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Abstract 
Assistive technologies can help cognitively impaired 
people in planning and memory tasks [1]. To provide 
efficient assistance, pervasive environments should be 
able to adapt assistance to the user’s capacities, the 
activity to perform and the context. This paper presents 
an analysis of a cooking activity performed by a user 
with intellectual disability in a pervasive environment, 
named Archipel. The objective is to assess the impact 
of this environment on the activity processing. The 
activity analysis is based on ergonomic and 
neuropsychological methods. The results show that 
Archipel has a positive impact on the user’s self-
determination and independence. Further 
improvements should take into account the cognitive 
deficits presented by the people and ergonomic 
principles to provide more appropriate assistance. 
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Introduction 
Cooking activities are complex Instrumental Activities 
of Daily Living (IADL) requiring a multitude of specific 
capacities (e.g. memory, attention, planning, 
reasoning), that are impaired in many persons with 
cognitive impairments. These IADL include parallelism 
in the execution of tasks and subtasks. It requires 
being able to remember what is already done or had to 
be done (retrospective memory tasks) and what has to 
be done (prospective memory tasks). Coping with the 
temporal aspects of activities involves complex time 
intervals perception and management [2]. User should 
be able to know if he is available to do other tasks in 
parallel and to estimate what kind of tasks can be done 
according to their nature and duration characteristics.  

Assistive technologies can help cognitively impaired 
people in planning and memory tasks [1]. It can 
“increase, maintain, or improve functional capabilities 
of individuals with disabilities” [3]. In the literature, 
numerous researches address such issues, e.g. [4, 5, 
6], to design enabling environments creating 
possibilities for people to remain independent and 
secure [7]. However, there is a lack of universal 
framework for the design and the evaluation of 
assistive technologies [8]. Can a pervasive environment 
act as an enabling assistive environment? Enabling 
environments are defined as "technical, social and 
organizational environments supplying the opportunity 
to develop new know-how and new abilities, to widen 
possibilities of action, degree of control over the tasks 
and the actions, i.e. autonomy" [9, 10]. To address this 
issue, we designed and developed Archipel, a pervasive 
environment to help people with cognitive impairments 
during complex activities execution. In this paper, we 
present a preliminary evaluation study conducted to 

assess the impact of the pervasive environment on 
cooking activity processing. Our main contribution lies 
in the IADL analysis, in the pervasive environment, 
matching ergonomic and neuropsychological methods. 
The first results of this evaluation, based on the activity 
analysis of a person who we will name Dave, showed 
that Archipel has a positive impact on the user’s self-
determination and independence.  

This paper is organized as follow. In the next section, 
we present a description of the assistive environment 
Archipel. Then, we describe the evaluation and its 
results. The remaining section concludes our study with 
direction on our future work.  

Description of Archipel  
The assistive environment Archipel is developed at 
DOMUS Laboratory in University of Sherbrooke, a 
pervasive apartment with a kitchen equipped with 
hundred of sensors (Canada) [11, 12]. The user 
interacts with Archipel thanks to devices dispatched in 
the environment. The system provides two major 
services for cognitive assistance: a guidance service 
and a monitoring service. Guidance aims to explain 
step by step the activity to complete. Monitoring aims 
to observe the way the user completes the activity and 
to react when difficulties are inferred [13].  

Archipel is designed for a single user. As illustrated by 
Figure 1, Archipel provides assistance through various 
components: touch screen placed on the counter top, 
speaker in the ceiling and Light-Emitting Diodes (LED) 
installed on the cupboard doors, on the fridge door and 
on the drawers. It can help the user to focus on specific 
areas in the kitchen by turning on lighting devices. 
Archipel gathers where the user is thanks to motion 
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sensors, contact sensors, home energy monitors, and 
flow meters. Contact sensors indicate when he opens or 
closes specific cupboards, drawers or the fridge doors. 
Home energy monitors detect when he turns on or off 
the oven [14]. Flow meters sense when he open cold or 
hot water taps of the sink. Archipel decides the type of 
assistance to provide according to the simple low-level 
information provided by the sensors. 

A set of predefined recipes has been designed 
according to the way clinicians teach cooking to people 
with mental retardation, that is through a meticulous 
and illustrated step by step approach. The guidance 
service runs on a touch screen placed at central key 
position of the kitchen. Guidance starts when the user 
chooses a recipe. The guidance service displays the 
current step of the chosen activity. The graphical 
interface is divided into 3 areas (see Figure 2): (a) 
visual illustration of the step; (b) navigation between 
the steps; (c) supplementary services available on the 
user request. The supplementary services include 
videos explaining how to complete the current step and 
a localization tool. The localization tool allows the user 
to ask where the objects involved in the recipe are 
stored. The answer is pervasive: LEDs distributed in the 
kitchen highlight the specific cupboard or drawer; a 
jingle is played to attract his attention. 

