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II Abstract 

Abstract 

Background Information 

Multi-criteria decision analysis (MCDA) has been applied in a variety of domains, including 

the healthcare market. With many multidisciplinary decision makers, uncertainties, complex 

structures and necessary trade-offs, the healthcare market is one field where multi-criteria 

group decision making could find many applications. The Analytic Hierarchy Process (AHP) is 

an MCDA method based on pairwise comparisons that has seen ongoing use in healthcare-

related multi-criteria group decision making. It has proven to be an effective tool to support 

individual and group decision making with multiple criteria, however, the AHP has been 

criticised on a methodological level by several authors in the past. The “Measuring 

Attractiveness by a Categorical Based Evaluation Technique”-method (MACBETH) is also 

based on pairwise comparisons, but the execution of judgements and the mathematical 

foundations of MACBETH differ from the AHP. Although MACBETH has predominantly 

received positive feedback and is widely accepted, the approach has only been used very 

rarely in healthcare-related issues. 

 

Objective 

“What guidelines can be developed to use MACBETH as a feasible method for multi-criteria 

group decision making in the assessment of criteria related to the development of new 

medical products?” 

 

The feasibility of the guidelines will be tested by means of a pilot panel session concerning 

the assessment of criteria related to the prevention of frailty in the elderly. To investigate 

the research question, five sub-questions were answered: 

 

 “What are the methodological differences between AHP and MACBETH?” 

  “How can best practices of group decision making with the AHP in healthcare be used 

in the MACBETH-procedure?” 

 “What is the relative importance of frailty criteria evaluated by elderly individuals?” 

 “How are the methodology and the results of the group-assessment of frailty criteria 

using MACBETH perceived by elderly individuals?” 

  “What recommendations should be proposed to enhance the use of MACBETH in 

healthcare-related questions?” 

 

Methods 

A thorough literature study was conducted to compare the frequently used AHP and the 

MACBETH approach. This method determined specific structures, differences, advantages 

and disadvantages of both approaches. Best practices of the AHP were investigated and used 

for the development of guidelines for the use of MACBETH in healthcare-related group 
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decision making. Additionally, a test panel session and a pilot panel session were carried out. 

The test panel session was used for the assessment of the online tool “QuestionPress”, the 

pilot panel session assisted in testing the feasibility of the previously developed guidelines 

with elderly participants. In addition, data about the relative importance of frailty criteria 

was gained. Finally, a qualitative questionnaire was used to investigate the perception of the 

MACBETH methodology by elderly individuals. 

 

Results 

The literature study discovered several major methodological differences between AHP and 

MACBETH. Nonetheless, best practices of the AHP could be adapted in the guidelines for the 

use of MACBETH in healthcare-related multi-criteria group decision making. The guidelines 

demonstrated to be a feasible tool in the pilot panel sessions, minor issues were detected 

and the guidelines were modified. “Cognition” was chosen to be the most important frailty 

criterion by four out of six participants and the aggregated weights also identified 

“Cognition” to be of highest relative importance with a weight of 17.68. One of the major 

findings was the eligibility of the arithmetic mean for aggregated weights in group decision 

making. The questionnaire showed that elderly individuals overall found the methodology 

difficult. The high number of semantic categories was also criticised. Nonetheless, three 

participants liked the procedure and the user-friendliness and rated the assessment to be 

very valuable for future assessments. 

 

Discussion/Conclusion 

This work provides a comprehensive explanation and comparison of the AHP and the 

MACBETH approach. If software for group-decision making with MACBETH would be 

improved, this method is expected to be used more frequently in general and in healthcare. 

The developed guidelines for the use of MACBETH in healthcare-related multi-criteria group 

decision making are also likely to enhance the use of MACBETH in this field. It is 

recommended to use the arithmetic mean in group decision making with MACBETH, if no 

consensus can be found. The weights of frailty criteria can be helpful in the development of 

nutritional compounds for the prevention of frailty in the elderly. However, further research 

is needed to confirm and validate the findings.  
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1 Introduction 

1. Introduction 

1.1 Background Information 

Individuals and institutions face numerous decisions on a daily basis. In many of these cases, 

the decision making process involves not only one criterion, but a large number of points of 

comparison. This impedes a quick and easy choice of an alternative. For these issues, multi-

criteria decision analysis (MCDA) was developed [1]. MCDA is both an approach and a 

number of techniques, used to provide priorities or rankings for several alternatives in 

complex decision problems [2]. By focusing on the decision maker and gaining subjective 

preference information, the most suitable solution for the decision maker to a problem is 

determined [3].  

 

In general, the MCDA process starts with the identification of a problem, which will then be 

structured. This phase includes the definition of a decision goal, the identification of 

stakeholders, uncertainties, criteria and alternatives and the development of a collective 

understanding of the issue at hand. The next step is the model building, in which alternatives 

and criteria are explicitly defined and values are determined through preference modelling 

and measurement using a specific MCDA method. After gaining a first recommendation, the 

model is used to support the decision making process by analysing the sensitivity and the 

robustness of the results. In the end, a plan for further action is developed. [4] 

 

There are several methods that can be used to solve multi-criteria problems. The most 

common ones are simple multi-attribute rating technique (SMART), analytic hierarchy 

process (AHP), technique for order preference by similarity to ideal solution (TOPSIS), 

outranking methods (such as elimination and choice expressing reality (ELECTRE) and 

preference ranking organization method for enrichment evaluation (PROMETHEE)) and goal 

programming [5, 3]. The choice of an appropriate technique depends on the decision maker 

and their cognition, the decision problem at hand, the possibility to gain necessary input 

data and the availability and user-friendliness of corresponding software as a decision 

support system [6]. 

