
THE USE OF ANALYTIC HIERARCHY PROCESS FOR THE 

PRIORITIZATION OF FACTORS AFFECTING WELLBEING IN ELDERLY 
 

Leandro Pecchia 
Department of Biomedical, Electronic and Telecommunication Engineering, 

University Federico II of Naples, Naples, Italy 
E-mail: leandro.pecchia@unina.it 

 
Peter A. Bath 

Health Informatics Research Group and Centre for Health Information Management Research (CHIMR), 
Department of Information Studies, Sheffield, United Kingdom (UK) 

E-mail: p.a.bath@sheffield.ac.uk 
 

Neil Pendleton 
School of Translational Medicine  

University of Manchester, Manchester, UK. 
E-mail: neil.pendleton@manchester.ac.uk 

 
Sue Jackson, Charlotte Clarke, Pamela Briggs 

School of Health, Community & Education Studies, Univ. of Northumbia, Newcastle, UK. 
E-mail: sue.jackson@northumbria.ac.uk charlotte.clarke@northumbria.ac.uk, p.briggs@northumbria.ac.uk 

 
Lynn Mcinnes 

Department of Psychology, School of Life Sciences, Northumbria University, Newcastle, UK. 
E-mail: lynn.mcinnes@notrthumbria.ac.uk 

 
Maia Angelova 

Intelligent Modelling Lab, School of Computing, Engineering and Information Sciences, 
Northumbria University, Newcastle upon Tyne NE2 1XE, UK 

E-mail: maia.angelova@northumbria.ac.uk 
 

Marcello Bracale 
Department of Biomedical, Electronic and Telecommunication Engineering, 

University Federico II of Naples, Naples, Italy 
E-mail: bracale@unina.it  

 

ABSTRACT 

 
The definition of well-being is complex and well-being may be affected by a wide variety of factors. 
Among older people well-being is even more complex, because it may vary depending on different 
individuals’ backgrounds and experiences. Nonetheless, it is important to understand what the concept of 
well-being means to older people and which factors affect well-being, because of the growing importance 
of cost-utility studies in medicine and health services research. Such studies aim to measure the quality of 
life in participants before and after a medical/surgical intervention. However, the scales used to measure 
quality of life are based on expert opinion, and could be improved by being more focused on what the 
concept of well-being means to older people themselves. 
In this study, based on scientific literature, we defined a hierarchy of 45 factors, organized into 15 sub-
categories, which were grouped into 5 main categories. A questionnaire was submitted to 23 older people 
who participated in a focus group on well-being. Based on their responses, we used the Analytic 
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Hierarchy Process to develop a hierarchy of factors that contribute to well-being in later life. Our 
experience leaded us to believe that AHP could contribute to qualitative research, assessing the priority of 
factors influencing the wellbeing in older people. 
 
Keywords: AHP, Well-being, older people, utility.  
 

1. Introduction 

In the last decades the rising of EBM reinforced the idea on hierarchy of evidence, which judge specific types of 

knowledge to be more valuable than others. Particularly significant in healthcare are considered the clinical trials, 

which does not make it easy for qualitative researchers to contribute to the health care debate, while there is a high 

potential contribution of qualitative methods and qualitative research in medicine and healthcare [Popo 2001]. 

Nonetheless, ddespite of hierarchy of evidence the complexities of health problems continue requiring data from a 

spectrum of qualitative and quantitative knowledge and, as reported by Leys et al. [Leys 2003] “qualitative evidence 

could be put higher in the hierarchy of „evidence generating research‟ in  health care in so far that methodological 

prerequisites of the methods used are respected and clarified”.  

