, a2,P1 Є N; a3,P1 order error,
a3,P1 Є {0,1} with a3,1 = 1 if order error was done; and a4,P1
total number of attempts before completing a given activity,
a4,P1 Є N.
For the DAS associated with P2, the following
parameters were extracted: a1,P2 number of activities omitted,
a1,P2 Є [0,10]; a2,P2 total number of repetitions excluding the
leisure activities (“watching television,” and “reading”),
a2,P2 Є N; a3,P2 the number of activities performed but not
achieved, a3,P2 Є [0,10]; and a4,P2 parameter related to the
respect of temporal execution constraints a4,P2 Є {0,1} with
a4,P2 = 1 if more than two or three temporal constraints were
not respected.

Step 2: DAS.,.() development – mathematical
expression of DAS score
The score DASj,n, n Є {P1, P2}, for a participant j was
expressed by:
4
a ( j)
DASj,n (k1,n,k2,n,k3,n,k4,n) (j) = [REff(j)] × Π k i ,in,n with
i =1
k1,P1, k2,P1, k3,P1, and k4,P1 verifying the following relationship
0 , k1,P1 , k2,P1 , k3,P1 , k4,P1 , 1, and no constraints were
established for ki,P2 parameters i Є [1,4].

Table 2 Observable criteria used to annotate video sequences of the protocol 2 (P2)
Activity

Activity period

Achievement

Start

End

Water the plant

Taking for the first time
the newspaper
Taking the watering can

Putting on the table the last newspaper
taken
Putting the watering can on the table

Answer the phone
Call the taxi

Taking the handset in the hand
Taking the handset in the hand

Putting the handset on the phone base
Putting the handset on the phone base

Prepare the medication
for today

Taking the pillbox located inside
a basket with the medication
prescription inside
Taking the pen to write
on the check
Taking the handle of the exit door

Putting the pillbox inside the basket

Taking the remote call

Returning for the last time the remote
control
Returning the tea kettle after having
poured the water in the cup of tea
Replacing the pen

Read the newspaper

Make the check for the
Electricity Company
Leave the room when you
are finished with all activities
Watch the TV
Prepare a hot tea

Turning on the tea kettle

Write the shopping list
for the lunch

Taking the pen to write on the
shopping list
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Putting the pen on the desk
Closing the door

Opening a newspaper taken
to read the content
Making the gesture of watering
the plant
Speaking on the phone
Dialing the correct phone number
and speaking on the phone
Correct use of medication
prescription (both dose
and timetable)
Correct amount, date, signature
and recipient name on the check
Closing the door as the last
activity undertaken in the scenario
TV must have been switched off
Brewed tea
Write at least one item to eat
or drink

Clinical Interventions in Aging 2012:7
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Step 3: Fitting procedure
To determine values of the model parameter set (k1,n, k2,n, k3,n,
k4,n), n Є {P1, P2}, the fitting procedure was divided into two
steps. Firstly, 50,000 different combinations of parameter
values, consistent with constraints of order (P1), and no
specific constraints for (P2) were drawn up using a random
number generator. Secondly, multiple model parameter sets
(k1,n, k2,n, k3,n, k4,n) to produce a “good fit” were selected if their
associated score was both strongly and positively correlated
with MMSE score, as well as being strongly and negatively
correlated with IADL score using a nonparametric Spearman
correlation coefficient as the criterion distance of good fit.
For the analyses, the final functional DAS.,n (k1,n, k2,n, k3,n, k4,n)
score was calibrated by using the combination of the mean of
the parameters which were selected as the model parameter
set during the second step of fitting procedure.

