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In the present study we explored cognitive and functional deficits in patients with multidomain mild cognitive
impairment (MCI), patients with dementia, and healthy age-matched control participants using the Cognitive
Scale for Basic and Instrumental Activities of Daily Living, a new preliminary informant-based assessment tool.
This tool allowed us to evaluate four key cognitive abilities—task memory schema, error detection, problem
solving, and task self-initiation—in a range of basic and instrumental activities of daily living (BADL and IADL,
respectively). The first part of the present study was devoted to testing the psychometric adequateness of this new
informant-based tool and its convergent validity with other global functioning and neuropsychological measures.
The second part of the study was aimed at finding the patterns of everyday cognitive factors that best discriminate
between the three groups. We found that patients with dementia exhibited impairment in all cognitive abilities in
both basic and instrumental activities. By contrast, patients with MCI were found to have preserved task memory
schema in both types of ADL; however, such patients exhibited deficits in error detection and task self-initiation
but only in IADL. Finally, patients with MCI also showed a generalized problem solving deficit that affected even
BADL. Studying various cognitive processes instantiated in specific ADL differing in complexity seems a
promising strategy to further understand the specific relationships between cognition and function in these and
other cognitively impaired populations.

Keywords: Activities of daily living; Mild cognitive impairment; Dementia; Executive functions;
Neuropsychology.
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Many studies have demonstrated that patients with
dementia make numerous errors when performing
various activities of daily living (ADL) and exhibit
an increasing decline in everyday functioning as
their cognitive abilities deteriorate (Arrighi,
Gelinas, McLaughlin, Buchanan, & Gauthier,
2013; Mioshi, Hodges, & Hornberger, 2013). A
moderate dependence in simple or basic activities
of daily living (BADL) and more complex or
instrumental activities of daily living (IADL) has
become a critical diagnostic criterion for dementia
(Mioshi et al., 2007; Reisberg et al., 2001; Zanetti,
Frisoni, Rozzini, Bianchetti, & Trabucchi, 1998).
In patients with mild cognitive impairment

(MCI), however, the degree of functional altera-
tions is a more controversial issue (e.g., Gold,
2012; Petersen et al., 2001; Petersen et al., 1999;
Winblad et al., 2004). While early diagnostic cri-
teria (Petersen et al., 1999) established that ADL
performance was preserved in MCI patients, the
same authors later reworded their diagnostic cri-
teria using the expression “relatively intact” to
accommodate critical findings suggesting altera-
tions in ADL functioning in this population
(Petersen, 2004). Along the same lines, recent stu-
dies have shown that patients with MCI are rela-
tively independent in BADL but exhibit some
impairment in IADL (Gure, Langa, Fisher,
Piette, & Plassman, 2013; Weston, Barton,
Lesselyong, & Yaffe, 2011). Importantly, several
studies have shown that the degree of complexity
of ADL tasks is a critical aspect that increases
functional alterations in patients with MCI
(Griffith et al., 2003; Reppermund et al., 2013;
Reppermund et al., 2011).
Consequently, determining what type of daily

activities (e.g., basic vs. instrumental tasks) are
most altered in each patient group seems to be a
critical factor for diagnostic purposes to distin-
guish between patients with dementia, patients
with MCI, and healthy participants.

The impact of cognitive alterations on ADL
performance in dementia and MCI

In addition to task complexity, recent research is
interested in elucidating which cognitive deficits
are mostly responsible for the functional altera-
tions that characterize dementia and MCI.
A number of studies using correlation and

regression analyses between cognitive measures
after neuropsychological screening and global
measures of functional impairment have found sig-
nificant relationships between executive deficits
and ADL functioning in both dementia and MCI

(Aretouli & Brandt, 2010; Hughes, Chang, Bilt,
Snitz, & Ganguli, 2012).

Similar conclusions have been reached by more
direct performance-based studies in which partici-
pants have been asked to perform real ADL. For
example, a recent study using a novel ADL perfor-
mance-based multitasking situation revealed that
patients with MCI had more difficulties completing
this type of task with demanding executive require-
ments than healthy aged participants (Schmitter-
Edgecombe, McAlister, & Weakley, 2012). Studies
based on the standardized Naturalistic Action Test
(NAT) are particularly relevant for analyzing the
relationships between cognition and function in
dementia and MCI (Schwartz, Segal, Veramonti,
Ferraro, & Buxbaum, 2002). The NAT proposes a
comprehensive error coding system for the execu-
tion of three instrumental ADL tasks: preparing
coffee, preparing a packed lunch, and wrapping a
gift. Using this methodology, the authors distin-
guish between two broad types of errors: step omis-
sions (i.e., when the person omits necessary steps to
complete the target task) and commission errors (i.
e., errors related to the online execution of the task,
which include a large number of error subtypes such
as object substitutions, object manipulations without
any purpose—toying—and repetitions of the task
steps, among others). The distinction between omis-
sion and commission errors has proven to be useful
to differentiate between two separate patterns of
everyday cognitive impairment: (a) deficits in the
hardwired knowledge of the task and (b) errors
related to alterations in executive functioning
(Giovannetti, Bettcher, Brennan, Libon, Kessler,
et al., 2008). Several studies using the NAT have
revealed that patients with dementia have alterations
in both error categories, thus reflecting an overall
cognitive decline (Giovannetti, Bettcher, Brennan,
Libon, Kessler, et al., 2008; Seidel et al., 2013). To
our knowledge, this is the only study to directly
compare ADL performance in patients with demen-
tia, patients with MCI, and healthy elderly controls.
It found that dementia patients made a similar pro-
portion of errors in both categories whereas patients
with MCI typically made commission errors, which
were interpreted as a manifestation of executive def-
icits (Giovannetti, Bettcher, Brennan, Libon, Burke,
et al., 2008). However, the pattern of commission
errors of this patient group did not significantly differ
from that of healthy elderly participants. Finally,
even if the NAT includes several instrumental activ-
ities (with different levels of complexity), more
research is still needed to test whether memory
schema deficits in dementia patients would also
alter the execution of even simpler ADL tasks, like
BADL.
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In an attempt to isolate more specific error types
related to executive control in both dementia and
MCI, several studies using the NAT have proposed
new error categories such as error detection. A num-
ber of studies have reported that patients with
dementia (Bettcher, Giovannetti, Macmullen, &
Libon, 2008) but also patients with MCI failed to
detect a large proportion of their own errors
(Seligman, Giovannetti, Sestito, & Libon, 2013).
This pattern is consistent with the idea that execu-
tive and monitoring deficits are a key source of
everyday action impairment in both dementia and
MCI. Unfortunately, such studies did not include a
control group of healthy elderly participants or
comparisons between patients with dementia and
patients with MCI. Therefore, it is not clear yet
whether failure to detect errors can be used to dis-
criminate between such groups or whether it is a
broader problem related to ageing.