 

The Analytic Hierarchy Process (AHP) is a method particularly effective in quantifying qualitative knowledge by 

measuring intangible dimensions. This is important because intangible dimension, which can be measured only with 

qualitative research, cannot be direct measured using absolute scale [Saaty 2009], and so far via clinical mult icentre 

trials. AHP bases on the idea that judging the relative importance of elements, i.e., comparing pairs of them in a 

hierarchic structure, is more reliable than judging their absolute importance. AHP is an analytic aims to solve 

multifactor and multid imensional fuzzy problems [Johnson 2001]. Several studies assessed its effectiveness for 

medical and healthcare decision making [Liberatore 2008]. The AHP has been suggested and applied for use in 

medical d iagnosis [Dolang 1990], and in many study in order to include patients in designing and choosing the 

healthcare programs to undergo [Dolang 1993, Dolang 2000, Dolang 2003, Liberatore 2003].  

In this paper we apply AHP to a group of health elderly to prioritize factors contributing to their wellbeing. The aim 

of this paper is to provide further insight in how elderly balance factors affecting wellbeing and to investigate if 

AHP can contribute in this task. 

 

2. Methods e materials 

The method we used consist of six steps as represented in the Figure 1. Each step is further described. 

 

 
Figure 1. algorithm of AHP. 

 

A. Tree of factors. 

From previous studies, we first identified a range of factors, which concur to wellbeing in elderly. We then grouped 

them into meaningful categories , inspired to pyramid of needs of Maslow [Maslow 1943]. Each category was further 

organized in three subcategories. Successively, we designed an oriented graph, a tree, in which the vertexes are 

defined as following: each factor is a leaf; each sub-category is a root; each category is a hyper-root.  
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B. Questionnaires.  

For each pair of factors (i,j) of each category, respondents were asked the following question: “in your opinion is i, 

compared to j: much less, less, equally, more, or much more important?” Respondent was required to choose one 

option. Similar questions were posed to compare categories of needs. In accordance with the scale of Saaty, a 

numerical value was given to each judgment as shown in Table 1. 

 

Table1 Saaty Fundamental Scale. 

Judgments Score 

much more important 5 

more important 3 

equally important 1 

less important 1/3 

much less important 1/5 

 

C. Judgments matrixes. 

From responders answer, using scores defined in table 1, for each sub-category of factors we constructed a judgment 

matrix Anxn, where “n” is the number of factors in this sub-category. This matrix has as the generic element (a ij), the 

ratio between the relative importance of the factor “i” (Fi) and the relative importance of the factor “j” (Fj). 

Assuming the reciprocity of judgment, the element a ji is the reciprocal of aij, becouse if Fi is 3 t imes more than Fj, 

then Fj should be 1/3 that of Fi. Moreover, the diagonal elements aii are equal to one, because Fi is equally to it self. 

Finally, A is assumed to be a transitive matrix, which means that “   kjikij aaankji *,;1,,  ”. This 

property comes from the definition of aij, as reported in the following equation: 

1) kjik
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This is called transitivity propriety and reflects the idea that if Fi= aij * Fj and Fj= ajk * Fk then Fi = (aij* ajk) * Fk. It 

has been proved [Saaty 1997] that, if the judgments are consistent in respect of the transitivity propriety, this matrix 

will have each column proportional to the other and so far only one eigenvalue (), which will be equal to “n”. The 

corresponding eigenvector is again proportional to each column and its components, normalized, represent the 

relative importance of each factor within its category. This step was iterated for each sub-category of risk factor. 

Finally, by applying the same algorithm to the questionnaire on the relative importance of sub-categories it was 

possible to evaluate their relat ive importance into their categories. The same was done to assess the relative 

importance of categories of factors for wellbeing. The outcome of this step is, for each respondent, a set of judgment 

matrices: for each respondent one matrix per each sub-category, containing relative judgments on factors within the 

sub-category: for each respondent one matrix each category, containing relative judgments on sub-categories within 

the category: for each respondent one matrix containing judgments on categories. 