 

Different MCDA methods have been widely implemented in a variety of domains. Also in the 

healthcare market, where the number of published articles about MCDA presents a near-

exponential growth from 1960 to 2011, with a climax of 66 publications in 2010 [7]. Another 

just recently published literature review by Marsh, Lanitis [8] identified 40 studies 

concerning MCDA interventions in healthcare. More than 50 % of them were published in 

the past 3 years. However, to date many healthcare-related judgements and choices are still 

based on intuition or deliberate processes and therefore lack transparency and rationality 
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[9]. The healthcare market is very complex, decisions are usually multifaceted and impact 

and consequences are high, which increases the need for MCDA [7]. 

 

With many multidisciplinary decision makers, uncertainties, complex structures and 

necessary trade-offs, group decision making plays a major role in the healthcare field [10]. It 

is used to pool expert knowledge, level out individual differences and improve the quality of 

a decision as a whole [11, 12]. Most MCDA methods are applicable to both individual and 

group decision settings, but the group procedures differ. Belton and Pictet [13] distinguish 

between sharing (group members operate like a single decision maker), aggregating (pooling 

of individual judgements) and comparing (individual judgements are used as a basis for 

discussion). 

 

The AHP is one MCDA technique that has been applied several times for group decision 

making. It was developed by Thomas L. Saaty in the 1970’s with the aim, to convert 

subjective relative preferences to a set of overall weights [5]. It originally employs the 

eigenvalue method to gain priorities for alternatives and weights for decision criteria [14]. It 

has seen on-going use in the field of healthcare, from medical diagnosis to patient 

participation, treatment, technology and healthcare evaluation and human resource 

planning [15]. In group decision making, the AHP utilizes the previously explained 

aggregating approach, which is also supported by the accompanying software “Expert 

Choice”1. The AHP has received both positive and negative criticism in the past, which will be 

further evaluated in section 2.2.1, Discussion about the AHP. 

 

MACBETH (Measuring Attractiveness by a Categorical Based Evaluation Technique) also uses 

pairwise comparisons, but the execution of judgements is carried out differently. 

Furthermore, the calculation of scores is achieved by employing linear programming instead 

of an eigenvalue method [17]. MACBETH is also suitable for group decision making, but the 

software M-MACBETH uses the sharing instead of the aggregating approach to gain group 

priorities. MACBETH has predominantly received positive feedback and is widely accepted 

[18, 19]. However, besides many public and private applications, MACBETH has very rarely 

been used in healthcare-related issues [20].  

 

Both the AHP and MACBETH have a high number of supporters and the heated debate about 

the preferred method is ongoing. The similarities and major differences between both 

approaches therefore put MACBETH and AHP in the focus of this work. 

 

                                                      
1 “Expert Choice” is a decision support software which uses the AHP to gain priorities for alternatives and 
weights for decision criteria. It is used commercially as well as for research at universities and government 
facilities. [16] 



 
3 Introduction 

1.2 Research Objective and Research Question 

The current lack of MACBETH applications in healthcare implicates the question, why such a 

widely accepted method has not yet been frequently used in this particular field. 

Furthermore, it is of interest to what extent this method can be adapted for group decision 

making and whether alterations are necessary to apply MACBETH in this specific sector.  

 

Nutricia is a division of the company Danone and focuses solely on medical nutrition. It aims 

at providing a customized diet for individuals with specific requirements and needs [21]. The 

prevention of frailty in elderly is of high interest for Nutricia. However, the absence of 

weighting factors for different frailty criteria complicates the development of specific dietary 

supplements. The assessment of frailty criteria with MACBETH is therefore one specific goal 

of this study. 

 

Based on this background, the research question is: 

 

“What guidelines can be developed to use MACBETH as a feasible method for multi-criteria 

group decision making in the assessment of criteria related to the development of new 

medical products?” 

 

The feasibility of the guidelines will be tested by means of a pilot panel session concerning 

the assessment of criteria related to the prevention of frailty in the elderly. To investigate 

the research question, five sub-questions will be answered: 

 

 “What are the methodological differences between AHP and MACBETH?” 

  “How can best practices of group decision making with the AHP in healthcare be used 

in the MACBETH-procedure?” 

 “What is the relative importance of frailty criteria evaluated by elderly individuals?” 

 “How are the methodology and the results of the group-assessment of frailty criteria 

using MACBETH perceived by elderly individuals?” 

  “What recommendations should be proposed to enhance the use of MACBETH in 

healthcare-related questions?” 

 

 

1.3 Structure of the Thesis 

Due to the fact that AHP unlike MACBETH has been used frequently in the healthcare market 

and in group decision making, in which it employs a different approach, this work will first 

execute a thorough literature study to explain and compare both techniques. The objective 

of this method is the determination of specific structures, differences and advantages and 
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disadvantages between AHP and MACBETH. Furthermore, the results of the literature study 

will result in the creation of guidelines for the use of MACBETH in the group assessment of 

criteria related to the development of new medical products.  