A second potential ability related to executive
functions that seems promising to discriminate
between patients with dementia, patients with
MCI, and healthy individuals is problem solving.
This term refers to the ability to find a solution
after making a mistake or more broadly to the
ability to find a solution when faced with an unex-
pected situation during the execution of a current
ADL. Very few tools have been proposed to study
this ability within the context of ADL in patients
with dementia or MCI. One of these tools, a per-
formance-based paper and pencil assessment, such
as the Everyday Problems Test (EPT; Willis &
Marsiske, 1993) and its observational version, the
Observed Tasks of Daily Living (OTDL; Diehl,
Willis, & Schaie, 1995), focuses on the ability of
older healthy individuals to solve a practical pro-
blem for which a solution is not immediately
apparent or in which the usual way of proceeding
has to be modified (e.g., preparing a cake for
someone following a low-cholesterol diet). Studies
using this tool have identified significant differ-
ences between patients with MCI and nonimpaired
elderly participants in this ability (Thomas &
Marsiske, 2014). Consequently, it can be con-
cluded that this executive function in everyday
problem solving may be useful to distinguish
between patients with dementia, patients with
MCI, and healthy elderly participants. We con-
sider that performance-based paradigms might be
too artificial and that the ability to solve problems
would be more easily captured by caregivers
through direct observation when real situations
take place in patients’ familiar environments (e.g.,
when an unexpected situation spontaneously
occurs and requires that the patient find a
solution).

Finally, a third executive ability that may be
critical to discriminate between the two groups
and healthy participants is the ability to self-initiate
a given ADL when necessary. This ability has pre-
viously been described as a common problem in
dementia and MCI (Boyle et al., 2003; Drijgers,
Verhey, Leentjens, Kohler, & Aalten, 2011),
although the processes involved in it are not fully
understood yet. Similarly to problem solving, we
believe that self-initiation is likely to be difficult to
measure in laboratory settings in which the evalua-
tor directly asks the patient to initiate a given task
at a certain time. Instead, patients’ lack of self-
initiation is likely to be more easily observed by a
direct caregiver in a familiar environment.
Based on the review mentioned above, we can

conclude that more research is still needed to better
understand the relationship between the degree of
cognitive impairment and its impact on ADL dif-
fering in complexity.
The overall aim of the present study was to

provide further knowledge about the specific rela-
tionships between cognitive deficits and everyday
life impairments in dementia, MCI, and healthy
ageing. More specifically, we intended to use a
single instrument to test whether a given cognitive
aspect was affected differently by task difficulty
and whether this potential modulation differed
between the three groups of patients. To that end,
we designed an informant-based tool to simulta-
neously measure two critical factors for diagnosis
—that is, a measure of key cognitive impairments
instantiated in a range of ADL with different
degrees of task complexity (i.e., BADL vs.
IADL). We tested the tool in the three critical
groups. A key aspect of this design is that each
cognitive ability was required and contextualized
within each ADL task.

METHOD

Participants

Twenty-eight multidomain patients with MCI and
23 patients with dementia were recruited from the
Dementia Outpatient Program of San Cecilio
Hospital in Granada, Spain. The dementia group
was heterogeneous: A total of 47% of participants
were diagnosed with probable Alzheimer’s disease,
35% had frontotemporal dementia, and 17% had
vascular dementia. Diagnoses were conducted by a
neurologist and a neuropsychologist specialized in
dementia and MCI based on a comprehensive
medical and cognitive assessment. The assessment
included at least a physical examination,
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laboratory testing, a neuropsychological evalua-
tion, and a brain neuroimaging study. The diag-
nostic criteria for MCI (Albert et al., 2011) were
the following: (a) presence of subjective complaints
by either the patient or the informant; (b) objective
evidence of impairment in more than one cognitive
domain; (c) normal or minimal impairments in
functional abilities; (d) Level 2 or 3 on the Global
Deterioration Scale (GDS); and (e) absence of
dementia according to the Diagnostic and
Statistical Manual of Mental Disorders–Fourth
Edition, Text Revision (DSM–IV–TR; American
Psychiatric Association, 2000) criteria. Scores of
participants with MCI ranged between 20 and 30
on the Mini-Mental State Examination (MMSE),
with lower scores in individuals with lower educa-
tion level. Participants with dementia (i.e.,
Alzheimer’s disease, vascular dementia, or fronto-
temporal dementia) met the criteria for dementia
according to the DSM–IV–TR. Specifically, the
criteria for Alzheimer’s disease were impairments
in memory in one or more domains of cognitive
functioning, progressive decline in these functions
with deficits in activities of daily living, and an
insidious onset (McKhann et al., 2011).
Regarding behavioral variant frontotemporal
dementia, in addition to progressive decline in cog-
nitive domains, it was necessary to observe three
behavioral and cognitive symptoms related to per-
sonality, emotional blunting, loss of empathy, and/
or executive deficits (Rascovsky et al., 2011).
Finally, the core criteria for vascular dementia
were evidence of a cognitive disorder and a history
of clinical stroke or vascular disease related to the
cognitive deficits observed (Gorelick et al., 2011).
The age-matched control group (N = 20) was
recruited from the community. Healthy elderly
control participants exhibited no cognitive or func-
tional deficits.
Exclusion criteria were the presence of psychia-

tric illness and motor/sensory deficits. Participants
had to be able to maintain their attention over time
and exhibit preserved language comprehension.
Medical reports of patients were obtained after

patients had given informed consent, and the

Ethics Committee of the hospital had authorized
the research, in compliance with the Spanish legis-
lation on the protection of personal data (Ley
Orgánica de Protección de Datos de Carácter
Personal 15/1999, 1999). The study was conducted
in accordance with the ethical standards of the
1964 Declaration of Helsinki.