 

D. Inconsistency 

In case the judgments are not fully consistent, the column of the matrix are not proportional, so the matrix has more 

eigenvectors and none proportional the all the column. For this reason none is anymore representative of relative 

importance of each factor. The strategy adopted in this case was to chose as main eigenvector, the one 

corresponding to the major eigenvalues (max), and chose its normalized components to represent the relative 

importance of each factor, as described in paragraph C. This will generate an inconsistency, which can be estimated 

by posing some redundant questions. Considering three factors i,j, and k , the respondent is asked to perform the pair 

comparisons i-j and j-k , and then the redundant comparison i-k . The answer to the redundant question is compared 

with the one deduced from the first two, assuming the transitivity of judgment, applying the equation 1. The 

difference between the real answer and the transitive one represents the degree of inconsistency. Mathematically, the 

coherence of each response is modelled as an error: errorij=aij-aik*akj. The global effect of these errors, which reflects 

the global inconsistence of the respondent, can be estimated measuring the difference of the major eigenvalue max 

from “n”. The error is zero when the framework is completely consistent. This error can be seen as a precision error 

and could be in part due to the scale adopted, which has only natural numbers. For this reason, an error less than 0.1, 

is usually accepted [Saaty 1996], as it is the 10% of the min imum step of the judgment scale. Typically, the 
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threshold inconsistency is assumed as 0.1. An error over this threshold is considered too high for reliab le decisions . 

The outcome of this stem is an index, which state, for each respondent, which matrices is consistent. 

 

E. Data Polling 

Following a well assessed group decisions support techniques, we integrated individuals‟ opinions , by applying the 

geometric mean [Kim 2001, Ramanathan 1994] among respondents, to each consistent judgments matrixes. After 

this averaging process, for each sub-category and category, there is just one matrix, which reflects the average 

opinion of all the respondents. Each of these matrixes is consistent, because the geometric mean preserves 

transitivity by definition, as briefly reported in equation 2:  
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ija , ika , kja , are the averaged ratios between Fi, Fj, Fk; “m” number of consistent responders. 

The outcome of this step is a set of averaged consistent judgment matrices ( A ): one per all consistent respondents 

per each sub-category, containing averaged relative judgments on factors within the sub -category: one per all 

consistent respondents per each category, containing averaged relative judgments on sub -categories within the 

category: one per all consistent respondents containing averaged judgments on categories. 

 

F. Relative importance of factors, sub-categories and categories. 

From each averaged matrix A , we calculated the main eigenvector and its normalized components represent the 

relative importance of each judged element. Iterating this per each matrix we calculated the relative importance of 

each factors within its sub-category (Factor Importance, F.I.), of each sub-category within its category (Sub-

category Importance, S.I.), and finally the relative importance of each category of factor for wellbeing (Category  

Importance, C.I.). The product of F.I. per S.I. of its sub-category gives the relative importance of each factor within 

its category (F.I.C). Similarly, the product of F.I.C. per C.I. o f its category gives the Global Importance of each 

factor (G.I.). Fina lly, in order to easily communicate the final result, we calculated the Global Importance Rat io 

(G.I.R.) as the ratio between each G.I. and the minimum G.I among all factors. 

 

G. Hierarchy graphical representation 

The relative importance of each factor into a sub-category is used to weight the edge linking the corresponding leaf 

to its root. Iteratively, the relative importance of each sub-category of factors is the weight of the edge linking the 

corresponding root to its hyper-root. The same is done for roots and hyper-roots. The relative importance of each 

element of the hierarchy is assessed as further described. 

 

3. Results 

All the study involved 23 respondent. From these, 3 were secluded because did not answered to some questions, and 

2 because give multiple responses. 

We identified 5 categories, each containing 3 sub-categories (Figure 2). Nonetheless, the tree did not follow the 

structure of the pyramid, in order not to influence answerers. Each sub-category contained tree factors, as reported in 

Tables 2-6. 
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HAVING A PURPOSEHAVING A PURPOSE

PEACE AND 
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BEING BUSY WITH OTHERS
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HAVING CONTROL

SELF EXPRESSION
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FULFILMENT

CONTENTMENT
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Figure 2. Piramid of Factors. 

 

Table 2. factors grouped as “Having a purpose” category. 

