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Abstract— Smart homes provide support to cognitively impaired people (such as those suffering from Alzheimer’s 

disease) so that they can remain at home in an autonomous and safe way. Models of this impaired population should 

benefit the cognitive assistance’s efficiency and responsiveness. This paper presents a way to model and simulate the 

progression of dementia of the Alzheimer’s type by evaluating performance in the execution of an activity of daily living 

(ADL). This model satisfies three objectives: first, it models an activity of daily living; second, it simulates the progression 

of the dementia and the errors potentially made by people suffering from it, and, finally, it simulates the support needed by 

the impaired person. To develop this model, we chose the ACT-R cognitive architecture, which uses symbolic and sub 

symbolic representations. The simulated results of 100 people suffering from Alzheimer’s disease closely resemble the 

results obtained by 106 people on an occupational assessment (the Kitchen Task Assessment). Apart from this, the values 

are plotted as a graph in MATLAB software, so as to find the progression of any parameter that is involved in this model.  

 

Keywords— Activity of Daily Living, ACT-R cognitive architecture, Kitchen Task Assessment, Clinical 

Dementia Rating, Neural Network, Artificial Intelligence. 

 

I. INTRODUCTION 

 

One of the most difficult challenges our world faces is population ageing. More than 60 countries will have two 

million or more people aged 65 and over by the year 2030 [8]. A significant number of chronic diseases, especially of the 

Alzheimer’s type, will accompany this population trend. According to the progress report on Alzheimer’s disease, 

published in 2005 by the National Institute on Aging part of the U.S. National Institutes of Health 4.5 million American 

people currently have the disease, and the prevalence doubles for every 5-year age group beyond age 65. As a result, 

research on maintaining these people at home, with the help of telemedicine and tele-assistance, has become a public 

health preoccupation. 

Alzheimer’s disease is a neurodegenerative illness that causes brain lesions. The disease is characterized by the 

progressive loss of memory and cognitive functions [15]. Mental faculties such as language, judgment or decision-making 

are affected, causing the person’s behaviour to change. These disorders have an impact on daily life. Gradually, impaired 

people lose their autonomy in carrying out daily activities [4]. They become dependent on family or professional 

caregivers. 
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It has become important to understand better the cognitive progression of Alzheimer’s disease, especially if we 

consider the prevalence of the disease given by the National Institute on Aging. Cognitive modelling can help document 

the progression of the disease and predict autonomy at home. Moreover, technologies for maintaining disabled people at 

home will be required to develop further [5] [17]. These technologies should be based on a better understanding of the 

people they seek to assist. Cognitive modelling of the progression of Alzheimer’s dis-ease is a first step towards designing a 

new generation of assistive devices based on cognitive technology. 

Thus, this project seeks to model and simulate the progression of Alzheimer’s disease based on performance in an 

activity of daily living (ADL). The first two sections introduce smart homes, cognitive assistance, and challenges in 

modelling the progression of Alzheimer’s disease, especially in respect to the successful completion of an ADL. We 

describe the ACT-R cognitive architecture upon which we chose to develop the model. The next sections are dedicated to 

the model itself: we present an overview of the model, and then we describe in detail the design and development of the 

model using ACT-R. Finally, we present the results of the simulation and we discuss the overall applications of the 

cognitive assistance model. 

 

II. LITERATURE REVIEW 

 

 

Table 2.1: Literature Review – 1 

 This paper is the extension of the findings of Anderson, J.R and Lebiere C, who have been in research for the past 

3 decades about Cognitive architecture and ACT-R. Since, the main aim of this paper is to help the Alzheimer’s patient in 

cooking activities, the Kitchen Task Assessment (KTA) and The assessment of Motor and Process Skills (AMPS) is used 

to periodically monitor the activities and provide the verbal assistance if the patient has forgotten few steps or gone wrong 

in any procedure. 
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Table 2.2: Literature Review – 2 

 

III. EXISTING METHODS 

 

It is well known that the Alzheimer’s patient can’t lead an independent life, and they need the help of others in order 

to continue their daily living. The popular methods of helping the Alzheimer’s patients are Cognitive Rehabilitation 

Therapies and Care giving. Cognitive Rehabilitation Therapies can be given by Doctors of a medical care unit but 

however, Care giving can be done only by the patient’s close relation. Utmost patience is required for any person to give 

any assistance to Alzheimer’s patient.  