A one-way analysis of variance (ANOVA) and a
chi-square test revealed that the groups did not differ
in age or years of education [F(2, 68) = 1.54, p = .22;
F(2, 68) = .63, p = .534, respectively], or gender, χ2 =
0.95. Details of patients’ relevant sociodemographic
and clinical data are shown in Table 1.

Development of the Preliminary Cognitive
Scale of Basic and Instrumental Activities of
Daily Living

ADL activities included in the informant-
based cognitive scale

The selection of ADL activities to include in the
scale was based on some of the BADL and IADL
proposed in the occupational therapy field
(Youngstrom et al., 2002). Such activities are
included in the classification made by the
American Occupational Therapy Association
(2008) and in most traditional global scales of
everyday functioning commonly used for the clin-
ical diagnosis of dementia or MCI. The protocol
included the following ADL: brushing teeth, hav-
ing a shower, putting on makeup/shaving, getting
dressed, cooking, home care (cleaning, washing up,
hanging out the laundry, and setting the table), and
managing finances/shopping.

Everyday cognitive items included in the
informant-based cognitive scale

To select the critical cognitive errors that best
discriminated between dementia, MCI, and
healthy ageing, we conducted an empirical and
theoretical selection based on critical findings
obtained in previous studies, such as those
described in the introduction. First, we selected

TABLE 1
Sociodemographic data of participants

Group N

Evolution(months) Age(years) Education(years) Gender

N SD Mean SD N SD Men Women

Control 20 — — 68.3 8.40 9.00 3.31 8 12
MCI 28 21.8 13.58 72.1 7.99 8.11 3.11 11 17
Dementia 23 26.1 17.78 68.8 7.96 8.87 2.68 10 13

Note. MCI = mild cognitive impairment.
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the category task memory schema by asking care-
givers whether participants usually completed all
the necessary steps of the task in the right order.
This category was mainly related to the omission
and sequence alteration error types described in the
NAT. Second, we included the cognitive item error
detection, also operationalized by new versions of
the NAT error-coding system, which refers to par-
ticipants’ ability to detect their own errors
(Bettcher et al., 2008; Seligman et al., 2013). The
third cognitive item caregivers were asked about
was problem solving, operationalized as the ability
to find a solution after making an error or, more
broadly, the ability to solve any unexpected situa-
tion occurring during the execution of an ADL.
Fourth, we included the cognitive item task self-
initiation, which can be measured by direct infor-
mants when patients fail to self-initiate a relevant
and necessary ADL in their familiar environment.

For each ADL, a set of cognitive questions was
included. Questions were equivalent for each ADL.
The Appendix shows the entire tool and illustrates
how these different everyday cognitive items were
instantiated in every ADL. As can be observed, the
four everyday cognitive categories were included in
every ADL, with the exception of managing
finances/shopping, for which it was only possible
to measure the error detection and self-initiation
items. An additional question about the knowledge
of steps in more complex tasks was included in the
cooking and home care activities.1

Direct caregiver participants were asked whether
each everyday cognitive ability was present or
absent in the patient’s behavior and how often it
occurred. Each question (i.e., item) had four pos-
sible response choices: Never (1), Sometimes (2),
Frequently (3), or Always (4); lower scores were
associated with greater impairment. Caregivers
were spouses, daughters, or sons, most of whom
lived with patients. We ensured that participants
could understand the questions based on clinical
criteria and that they knew the everyday routines
of care recipients.

A trained professional guided informants about
the items and solved any questions. At the begin-
ning of each ADL, we asked informants how often
the participant performed that activity at the time
of the study and in the past (before being

diagnosed or at least two years before). Everyday
cognitive items associated with an activity for
which the informant answered the option
“Never” in the past or the present (regarding the
frequency with which each of the activities was
completed) did not have to be completed and con-
sequently were not included in further analyses.
Table 2 shows the percentage of patients who con-
tinued performing a given ADL at the time of the
study in each group and ADL type.

Complementary functional instruments
(functional convergent validity)

To assess the functional convergent validity of the
scale, we obtained two additional functional mea-
sures. In addition, a subset of patient caregivers
(27%) was also asked to respond to the Blessed
Dementia Rating Scale (BDRS; Blessed,
Tomlinson, & Roth, 1968, 1988). In this scale,
patients are rated based on the reports of direct
caregivers. The items of the BDRS assess the pre-
sence of altered behavior but also evaluate both
BADL (labeled as “changes in habits”) and IADL
(labeled as “changes in ADL”). We compared the
overall score—which included patients’ scores on
the sections “alterations in behavior,” “changes in
habits,” and “changes in ADL”—and the scores of
each separate section with scores on the two ADL
categories obtained with our instrument.
In addition, we asked participants to complete a

performance-based task derived from the NAT. A
subset of the sample was composed of 11 control
participants, 9 patients with MCI, and 14 patients
with dementia. Participants were placed in front of
a table with various target and distractor objects,
ensuring that they could grasp every object in the
table. They were instructed to perform one ADL:
prepare a cup of coffee with milk and sugar or
toast with butter and jam. The task was counter-
balanced across participants. Semantic-related

TABLE 2
Number and percentage of patients per group and ADL type
that kept performing at least one activity of each type at the

time of testing

Group

BADL IADL

% N % N

Control 100 20 100 20
MCI 100 28 82.14 23
Dementia 100 23 56.52 13

Note. BADL = basic activities of daily living; IADL =
instrumental activities of daily living; MCI = mild cognitive
impairment.