Factors Sub-Group 

Doing something I like  BEING BUSY 

Pursuits, Pastimes, Interests BEING BUSY 

Travel and favourite p laces BEING BUSY 

Caring BEING BUSY WITH OTHERS 

Being helpful BEING BUSY WITH OTHERS 

Having motivation and drive  BEING BUSY WITH OTHERS 

Knowing  you are loved BEING BUSY EMOTIONALLY / PSYCHOLOGICALLY 

Freedom from pain  BEING BUSY EMOTIONALLY / PSYCHOLOGICALLY 

Freedom from worry  BEING BUSY EMOTIONALLY / PSYCHOLOGICALLY 

 

Table 3. factors grouped as “being, and being  valued as, an individual” category. 

Factor Sub-Group 

Having choices SELF EXPRESSION 

Having a say SELF EXPRESSION 

Having good morale  SELF EXPRESSION 

Having control over your life  HAVING CONTROL 

Doing what pleases you HAVING CONTROL 

Living independently HAVING CONTROL 

Being valued, respected, wanted BEING REGARDED AS AN INDIVIDUAL 

Being accepted unconditionally  BEING REGARDED AS AN INDIVIDUAL 

Not being classed as old BEING REGARDED AS AN INDIVIDUAL 

 

Table 4. factors grouped as “contact and belonging” category. 

Factor Sub-Group 

Having contact with my family  FAMILY CONTACT 

Feeling  part of a family FAMILY CONTACT 

Being with my family FAMILY CONTACT 

having contact with friends  SOCIAL CONTACT 

Socializing SOCIAL CONTACT 

Meeting people with a s mile and getting one back SOCIAL CONTACT 

Loving/being loved EMOTIONAL CONTACT 

Laughter EMOTIONAL CONTACT 

Having hugs EMOTIONAL CONTACT 

 

Table 5. factors grouped as “feeling safe” category. 

Factor Sub-Group 

health FEELING PHYSICALLY SAFE 

disasters FEELING PHYSICALLY SAFE 

crime FEELING PHYSICALLY SAFE 

absence of threats for my family/friends  THE ABSENCE OF THREATS 

absence of threats for me  THE ABSENCE OF THREATS 

absence of threats for my property THE ABSENCE OF THREATS 

financial security FEELING FINANCIALLY SAFE 

knowing i owe nothing FEELING FINANCIALLY SAFE 

stability FEELING FINANCIALLY SAFE 
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Table 6. factors grouped as “pace and contentment” category. 

Factor Sub-Group 

Calm and Balance  PEACE OF MIND 

Safe, Relaxat ion PEACE OF MIND 

Stability PEACE OF MIND 

Being happy with myself FULFILLMENT 

Doing things I like  FULFILLMENT 

Having time for myself FULFILLMENT 

Having a positive outlook CONTENTMENT 

Being at peace CONTENTMENT 

Being content CONTENTMENT 

 

In order to allow pair-vise comparisons between all the pair of elements to each responded were submitted 21 

questionnaires: one aiming to compare categories between them: 5 for compare sub -categories, within each 

category, 15 to compare factors within each sub-category. For each questionnaire was studied a layout in order to 

maximize elderly legib ility ad to minimize errors (Figure 4).  

 

 
Figure 3: layout of questionnaires. In the figure 1 of the 21 questionnaire submitted. 

 

Analyzing the questionnaires, for each responded were constructed 21 judgment matrices: 15 to establish relative 

importance of each factors within its sub-categories, 5 to establish relative importance of each sub-categories within 

its categories and 1 to establish the relative importance of each category for wellbeing. The outcome of this step was 

a set of 441 matrixes, one per each questionnaire per each respondent 18.  

 

For each respondent, was evaluated the degree of coherence. In the Figure 5, it is reported the total number of 

coherent responders per each questionnaire. 

 
Figure 4. number of respondents coherent per questionnaire. 

 

For each questionnaire, the geometric mean of the corresponding matrixes was calculated, including only coherent 

responders. The outcome of this step was a set of 21 averaged matrixes, one per questionnaire.  