 

A. COGNITIVE REHABILITATION THERAPIES   

Cognitive Rehabilitation Therapy (CRT) is the process of relearning cognitive skills that have been lost or altered 

as a result of damage to brain cells/chemistry. If skills cannot be relearned, then new ones have to be taught to enable the 

person to compensate for their lost cognitive functions. The process of CRT comprises 4 components: 

1. Education about cognitive weaknesses and strengths. The focus here is on developing awareness of the problem. 

2. Process Training. This refers to the development of skills through direct retraining or practicing the underlying cognitive 

skills. The focus here is on resolving the problem. 

3. Strategy Training. This involves the use of environmental, internal and external strategies. The focus here is on 

compensating rather than resolving the problem. 

4. Functional Activities Training. This involves the application of the other three components in everyday life. The focus 

here is on real life improvements. 
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Figure 3.1: Cognitive Rehabilitation Therapy 

 

B. CARE GIVING 

Care Giving is a process of providing a special care to a disease affected person by a member of the patient’s 

family or by certified care giver. The care giver must not only be concerned about patient’s health but also be concerned 

about his/her own health, so that they can provide utmost care to the person. People with dementia can become restless 

or aggressive but treating these behaviour changes with antipsychotic drugs is not a preferable option unless the person 

seems likely to harm themselves or others. People with dementia need support from their caregivers. Alternatives to using 

these drugs is trying to identify and treat underlying causing of irritability and anger, perhaps by arranging for the person to 

spend more time socializing or exercising. Antidepressants may also help. A caregiver who can try other options can 

improve the patient's quality of life. 

 

Figure 3.2: Care Giving 

 

IV. PROPOSED METHOD 

 

The proposed method consists of Smart cognitive homes that can function autonomously to take care of the cognitive 

disabled person with live tracking of the progression of Alzheimer's disease. The proposed method uses ACT-R and 

Cognitive architecture to periodically check the brain activities of the patient, Clinical Dementia Rating on a scale of 0-5 to 

predict the dementia stage of the patient. Kitchen Task Assessment parameters to monitor the cooking activities of the 

patient by capturing the live video and comparing the scenario with pre-determined algorithms. Assessment of Motor and 

Process Skills to monitor the reflex of the patient when struck by dementia. OpenCV environment to capture the live 

image and to classify the different objects found in the image and to convey the information to the ACT-R architecture. 

The LISP environment provides the back-end operation of the ACT-R by means of Python coding language. 
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A. COGNITIVE ARCHITECTURE 

Cognitive architectures are unified theories of human brain functioning. The term “cognitive architecture” refers 

to a particular set of structures, tools, techniques and methods that can support the design and construction of models of 

cognition [1][19]. This approach considers that cognition can be modelled as a set of functional subsystems that interact 

together. Cognitive architectures provide symbolic representations of cognitive processes, based on the production system 

paradigm. ACT-R [13] is one of the frameworks most frequently used to develop and simulate specific models. It has been 

successfully used to create models in fields such as memory research and problem solving (for example, the famous Tower 

of Hanoi). ACT-R is a complete computational architecture that embodies a general theory of cognition. The advantage of 

ACT-R for our work resides in the fact that errors characteristic of human performance can be modeled thanks to a sub-

symbolic system that is an extension of the production system [16]. 

 

B. ACT-R ARCHITECTURE 

The first important challenge of this project is to build a model of cognitive processes that generates behavior 

involved in ADL completion. The second challenge is related to the fact that Alzheimer’s disease affects cognitive 

processes, leading to hazardous behavior. Most existing models simulate the normal functioning of mechanisms, whereas 

our model aims to reproduce cognitive disorders. 