1In order to avoid a major loss of data on these important
ADL, we decided to include two items to measure the same
cognitive process. For participants reported to have never pre-
pared complex meals or performed difficult home care tasks in
their lives, the task memory schema category was still assessed
based on their score on preparing simple meals and performing
easy home care tasks.
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distractor objects were intermixed with the target
items. The performance of each participant was
recorded on video for later analysis. Errors made
by patients were classified according to the criteria
used by Humphreys and Forde (1998) and
Schwartz, Reed, Montgomery, Palmer, and
Mayer (1991) into the following categories: perse-
verations, repetitions, failures in sequence, action
additions, substitutions, manipulations/toying, tool
omissions, omissions, and tangential actions (i.e.,
action sequences that are correct but are performed
with a distractor object). All the errors were com-
puted together to obtain a single ADL index of
functional performance to be compared with the
functional measures obtained with our informant-
rated scale.

Neuropsychological screening (cognitive
convergent validity)

To determine the convergent validity of the every-
day cognitive items proposed in our scale, a stan-
dardized neuropsychological screening was
administered to all participants. It included a thor-
ough assessment of memory and executive func-
tions that took approximately one hour prior to
completing the scale. The MMSE (Folstein,
Folstein, & McHugh, 1975) was used to assess
participants’ overall cognitive status. Participants’
short- and long-term memory was assessed with
the Rey Auditory Verbal Learning Test (AVLT;
Rey, 1964). Two measures of this test were used:
number of words recalled after the first time in a
free recall test and number of words recalled in the
long-term in a free recall test. We measured execu-
tive functions with several neuropsychological tests
typically used to that end. More specifically, we

used the INECO Frontal Screening (IFS; Torralva
et al., 2009), which has proved to be useful to
explore several types of executive functions such
as response inhibition and set shifting, abstraction,
and working memory. We also used the semantic
fluency test by asking participants to name as
many animals as possible within 60 s (Ardila,
Ostrosky-Solis, & Bernal, 2006). Our hypothesis
was that the memory schema items of our scale
would show convergent validity with the memory
test and/or with global cognitive impairment mea-
sures such as that provided by the MMSE. We also
predicted that the executive items of our scale (i.e.,
error detection, problem solving, and self-initia-
tion) would show convergent validity with the
executive tests—that is, with the INECO and/or
the fluency test.

A subset of patients was not able to complete the
whole assessment due to low education level, fati-
gue, or lack of motivation. The statistical analysis
included the neuropsychological tests that were
completed by at least 80% of participants. Part of
this evaluation was also included in the standar-
dized diagnostic procedure. Table 3 shows the cog-
nitive processes assessed by each
neuropsychological test.

Design and data analyses

First, we performed an exploratory principal com-
ponent analysis (PCA) with varimax rotation to
verify that the ADL activities included in the
scale were in fact grouped in the two classic cate-
gories of BADL and IADL in our sample. To that
end, we used data from the informant-based ADL
cognitive scale (i.e., the four-choice response scale)
for the whole sample of participants (N= = 71). In

TABLE 3
Mean scores of the control, MCI, and dementia groups on neuropsychological tests

Test Control MCI Dementia F Sig. differences

MMSE 29.6 (0.70) 24.8 (4.41) 19.7 (4.17) 36.54** Control–MCI**
MCI–dementia**
Control–dementia**

Rey AVLT Short-term free recall 39.6 (7.20) 24.5 (9.65) 16.3 (8.12) 39.04** Control–MCI**
MCI–dementia**
Control–dementia**

Rey AVLT Long-term free recall 8.05 (2.46) 3.61 (2.88) 0.95 (1.29) 47.26** Control–MCI**
MCI–dementia**
Control–dementia**

INECO Frontal Screening 24.1 (2.29) 14.3 (7.80) 8.5 (5.96) 34.89** Control–MCI**
MCI–dementia**
Control–dementia**

Semantic fluency 20.2 (5.54) 11.5 (4.88) 8.9 (4.01) 30.88** Control–MCI**
Control–dementia**

Note. MCI = mild cognitive impairment; MMSE = Mini-Mental State Examination; Rey AVLT = Rey Auditory Verbal Learning
Test (Rey, 1964); sig. = significant. Standard deviations are included in parentheses.
**p < .01.
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this analysis we included variables resulting from
the mean of all items in each activity of the scale.
The PCA was performed with the eigenvalue cri-
terion (>1) to determine the number of factors
extracted and varimax rotation to simplify the
interpretation of factors. As described above, the
four cognitive items were included in every ADL
except for managing finances/shopping, in which
we were only able to measure the error detection
and self-initiation items. Consequently, data on
this ADL did not include participants’ scores on
the memory schema and problem solving items.

Second, to explore the functional convergent
validity of the scale, we conducted Spearman cor-
relations between the two main components
obtained from the PCA (i.e., BADL and IADL)
in the informant-based scale and the BDRS score
and between the same components and the number
of total errors obtained by each participant in the
performance-based ADL task.

Third, in order to ensure that each everyday
cognitive item of the same type measured the
same cognitive construct across ADL activities,
we used Cronbach’s alpha to calculate the reliabil-
ity of the mean of each cognitive item of the scale
across ADL activities. Again, the measure related
to problem solving and memory schema cognitive
items did not include scores on the managing
finances/shopping ADL.

Fourth, in order to study the relationship between
demographic variables and the everyday cognitive
categories of our scale, we performed several corre-
lation analyses to explore the relationship between
participants’ age and years of education on one side
and everyday cognitive categories on the other.

Fifth, to obtain independent evidence of the con-
vergent validity of the everyday cognitive items pro-
posed in our informant-based scale, we performed
stepwise regression analyses to identify the neurop-
sychological variables that best predicted the speci-
fic cognitive process involved in ADL2 We used
SPSS 20 software (IBM Corporation, 2011) to con-
duct statistical analyses.

Finally, and most importantly for the purpose of
the research, we intended to measure the external
validity of the scale—that is, its ability to discrimi-
nate among the three groups in each of the four
everyday cognitive categories and for each level of
ADL complexity (i.e., for both BADL and IADL
activities). Given that a subset of participants had

stopped performing more IADL than BADL due
to the progression of their illness, separate analyses
were conducted for each of the two ADL cate-
gories obtained in the PCA analysis. Group differ-
ences in each cognitive–functional category were
explored with nonparametric tests (i.e., multiple
between-group Kruskal–Wallis analyses and later
the Mann–Whitney U Test for two-by-two group
comparisons) because scores were not normally
distributed. Effect sizes were estimated using
Cohen’s d calculations.