In table 7 are reported the 5 averaged matrices of judgments reflecting relative importance of pairs of sub -categories 

and the averaged matrices of judgments reflecting relative importance of pairs of categories . The last column 

reported the relative importance of each category, calculated as normalized elements of the main eigenvector. For 

instance the second element of the first matrices, says that “family contacts” are considered 1.6 times more 

important than “social contact” for the “feeling of belonging”. Similarly, the last element of the fist column of the 

categories‟ matrices, says that “having a purpose” is 2.5 t imes more important than “feel safe” for wellbeing. We d id 
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not report the 15 averaged matrices  of judgments reflecting relative importance of pairs of factors for matter of 

space. 

 

Table 7. averaged judgment matrices for sub-categories and categories of factors 
CONTACT AND BELONGING 
  A B C S.I. 

family contact A 1.00 1.61 1.51 0.44 

social contact B 0.62 1.00 0.87 0.27 

emotional contact C 0.66 1.15 1.00 0.30 

      
 

BEING. AND BEING VALUED AS. AN INDIVIDUAL 

  A B C S.I. 

self expression A 1.00 0.67 0.64 .25 

having control B 1.49 1.00 0.95 .37 

being regarded as an individual C 1.56 1.05 1.00 .39 

      
 

 
PEACE AND CONTENTMENT 

  A B C S.I. 

peace of mind A 1.00 1.25 1.00 .36 

fulfilment B 0.80 1.00 0.83 .29 

contentment C 1.00 1.20 1.00 .35 

      
 

 
HAVING A PURPOSE 

  A B C S.I. 

being busy A 1.00 0.90 1.12 .33 

being busy with others B 1.12 1.00 1.31 .38 

being emot. / psycholog. busy C 0.90 0.76 1.00 .29 

      
 

 
FEELING SAFE 

  A B C S.I. 

feeling financially safe A 1.00 0.82 1.60 .35 

feeling physically safe B 1.21 1.00 2.02 .43 

absence of threats C 0.62 0.50 1.00 .22 
 

 
CATEGORIES OF FACTORS 

  A B C D E C.I. 

having a purpose A 1.00 0.69 0.58 0.58 0.40 .12 

being valued as. individual B 1.44 1.00 1.00 1.00 1.00 .21 

peace and contentment C 1.73 1.00 1.00 1.20 1.00 .23 

contact and belonging D 1.73 1.00 0.83 1.00 1.00 .21 

feeling safe E 2.50 1.00 1.00 1.00 1.00 .24 
 

S.I.: relative importance of each sub-category within its category;  C.I.: relative importance of each category. 

 

It is possible to prioritize the sub-categories by multip lying their local importance (S.I.) per the importance of 

categories (C.I.) (Tab le) 

 

Table 8. Sub-categories priority 

CATEGORIES AND SUB-CATEGORIES C.I. S.I C.I.*S.I. 

contact and belonging 0,209   

family contact  0,438 0,092 

social contact  0,265 0,055 

emotional contact  0,297 0,062 

peace and contentment 0,225    

peace of mind  0,358 0,081 

fulfillment  0,290 0,065 

contentment  0,353 0,079 

being, and being  valued as, an individual 0,210    

self expression  0,247 0,052 

having control  0,367 0,077 

being regarded as an individual  0,386 0,081 

having a purpose 0,122    

being busy  0,332 0,041 

being busy with others  0,376 0,046 

being busy emotionally / psychologically  0,292 0,036 

feeling safe 0,235    

feeling physically safe  0,432 0,102 

the absence of threats  0,217 0,051 

feeling financially safe  0,351 0,082 

 

From the 21 averaged matrixes it is possible to assess the relative importance of each element. In table 8 are reported 

all the factors, with its importance within its sub-category (F.I.), within its category, (F.I.C.)  and its global 

importance (G.I.).  
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Table 9. importance of each factor.  

