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Objectives: Alzheimer is the most prevalent cognitive disturbance with a high spread rate 
among the elderly. The current research aims to investigate the impact of cognitive rehabilitation 
on the memory improvement of Alzheimer disease patients.

Methods: This was a semi-experimental design with pre-test and post-test designs. The 
statistical population in Baghdad City, Iraq, in 2021 included 60 patients with Alzheimer and 
was divided into an experimental (n=30) and a control group (n=30). The patient’s cognitive 
abilities were assessed before the intervention (pre-test), promptly after the intervention (post-
test), and 2 months later (follow-up). The experimental group had twenty-eight 45-min sessions 
of training based on the Montessori method (2 sessions per week). The data were analyzed via 
the SPSS software, version 19, using the independent t-test and repeated measures analysis of 
variance. The results had a P<0.05.

Results: The findings of the independent t-test demonstrated no significant difference between 
the scores of both groups during the pre-test stage (P>0.05); however, the difference was 
significant during the post-test and follow-up stages (P<0.001). In addition, the findings of the 
repeated measure analysis of variance indicated a significant difference between both groups’ 
mean scores in the post-test and follow-up (P<0.001).

Discussion: Cognitive rehabilitation can help patients with memory disorders and positively 
affect their memory performance.
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Highlights 

• Cognitive rehabilitation can positively affect memory performance.

• Cognitive rehabilitation interventions effectively reduce cognitive deficits in the elderly.

• Using cognitive rehabilitation intervention reduces Alzheimer-related disorders in the elderly.

Plain Language Summary 

The planning of dementia treatment is based on the Montessori method which stimulates brain nerve cells 
and strengthens synaptic connections to improve cognitive status, establish the interaction of emotions, arouse 
positive emotions, reduce anxiety and restlessness, alleviate depression, lessen behavioral problems, and boost 
self-confidence. The findings of the current study can be explained using the cognitive empowerment theory. These 
exercises are based on the hypothesis that stimulating the flexibility of a modular system can improve cognitive 
abilities. As a result, by facilitating the phenomenon of plasticity and using repeated exercises, improvements in 
attention and memory are obtained.

Introduction

lzheimer is a brain disturbance that often 
has a chronic and progressive course. This 
disease alters a person’s mental abilities, 
personality, and behavior [1]. Memory and 
daily activities are frequently impaired in 

Alzheimer patients [2]. Patients frequently forget re-
cent events, frequently ask questions, have communica-
tion and social interaction problems, lose awareness of 
place and time, and suffer from decreased motivation, 
depression, and anxiety [3]. Alzheimer patients cannot 
live alone, make individual decisions, or carry out daily 
tasks [4].

Alzheimer disease is the most prevalent and well-
known kind of dementia, specified by the unjustified 
destruction of neurons and cerebral cortex atrophy [5]. 
Following these changes, there is a progressive loss of 
recent memory, cognitive disturbance, and mood chang-
es [6]. After heart disease, cancer, chronic respiratory 
diseases, and stroke, Alzheimer is the fifth leading cause 
of death in the elderly [7, 8].

Alzheimer has two neuropathological characteristics, 
one of which is the accumulation of beta-amyloid pep-
tide plaques on the exterior of neurons, produced by the 
degradation of the amyloid precursor protein [9]. The 
formation of neurofibrillary tangles within neurons, 
caused by hyperphosphorylation of the tau protein and 
observed in the hippocampus and other cortical regions, 
is another characteristic of Alzheimer disease [10]. Beta-
amyloid is regarded as a potent poison for mitochondria, 

which leads to functional disorders in mitochondria, the 
production of free radicals, and the eventual destruc-
tion of neurons [11]. Slowly, the disorder in the brain’s 
cognitive functions manifests with the onset of the dis-
ease. Two cognitive functions exist in the human brain, 
namely executive functions which regulate and control 
a person’s thinking and performance, and non-law func-
tions [12].