A monitoring service complements the guidance 
service. It compares user actions to a hierarchical 
model of the chosen cooking activity. This model 
specifies tasks, their sequence, their properties 
(compulsory, optional, or repeatable), and time and 
location constraints. User actions are gathered from the 
sensors (implicit interactions) and from the touch 
screen (explicit interactions). An execution error is 

diagnosed when the actions performed differ from the 
activity model. For example, sequence disruption is 
diagnosed as a planning error. This diagnosis is then 
passed to an assistance module that will help the user 
to overcome his difficulties. 

Archipel offers various ways to assist, called strategies 
of assistance. The application of each strategy results in 
one or more acts of assistance. Acts of assistance are 
interactions inviting the user to complete actions that 
are useful or necessary for the activity and for the 
user’s safety [12]. For instance, if the oven remains on 
at the end of the meal preparation, Archipel pursues 
the objective that the user himself turns off the oven. 
One strategy is to help the user to focus his attention 
on the oven. The resulting act of assistance is then to 
highlight the cooker. Indeed concrete assistance 
interactions depend on the devices the system can 
control to interact with the user (e.g. blinking light in 
the area) and soon on the user’s preferences.  

More complex strategies can be defined, in particular to 
deal with the assistance failures. An assistance failure 
occurs when the user in spite of an advice is still 
making an error. In such a case, Archipel proposes 
graduating interventions, being more and more precise 
and insisting. First the step is illustrated on the touch 
screen, then if not successful, the current step is 
recalled through an audio message, and finally a video 
would be played to explain the step. Another standard 
strategy used is to play a jingle first before interacting 
visually with the person. User interfaces, models of the 
activities and in less extend assistance strategies were 
co-designed with professional caregivers.  

 

Figure 1. The Archipel assistive 
environment. 

 

Figure 2. The Archipel graphical 
interface. 
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Evaluation 
Objectives and method 
The goal of this study is to assess the impact of 
Archipel on people with cognitive impairments during 
IADL completion. Its aim was to determine to which 
extends the pervasive environment could be enabling 
for cognitively impaired people. To address this issue, 
we analyzed and compared a cooking activity 
performed by 12 users two times: one without and one 
with pervasive assistance. Activity analysis was based 
on two complementary methods:  

1. A usage analysis of the resources provided by the 
environment according to the Method of failures 
and substitution of resources (MDSR in French) 
[15];  

2. An executive functions analysis according to the 
errors taxonomy of Multi-Level Action Test (MLAT) 
[16, 17]. 

 
Our objective is to test these analytical methods of the 
activity in a pervasive environment for future analysis. 
This feedback can be useful for other researchers in the 
same field. For that matter, Leplat [18] defines the 
case study like a method allowing "the development or 
the enrichment of the transferable and useful 
knowledge for the study of other cases". So in this 
paper we present one case study that is representative 
of our results. 

Dave presentation 
Dave is an adult with mild intellectual disability. He has 
neither physical limitations, nor mental disturbance. He 
is between 45 and 50 years old and lives with her 
mother’s. Dave works in a fast food restaurant as a 

helper in the kitchen. He is used to handle dangerous 
equipment such as knives and stove, but he is unable 
to cook meal at home by himself. He just prepares 
sandwiches or heats up prepared dishes. In accordance 
with the study protocol commitments regarding 
confidentiality, as approved by the University of 
Sherbrooke (Canada) ethics committee, and Dave’s 
consent we cannot give more information about this 
user.  

Procedure 
The study is divided in two experimental conditions: 
Dave has to perform a cooking activity without Archipel 
(condition 1) and with Archipel (condition 2). This 
activity is performed in the kitchen of DOMUS 
Laboratory (see Figure 1). The study consists in three 
meetings of about two hours each: 

1. Familiarization with Archipel (Day 1). Dave 
acquaints himself to Archipel by cooking pancakes. 
This learning session was made with 4 others 
people with mental retardation. 

2. Cooking activity not assisted by Archipel (Day 2). 
Dave had to cook by himself macaroni with meat 
sauce following the recipe on a sheet of paper. 