 

The practical section of this work will focus on the planning, the conduction and the 

evaluation of an assessment using MACBETH concerning the importance of different frailty 

criteria of the elderly. A test panel session will be used for the assessment of an online 

audience response system. The following pilot panel session has several objectives: First it 

will test the feasibility of the previously developed guidelines for healthcare-related group 

decision making with MACBETH. Further, it will determine potential issues during the group 

decision making with elderly individuals using MACBETH. Third it will help to identify 

possibilities and recommendations for the broader use of MACBETH in healthcare. And 

finally, the assessment will result in the collection of valuable data about criteria regarding 

the prevention of frailty of the elderly.  

 

After presenting the results of the literature study and the panel sessions, the discussion is 

used to evaluate the applicability of MACBETH as a tool for group decision making in 

healthcare. Recommendations for the use of MACBETH in the assessment of healthcare 

technology and potentially necessary modifications will be proposed and the validity of 

collected data will be interpreted. 

 

 

2. Theory 

2.1 Method Literature Research 

The first step of this study was a comprehensive literature research, which was performed 

on 3rd March 2014. This method was chosen to explain the frequently applied AHP and the 

less commonly used MACBETH procedure and to investigate methodological differences 

between both approaches. This comparison was conducted predominantly on 

methodological criteria, namely the MCDA model, the structure, the decision hierarchy, the 

number of pairwise comparisons, the nature of the judgements, the scale, the consistency, 

the calculation of priorities and weights, the application in healthcare, the available group 

decision support software and the criticism concerning the methods.  Furthermore, the goal 

was to identify best practices of group decision making with the AHP, which could then be 

used for the development of guidelines and in the practical assessment of frailty criteria with 

MACBETH.  

 

The databases Web of Science and Scopus were searched for articles regarding AHP, 

MACBETH, MCDA, healthcare-related MCDA and group decision making with MCDA. Search 
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terms were defined as presented in table 1. After eliminating duplicates and inapplicable 

documents, the titles and abstracts were scanned. Studies were excluded if they were not 

available in neither the English nor the German language, if they were not concerned with 

MCDA and either AHP or MACBETH or group decision making as a focus or if they were 

mainly concerned with developing a new MCDA method. Furthermore, not yet deleted 

duplicates and articles without accessibility of a full text format were excluded. Due to the 

abundance of AHP applications, studies using fuzzy AHP were not taken into consideration. 

The quality of the articles was no exclusion criterion. A total of 116 articles were identified to 

be potentially relevant and were reviewed.  

 

 

2.2 Results Literature Research 

The results of the literature research are shown in table 1.  

 
Table 1: Search terms and results of the literature research. 

 Search terms Hits Web of Science Hits Scopus 

 TOPIC TITLE TITLE-ABS-KEY 

1 MACBETH 1,975 1,686 904 

2 AHP 9,081 2,105 13,114 

3 MCDA 781 89 965 

4 MCDM 1,836 377 2,405 

5 multi criteria 23,685 2,605 39,090 

6 health 1,126,052 387,724 2,955,181 

7 healthcare 73,257 17,704 180,884 

8 Group decision 57,997 3,060 110,222 

9 1 AND 2 5 1 7 

10 1 AND (3 OR 4 OR 5) 31 3 47 

11 2 AND (3 OR 4 OR 5) 1,408 29 1,862 

12 1 AND 6 4 0 12 

13 1 AND 7 0 0 1 

14 2 AND 6 220 10 465 

15 2 AND 7 39 4 66 

16 1 AND 8 6 0 7 

17 2 AND 8 732 49 843 

18 (3 OR 4 OR 5) AND (6 OR 7) 1,424 39 2,524 
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The number of articles related to the AHP was higher compared to the number of articles 

regarding MACBETH. A total of 607 titles were screened, of which 412 articles were excluded 

with respect to the previously mentioned exclusion criteria. Of the 195 remaining articles, 

the abstracts were screened and after further elimination of 79 articles due to the exclusion 

criteria, 116 articles remained. These 116 articles were identified to be potentially relevant 

and were reviewed. Significant references of these articles were also examined for further 

information. An overview of the most important articles is given in appendix A. 

 

 

2.2.1 AHP 

General Information 

The Analytic Hierarchy Process is a value measurement model2 employed to derive ratio 

scales from judgements. It has been developed by Thomas L. Saaty in the 1970’s to assess a 

finite set of alternatives in complex decision problems and to support the decision making 

process. The first step in the AHP is the structuring of the decision problem. Therefore a 

hierarchy is built, containing the decision goal on the highest hierarchical level, followed by 

the decision criteria, the sub-criteria (if applicable) and finally the alternatives on the lowest 

hierarchical level. An example of such a hierarchy is given in figure 1. [22, 14] 

 

The choice of the decision criteria and the sub-criteria is crucial. They have to be well-

defined, relevant, mutually exclusive and operational to avoid confusion and bias and to 

ensure comparability [2]. According to Bahurmoz [23], the number of criteria and sub-

                                                      
2 Value measurement models aim at assigning a real number or value to the alternatives and therefore 
providing a rank or preference order. [4] 

Figure 1: Example of a decision hierarchy in the AHP. 
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criteria on each level should not exceed seven, to reduce the number of necessary pairwise 

comparisons in the next step. Miller [24] mentioned that seven ± two elements is the limit 

for individuals to process information, which was confirmed with respect to the AHP by 

Saaty and Ozdemir [25]. The number of necessary judgements can be calculated with the 

formula 𝑛(𝑛 − 1)/2, with 𝑛 being the number of criteria, sub-criteria or alternatives. In the 

hierarchy presented in figure 1, six pairwise comparisons would be necessary to assess 