Factors F.I. F.I.C. G.I. 

health 
0,59 0,26 0,06 

having contact with my family 
0,41 0,18 0,04 

being valued, respected, wanted 
0,43 0,17 0,04 

financial security 
0,40 0,14 0,03 

having control over your life 
0,43 0,16 0,03 

being accepted unconditionally 
0,40 0,15 0,03 

feeling  part of a family 
0,33 0,14 0,03 

loving/being loved 
0,47 0,14 0,03 

calm and balance 
0,36 0,13 0,03 

safe, relaxation 
0,36 0,13 0,03 

knowing i owe nothing 
0,34 0,12 0,03 

having a positive outlook 
0,36 0,13 0,03 

being at peace 
0,35 0,12 0,03 

being happy with myself 
0,42 0,12 0,03 

disasters 
0,27 0,12 0,03 

having contact with friends 
0,44 0,12 0,02 

being with my family 
0,26 0,12 0,02 

being content 
0,30 0,10 0,02 

Stability 
0,29 0,10 0,02 

doing what pleases you 
0,30 0,11 0,02 

doing things i like 
0,35 0,10 0,02 

absence of threats 
0,42 0,09 0,02 

having choices 
0,41 0,10 0,02 

 

 

Factors F.I. F.I.C. G.I. 

living independently 0,27 0,10 0,02 

stability 0,26 0,09 0,02 

laughter 0,31 0,09 0,02 

absence of threats for me 0,37 0,08 0,02 

caring 0,39 0,15 0,02 

being helpful 0,36 0,13 0,02 

having a say 0,31 0,08 0,02 

socialising 0,29 0,08 0,02 

doing something i like 0,39 0,13 0,02 

having time for myself 0,23 0,07 0,02 

meeting people with a smile and getting 

one back 

0,27 0,07 0,01 

having good morale 0,28 0,07 0,01 

crime 0,14 0,06 0,01 

pursuits, pastimes, interests 0,35 0,12 0,01 

knowing  you are loved 0,39 0,11 0,01 

having hugs 0,22 0,07 0,01 

not being classed as old 0,17 0,06 0,01 

freedom from pain 0,34 0,10 0,01 

having motivation and drive 0,25 0,10 0,01 

travel and favourite places 0,26 0,08 0,01 

absence of threats for my property 0,20 0,04 0,01 

freedom from worry 0,27 0,08 0,01 

 

 

Discussion 

From the hierarchy emerged that the categories of needs are judged almost equally important, with exception of 

“having a purpose”. Although, there are some sub-categories which are considered more important than other. It is 

the case of fiscal and financial safety, which are considered the most important categories. On the other hand, being 

busy is considered not as important as expected. 

Analyzing the relative importance of each factor, it emerge that  family contacts/belonging, to be valued/respected/ 

wanted/accepted, and to love/be loved are classified in the fist ten, although their sub-categories are not the most 

important. This proves that the AHP can be invariant in respect the definition of the tree, in respect to the final 

factors prioritized. It is not easy to find a correlation with Maslow pyramid, which is in any case relative and 

depending by the needs fulfilled by the subject. This is probably due to the different status of the respondents. 

Further investigation could give further insight.  

The main limit of this study is in the difficu lty reported by elderly in answering to such unfamiliar king of 

questionnaire. An electronic version of the questionnaire could solve partially this problem. Nonetheless, the 

percentage of inconsistent respondents is not significant different from other studies in which younger respondent 

were involved [Pecchia 2009]. 

 

Conclusions 

In this paper, we investigated how AHP could contribute to qualitative researches assessing the priority of factors 

influencing the wellbeing in elderly. Our conclusions are that the AHP can contribute in assessing the hierarchy of 

these factors. The high number of factors individuated, the low difference between consecutive F.I., S.I. and C.I. do 

not allow us to identify a statistically significant classificat ion of factors. Nonetheless, this study allows us clearly to 

individuate the factors considered the more relevant for the respondents. Further research could ask respondents to 

prioritize the most important factors, allowing a major significant classification. The final hierarchy provides new 

insights into elderly perceptions of factors affecting wellbeing. It is possible to calculate the G.I. o f each factor by 
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multip lying the weight of edges linking the factor to the final goal, troughs roots and hyper-roots. For instance the 

global importance of the “health” is 0.06 as it is the product of its F.I. per the S.I. its sub-category “physical safety” 

per the C.I of its category “filing safe”, respectively, .69, .43 and .24.  
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