RESULTS

PCA analysis of ADL based on the informant-
based Cognitive Scale of Basic and
Instrumental Activities

First, we calculated the mean of all items in each
ADL. Preliminary analyses showed that the data
were appropriate for PCA [Kaiser–Meyer–Olkin
measure of sampling adequacy = 0.73; Bartlett’s
test of sphericity, χ2(21) = 185.19, p < .001]. The
PCA yielded a two-component solution that
accounted for 81.60% of the variance. It revealed
that the items were grouped into two main cate-
gories. The mean of “brushing teeth,” “having a
shower,” “putting on makeup/shaving,” and “get-
ting dressed” loaded on the first component
(showed loadings of value between .74 and .90),
which is congruent with the traditional BADL
category, while the mean of “cooking,” “home
care,” and “economical finances/shopping” loaded
on the second component (with factor loadings
ranged from .78 to .97), which is congruent with
the traditional IADL category. None of the items
loaded on both factors.

Functional convergent validity: Relationship
between ADL scores on our informant-based
scale and scores on other measures of global
functioning

First, the total number of errors of each participant
in the performance-based task was correlated with
the two functional components (i.e., basic vs.
instrumental) obtained by the PCA of the infor-
mant-based scale. We found significant and nega-
tive correlations between participants’ total
number of errors in the performance-based task
and their mean IADL scores (r = –.465, p = .01)
and BADL scores (r = –.350, p < .05) on the
informant-based scale.
A similar pattern was obtained between the

ADL scores obtained with the present scale and

2We used stepwise regressions because there is no corpus of
previous research to support specific predictions about the rela-
tionship between our four cognitive items and specific neurop-
sychological scores.
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the global functioning scores obtained with the
BDRS. Participants’ global score on the BDRS
exhibited a significantly negative correlation with
IADL scores obtained with our scale (r = –.348; p
< .05) but not with BADL scores obtained with
our scale (r = .176, p = .55). More specific compar-
isons between the “changes in ADL” score on the
BDRS and the instrumental score on our scale also
confirmed a strong relationship between such
scores (r = .747, p < .005). By contrast, the rela-
tionship between the “changes in habits” score on
the BDRS and the basic score obtained on our
scale was not significant (r = .164; p = .58).

Internal consistency of the informant-based
Cognitive Scale of BADL and IADL

To test the internal consistency of the four cogni-
tive variables included in the informant-based scale
(i.e., memory schema, error detection, problem
solving, and self-initiation), we used Cronbach’s
alpha to calculate the reliability of the mean of
each cognitive item of the scale across all ADL
activities. We found a high internal consistency
for memory schema (α = .78), error detection
(α = .83), problem solving (α = .87), and self-
initiation (α = .83).

Cognitive convergent validity: Relationship
between everyday cognitive items in the
informant-based scale and the
neuropsychological assessment

First, we used one-way ANOVAs to analyze
group differences in each neuropsychological
test and verify that cognitive performance
decreased with growing level of impairment. We
found significant differences between groups in
the neuropsychological screening. As shown in
Table 3, participants’ performance in executive
functions and memory tests became progressively
worse with increasing levels of impairment. As
expected, scores of MCI patients were signifi-
cantly lower than those of the control group
but significantly higher than those of participants
with dementia.
Spearman correlations with the whole sample

revealed a null relationship between (a) the four
everyday cognitive variables of the scale and (b)
age and education. Therefore, neither age (memory
schema, r = –.03, p = .82, error detection, r = –.11,
p = .37, problem solving, r = –.13, p = .26, and
self-initiation, r = –.07, p = .56) nor years of edu-
cation (memory schema, r = .19, p = .10,
error detection, r = .07, p = .57, problem solving,

r = .00, p = .97, and self-initiation, r = .09, p = .45)
were correlated with such categories.

We performed four stepwise multiple regression
analyses for the whole sample including the follow-
ing neuropsychological variables: MMSE, INECO
Frontal Screening, AVLT short-term, AVLT long-
term, and semantic fluency (Table 4). In the first
regression analysis, the mean of memory schema
was introduced as the dependent variable, and the
five neuropsychological variables were introduced
as predictor variables. The best model accounted
for 25.1% of the variance, F(1, 56) = 18.77, p < .01,
with AVLT long-term free recall, β = .501, p < .01,
as the only significant predictor variable.

In the second regression analysis, the mean of
the error detection variable was introduced as the
dependent variable, and the five neuropsychologi-
cal variables were introduced as predictor vari-
ables. The best model accounted for 27.1% of the
variance, F(1, 56) = 20.86, p < .01, with MMSE
β = .521, p < .00, as the only significant predictor.

TABLE 4
Results of a stepwise regression analysis using neuropsy-

chological factors to predict the cognitive–functional variables:
memory schema, error detection, problem solving, and self-

initiation

Cognitive–
functional
variables Predictors β t p

Memory
schema

AVLT Long-term .501 4.33 .000
Failed to enter
MMSE .247 1.69 .097
INECO .116 .729 .469
AVLT Short-term .070 .353 .726
Semantic fluency –.056 –.382 .704

Error detection MMSE .521 4.57 .000
Failed to enter
INECO .291 1.59 .116
AVLT Long-term .272 1.89 .063
AVLT Short-term .110 0.63 .527
Semantic fluency .147 1.05 .299

Problem
solving

INECO .662 6.60 .000
Failed to enter
MMSE .152 .934 .354
AVLT Short-term .130 .714 .478
AVLT Long-term .269 2.00 .050
Semantic fluency –.018 –.118 .907

Self-initiation AVLT Long-term .527 4.63 .000
Failed to enter
MMSE .247 1.72 .092
AVLT Short-term .280 1.47 .146
INECO .292 1.91 .061
Semantic fluency .249 1.78 .080

Note. MMSE = Mini-Mental State Examination; INECO =
INECO Frontal Screening; AVLT long-term = Rey Auditory
Verbal Learning Test long-term free recall; AVLT short-term =
Rey Auditory Verbal Learning Test short-term free recall; mem-
ory schema = task memory schema.
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In the third regression analysis, the mean of the
problem solving variable was introduced as the
dependent variable, and the five neuropsychologi-
cal variables were introduced as predictor vari-
ables. The best model accounted for 43.8% of the
variance, F(1, 56) = 43.60, p < .01, with INECO
Frontal Screening β = .662, p < .01, as the only
significant predictor.