ACT-R [3][13] is a cognitive architecture derived from the ACT theory developed by John R. Anderson. This 

human cognition theory is strongly based on cognitive psychology experiments. It can be used to develop models for 

different cognitive tasks, such as problem solving and decision-making, or even learning. ACT-R generates predictive 

models for given tasks that can be tested by comparing their results with the results of people performing the same tasks. 

Comparisons are made on the basis of psychological criteria such as “accuracy of the task” or “time to perform the task.” 

 ACT-R is based on multiple modules, each dedicated to a different type of information processing. The modules 

communicate by means of buffers, and coordination between the modules is managed by a unique production system. The 

latter detects information patterns and fires the most appropriate production rule. The buffers are updated as a result of 

performing an action, perceiving new elements, retrieving an element in memory, or modifying a goal. ACT-R can be seen 

as a hybrid system with symbolic aspects—such as knowledge representations and a production system—and sub-

symbolic aspects, represented by mathematical equations that control many of the symbolic processes. The ACT-R theory 

distinguishes two sorts of knowledge: procedural knowledge (skills), and declarative knowledge (facts). This differentiation 

between two types of knowledge leads to two systems of long-term memory. 

The function of the production memory is to check the pre-determined algorithms with the original brain 

activities of the patient and provide the necessary execution steps to the working memory. The declarative memory stores 

each activity and can be used for retrieval. The working memory is in contact with outside world and executes the task 

given by procedural memory. 
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Figure 4.1: ACT-R architecture model 

C. ACTIVITY OF DAILY LIVING (ADL) 

This project aims to simulate the progression of Alzheimer’s disease during ADL performance. As indicated in the 

previous section, most of the models developed with ACT-R focus on reproducing behavior observed in traditional 

psychological assessments. Our first objective is to identify the cognitive processes involved in the completion of daily 

living tasks, and then to simulate the completion of an ADL using the ACT-R cognitive architecture. 

ADL performance is evaluated by assessing the errors committed by the elderly. Errors are characterized by their 

type and seriousness. With Alzheimer’s disease, the type of error is essentially dependent on the type of cognitive disorder 

and can be defined in terms of the loss of memory and organizational abilities. The seriousness of an error can be 

measured by evaluating the level of support needed to overcome it. The second objective is therefore to represent errors in 

terms of both the type of cognitive disorder at the root of the error and the support needed when the error occurs. 

 

D. KITCHEN TASK ASSESSMENT (KTA) 

The Kitchen Task Assessment (KTA), an assessment developed by occupational therapists [20]. This functional 

test brings together the completion of a simple ADL, the detection of unusual behavior, and the assessment of the level of 

cognitive support required. The KTA was designed for people with senile dementia of the Alzheimer’s type, to record 

their performance over the course of the disease. 

KTA uses 6 basic parameters, to check whether the Alzheimer’s patient is able to cook independently starting 

from initiation up to completion. 

 

Table 4.1: KTA criteria parameters 
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E. ASSESSMENT OF MOTOR AND PROCESS SKILLS (AMPS) 

Assessment of Motor and Process Skills (AMPS) [21] measures skills such as posture, mobility and coordination, 

as well as attentional, organizational and adaptive capabilities. In opposition, the KTA provides a functional measure based 

on the evaluation of cognitive processes that affect task performance. It differs from the AMPS in that it focuses its 

evaluation on processing the skills of initiation, organization, inclusion of all steps, sequencing, safety and judgment, and 

completion. These skills are assessed while the task is being performed. 

 

F. CLINICAL DEMENTIA RATING 

Alzheimer’s disease is characterized by its irreversible deterioration of cognitive abilities. Depending on the 

evaluation scale, its progression is divided into either seven stages (Reisberg Scale) or four stages (Clinical Dementia Rating 

(CDR) [14]. As the disease progresses, the person suffering from Alzheimer’s disease commits errors more often and the 

support required becomes increasingly substantial. The KTA reveals a correlation between the score obtained on the test 

and the stage of the disease. The scores obtained during the study demonstrate that subjects with questionable dementia 

(CDR of 0.5) are quite independent; subjects in the mild stage of the disease (CDR of 1) require verbal cues to successfully 

complete the cooking task, whereas subjects suffering from moderate and severe dementia (CDR of 2 or 3) require 

physical assistance. The third objective of this study is to predict ADL performance based on the stage of Alzheimer’s 

disease. 