3. Cooking activity assisted by Archipel (Day 3). Dave 
had to cook spaghetti with meat sauce. He still had 
the recipe on a sheet of paper.  

 
The two cooking activities (Days 2 and 3) have similar 
structural attributes with minor changes in the 
ingredients and in the way to prepare the sauce. They 
are divided into 6 main tasks: (1) utensils gathering, 
(2) ingredients gathering, (3) vegetables preparation, 
(4) sauce cooking, (5) pasta boiling and (6) pasta with 
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sauce mixing. This cutting-up was defined with 
professional caregivers. They suggested that each step 
had to be completed before executing the next one in 
order to avoid planning disturbance. Especially, they 
stressed the need of two distinguished steps for the 
utensils gathering and for the ingredients gathering, 
before starting to prepare the vegetables. 

The cooking activities were filmed for analysis 
purposes. The user, Dave, came at DOMUS laboratory 
with a trustworthy person to diminish potential anxiety, 
as suggested by the ethics committee.  

Results 
General tendencies 
Dave needs help to complete the recipe under the two 
experimental conditions. In the condition 1, Dave needs 
help to perform all tasks except the task 3 (prepare 
vegetables). Assisted by Archipel (condition 2), Dave 
performs independently the tasks 1, 2 (utensils and 
ingredients gathering) and 3. The duration of the 
cooking activities is equivalent with or without 
assistance (1h 25 min vs. 1h 23 min), but Dave wasted 
less time to gather utensils and ingredients of the 
recipe in the experimental condition 2 (with Archipel). 
He feels more confident during the execution thanks to 
multiple ways to verify the actions in process. The 
user’s activity is more methodical. Transfer times 
decrease when the assistance is provided (242 vs. 
167), as well as the number of uncomfortable postures, 
as bended down (13 vs. 8) or squatting (29 vs. 20). 

Impact of executive functions deficits on the cooking 
activity execution 
The two pasta recipes have been decomposed into six 
major steps. In the two experiments the steps order is 

enforced either by the experimenter or Archipel, 
limiting the step omission. Steps decomposition into 
smaller tasks allows examining when a disruption of 
organization occurs. The two first steps, gather the 
utensils and gather the ingredients, are decomposed in 
smaller tasks where the first task consists of 
acquainting himself to the list of materials and the next 
tasks correspond to gather each object of the list. Each 
gathering step ends by verifying that the entire step is 
completed. We decompose each task, gather an object, 
in three subtasks: identify the object, hold and verify 
the object. No order is required between the objects to 
gather as far as they are all gathered during the step. 
When the final task, verify the step is completed, is 
ended the participant goes to the next step. In the 
condition 1 (without Archipel), the list is only available 
on the recipe sheet, but in the condition 2, the Archipel 
screen displays also pictures and video about the list. 
Dave’s difficulties and disorganization occurs most of all 
during the two first steps (utensils and ingredients 
gathering). 

Cooking activity not assisted by Archipel. Dave is 
unable to complete the first steps. He decides to begin 
the preparation (step substitution). He reads the recipe 
with perplexity and turns around the kitchen. He reads 
again and again the ingredients list but he misses 
several ingredients steps (e.g. tomatoes, oil) as he is 
unable to identify correctly the ingredient. On the way 
to pick up an ingredient, Dave sees another ingredient 
and he forgets the ingredient that he wanted to pick 
up. He finally needs assistance to gather the ingredient 
and then completes the step.  

Cooking activity assisted by Archipel. Dave realizes the 
different tasks by checking carefully on the screen that 
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each step is over (e.g. all the objects are gathered) 
before going to the next one. All along the two first 
steps he watches the screen while gathering the 
objects. He sometimes verifies the picture while 
searching an object. No step omission or step 
substitution occurs during the two first steps. 
Spontaneously, Dave places all the ingredients and 
utensils gathered near the touch screen. This strategy 
facilitates the verification step as Dave watches the 
screen to check the objects gathered while touching all 
the objects on the counter. During the other cooking 
steps, Dave executes easily the tasks that require not 
much planning. The third step prepare vegetables is 
above all succeed. Dave cuts carefully all the 
vegetables as he used to do in the restaurant where he 
works. The Table 1 summarizes the errors or the 
omissions done by the user during the cooking activity 
performed with (condition 2) and without (condition 1) 
the technological assistance.  