As the disease progresses, the subjects gradually lose 
their sense of independence, fail to achieve their goals, 
and have severe social interaction problems [13]. De-
pression, anxiety, aggression, a decrease in self-confi-
dence, a lack of satisfaction, and a sense of inadequacy 
are all symptoms of these issues [14]. As a result, the 
patient’s quality of life reduces. The quality of life com-
prises a state of well-being defined by a multidimension-
al concept of health in physical, mental, spiritual, social, 
and economic aspects [15]. Despite these damages and 
problems, the human brain has complex and dynamic 
functional characteristics and aims to control the se-
verity of the disease’s destruction as much as possible 
[16]. Educational interventions play an essential role in 
the improvements mentioned above. Researchers have 
provided non-pharmacological methods, such as cogni-
tive-based rehabilitation, to help Alzheimer patients in 
addition to drug treatments by examining the positive 
impact of external stimuli on neurons [17]. This specific 
treatment program consists of targeted and planned ac-
tivities for cognitive stimulation in patients with mild to 
moderately advanced dementia [18].

A
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The subjects’ brains are malleable, changing in re-
sponse to learning, practice, and environmental stimuli 
[19]. When brain damage occurs or when parts of the 
cells are lost as a result of Alzheimer, the human brain 
can maintain its optimum level of function by changing 
the neural structure and forming new connections in the 
remaining parts [20]. In addition, following an injury, the 
human brain can respond to external stimuli (cognitive 
rehabilitation programs, sports, music, etc.). Stimulation 
of the brain aids in maintaining the nervous system’s 
functioning by forcing the brain to respond to stimuli, 
thus maintaining its neural connections [21]. The im-
pacts of these stimuli on the brain structure increase in 
synapses, new neuronal sprouting, an increase in the 
parameters involved in brain nerve tissue growth, and a 
decrease in cell death [22].

Considering the increase in the population of the elderly 
with Alzheimer, it is necessary to investigate methods for 
treating and preventing this disease. Also, drug treatments 
could be more effective or insufficient in some stages; in 
the long run, when the disease develops resistance, they 
lose their effectiveness. Drugs are associated with side 
effects and impose high costs on patients due to the dis-
ruption of the hormonal balance. Consequently, cognitive 
rehabilitation protocols are important. The current study 
aims to investigate the effect of cognitive rehabilitation on 
the memory improvement of Alzheimer patients.

Materials and Methods

This research used a semi-experimental design with a 
pre-test and post-test design. The statistical population in 
Baghdad City, Iraq in 2021 included 60 patients with Al-
zheimer, divided into an experimental (n=30) and a con-
trol group (n=30). The patient’s cognitive abilities were 
assessed before the intervention (pre-test), immediately 
after the intervention (post-test), and 2 months after the 
intervention (follow-up). The experimental group had 
twenty-eight 45-min sessions of training based on the 
Montessori method (2 sessions per week) [23].

The inclusion criteria were confirming the presence of 
Alzheimer in the participants, memory and attention dis-
orders diagnosed by the neurologist, having a Glasgow 
coma table state of consciousness of 13 to 15 (patients 
who were conscious and awake or at least in the phase 
of confusion), not receiving similar therapeutic inter-
ventions, and having minimal literacy [24]. The exclu-
sion criteria were mental retardation, major depression, 
and other severe psychiatric disorders, the presence of 
a brain white matter lesion, brain atrophy (despite the 
absence of previous symptoms), alcohol and drug addic-

tion, hearing loss, a lack of speech, a disturbance in the 
state of consciousness, sensory and motor disorders, and 
a lack of cognitive impairment other than Alzheimer. Be-
fore beginning the research, the objectives and general 
process were presented to all participants. Then, with the 
cooperation of the patient’s families, a written consent 
letter to participate in the research was obtained. After 
the follow-up stage, the desired educational intervention 
was presented to the control group of patients.