STAGE LEVEL OF DEMENTIA 

CDR 0 Without Dementia 

CDR 0.5 Questionable Dementia 

CDR 1 Mild Dementia 

CDR 2 Moderate Dementia 

CDR 3 Severe Dementia 

Table 4.2: CDR ratings and different stages of dementia 

 

V. WORKING PROCESS 

 

The working process of the proposed method consists of three stages. First, the live video of the patient is captured 

by means of a raspberry pi camera and the image is segmented such that different objects are identified. This is done by 

means of OpenCV environment which classifies the different objects in the image and also provides the accuracy rates 

with which the image is spotted.  
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Figure 5.1: Live Image segmentation by OpenCV  

Secondly, the image is transferred to Raspberry Pi where the core contains the Lisp environment and ACT-R 

architecture. For efficient working, both these soft wares must be integrated as one. This is done by calling the ACT-R 

functions inside the Lisp environment with syntax {start-environment}. Since, it is a neural network, the entire RAM space 

is efficiently used by Lisp by doing this procedure.  

 

 

Figure 5.2: Integrating ACT-R into Lisp 

 Inside the Lisp, the different scenarios that can happen in a kitchen for preparing a coffee is uploaded so that the 

procedural memory understands the rules with which it can compare the pre-determined and present scenarios. Also the 

conflict scenarios are also updated so that, the procedural memory will be able to take decision in case a conflicts. 

Example, there are different procedures with which coffee can be made, the first step and last step can’t be changed but 

the other steps can be altered. 

 

Figure 5.3: Rules given to procedural memory 
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Finally, after processing the scenario, the necessary verbal assistance will be given by the working memory by means of 

voice output through a speaker. Also, the CDR rating based on the error committed is found and it is stored in the 

declarative memory for the further use. The following flowchart shows how the working process is executed. 

 

Figure 5.4: Flow of the working process 

 

VI. SIMULATION AND RESULTS 

 

The working process is executed and the result for the particular scenario is noted. The same propose is repeated for 

different scenarios for another 100 trials. Now, the same procedure is repeated for patients with different CDR levels and 

the Standard deviation is taken for the KTA results as well as the model results. 

The results demonstrate that the cognitive assistance provided is clearly related to the stage of the disease. Variance 

analysis examined the differences in the model’s results across the stages of dementia. A significant F-ratio (F (4,495) = 

1158.8; p < 0.0001) demonstrates that performance on the task is affected by the progression of the disease. For each 

criterion, the score increases as the disease worsens. Healthy subjects (CDR 0) are independent: they almost never require 

assistance. 

Subjects with questionable or mild dementia (CDR 0.5 and CDR 1) encounter some difficulty in performing the task. 

Thanks to verbal cues, however, they can continue the task and complete it successfully. A greater number of subjects with 

mild dementia make errors, and they sometimes need more extensive cognitive assistance than subjects with questionable 

dementia. Most subjects with moderate dementia (CDR 2) have difficulty under nearly every criterion. They require 

physical assistance to complete the task. Finally, subjects with severe dementia (CDR 3) make errors under all criteria. 

Verbal cues and physical assistance are almost always insufficient. More than half of the subjects with CDR 3 are 

considered incapable under at least one criterion. 
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Table 6.1: Simulation Results of 100 runs (CDR 0.5) 

To validate our model, a comparison has to be made between simulated results obtained using the model and results 

obtained by real subjects on the KTA. The KTA results com-municated only present the mean score obtained by 106 

subjects depending on the stage of dementia. It therefore remains impossible to detail and compare the types of error 

made under each criterion according to the progression of Alzheimer’s disease. 