In the fourth regression analysis, the mean of the
self-initiation factor was introduced as the dependent
variable, and the five neuropsychological variables
were introduced as predictor variables. The best
model accounted for 27.7% of the variance, F(1, 56)
= 21.48, p < .01, with long-term memory β = .527, p
< .01, as the only significant predictor variable.

Relationship with clinical diagnosis (i.e.,
external validity) and task complexity

Finally, we analyzed the ability of our informant-
based cognitive scale to discriminate between the
three groups in each of the four everyday cognitive
categories for each level of ADL complexity (i.e.,
BADL vs. IADL).

Analysis of BADL

Results showed significant diagnostic group
effects in the four everyday cognitive categories:
memory schema, χ2(2, N = 71) = 13.76, p < .001,
error detection, χ2(2, N = 71) = 12.50, p < .001,
problem solving, χ2(2, N = 71) = 23.96, p < .001,
and self-initiation, χ2(2, N = 71) = 16.66, p < .001.

Comparisons between the dementia and control
groups revealed significant differences between the
four types of everyday cognitive categories
after Bonferroni correction: memory schema
(Z = –3.31, p < .001, d = 1.07), error detection
(Z = –3.40, p < .001, d = 1.29), problem solving
(Z = –4.77, p < .001, d = 1.84), and self-initiation
(Z = –3.93, p < .001, d = 1.43).

Patients with MCI and patients with dementia
differed in memory schema (Z = –2.52, p = .012, d
= 0.60) and self-initiation (Z = –2.43, p = .015, d =
0.77). By contrast, they did not differ significantly
in error detection (Z = –2.01, p = .044, d = 0.62) or
problem solving (Z = –1.96, p = .050, d = 0.58)
after Bonferroni correction.

Comparisons between patients in the control
and MCI groups revealed significant differences
in problem solving (Z = –3.60, p < .001, d =
1.20). A similar pattern was obtained for error
detection (Z = –1.96, p = .050, d = 0.64) and self-
initiation (Z = –2.13, p = .033, d = 0.69), although
these differences did not reach significance after

Bonferroni correction. No significant differences
were obtained between these two groups regarding
memory schema (Z = –1.33, p = .184, d = 0.41).

Analysis of IADL

We also found a significant diagnostic group
effect for each everyday cognitive category: mem-
ory schema, χ2(2, N = 56) = 8.37, p = .015, error
detection, χ2(2, N = 56) = 19.84, p < .001, problem
solving, χ2(2, N = 56) = 17.45, p < .001, and self-
initiation, χ2(2, N = 56) = 13.77, p = .001.
Comparisons between control participants and

patients with dementia showed significant differ-
ences in all everyday cognitive categories: memory
schema (Z = –2.64, p = .008, d = 0.98), error
detection (Z = –4.13, p < .001, d = 1.84), problem
solving (Z = –3.81, p < .001, d = 1.57), and self-
initiation (Z = –3.47, p < .005, d = 1.26).
Comparisons between patients with MCI and

patients with dementia revealed significant differ-
ences in error detection (Z = –2.64, p = .008, d =
1.07). In the remaining variables, differences did
not reach significance (p = .075, d = 0.82; p = .190,
d = 0.48; p = .10, d = 0.61, for memory schema,
problem solving, and self-initiation scores, respec-
tively). Comparisons between participants in the
control and MCI groups revealed significant dif-
ferences between both groups in the three executive
conditions after Bonferroni correction: error detec-
tion (Z = –2.73, p = .006, d = 0.26), problem
solving (Z = –3.55, p < .001, d = 1.06), and self-
initiation (Z = –2.84, p = .005, d = 0.73). Similarly
to the previous analysis of BADL, control partici-
pants and patients with MCI did not differ signifi-
cantly in the memory schema condition (Z = –1.73,
p = .084, d = 0.27). (See Figure 1.)

DISCUSSION

In this study we propose a new caregiver infor-
mant-based tool to further understand the func-
tional cognitive deficits that differ between
patients with MCI, patients with dementia, and
healthy elderly participants. There have been sev-
eral proposals to detect the above-mentioned defi-
cits in the past. Nevertheless, in most cases the
study design was not exhaustive enough to capture
different cognitive failures contextualized within a
whole range of ADL with several levels of task
difficulty within the same tool.
A second advantage of the internal structure of

this proposal comes from the fact of converting
part of the error-coding system typically used in
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performance-based studies into informant-based
items contextualized in a given ADL. This may
help caregivers retrieve patients’ performance
more accurately as it occurs in real life. This is in
contrast with other cognitive scales whose items
often require an overgeneralization and abstraction
of patients’ behavior (e.g., the item “Thinking
ahead” in the Everyday Cognition scale, ECog;
Farias et al., 2008, compared to the item “He/she
is able to notice if he/she has put on the right
clothes” in the present tool). Moreover, the present
tool includes some critical cognitive aspects that
have not been tested in previous ADL studies or
that are difficult to assess in artificial laboratory
settings.
Third, very few studies with performance-based

or informant-based tools have systematically
included comparisons between individuals with
dementia or MCI and a healthy elderly control
group to distinguish between deficits due to normal
ageing and deficits that are specific to dementia or
MCI. In the present study we systematically com-
pared caregiver informant-based reports on parti-
cipants in these three groups.
On a functional level, a first PCA analysis con-

ducted on our sample corroborated the classic divi-
sion between basic and instrumental activities
(American Occupational Therapy Association,
2008; Youngstrom et al., 2002). Functional con-
vergent validity, explored with a performance-