“Physical Frailty Prevention”, one pairwise comparison would be needed for evaluating 

“Sensory and Mental Frailty Prevention” and three judgements would be requested for the 

criterion “Cardiovascular and Endocrine Disease Prevention”. Three additional pairwise 

comparisons concerning the criteria with respect to the goal “Prevention of Frailty” would 

finally be required, which would result in a total number of 13 pairwise comparisons without 

taking alternatives into consideration. [22, 14] 

 

After the decision problem has been structured, pairwise comparisons are used to derive 

weights for the (sub-) criteria and priorities for the alternatives. This can be carried out in 

two different ways. In the Top-Down approach, the criteria are first assessed to gain weights, 

followed by the priorities of the different alternatives. The order of judgements in the 

Bottom-Up valuation is reversed. Two alternatives with respect to a specific criterion are 

evaluated at a time regarding the decision makers’ preference. Then, two criteria of the 

same hierarchical level are assessed at a time with respect to their importance [26]. The 

original measurement scale for the judgements proposed by Saaty [27] is the fundamental 

scale, which reaches from 1 (equal importance) to 9 (extreme importance/9-fold higher 

importance). However, this scale has been discussed multiple times in the past and 

alternative scales have been evaluated and proposed. An overview of different scales that 

have been investigated and could be applied is presented in table 2.  

 
Table 2: Overview of measurement scales in the AHP. 
Following Ishizaka, Balkenborg [28]. 

Scale Definition Parameters 
Recommendation 

by author/s 

Linear [27] 𝑐 = 𝑎 ∙ 𝑥 𝑎 > 0; 𝑥 = 1,2, … ,9 Yes 

Power [29] 𝑐 = 𝑥𝑎 𝑎 > 1; 𝑥 = 1,2, … ,9 No, Saaty’s 1-9 scale 

preferred 

Geometric [30] 𝑐 =  𝑎𝑥−1 𝑎 > 1; 𝑥 = 1,2, … ,9 Yes 

Logarithmic [31] 𝑐 =  log  𝑎 (𝑥 + 1) 𝑎 > 1; 𝑥 = 1,2, … ,9 Yes, recommended 

for high values 

Root Square [29] 𝑐 = √𝑥
𝑎

 𝑎 > 1; 𝑥 = 1,2, … ,9 No, Saaty’s 1-9 scale 

preferred 

Inverse Linear [32] 𝑐 = 9/(10 − 𝑥) 𝑥 = 1,2, … ,9 Yes 

Balanced [33] 𝑐 = 𝑤/(1 − 𝑤) 𝑤 = 0.5, 0.55, 0.6, … ,0.9 Yes 
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Once a set of necessary pairwise comparisons is finished, a consistency check is executed. 

This step is necessary to detect contradictions in the judgements, which could be caused by 

several factors such as uncertainty, bounded rationality or missing concentration. Therefore 

a consistency index is calculated using the formula  𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 𝐼𝑛𝑑𝑒𝑥 (𝐶𝐼) =
𝜆𝑚𝑎𝑥−𝑛

𝑛−1
 , with 

𝜆𝑚𝑎𝑥 being the maximal eigenvalue and 𝑛 being the dimension of the matrix. A consistency 

index of 0 represents complete consistency. This consistency index is then used for the 

determination of the consistency ratio, which follows the formula 

𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 𝑅𝑎𝑡𝑖𝑜 (𝐶𝑅) =
𝐶𝐼

𝑅𝐼
 . RI is the random index, which stands for the average 

consistency index of 500 reciprocal matrices randomly filled with values from the 

fundamental scale. The consistency ratio should be below the threshold of 0.1, which would 

mean 10 % inconsistency compared to the average inconsistency of the random reciprocal 

matrices. Otherwise it is necessary to check and revise the pairwise comparisons. [34, 4] 

 

The next phase of the AHP is the calculation of criteria priorities and local alternative 

priorities. Criteria priorities or weights represent the importance of each specific criterion. 

Local alternative priorities show the preference of alternatives with respect to a certain 

criterion [34]. The original AHP by Saaty [27] uses the principal right eigenvalue method to 

derive these priorities. Therefore, the equation 𝐴𝜔 = 𝜆𝑚𝑎𝑥𝜔 needs to be solved, in which 𝐴 

represents the reciprocal comparison matrix, 𝜔 stands for the eigenvector/priority vector 

and 𝜆𝑚𝑎𝑥 is the principal eigenvalue. In a fully consistent matrix, the eigenvalue complies 

with the dimension 𝑛 of the matrix, otherwise it is greater than 𝑛. The approach can be 

interpreted as a way of averaging and normalizing different possibilities of comparing the 

elements of a judgement matrix [29]. Nonetheless, other methods for this calculation have 

been proposed. Due to the large amount of criticism concerning Saaty’s original principal 

right eigenvalue method, an overview of alternative approaches is given in table 3. 

 
Table 3: Overview of different methods used to derive priorities. 
Following Ishizaka and Lusti [35], Golany and Kress [36], Srdjevic [37]. 