The results for 100 simulated subjects have been compared to the results presented in the KTA paper for 106 subjects 

(Table 6.2). The correlation between the KTA results and the model results has been calculated. The two sets of mean 

values for each stage of the disease are highly correlated (corr = 0.999). The model reproduces reliably the mean score 

obtained by subjects depending on the stage of dementia. The standard deviations for the KTA are visibly higher than the 

ones for the model. However, the proportional increase of the standard deviation value during the disease is reproduced. 
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Table 6.2 Mean values and Standard Deviation of scores obtained on the KTA (for real subjects and for simulated 

subjects) by stage of dementia. 

These are the results obtained from the simulation, apart from the results, the ACT-R architecture also indicates the 

part of the brain that is responsible for the error committed by the Alzheimer’s patient. These images help to understand 

the part of the brain that didn’t function in a normal way and also indicates the consequence of that in a clear way. The 

images are obtained both in 2D as well as 3D form and this will be convenient for the doctors to diagnose the Alzheimer’s 

patient. 

 

Figure 6.1: Brain images to indicate the portion that is responsible for the error caused 

 The above diagram shows that the central portion of the brain inactivity is reason for errors caused in procedural 

memory, extreme ends of the brain inactivity causes aural errors and inactivity caused near the bottom is the reason for 

visual errors. 
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Figure 6.2: 3D image of the brain with portions indicating the reason for disability. 

The ACT-R architecture outputs can be obtained as a graphical representation by importing the entire environment 

into the MATLAB software. By means, of this the numerical outputs are obtained and the different parameters variation 

can be found easily in terms of graphical plots. One such example taken is the SPM factor, which indicates the presence of 

object in a place where the camera is fixed.  

 

Figure 6.3: SPM response 

Figure 6.3 shows the SPM response of the raspberry pi camera that is used for image capturing. The presence of 

any object (interference) causes the signal change to reach the maximum and when the object moves out of the focus of 

camera, the SPM comes back to normalcy.  

Apart from this, other parameters such as problem state updates and declarative memory retrievals also can be 

plotted. The figure 6.4 and 6.5 shows the normal state and the paired & generated state of these two parameters. 
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Figure 6.4: Declarative Memory retrievals and Problem state updates in normal state 

 

Figure 6.5: DMR and PSU in Paired and Generated state 

 

VII. FUTURE ADVANCEMENTS 

 

The proposed model consists of only kitchen task assistance to Alzheimer’s patient in order to lead an independent 

life. However, smart homes must ensure that Alzheimer’s patient can lead an independent life considering all aspects. So, 

the advancement of this model must be in such a way that the model can help the patient lead a happy life on his own. 

Also, a major threat to Alzheimer’s patient is getting lost somewhere on the way home or without the knowledge of 

relatives getting out of the house, so in order to prevent this threat, a hand held verbal assistance must be present to guide 

the Alzheimer’s patient back to home or to intimate the location of the patient to the family members. 

 

VIII. CONCLUSION 

 

This paper presents a means for modeling and simulating the progression of dementia of the Alzheimer’s type through 

the evaluation of performance during ADL execution. To develop this model, three objectives were established: model an 

ADL, simulate the effects of dementia on ADL execution, and simulate the cognitive help required. The ACT-R 

architecture helped to achieve these objectives.  
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The work has been based on the KTA since this occupational therapy test provides us with an evaluation of subject 

behavior on a cooking task. The model simulates subjects performing the cooking task and making errors according to the 

stage of the disease. The model provides a trace describing how the task was completed and the score obtained based on 

the amount of required help. 

 

The simulation results obtained when using the model are very similar to the clinical results presented for the KTA. In 

this regard, we can say that the objectives have been reached. Unlike most existing cognitive models that simulate 

mathematical or logical problem solving, we have developed a model of an ADL. Thanks to its hybrid architecture, ACT-

R allows the disorders induced by dementia to be simulated, particularly those that are linked to memory mechanisms. 
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