based task based on the NAT and with a well-
established and previously validated informant-
based measure of global functioning (the BDRS),
was confirmed. Regarding the relationship with the
BDRS, we found a strong relationship between the
instrumental ADL measured by both scales; how-
ever, a null relationship was obtained between the
basic ADL measured by our scale and the “Change
in habits” score on the BDRS. This lack of rela-
tionship in basic ADL might be due to the fact that
the basic ADL measured by our scale are more
complex in nature than those measured by the
BDRS, which includes very basic or even physio-
logical activities such as eating or sphincter con-
trol. On a cognitive level, the reliability analysis
confirmed the high internal consistency of four
everyday cognitive categories in our informant-
based scale (i.e., task memory schema, error detec-
tion, problem solving, and self-initiation) across
BADL and IADL. In order to further understand
the cognitive processes measured with these every-
day cognitive categories, a group of neuropsycho-
logical tests was also administered to our sample.
Next, multiple regression analyses were conducted
on the results of the whole sample (patients with
MCI, patients with dementia, and control partici-
pants) to explore the specific relationships between
them. First of all, consistent with previous
research, the variable task memory schema was
predicted by AVLT long-term free recall, a valid

Figure 1. Box plot with cognitive processes in basic activities of daily living (BADL) and instrumental activities of daily living (IADL)
in the control, mild cognitive impairment (MCI), and dementia groups. Higher scores reflect better functioning. Memory schema = task
memory schema; detection = error detection; solution = problem solving. Asterisks (stars) represent extreme outliers. Dots represent the
conjunction of more than one extreme outliers.
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test to measure episodic memory. This is also con-
sistent with results of studies that have measured
memory schema with performance-based tasks
(e.g., the NAT), which have systematically found
significant relationships between omission-like
errors and similar memory measures to those
used here (e.g., Giovannetti, Bettcher, Brennan,
Libon, Kessler, et al., 2008). Second, we found
that the category error detection was best predicted
by a global cognitive measure, the MMSE
(Folstein et al., 1975). This finding was surprising,
as we had predicted that participants’ ability to
detect their own errors would be associated with
more specific and complex executive functions. A
possibility that requires further testing is that unde-
tected errors may be a reflection of cognitive defi-
cits in both memory retrieval and executive
function. More specifically, if participants’ task
memory is impaired, they may not be able to detect
their own errors partly because they are starting to
forget how the correct task needs to be done
(Reason, 1990; Seligman et al., 2013). This could
explain why this cognitive item was best predicted
by a global cognitive measure such as the MMSE
in our study. More thorough memory tests in com-
bination with executive measures will be necessary
to further clarify the underlying processes of error
detection.

Third, consistent with our predictions, the vari-
able problem solving was highly predicted by the
INECO Frontal Screening test, a specific tool to
assess a broad range of executive functions in
patients with dementia (Torralva et al., 2009),
Finally, we found that the main predictor of our
self-initiation item was long-term memory. Based
on this result, we believe that this item may reflect
several processes, including the executive control
process that we initially proposed but also emo-
tional (e.g., low motivation) and/or prospective
memory processes. In fact, the specific ADL ques-
tions included in our study emphasized partici-
pants’ ability to remember to initiate various
ADL when necessary. Thus, it is not surprising to
find a relationship with memory measures, as a
necessary condition to self-initiate a given task in
the future. Obviously, further research is still
needed to further clarify the relationship between
the cognitive and motivational processes involved
in this aspect of behavior. However, we acknowl-
edge that relationships between cognitive measures
and their cognitive–functional items could be a
reflection of the specific tests used in the study.

As regards demographic variables, we found
that neither age nor years of education were related
with the outcome variables from the scale. The
finding of a null relationship between demographic

variables and the cognitive scores obtained on this
scale might represent a strong advantage of our
scale compared to most neuropsychological tests,
which are strongly dependent on such demo-
graphic variables. We consider that this is an
important property of any scale intended to be
used as a tool for future diagnostic purposes.
Regarding differences between groups, the pre-

sent study made it possible to isolate the specific
alterations of patients with dementia and patients
with MCI compared to age-matched healthy parti-
cipants. Specifically, the fact of taking into account
both levels of analysis (i.e., various cognitive
aspects—cognitive level—and different ADL—
functional level) led us to obtain the following
diagnostic results:
In agreement with previous studies (Mioshi

et al., 2007; Reisberg et al., 2001; Zanetti et al.,
1998), the present assessment tool discriminated
between patients with dementia and healthy parti-
cipants in all four cognitive aspects in both BADL
and IADL tasks. The separate analysis of the four
everyday cognitive categories in BADL and IADL
also revealed a pattern of preserved and altered
abilities in the MCI group that may be relevant
for diagnostic purposes. This group showed evi-
dence of preserved task memory schema in both
types of ADL tasks when compared to healthy
participants. This result is also consistent with pre-
vious performance-based studies that have shown
that MCI patients make few step omissions
(Giovannetti, Bettcher, Brennan, Libon, Burke,
et al., 2008). These studies have usually associated
the presence of omissions to deficits in episodic
memory. However, given that multidomain MCI
patients usually show deficits in this domain, we
wonder whether—at least in this scale—their pre-
served task memory schema is a reflection of
semantic or procedural memory. Future studies
including additional neuropsychological tests that
distinguish between different memory systems may
help further understand the nature of this everyday
cognitive category included in the present scale.
By contrast, MCI patients exhibited major pro-

blems compared to healthy participants in the
remaining everyday cognitive categories included
in the scale (i.e., error detection, problem solving,
and self-initiation). In error detection and self-
initiation, however, group differences only reached
significance in complex instrumental activities. In
such patients, deficits in problem solving were
similar for BADL and IADL.
Altogether, the pattern of alterations shown by