Method Supporter(s) 

Principal Right Eigenvalue Saaty [27] 

Principal Left Eigenvalue Johnson, Beine [38] 

Modified Eigenvalue Cogger and Yu [39] 

Approximate Method/ 

Mean of Normalized Values 

Saaty [40] 

Geometric Mean/ 

Logarithmic Least Squares 

Crawford and Williams [41] 

Least Squares Jensen [42] 

Weighted Least Squares Chu, Kalaba [43], Blankmeyer [44] 

Logarithmic Least Absolute Values Cook and Kress [45] 
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Once criteria and local alternative priorities are determined, global alternative priorities can 

be calculated using aggregation, to gain a ranking of the alternatives. Saaty [27] employs an 

additive value function for this synthesis. However, Belton and Gear [46], Holder [47], Holder 

[48] strongly criticised this approach due to the possibility of a rank reversal in case of an 

introduction of another option in additive models that include a normalisation step. To avoid 

this issue, two possibilities were introduced. Instead of the so-called distributive mode the 

ideal mode is recommended, if rank reversal is not accepted and alternatives might be 

added. Then normalisation is achieved “by dividing the score of each alternative by the score 

of the best alternative under each criterion” [34]. The other option is a multiplicative 

aggregation, which was proposed by Lootsma [49] and Barzilai and Lootsma [50]. [34] 

 

The next step in the AHP is the interpretation of the results, followed by a sensitivity 

analysis. This last analysis is of high importance to investigate the impact of changes in 

criteria weights on the ranking of the alternatives. If the results are robust, 

recommendations about the preferred alternative can be made. A summary of the different 

steps in the AHP is provided in figure 2. [34] 

Yes

No

No

Yes

Start

Confirm decision problem

Structure the problem: 
Build decision hierarchy

Are criteria 
well-defined, 

relevant, 

mutually 
exclusive and 
operational?

Pairwise compare 
alternatives

Pairwise compare criteria

Check consistency

Is consistency 
ratio 

acceptable 

(<0.1)?

Calculate criteria weights 
and local alternative 

priorities

Calculate global 
alternative priorities

Interpretation of the 
results

Sensitivity analysis

Stop

Figure 2: Summarizing flow chart of the AHP. 
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Group Decision Making 

The AHP has been used several times for group decision applications. To ensure a structured, 

balanced and significant procedure, a facilitator is recommended to guide the decision 

makers and to encourage their participation during the debates [26]. Furthermore, the 

purchase of suitable software should be considered, which offers a user-friendly interface 

and alleviates the conduction and presentation of results [26]. Once these preliminary 

preparations have been organised, group decision making with the AHP can be employed in 

many different ways. The sharing approach from Belton and Pictet [13] aims at reaching a 

consensus between participants, if necessary by discussion and reduction of differences. The 

group members should act as one decision maker. The aggregating approach can be used, if 

a compromise can be reached by either a vote or an aggregation of individual judgements. 

Differences between opinions are not necessarily discussed. And finally the comparing 

approach acknowledges individual differences and uses them for a discussion, without 

necessarily reducing them. 

 

All of these three approaches can be utilised with the AHP, but in most cases the 

disagreement between decision makers is rather high and therefore a mathematical 

aggregation is employed [51]. The software “Team Expert Choice” also follows this method. 

The aggregation of judgements can take part in two different ways during the group decision 

making. The first option is the calculation of a group average using the geometric mean after 

each pairwise comparison, which is then used to derive group weights and priorities [26]. 

The second option is the conduction of individual judgements and individual outcomes, the 

latter is then used to calculate aggregated results with the weighted arithmetic mean [26]. 

Other aggregation methods such as linear programming [52] and the Bayesian approach [53] 

have been proposed, but are not used on a regular basis. 

 

In case of differing expertise between decision makers, it is possible to assign individual 

weights to the stakeholders to reflect the differences in knowledge. Decision makers can 

evaluate each other using pairwise comparison matrices to obtain these weights, based on 

the relative importance of the decision makers. Another possibility would be a supra 

decision maker, which is solely responsible for the individual stakeholder weights. The use of 

the consistency index as a measure for the expertise of the decision makers as proposed by 

Cho and Cho [54] has been criticised, due to the upper limitation of 9 in the fundamental 

scale, which can force inconsistency to arise.  [34] 

 

AHP in Healthcare 

Due to the high complexity, impact, consequences and diversity, MCDA has been 

increasingly applied in the healthcare market [7]. A literature review by Marsh, Lanitis [8] 

investigated the use of MCDA applications in healthcare, with the result that in 26.8 % of the 

applications, AHP was the method used for weight elicitation. Especially in the assessment of 
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prescriptions and investments the AHP was largely adopted. Another literature review by 

Liberatore and Nydick [15] investigated the use of the analytic hierarchy process in medical 

and healthcare decision making. This article showed that the AHP is one MCDA method 

which has been used for a variety of healthcare applications, including medical diagnosis, 

patient participation, treatment options, organ transplantation, project and technology 

evaluation, human resource planning and healthcare policy. The high number of 

applications, the wide range of application areas and the steady use of the AHP in 

healthcare-related issues indicate the power of this method as a tool for multi-criteria 

decision analysis in the healthcare sector. However, the authors point out that although the 

AHP has been shown to be helpful and useful in shared decision making, the current 

acceptance of physicians is low. The scepticism seems to be related to formalized methods 

in general [15], and therefore to date many healthcare-related judgements and choices are 

still based on intuition or deliberate processes and therefore lack transparency and 

rationality [9].  

 

Best Practices 

Several tutorials and instructions can be found in the literature about the use of the AHP as 

an MCDA method. This part of the thesis will determine best practices of the AHP and 

recommendations with respect to group decision making and healthcare-related issues. 