The everyday memory questionnaire [20] was used to 
collect data in the present study. This tool is one of the 
most commonly used memory rehabilitation question-
naires. The EMQ comprises 28 statements that assess 
repetition inadequacy and memory weaknesses in faces, 
places, actions, speech, reading, writing, and learning 
new tasks. Answers are scored based on a 9-point Likert 
scale ranging from 1 (never in the last six months) to 9 
(more than once daily). Higher scores indicate a wors-
ening of everyday memory function. Scores between 28 
and 58 indicate good memory, scores between 59 and 
116 indicate medium memory and scores greater than 
116 indicate poor memory status. The reliability and 
validity of the EMQ have been confirmed in several re-
search. In the current study, the reliability and validity 
were 0.84 and 0.78, respectively. In this study, reliability 
was checked using the Cronbach α method, and content 
validity was checked using the opinions of professors of 
the University of Baghdad’s College of Medicine.

The intervention sessions for the experimental group 
consisted of twenty-eight 45-min sessions of training 
based on the Montessori method (2 sessions per week). 
Table 1 shows the educational content of the sessions. A 
pre-test stage was held using EMQ in both groups before 
the start of the first session in the experimental group. The 
post-test stage was held after the completion of all ses-
sions, and a follow-up stage was held two months later.

After data collection, the descriptive level of analysis 
was performed on the research data (frequency, mean, 
etc.). The data were analyzed via the SPSS software, 
version 19, utilizing the independent t-test and re-
peated measures analysis of variance (ANOVA). The 
Kolmogorov-Smirnov test was utilized to evaluate the 
research hypothesis, and the Bonferroni post hoc test 
was employed to compare the data over time. The results 
have a significance level of <0.05.

Results

The findings of the demographic characteristics of the 
patients are provided in Table 2.
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Table 1. Description of the educational intervention sessions of the experimental group based on the montessori method

Activity Session Description

Eyesight

1 Image classification by categorizing images based on a determined pattern (for example, color or black 
and white)

2 The sequence of images by correctly positioning the images and utilizing the sequence pattern (for 
example, childhood, adolescence, youth, middle age, and old age)

3 Creating a memory book by selecting and pasting photographs of family members or previous jobs into 
a notebook

4 Creating a puzzle by slicing an image into three pieces, mixing the pieces, and rearranging them

5 Matching equipment and accessories by determining which accessories are more compatible in color 
and shape (for example, which shoes go better with which handbag)

Hearing

6 Enjoying music by selecting one’s favorite music, listening to it, and describing why it was chosen

7 Sensing musical performance or rhythm by synchronizing with a musical rhythm (e.g. singing along, 
clapping, and playing on the table)

8 Performing rhythmic movements as a simple dance, moving forward, backward, swaying, and turning 
slowly

9 Examining a musical instrument, becoming familiar with its various components, and learning how to 
play it

10 Reading books and magazines (reading a portion of a book, newspaper, or magazine with appropriate 
font size)

Touch

11 Touching fabrics made of distinct materials

12 Touching different textures and structures (woods, metals, glass, or stones)

13 Caressing and massaging hands and forearms

14 Familiarizing with fishing equipment and touching its components

15 Touching the exterior of a cloth bag to determine the contents

16 Classification of clothing (the distinction between women’s and men’s clothes)

Olfactory

17 Creating coffee by grinding coffee beans, inhaling its aroma, adding boiling water or milk and sugar, and 
then drinking it with biscuits or a small diet cake

18 Flower arrangement by choosing flowers, smelling their aroma, trimming the stem, and placing them 
in a decorative vase

19 Working with fragrant plants (extracting the smell of leaves such as mint, coriander, and rosemary)

20 Wearing gloves, placing soil and fertilizer in a container, planting seeds, and watering constitute garden-
ing

21 Aromatherapy places the individual in a calm, peaceful environment while seated in a comfortable 
chair and diffusing pure essential oils (such as lavender, chamomile, jasmine, and rose)

Taste

22 Drinking natural orange juice

23
Tasting fruits with different colors and flavors, chopping them into smaller pieces, placing them in sepa-
rate containers, picking up quantities of chopped fruits with plastic forks, tasting and humming them, 
and placing them in separate containers