MCI patients in this study indicated that such
patients usually report small problems with
BADL, probably because their hardwired stored
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memory schema about the task is still well pre-
served. However, when an unexpected situation
prevents them from retrieving such memory
schema (e.g., if they realize that the kettle is not
working as usual or is not located in the usual
place), they tend to have difficulties finding a
novel or alternative solution to complete the task
(e.g., heat water in the microwave). Importantly,
these types of unexpected situations can occur in
any kind of activity, even BADL. Although many
neuropsychological tests have been proposed to
isolate alterations in this executive ability, as far
as we know this is the first time that such ability is
contextualized in basic everyday situations to com-
pare alterations in MCI and dementia.
To conclude, our results support previous studies

in which executive functions have shown to be a core
problem in multidomain MCI patients (Traykov
et al., 2007; Zheng et al., 2012). Moreover, many
studies have related these cognitive impairments to
functional problems that are typically present in
MCI (Aretouli & Brandt, 2010; Hughes et al.,
2012). The present pattern of results is also consistent
with studies that have shown that patients with MCI
have special difficulties in instrumental activities
(Farias et al., 2006; Gure et al., 2013; Perneczky
et al., 2006; Weston et al., 2011). However, our
study suggests that these previous findings need to
be further clarified, as not all everyday cognitive
factors involved in instrumental activities are altered
in patients with MCI (i.e., task memory schema was
not impaired), while others (i.e., problem solving)
may already be altered even for BADL.
A limitation of the present study is its small

sample size, particularly regarding the dementia
group, given the high proportion of such patients
that had stopped performing IADL activities. In
fact, the study suggests that the present scale is
likely to be most appropriate for assessing initial
impairments in patients at early stages of MCI or
dementia, who are still functionally active but are
starting to show some difficulties. Future studies
using this scale should include a larger sample with
different education levels or ethnicity types, which
would make it possible to improve its psychometric
properties and provide more powerful statistical
comparisons. In addition, future versions of this
scale could include additional participants divided
into groups of more homogenous cognitive impair-
ments in order to distinguish between various
everyday cognitive error patterns in different sub-
types of MCI or dementia. In future studies, it
would also be desirable to include test–retest relia-
bility analyses. Finally, new versions of this tool
could broaden the type of everyday cognitive items

to better understand the relationships between cog-
nition and function in this population.

Although we are fully aware of the limitations of
the present study, we believe that this proposal is a
promising strategy to further specify future diag-
nostic criteria. For example, regarding the well-
established criterion that MCI patients have diffi-
culties with instrumental but not with BADL, the
present tool suggests that this might be true for
some types of cognitive abilities but not for others.
More specifically, we found that some cognitive
abilities such as problem solving led to overall
functional impairment and affected participants’
performance even in BADL in this population.
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APPENDIX

Cognitive questions on activities of daily
living (ADL)

Frequency questions common to all ADL

How often did he/she used to do this activity
in his/her life?
How often does he/she currently do this activity?

Brushing teeth

(1) He/she knows the necessary steps to brush
his/her teeth and performs them in the right
order (i.e., putting the toothpaste on the
toothbrush, brushing the teeth and finally
rinsing out).

(2) He/she is able to notice if he/she has got
toothpaste on him-/herself, if he/she has got
wet, if he/she has put too much or too
little toothpaste or has not rinsed out enough
(i.e., ability to detect that there has been an
error).

(3) He/she is able to find a solution if there is no
toothpaste left, if he/she does not have a towel
or if a problem arises (e.g., looking for
another toothpaste tube).
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(4) He/she remembers to brush when necessary
(e.g., after meals or before going to bed).

Having a shower

(1) He/she knows the necessary steps to have a
shower and performs them in the right order [i.
e., undressing, getting into the shower, getting
wet, soaping (body and head), rinsing, drying].

(2) He/she is able to notice if he/she is not soaping,
rinsing or drying a part of his/her body (i.e.,
ability to detect that there has been an error).

(3) He/she is able to find solutions if there is no
soap or shampoo left, if he/she does not have
a towel or if a problem has occurred.

(4) He/she remembers to have a shower when
necessary.

Putting on makeup/shaving (choose depending
on the gender)

(1) He/she knows the steps for applying makeup
or shaving and performs them in the right
order (makeup: if she puts on cream, this
must always be done before makeup or
rouge; shaving: applying shaving cream, shav-
ing, rinsing, drying his face).

(2) He/she can tell if he/she has not put on
makeup/shaved well (e.g., if there are areas
left without makeup/shaving or if only one
part of the face has makeup/has been shaved).

(3) He/she is able to find a solution if there is no
foam or makeup left or if he/she faces other
problems.

(4) He/she remembers to put on makeup/to shave
when it is necessary.

Getting dressed

(1) He/she knows the steps to get dressed and
performs them in the right order (first under-
wear, then interior garments and finally a
coat; socks before shoes).

(2) He/she is able to notice if he/she has put on
the right clothes.

(3) He/she corrects the situation if he/she detects
an error.

(4) He/she remembers to get dressed when it is
necessary.

Cooking*

(1) He/she knows the steps to cook simple meals
(e.g., omelet, salad, toast, sandwich, coffee)
and performs them in the correct order.

(2) He/she knows the steps to cook complex meals
(e.g., stews, casseroles, meat dishes, rice, pasta)
and performs them in the right order.

(3) He/she is able to notice if he/she has skipped
an essential step, or if he/she has made a
mistake in the order of steps or has used a
wrong ingredient for this meal (i.e., ability
to detect that there has been an error).

(4) He/she is able to find solutions to the errors
that he/she has made (e.g., adding the missing
ingredient or spices).

(5) He/she remembers to cook when it is necessary.

Home care: cleaning, washing up, hanging
out the laundry, and setting the table

(1) He/she remembers the steps to operate the
washing machine and performs them in the
right order (i.e., introduce the clothes,
add detergent and softener, select a program).

(2) He/she knows the steps to clean up, wash up,
sweep, mop and set the table and performs
them in the right order.

(3) He/she is able to realize that he/she has not
done the cleaning properly or has missed a
step when operating the washing machine or
setting the table (i.e., ability to detect that
there has been an error).

(4) He/she is able to find solutions to the mistakes
he/she has made (e.g., cleaning more).

(5) He/she remembers to clean the house, do the
laundry or set the table when it is necessary.

Managing finances/shopping

(1) He/she is able to notice whether the change
given is correct.

(2) He/she remembers to do the shopping when
necessary.

*In participants who usually prepared complex meals in the
past, the memory schema item was obtained as the mean
between their score in preparing both basic and complex meals.
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