Saaty [51] presented observations and suggestions about group decision making with the 

AHP and focused on the composition of the group, the decision-making session itself and the 

implementation of the results. He recommended to find participants with an equal 

responsibility and power, to avoid very strong members with a high influence on the other 

participants as well as people without any accountability and knowledge. Furthermore, Saaty 

proposed to either use a consensus vote or individual judgements aggregated with the 

geometric mean to fill out the pairwise comparison matrix, depending on the disagreement 

between decision makers. Finally, the group should evaluate the results and discuss 

possibilities for the implementation of the preferred alternative. 

 

Dolan, Isselhardt [55] prepared a tutorial for the use of the AHP in medical decision making. 

They explained the typical steps in the AHP process and applied them to a medical decision 

problem. The structuring of the problem and the preparation of a hierarchy is mentioned to 

be of high priority and should be both sufficient and clear. During the so-called scoring step, 

where the pairwise comparisons are conducted, the importance to ordinarily judge about 

two elements using the fundamental scale is pointed out, even if an exact value is present. 

This is paramount due to the relative importance that is dependent on the decision maker. 

As an example, costs of 10,000 € compared to costs of 20,000 € for two alternatives would 

probably be considered of very strong importance to an individual. However, for a big 

private enterprise with a major annual revenue the costs would assumedly be of equal or 

weak importance. This shows that the verbal judgements are determined by the individual 
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perception and importance of the decision makers. In the third step, the weighting 

procedure, the authors describe four different possibilities to calculate the eigenvector in 

case of consistency. If the comparison matrix has a high number of inconsistencies, a 

different approximation method is proposed and the use of a suitable software is 

recommended. Lastly, two different methods are acknowledged concerning the sensitivity 

analysis. The “what-if” method is suggested in case of an analysis of the effects of changes in 

the judgements concerning the decision alternatives. In this case the comparison matrix 

would be reconstructed each time the input is varied, which would then result in 

recalculated weights and a change in the overall scores of the options. The proportional 

weight method is used for investigating a variation of the criteria weights. The weight of one 

specific criterion is varied and the other weights change with respect to their relative original 

values. 

 

Hummel, Bridges [26] published a tutorial for group decision making in benefit-risk 

assessment with the AHP. In addition to a step-by-step guide for the use of the AHP in 

supporting group decision making, several recommendations can be found. The authors 

mention the advantage of having an independent facilitator, who motivates the panel 

members to partake in the discussions and who offers guidance in the different steps of the 

AHP. Supporting software is another factor that is recognised to ease the decision making 

process. Regarding the determination of the decision hierarchy structure, three possibilities 

are specified. A brainstorming group session is helpful for complex issues and unknown 

factors, a previous preparation of the hierarchy is favoured if criteria are already known 

from sufficient literature. A combination of both techniques includes an already developed 

hierarchy which can be discussed and modified in a subsequent group setting. With respect 

to the pairwise comparisons, J. M. Hummel et al. point out to measure all criteria positively, 

to ensure comparability. In addition, if large amounts of alternatives are assessed, values can 

be directly rated using “qualitative or quantitative intensity scales” [26] to avoid a very high 

number of pairwise comparisons. Furthermore, the authors recommend to use the bottom-

up approach, which first evaluates the alternatives, followed by the criteria. The reason for 

this is the dependence of the decision criteria on the performance of the alternatives. In the 

overall prioritization of the alternatives, the method of synthesis is dependent on different 

factors. But in case of the comparison of new technologies with the gold standard, the 

previously explained ideal mode should be preferred for the synthesis. And finally, according 

to Hummel, Bridges [26] the examination of heterogeneity could be useful to detect relevant 

differences between subgroups. 

 

In conclusion, the most important recommendations and best practices of the AHP that are 

relevant for this work are the introduction of a facilitator, an evenly composed group of 

participants, the discussion of the hierarchy, a questioning structure following the bottom-

up approach, an aggregation of judgements through discussions or mathematical 
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aggregation, a thorough sensitivity analysis and an examination of heterogeneity between 

subgroups. 

 

Discussion about the AHP 

The AHP has been frequently applied in a variety of settings over the past 35 years [14]. It 

was appraised to be a very powerful and flexible tool that can be very useful for structuring a 

problem, for group decision making and for very complex decision problems [56]. 

Nonetheless, the AHP has been severely criticised by various authors in the past. This 

criticism is evaluated in this part of this work. 

 

The first object of criticism is the possibility of rank reversal in case of the introduction of an 

additional alternative to an existing decision problem [46, 57]. Belton and Gear [46] 

suggested a modified normalisation to preserve the preference order. Saaty and Vargas [58] 

on the other hand, stated the acceptability of rank reversal. They mentioned that if a new 

alternative is added, it depends on the relationship between alternatives whether ranks are 

reversed, which is a natural development. Despite this legitimacy of rank reversal, Saaty [59] 

accepted Belton’s and Gear’s “revised AHP” and called it the ideal mode (explained in 

chapter 2.2.1, General Information).  

 

Furthermore, the fundamental scale has received negative appraisal. Donegan, Dodd [60] 

claimed some ambiguity in the English verbal scale. Barzilai [61] asserted that preferences 

should not be measured using a ratio scale due to a missing absolute zero. Saaty [62] on the 

other hand, mentioned that a ratio scale is the only possibility for an aggregation of 

judgements. Only with a ratio scale, summation, subtraction, multiplication and division is 

possible. Furthermore Saaty stated that units of measurements cancel out in the common 

questioning procedure and therefore the absolute values would lead to an automatically 

derived relative ratio scale [63]. Other numerical scales have been proposed by a variety of 

authors, which have been previously mentioned in section 2.2.1, General Information (table 

2). The fundamental scale from one to nine has yet been applied the most to date. 