24 Tasting different types of tea

25 Choosing favorite food with a cookbook, compiling a list of items and ingredients needed to prepare 
food, following step-by-step cooking instructions, preparing food, and consuming it

26 Cutting the meat into smaller pieces, thread them onto skewers, place them on a grill, and cook before 
eating

27 Placing different types of fruits in a large bowl and then separating like fruits into smaller bowls

28 Preparation of different pasta types and separation into separate boxes based on shape, size, and color
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According to Table 2, 26(43.3%) were male and 
34(56.7%) were female. In the experimental group, the 
mean age was 81.76±8.54 years and the mean age was 
79.62±7.83 years in the control group. Most participants 
were >75 years (61.7%) and had secondary education 
(86.7%). Also, the marital status of the participants was 
almost the same. In addition, the independent t-test 
showed no statistically significant difference for both 
groups’ demographic characteristics (P>0.05). The com-
parison of the two groups’ pre-test, post-test, and follow-
up mean EMQ values are provided in Table 3.

According to Table 3, the experimental group’s post-
test and follow-up EMQ scores decreased significantly. 
In contrast, the results of all three stages in the control 
group remained nearly identical. In addition, the inde-
pendent t-test examined the significance of the differ-
ence between the results of each stage for the two groups. 
The results demonstrated no significant difference in the 
scores of both groups during the pre-test stage (P>0.05); 
however, the difference was significant during the post-
test and follow-up phases (P<0.001).

In the current study, the impact of cognitive rehabilita-
tion on the memory improvement of Alzheimer disease 
patients was examined. Before testing the hypothesis, 
the Kolmogorov-smirnov test was utilized to examine 
the normality of the scores for EMQ variables. In this 
test, the goodness of fit was not statistically significant 
and the scores had a large difference from the normal 
distribution (z=0.143 in the pre-test stage; z=0.161 in the 
post-test phase; z=0.187 in the follow-up stage). There-
fore, the repeated measures ANOVA assumption is not 
violated. The findings of repeated measures ANOVA are 
shown in Table 4.

According to Table 4, the significance of the stage ef-
fect indicates a significant difference between the two 
groups mean values in the post-test and follow-up stages 
(P<0.001). In addition, the significance of the phases and 
the experimental group indicates that the mean values of 
this group are significantly lower than the values of the 
control group during the post-test and follow-up stages 
(P<0.05). Given the application of the independent vari-
able (cognitive rehabilitation intervention), there was a 

Table 2. Demographic variables of the both groups of participants

Variables
No. (%)

P
Experimental Control

Gender
Male 12(40) 14(46.7)

0.43
Female 18(60) 16(53.3)

Age
<75 10(33.3) 13(43.3)

0.14
>75 20(66.7) 17(56.7)

Education
Secondary 25(83.3) 27(90)

0.36
College 5(16.7) 3(10)

Marital status
Single 17(56.7) 12(40)

0.19
Married 13(43.3) 18(60)

Table 3. Comparison of mean every memory questionnaire score in the pre-test, post-test, and follow-up stages in both groups

Stages
Mean±SD

P
Experimental Control

Pre-test 123.19±14.84 119.67±14.35 0.64

Post-test 86.43±16.39 116.72±13.71 <0.001

Follow-up 89.51±16.87 117.68±13.94 <0.001
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significant difference in the value of the dependent vari-
able (everyday memory) between both groups. 

Subsequently, the Bonferroni post hoc test was con-
ducted to compare time, and the results indicated a 
significant difference in the values of the pre-test stage 
with the post-test and follow-up phases (P<0.001). In 
contrast, no significant difference was observed between 
the post-test scores and with follow-up stages (P>0.05).

Discussion

The current research aimed to evaluate the impact of 
cognitive rehabilitation on the memory improvement of 
Alzheimer patients. These results demonstrated the ef-
fect of cognitive rehabilitation on Alzheimer patients’ 
everyday memory. Consequently, everyday memory has 
significantly increased compared to the control group. 
The current study’s results are consistent with the find-
ings of other studies [25-27].