Step 4: Cross-validation methodology
Predictive performance of the DAS.,n score, n Є {P1, P2} was
done by a LOOCV given the small sample sizes. Criteria used
for validating the model with other current neuropsychological
rating scales were the Spearman correlation between the
DAS.,n score with both MMSE and IADL-E. Criteria used
for performing the predictive performance of the model were
accuracy rate, positive predictive value, negative predictive
value, false-positive rate, and false-negative rate computed
from test data according to the LOOCV methodology.24

Statistical analysis
All analyses were performed following the per-protocol
analyses, including all patients who correctly finished the

protocol. Results are presented as means and their 95%
confidence intervals (CIs) or standard deviations (SDs)
(mean, 95% CI; or mean ± SD) for continuous variables,
and as the value and its associated proportion (n, %)
for categorical variables. Intergroup comparisons for
continuous variables were performed using a nonparametric
Mann–Whitney test. Analyses of association between two
categorical variables (two modalities) were studied using
the Fisher’s exact test. Analyses of associations were
measured using Spearman rank correlation. The significance
level was set at an alpha risk of 5% (P , 0.05). The receiver
operating curves (ROCs) and its area under the ROC was
also provided to assess the predictive performance of the
DAS.,n scores computed from all data. All calculations
were performed using SPSS Statistics (IBM Corporation,
Somers, NY) software, version 19.0, and R software,
version 2.13.2.

Results
Protocol 1
Population

Sixteen AD patients (age = 76.7 ± 7.6) and 10 NC
(age = 73.9 ± 6.2) were included in protocol 1. Table 3 shows
the clinical and demographic data of the participants.
Significant intergroup differences in demographic factors
(gender and age) were not seen. The mean MMSE for the
AD group was 20.7 (±2.0) and 28.1 (±1.3) for the NC group
(P , 0.001), and the mean IADL-E scores also differed
between groups, with the AD group having significantly
different mean IADL-E scores (14.3 ± 5.9) compared with
the NC group (10.5 ± 1.1) (P , 0.05).

Table 3 Characteristics of the participants in protocol 1 (P1)
Characteristics

NC n = 10

AD n = 16

P values

Female, n (%)
Age-yrs, mean [CI95%]
Level of education, n (%)
Unknown
No formal education
Elementary school
Middle school
High school
Post-secondary education
MMSEa, mean [CI95%]
IADL-Eb, mean [CI95%]
MADRSc, mean [CI95%]
GDSd, mean [CI95%]

5 (50%)
73.9 [69.4, 78.4]

11 (68.8%)
76.7 [72.7, 80.7]

0.425
0.182

0 (0%)
0 (0%)
1 (10%)
0 (0%)
2 (20.0%)
7 (70.0%)
28.1 [26.8, 29.4]
10.5 [9.7, 11.3]
3.5 [0.3, 6.7]
7.2 [1.5, 12.9]

0 (0%)
0 (0%)
7 (43.8%)
4 (25.0%)
2 (12.5%)
3 (18.8%)
20.7 [18.7, 22.7]
14.3 [11.2, 17.5]
4.3 [1.9, 6.6]
7.9 [5.4, 10.5]e

–
–
0.099
0.136
0.625
0.015*
,0.001**
0.031*
0.698
0.411

Notes: aScores on the Mini Mental State Examination (MMSE) range from 0 to 30, with higher scores indicating better cognitive function; bscore on the Instrumental Activities
of Daily Living for Elderly (IADL-E) range from 0 to 36, with lower score indicating a better functional independency; cscores on the Montgomery Asberg Depression Rating
Scale (MADRS) range from 0 to 60 (10 items range from 0 to 6), with higher scores indicating depressive state; dscores on the Geriatric Depression Scale (GDS) range from
0 to 30, with higher scores indicating depressive state; e1 missing data. *P , 0.05; **P , 0.001.
Abbreviations: NC, normal control; AD, Alzheimer disease.
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LOOCV results for DAS.,P1

MMSE) = 0.81, ρ (DAS.,P1, IADL-E) = −0.65, and ρ (DAS.,P1,
diagnosis) = −0.76 (diagnosis = 0 refers to NC group, and
diagnosis = 1 refers to AD group) (see Table 6). Based
on the measurement of DAS.,P1 scores fitted from all data
(n = 26), the test performance provided an area under the
ROC of 0.98, 95% CI 0.92–1.00, and for a cutoff point of
0.65 (±0.01), the sensitivity and specificity were 100% and
94% (see Figure 2).