 

Priorities in the AHP can be derived in different ways. Originally, the right principal 

eigenvector was used by Saaty [27]. Due to a possibility of rank reversal related to the 

eigenvalue method, the geometric mean found many supporters and has been used several 

times to derive priorities [64]. Bana e Costa and Vansnick [65] analysed the eigenvalue 

method and mentioned that it violates the “Condition of Order Preservation (COP)”3.  

However, several authors reacted on this article with the claim that the COP is not justified 

                                                      
3 The COP is an extension of the criticism about the rank reversal. „For all alternatives x1,x2,x3,x4 such that x1 
dominates x2 and x3 dominates x4, if the evaluator’s judgements indicate the extent to which x1 dominates x2 is 
greater that the extent to which x3 dominates x4, then the vector of priorities w should be such that, not only 
w(x1)>w(x2) and w(x3)>w(x4) […] but also that w(x1)/w(x2)>w(x3)/w(x4)” [65] 
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[66-68]. Different methods for the derivation of priorities have been indicated in section 

2.2.1 General Information and an overview is given in table 3.  

 

Another point of criticism is the consistency index by Saaty [27]. Karapetrovic and 

Rosenbloom [69] have shown that in several cases the consistency ratio was above 10%, 

although judgements were made logically and non-random. Bana e Costa and Vansnick [65] 

presented an example with judgmental inconsistency, which satisfied the consistency ratio 

with 0.03 < 0.1. Some alternative methods have been developed to measure consistency or 

to discover inconsistent judgements, but the explanation of these would go beyond the 

scope of this thesis [70, 66, 71, 41, 72, 33, 73-75]. 

 

The synthesis of the priorities following Saaty [27] is determined through additive 

aggregation, also called the distributive mode. Due to the previously explained phenomenon 

of rank reversal in the distributive mode, the ideal mode and the multiplicative aggregation 

have been proposed by Belton and Gear [46] and Lootsma [49], respectively. Nonetheless, 

Vargas [76] presented an example to verify that in the case that weights are known, the 

additive aggregation is the only method to determine these exact weights. 

 

As a conclusion, the majority of criticism is based on a missing adherence to axioms of utility 

theory4. Supporters of AHP on the other hand state that even though some of the axioms of 

the AHP are similar to the ones in utility theory, it is “historically and theoretically a different 

and independent theory of decision making from utility theory” [78]. 

 

Despite the criticism about different aspects of the AHP, this method is rather likely to be 

increasingly used in different applications in the future [64]. This might be motivated by the 

intuitive structure, the simplicity of the application and its flexibility, and the large amount of 

supporting software [64]. However, the discussion about the theoretical background of the 

AHP is ongoing. For that reason, the sub-chapter 2.2.3 will compare the AHP and MACBETH 

as two slightly similar yet very different MCDA methods.  

 

 

2.2.2 MACBETH 

General Information and Structure 

MACBETH stands for ‘Measuring Attractiveness by a Categorical Based Evaluation 

Technique’. It is another value measurement approach from the early 1990’s that uses non-

numerical judgements about the difference of attractiveness in pairwise comparisons to gain 

                                                      
4 Utility theory assigns a utility function to a decision maker through preference relations and the adherence to 
specific axioms (for detailed information, see [77]) 
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scores for options and weights for criteria in MCDA. The corresponding software M-

MACBETH5 is commonly used as a decision support system in several applications. [80-83] 

 

The first step of the decision-aiding process with MACBETH is to structure the problem. This 

can be facilitated with a hierarchy or decision tree that includes the goal, multiple criteria 

and different options. It is important to mention that non-criteria nodes can be added for 

informative reasons but do not influence the decision, and that different criteria levels are 

not taken into consideration. [17] 

 

The previously mentioned decision tree (see figure 1) could then be modified to the one 

presented in figure 3. In MACBETH, the non-criteria nodes are only added to categorize the 

frailty criteria into frailty domains, however, a specific assessment of them is not carried out. 

 

 

Subsequently, the evaluation model is built by using pairwise comparisons. The decision 

maker is first asked whether there is a difference of attractiveness between two options 

with regard to a specific criterion, and if so, which of the two options is more attractive than 

the other. The answers provide the researcher with ordinal preference information. If one 

option is preferred, the decision maker is then asked to judge about the difference of 

attractiveness between these two options, which offers cardinal preference information. The 

decision maker can choose between the semantic categories “very weak”, “weak”, 

“moderate”, “strong”, “very strong” or “extreme” to express their judgement. However, a 

range of semantic categories in case of hesitation is also accepted. This questioning 

                                                      
5 M-MACBETH is a decision support system developed by BANA Consulting, which uses the MACBETH approach 
to facilitate complex MCDA [79] 

Figure 3: Example of a decision hierarchy in MACBETH. 
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procedure is repeated until all options have been compared pairwise with respect to each of 

the criteria. A consistency check takes part simultaneously and if inconsistency is detected, 

judgements need to be revised. By means of linear programming (see sub-chapter 2.2.2, 

Mathematical Background), the qualitative judgements of the decision maker are then used 

to generate values on an interval scale. The least attractive option is grounded with a score 

of 0, and the most attractive option is given a score of 100.  Reference levels such as 

“neutral” and “good” can be chosen to help the decision maker to gain a better 

understanding of the comparisons, but they are not necessary for the creation of a value 

scale. [84, 79, 85] 