Overall, the errors concern the ingredients or utensils, 
omissions, an inadequate steps sequencing (steps 
inversion or jump) and an inadequate estimation of 
quantities ("a little oil?") and volume (a "big pan? "). 
Our results show a reduction of such errors or 
omissions between the condition 1 (24 errors or 
omissions) and the condition 2 (6 errors or omissions).  

Constitution and mobilization of a resources system 
Dave uses a set of resources to perform the cooking 
activity. In the condition 1, Dave can only mobilize the 
recipe sheet and sometimes the experimenter (human 
assistance). In the condition 2, Dave has at his disposal 
numerous additional resources provided by Archipel. 
Dave uses all the available resources except the locator 
guidance (see Table 2). 

 

Type of errors or omissions Definition Condition 1 Condition 2 

Omission Coded only when a step or subtask is never 
attempted 6 0 

Sequence/anticipation-omission Anticipation of step which entails a 
subsequent omission  3 1 

Sequence/reversal Steps or subtasks performed in reverse 
order 4 2 

Spatial misorientation 
Misorientation if the object relative to the 
hand or another object (e.g. grasp wrong 
end of the can opener) 1 0 

Quality Inappropriate or inexact quantity (e.g. fills 
a pan with sauce to the point of overflow) 10 3 

Total 24 6 
Table 1. Type and occurrence of errors and omissions of the user in the two experimental conditions (condition 1: without vs. condition 
2: with Archipel. The categorization of errors is based on the errors taxonomy of Multi-Level Action Test (MLAT) [16, 17] that we 
introduced previously. These errors were defined by [19]. 
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The scarcity of the resources in the condition 1 leads 
Dave to ask to the experimenter when he does not 
understand the recipe sheet or when he gets stolen 
without knowing how to proceed. The experimenter 
help decreases in the condition 2 (43 vs. 26 times). 

Type of resources 
Condition 

1 
Condition 

2 
Recipe sheet 72 4 
Human assistance 10 5 
Steps picture - 67 
Recipe video - 14 
List of utensils and 
ingredients - 21 
Locator monitoring - 5 
Locator guidance - 0 

Table 2. Comparison of resources used in the condition 1 
(without Archipel) and the condition 2 (with Archipel). 

Assisted by Archipel, the user relies essentially on the 
pictures that show concretely the step. It seems that 
these pictures offer a good support to structure his 
time execution and to organize the objects on his work 
plan. Dave uses also the recipe sheet resource in the 
condition 2 but less often. The recipe sheet (paper 
version) allows to access to the full recipe but it does 
not provide contextual information like the locator 
monitoring.  

In condition 2, Dave presents difficulties to switch from 
the paper support to the technological one. When he 
used the paper resource, it is difficult for him to use 
again Archipel. The distributed assistance (e.g. light 
indicator, jingle, sound message and locator) is used 
only five times at the beginning of the activity. The use 
of the resources is analyzed according to the Method of 

failures and substitution of resources (MDSR) on the 
Table 3. Dave has several resources that share the 
same functions (e.g. the recipe sheet and the steps). 
This resource redundancy allows anticipating the 
problems of failures or lack of resources [20]. In these 
cases, the table 3 shows alternatives solutions. 
Redundancy can also introduce assistance flexibility: it 
is possible to choose the most appropriate resource 
depending on the conditions and the context with 
criteria of efficiency and effectiveness at a lower 
(cognitive and physical) cost. The human assistant 
should be considered as a substitute resource for each 
resource except for the video recipe. Indeed, the 
human assistant can explain and describe the recipe, 
the steps, utensils or ingredients, but he cannot explicit 
all the movements and processes without doing in place 
of the subject like the video does. Moreover, Dave 
watches the video to examine one by one all the 
ingredients and utensils he needs. The video assistance 
is explicit and concrete. As opposed to the paper 
resource, Archipel screen displays illustration on 
ingredients and utensils. The pictures offer a good 
support for the cooking activity and give additional 
information. In the condition 1, Dave is unable to figure 
out what a green pepper is, but in the condition 2 he 
takes it without any hesitation. 

Towards design and evaluation of enabling 
environments for cognitive assistance  
Archipel can be enabling for people with memory and 
planning impairments. The enabling nature of the 
assistance is based on its structuring effect and its 
ability to simplify the organization and reorganization of 
the person's activity. 
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Our results show that the cognitive assistance allows 
supervising the activity execution and compensating 
the cognitive failures. Archipel provides assistance for 
spatial orientation when the user is confused. Dave 
seeks confirmation to the assistant that he is really 
doing the action he is thinking about (locator and 
steps). The cognitive assistant is also a way to reassure 
the user who tends to be disorganized by confirming if 
the action is properly realized. For instance the vocal 
message « Did you gather all the utensils needed to 
cook pasta? » is played to help the user to complete 
the verification task. In that sense, transforming the 
kitchen in a pervasive environment brings solutions to 
organization and confirmation and offers an enabling 

environment that helps to structure and give 
orientation during the activity process. 