Table 5 shows predictive performances results of the
assessment methodology to classify the new test data as AD
observation (refers to a positive case) or NC observation
(refers to a negative case) using its DAS.,P1() score fitted using
the value of parameter set (k1,P1, k2,P1, k3,P1, k4,P1) defined from
the training dataset.

Assessment based on DAS.,P1

Protocol 2

Figure 1 shows evolution of the indexes fitted from all
data (n = 26). The differentiation between the AD and
NC groups increased progressively when the cumulative
impact of parameters k 1,P1, k 2,P1, k 3,P1, and k 4,P1 were
taken into account. The DAS.,P1() scores fitted from all
data (n = 26) differed signif icantly (Mann–Whitney,
P , 0.001) between AD (DAS AD,P1 = 0.47, 95% CI
0.38–0.56) and NC (DASNC,P1 = 0.71, 95% CI 0.68–0.74).
The Spearman correlation coefficients were ρ (DAS.,P1,

Population

Nineteen MCI patients (age = 75.2 ± 4.25) and 19 NC
(age = 71.7 ± 5.4) were included in protocol 2. Table 4 shows
the clinical and demographic data of the participants.
Significant intergroup differences in demographic factors
(gender and age) were not seen. The mean MMSE for the
MCI group was 25.8 (±2.2) and 28.8 (±1.0) for the NC group
(P , 0.001), and the mean IADL-E scores did not differ
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Figure 1 DAS.,P1 scores for AD patients and NC participants for protocol 1 (P1). The first line (A) represents the ratio of efficacy for the two groups (Grey dots for NC and
Black dots for AD). Then the next lines (B–E) show the evolution of the index from ratio of efficacy (index 0) to DAS.,P1 score (index 4) including omission (B), repetition (C),
order error (D), and bad completion at the first attempt (E). Measurements represented
for each participant j: (A) REff = Index0,P1(j) (Percentage of time spent in the room
a1,F 1 (j)
a1,F 1 (j)
4
4
to behave directed to perform a listed activities). (B) Index1,P1(j) = [REff(j)]× ∏i=1 k1, P1(impact of omission mistakes on the REff). (C) Index2,P1(j) = [REff(j)]× ∏i=1
k1, P1 (cumulative
a ,F ( j )
2
impact of omission and repetition mistakes on the REff). (D) Index3,P1(j) = [REff(j)]× ∏i=1 k1, P (cumulative impact of omission, repetition, and order mistakes on the REff). (E) Final
a1,F 1 (j)
4
DAS score Sj,P1 (k1,P1, k2,P1, k3,P1, k4,P1) (j) = [REff(j)]× ∏i=1
(cumulative impact of omission, repetition, order mistakes, and bad completion at the first attempt on the REff).
k
1

2

2

1, P 1
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Sensitivity
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Figure 2 Performance evaluation of the assessment methodology to classify observation data as AD group or NC group. (A) Specificity and sensitivity in function of the
cutoff point of DAS.,P1() scores. (B) Receiver operating curve associated with protocol 1.
Abbreviations: AD, Alzheimer’s disease; DAS, daily activity scenario; NC, normal control.

between groups, with the MCI group having a mean IADL-E
score of 9.9 (±1.7) and 9.6 (±1.1) for the NC group.

LOOCV results for DAS.,P2

Table 5 shows predictive performance results of the assessment methodology to classify the new test data as MCI
observation (refers to a positive case) or NC observation (refers to a negative case) using its DAS.,P2() scores
fitted using the value of parameter set (k1,P2, k2,P2, k3,P2,
k4,P2) defined from the training dataset. Predictive performance results are better with the DAS.,P1 than the DAS.,P2
(eg, higher accuracy rate, higher positive and negative
predictive values), which is coherent with the increasing
difficulty to differentiate NC participants from patients at
earlier stages of AD disease.