In the current study, dementia treatment planning based 
on the Montessori method demonstrated significant posi-
tive impacts on the cognitive abilities of Alzheimer pa-
tients. The positive impact of the method is because of its 
general philosophy, which is based on the same ideas and 
principles and is designed and explained in the same way. 
Accordingly, every human being is treated with respect 
and emphasizes their choices, abilities, and strengths, and 
the subjects can find their place in society and develop 
self-efficacy and self-esteem [28]. This method focuses 
the content of the executive sessions on the 5 human sens-
es and attempts to stimulate the desired sense and force an 
appropriate response. The effectiveness of this interven-
tion is summarized by its content, method of execution, 
and participation of the appropriate individuals. Follow-
ing the fundamental principles of the Montessori method, 
treatment planning for dementia includes activities that 
emphasize the senses. The activities are designed to be as 
appealing as possible to the individual. The individual is 

invited to participate and has the freedom to choose, and 
their desires and interests are prioritized.

In the intervention method used in the current study, 
the implementation of activities focuses on skills and 
abilities, the pace of activities is adjusted based on the 
individual’s condition, and visual cues, signs, or pat-
terns are employed. Although the individual is given 
small responsibilities, they begin with simple tasks, 
complex activities are broken down into smaller steps, 
and the individual’s enjoyment of the activity is evalu-
ated. This method emphasizes that there is no right or 
wrong, and only the Alzheimer patient’s motivation and 
participation matter; therefore, the therapist can work on 
cognitive, social, and executive aspects through training, 
repetition, guidance, and the execution of activities to 
improve the cognitive performance of individuals with 
Alzheimer and achieve positive results [29]. The cur-
rent study’s findings can be explained using the theory 
of neuroplasticity, or neural flexibility of the brain. Re-
cent research has shown that different brain areas can 
change significantly even in adulthood. Making structur-
al changes over time; thus, changes in related functions 
is what flexibility entails. This process can be observed 
at different levels and scales, ranging from microscopic 
changes in neurons to more extensive scale changes, 
such as cortex routing and remapping in response to 
brain damage. On the other hand, cortical remapping oc-
curs on a much larger scale early in brain development 
[30]. Additionally, behavior, environmental stimuli, 
thoughts, and emotions can cause neural flexibility via 
the activity-dependent flexibility process, which is criti-
cal and necessary in developing healthy people [31].

One limitation of the current research is that only Al-
zheimer patients in Baghdad participated. Consequently, 
the findings cannot be generalized to other regions and 
nations. In addition, patients’ memory status has not 
been compared to their memory status before Alzheimer 
disease. To conduct future studies, it is suggested that 

Table 4. The findings of repeated measures analysis of variance for within-subjects vs between-subjects variables

Type of Effect Source of Variation SS df MS F P Effect Size

Within-subjects

Pre-test 1673.14 2 836.57 40.05 <0.001

0.68Pre-test×Group 1206.83 4 301.71 14.44 0.03

Error 752.06 36 20.89

Between-subjects
Group 8714.56 2 4357.28 7.31 0.004

0.40
Error 10729.45 18 596.08

Abbreviations: SS: Sum of squares; Df: Degree of freedom; MS: Mean squares.
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alternative methods and protocols be used to assess Al-
zheimer patients’ everyday memory. It is also suggested 
that the current study’s methodology be used to evaluate 
other brain diseases.

Conclusion

The present study demonstrated that cognitive rehabili-
tation interventions effectively reduce cognitive deficits 
in the elderly; therefore, by using it as an independent 
treatment method or in conjunction with existing treat-
ments, it can be utilized to reduce Alzheimer-related dis-
orders in the elderly, even in individuals who appear to 
lack the ability to learn, regular or irregular practice and 
repetition lead to learning, as demonstrated by the find-
ings. Therefore, the necessity of cognitive rehabilitation 
for Alzheimer patients is emphasized more than ever be-
fore, and experts are instructed to implement it.
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