The usage analysis of the resources provided by 
Archipel according to the Method of failures and 
substitution of resources allows reporting weaknesses 
and advantages of the different resources used by Dave 
during his cooking activity. It allows identifying the 
context in which these resources are used and the 
resource properties emphasized. The whole allows to 
assess in which extends the technological resources 
have an impact on the cognitive deficits. 

 

Type of resources Frequency 
of use 

Subtitute 
resources 

Functions to substitute in 
case of failure 

Substitution 
value 

Recipe sheet 
+++ 

 (cond. 1) 
 

+ (cond. 2) 

!! 
Organization of tasks, constant 
access to the full recipe, access 
to the list of utensils and 
ingredients, impasses 
management  

Access to the 
full recipe 

C
on

di
tio

n 
2 

Steps picture +++ !" 
Confirmation guidance, 
reassuring feeling, impasses 
management 

Specific help 

Recipe video ++ ! 
Retail activity (procedures), 
access to the final result 

Explicit and 
concrete 
assistance 

List of utensils and ingredients ++ ! 
Access to an exhaustive and 
explicit list of utensils and 
ingredients 

Illustrated list 

Locator monitoring + !# 
Artefact locator, warning, 
setting alerts confirmation 

Contextual 
information 
(focus on steps) 

Locator guidance - ! Artefact locator  

Table 3. Use and substitution of resources in the cooking activity. Frequency of use: never (-), rarely (+, less than 10 times), often 
(++, between 10 and 50 times), very often (+++, more than 50 times). Substitute resources: assistive technology/Archipel (!), 
human assistant (!), recipe sheet ("), timer (#). 
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The executive functions analysis according to the errors 
taxonomy of Multi-Level Action Test shows how the 
executive functions involved in the activity execution 
should be compensated by the environment. Bringing 
together a set of operational resources remains a 
design challenge to offer a real assistance without 
overloading IADL execution but giving an adequate 
assistance for living in place. This study focusing on 
one user with mental retardation should be extended to 
other population having similar deficits in executive 
functions such as people with dementia or traumatic 
brain injury. Design has to facilitate training and 
appropriation of these resources. Another design 
challenge is to offer assistance about the temporal 
aspects of the IADL. The assistance could not be limited 
a timeless assistance (sequential progress of tasks). It 
would provide progressive assistance adapted to the 
specificities of the user, the situations and the context. 
Pervasive environments offer good opportunities to give 
assistance taking in account the time of execution, 
thanks to the context awareness. However a specific 
focus must be put on the actions duration, to help 
people to do tasks in parallel by estimating their 
duration. This preliminary study shows that 
environmental cues help structuring the cooking 
activity but more studies are needed to precise which 
cues are more suitable depending on the user abilities 
and the kind of error to correct. 

Conclusion and future work 
In the next decades, the field of cognitive assistance 
will increase, driven from one side by the social wishes 
to keep cognitively impaired people at home in an 
environment where they could live autonomous and 
safely, and from the other side by the technological 
innovations where environment become adaptive 

according to the resident needs and the events 
occurring there. The new assistive means must be 
designed by keeping in mind the necessity to be 
adapted to the user, even with cognitive impairments, 
and to facilitate activities completion that should be too 
complex without assistance. Pervasive environments 
propose for the future promising support for cognitive 
assistance as far as they are designed with caution 
taking in account the ergonomics requirements for 
executing complex IADL. An assistive environment 
should compensate for planning and execution when 
the activities become complex without offering too 
many distractions leading to attention disturbances. 
Research works for cognitive assistance address 
usefulness and usability of the services. But, focusing 
on user needs is not sufficient; it is essential to find 
efficient ways to provide the assistance. On one hand, 
the system must be aware of the user needs, gathering 
data upon the user, the context and the current 
activity, where it takes place and how it is performed. 
On the other hand, the cognitive assistance system 
must deliver efficiently the assistance, by considering 
the capacities and the preferences of the user.  Too 
discrete, the assistance will not foster the user’s 
capabilities; too sophisticated it will overwhelm the 
remained cognitive abilities. 
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