Assessment based on DAS.,P2

Figure 3 shows evolution of the indexes fitted from all data
(n = 38). The first lines (a) represent the ration of efficacy for
the two groups (one point represents one patient). The next
lines (b, c, d, and e) show the evolution of the index from the
ration of efficacy (index 0) to DAS.,P2 score (index 4) with
the addition of omission (b), repetition (c), bad achievement
(d), and planning mistakes (e). The differentiation between
the MCI and NC groups is done progressively with the
cumulative impact of parameters k1,P2, k2,P2, k3,P2, and k4,P2. The
DAS.,P2 scores differed significantly (P , 0.001) between MCI
(DASMCI,P2 = 0.11, 95% CI 0.05–0.16) and NC (DASNC,P2 = 0.36,
95% CI 0.26–0.45). The Spearman correlation coefficients
were ρ (DAS.,P2, MMSE) = 0.81, ρ (DAS.,P2, IADL-E) = −0.06,
and ρ (DAS.,P2, diagnosis) = −0.66 (diagnosis = 0 refers to NC

Table 4 Characteristics of the participants in protocol 2 (P2)
Characteristics

NC n = 19

MCI n = 19

P-values

Female, n (%)
Age-yrs, mean [CI95%]/(±SD)
Level of education, n (%)
Unknown
No formal education
Elementary school
Middle school
High school
Post-secondary education
MMSEa, mean [CI95%]
IADL-Eb, mean [CI95%]
MADRSc, mean [CI95%]
GDSd, mean [CI95%]

15 (78.9%)
71.7 [69.2, 74.3]

9 (47.4%)
75.2 [73.2, 77.3]

0.091
0.070

2 (10.5%)
0 (0%)
1 (5.3%)
4 (21.0%)
4 (21.0%)
8 (42.1%)
28.8 [28.3, 29.3]
9.6 [9.0, 10.1]
2.8 [1.1, 4.5]
7.1 [3.7, 10.4]e

2 (10.5%)
0 (0%)
5 (26.3%)
7 (36.8%)
3 (15.8%)
2 (10.5%)
25.8 [24.8, 26.8]
9.9 [9.1, 10.7]
4.6 [2.9, 6.4]e
8.4 [5.5, 11.3]

1.00
–
0.405
0.269
1.00
0.062
,0.001**
0.488
0.075
0.525

Notes: aScores on the Mini Mental State Examination (MMSE) range from 0 to 30, with higher scores indicating better cognitive function; bscore on the Instrumental Activities
of Daily Living for Elderly (IADL-E) range from 0 to 36, with lower score indicating a better functional independency; cscores on the Montgomery Asberg Depression Rating
Scale (MADRS) range from 0 to 60 (10 items range from 0 to 6), with higher scores indicating depressive state; dscores on the Geriatric Depression Scale (GDS) range from
0 to 30, with higher scores indicating depressive state. e1 missing data. **P , 0.001.
Abbreviations: NC, normal control; MCI middle cognitive impairment.
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Table 5 Evaluation of predictive performance of our assessment methodology based on the DAS scores: Leave-one-out crossvalidation (LOOCV) resultsa
DAS.,P1() score

DAS.,P2() score

K value of the K-folder for the cross-validation method, K
26
Number of observations of each training dataset used for
25
classifying the new test data (ntest = 1), ntraining
Relationship between the DAS scores compared with current rating scales
Spearman’s correlation coefficient with MMSE, mean (±SD)
0.68 (±0.03)
Spearman’s correlation with IADL-E, mean (±SD)
-0.64 (±0.03)
Predictive performance of the ecological assessment based on the DAS scores resultsb
Threshold of cut-off point, mean (±SD)c
0.62 (±0.01)
Accuracy rate
88.5%
Predictive positive value
93.3%
Predictive negative value
81.8%
False positive rate
3.9%
False negative rate
7.7%

38
37

0.81 (±0.01)
-0.05 (±0.03)
0.21 (±0.01)
71.1%
68.2%
75%
18.4%
10.5%

Notes: aThe leave-one-out cross-validation was used to provide an un-biased estimation of the prevision errors of our models (the DAS scores), and therefore to assess
how the results of our models will generalize to an independent data (data not used during the fitting procedure). In our context, this methodology consists to estimate the
parameter set (k1,n, k2,n, k3,n, k4,n), n Є {P1, P2} with the training dataset (ntraining) and to define the threshold of cut-off point from the DAS scores computed from the training
dataset, and then to validate this assessment methodology to classify the test data. For the LOOCV, this procedure was repeated K times: each observation in the initial
sample is used once as the test data; bpredictive performance was computed according to the LOOCV methodology; cthe threshold was defined for each training dataset as
the cut-off that minimizes the absolute value between the specificity and the sensitivity to optimize both.
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Figure 3 DAS.,P2 scores for MCI patients and NC participants for protocol 2 (P2). The first line (A) represents the ratio of efficacy for the two groups (Grey dots for NC and
Black dots for MCI). Then the next lines (B–E) show the evolution of the index from ratio of efficacy (index 0) to DAS.,P2 score (index 4) including omission (B), repetition (C),
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Table 6 Spearman’s correlation coefficients between DAS.,n()
scores with Diagnosis, MMSE and IADL-E
Diagnosis
REff
Index 1
Index 2
Index 3
Index 4

MMSE

IADL-E

P1

P2

P1

P2

P1

P2

-0.50**
-0.63**
-0.69**
-0.76**
-0.76**

0.11

0.55**
0.59**
0.70**
0.77**
0.81**

-0.15
0.32
0.34*
0.77**
0.81**

-0.53**
-0.62**
-0.64**
-0.65**
-0.64**

-0.01
-0.01
0.07

a

b

-0.20
0.34*
0.77**
0.81**

-0.08
-0.06

Notes: aFor P1, Diagnosis = 0 refers to NC group, Diagnosis = 1 refers to AD
group; bfor P2, Diagnosis = 0 refers to NC group, Diagnosis = 1 refers to MCI group.
*P , 0.05; **P , 0.001.

group, and diagnosis = 1 refers to MCI group) (see Table 6).
Based on the measurement of DAS.,P2 scores fitted from all
data (n = 38), the test performance provided an area under
the ROC of 0.87, 95% CI 0.76–0.99, and for a cutoff point
of 0.24 (±0.01), the sensitivity and specificity were 74% and
89% respectively (see Figure 4).

Discussion
In the present study, the use of VMS was sought to assess
participants during complex daily living activity scenarios.
Using VMS, it was possible to determine that in comparison
to NC participants, those with AD performed worse on several outcome parameters including the time to achieve the set
activities and the number of repetitions of the same activity.
These results highlight the importance of executive function
in the performance of basic daily activities and are consistent
with previous findings.25,26 Esposito et al27 explored executive function and multitasking in daily life using the modified
six elements task. In that study, AD patients had significantly
more multitasking deficits than NC participants. The VMS
A

method made it possible to define an objective and continuous measure of functional impairment disturbances. It was
interesting to note that as the complexity of the DAS score
increased, so did the magnitude of the difference between
the AD and the NC participants. The complex DAS score
included several clinically quantifiable as well as qualitative
parameters representative of daily functioning. The complex
DAS score was significantly correlated with the MMSE as a
marker of global cognitive level. This correlation was strong
(0.81) even though the DAS score included specific executive characteristics that were not included in the MMSE, such
as repetition, omission, and incorrect order. In addition, the
ROC analysis of the DAS score showed 94% sensitivity and
100% specificity for discriminating AD from NC subjects.
Taking these initial results into account, the authors of this
present paper designed another scenario aiming to stress more
subtle differences between MCI and NC participants. The
ROC analysis of the DAS score showed 89% sensitivity and
73% specificity for discriminating MCI from NC participants.
More specifically, this second protocol showed that MCI
patients had impaired performances on DAS scores and had
difficulty correctly reorganizing activities and successfully
carrying out the activities. As for the AD patients, the
observed impaired performances in the MCI patients highlight
the importance of executive and planning parameters in
IADLs28 (see Table 7). In fact, there is an increasing call
for a stronger consideration of impairment in IADLs in
the diagnostic criteria of MCI to improve the prediction of
dementia.25 The aim of a recent longitudinal cohort study29
was to determine the predictive ability of MCI and IADL
impairment for incident dementia. As part of the German
Study on Ageing, Cognition, and Dementia in Primary Care
B
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Figure 4 Performance evaluation of the assessment methodology to classify observation data as MCI group or NC group. (A) Specificity and sensitivity in function of the
cutoff point of DAS.,P2() scores. (B) Receiver operating curve associated with the protocol 2.
Abbreviations: DAS, daily activity scenario; MCI, mild cognitive impairment; NC, normal control.
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Table 7 Ratio of efficacy and qualitative parameters in the two protocols for each diagnosis group
Raw parameters

Participants

Raw parameters for the protocol 1 (P1)
Ratio of efficacy, mean [CI(95%)]*
Omission of at least one activity, n (%)
Repetition of at least one activity, n (%)
Incorrect order, n (%)
At least one failure to complete one activity at the first time, n (%)
Raw parameters for the protocol 2 (P2)
Ratio of efficacy, mean [CI(95%)]
Omission of at least one activity, n (%)
Repetition of at least one activity excluding leisure activity, n (%)
No respect of 2 or 3 constraints order, n (%)
At least one activity not achieved, n (%)**

NC group (N = 10)
0.71 [0.68, 0.74]
0 (0%)
0 (0%)
0 (0%)
1 (10%)
NC group (N = 19)
0.54 [0.49, 0.59]
0 (0%)
3 (15.8%)
6 (31.6%)
3 (15.8%)

AD group (N = 16)
0.61 [0.54, 0.68]
2 (12.5%)
6 (37.5%)
4 (25%)
7 (43.75%)
MCI group (N = 19)
0.56 [0.52, 0.61]
3 (15.8%)
6 (31.6%)
8 (42.1%)
13 (68.4%)

Notes: *P , 0.05; **P , 0.001.
Abbreviations: NC, normal control; AD, Alzheimer disease; MCI, middle cognitive impairment.

Patients, a sample of 3327 patients from general practitioners,
aged 75 years and older, was assessed with four assessments at
1.5-year intervals over a period of 4.5 years. Results indicate
that MCI and IADL are significantly associated with higher
conversion to, shorter time to, and better predictive power
for future dementia. Regarding IADL, a significant impact
was found for impairment in responsibility for one’s own
medication, shopping, and housekeeping, and in the ability
to use public transport.
These pilot studies have several limitations. From a
logistical point of view, this assessment is not yet reproducible easily in others clinical facilities. In addition, even if
the duration of the scenario is relatively short (20 minutes
and 15 minutes respectively for the first and second study)
the overall duration including preparation of the room and
of the patient is too long. From a technical point of view, the
main limitation of the computational model in this present
study is that it relied on the fact that only the relative position
of the participant in the room is automatically processed by
computer vision algorithm. Automatic recognition of IADL
remains in progress. Therefore, the annotation of timeframe
when a participant performs an activity is made manually,
which is time consuming for the clinicians. One possible
option to have a more automated assessment would be to
use other environmental sensors (such as contact sensors) in
conjunction with the VMS system to give direct information
concerning the correct realization of the activity and the time
spent for performing the activity. Finally, a more accurate
cognitive assessment for MCI patients to delineate amnesic
from non-amnesic MCI patients needs to be proposed.
The next step of the research is to solve most of these
technical limitations. These are the objectives of the ongoing European Commission project FP7 Dem@Care devoted
to the development of an automatic system providing
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m
behavior in combination with medical data.
In conclusion, this study outlines the interest of a novel
tool coming from the ICT world for the assessment of
autonomy in AD and MCI. The derived DAS scores provide
a pragmatic, ecological, objective measurement which may
improve the prediction of future dementia, be used as an
outcome measurement in clinical trials, and lead to earlier
therapeutic intervention.
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