 

The next task is the weighting of the criteria, which is done with a similar questioning 

procedure. First, “good” and “neutral” reference levels have to be determined for each 

criterion. The decision maker is then asked to rank the criteria in order of importance of an 

improvement from neutral to good on each criterion. Next, the decision maker is asked to 

judge the importance of an improvement from neutral to good with respect to the semantic 

categories mentioned above on each criterion. The following step is to pairwise compare the 

importance of improvements from neutral to good on two criteria at a time using the 

semantic categories. By applying the same linear program as before, the weights are 

calculated, with 0 as the weight of the neutral option and a sum of weights of 100. It is 

important to mention that asking only about the importance of criteria is not sufficient, 

relations in value presented by a neutral and good level are needed to make an informed 

decision. [85] 

 

The final part in the creation of the evaluation model is the determination of scores for each 

option, taken into account values in each criterion and the criteria weights. Nonetheless, the 

decision maker is able to adjust the priorities and weights within a certain range, which is 

dependent on the compliance with the constraints in the linear program. Once adjustments 

are executed, the overall score for the options is calculated with an additive aggregation 

model. The option with the highest overall score is most attractive for the decision maker 

and should be chosen. [17] 

 

A subsequent sensitivity and robustness analysis is recommended, to explore the power and 

strength of the results. The sensitivity analysis enables to analyse the impact of a change in 

the weight of a specific criterion. The robustness analysis is particularly helpful, if uncertainty 

plays an important role in the decision making process. It evaluates whether the result of the 

best option changes in case of a variation in the weights up to a predefined percentage (e.g. 

± 5 %). An overview of the different steps in MACBETH is provided in figure 4. [17] 

 

With respect to group decision making, MACBETH and the software M-MACBETH originally 

employ the sharing procedure, which aims at finding a consensus between the decision 
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makers who act as one person [13]. However, lately MACBETH has also been used for so 

called decision conferences, where a common element is found through discussions and 

negotiations, therefore employing the aggregating approach mentioned by Belton and Pictet 

[13] [86]. 

 

 

Mathematical Background 

This sub-chapter focuses on giving a short introduction towards the mathematical 

foundations of MACBETH once consistency is reached, following Bana e Costa and Vansnick 

[80], Bana e Costa, De Corte [20], Bana e Costa [85]. If a more detailed explanation is 

needed, Bana e Costa, De Corte [20] is recommended. 

 

If the judgements are obtained as explained in the previous section and consistency is 

reached, the following linear program (LP-MACBETH) is solved in M-MACBETH to gain the 

basic MACBETH scale [20]: 
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Confirm decision problem
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Figure 4:  Summarizing flow chart of MACBETH. 
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min 𝑥1 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

(1)    𝑥𝑝 − 𝑥𝑟 = 0                          ∀ (𝑎𝑝, 𝑎𝑟) ∈ 𝐼 𝑤𝑖𝑡ℎ 𝑝 < 𝑟 

(2)    𝜎𝑖 +  
1

2
 ≤  𝑥𝑝 − 𝑥𝑟              ∀ 𝑖, 𝑗 ∈ 𝑁1,𝑄 𝑤𝑖𝑡ℎ 𝑖 ≤ 𝑗, ∀ (𝑎𝑝, 𝑎𝑟) ∈  𝐶𝑖𝑗 

(3)    𝑥𝑝 − 𝑥𝑟  ≤  𝜎𝑗+1 −  
1

2
         ∀ 𝑖, 𝑗 ∈ 𝑁1,𝑄−1 𝑤𝑖𝑡ℎ 𝑖 ≤ 𝑗, ∀ (𝑎𝑝, 𝑎𝑟) ∈  𝐶𝑖𝑗 

(4)    𝜎1 =  
1

2
 

(5)    𝜎𝑖−1 + 1 ≤  𝜎𝑖                      ∀ 𝑖 ∈ 𝑁2,𝑄    

(6)    𝑥𝑖 ≥  0                                    ∀ 𝑖 ∈ 𝑁1,𝑛  

(7)    𝜎𝑖 ≥  0                                    ∀ 𝑖 ∈ 𝑁1,𝑄  

 

The 𝑥 stands for the different scores assigned to the elements (different options or criteria), 

the 𝜎 represent the difference in attractiveness (also called thresholds or intervals) between 

two elements. The 𝐼 stands for a binary relation of indifference between two elements, the 

𝑁1,𝑄 represents the range of non-negative natural numbers between 1 and 𝑄, 𝑄 is the 

number of semantic categories, 𝑛 serves as the number of variables and 𝐶𝑖𝑗 stands for the 

semantic categories which apply in case of a dominance relation. 

 

The objective function of this linear program is the minimization of the score of the most 

preferred element 𝑥1. The first constraint (1) concerns the scores in case of identity, which 

means that no difference in attractiveness exists between two elements. In this case, the 

difference in scores and the difference in attractiveness has to be zero. The second (2) and 

the third (3) equation stand for the dominance constraints. With element “p” being 

preferred to element “r”, the order in the element rankings has to be preserved and the 

order between the thresholds must be maintained. Constraint number four (4) acts as an 

anchor for the intervals of the semantic categories, with 0.5 being arbitrarily assigned. 

Equation number five (5) symbolises the minimal sigma differences between the intervals 

and finally constraints six (6) and seven (7) are non-negativity constraints for the scores of 

the elements and the thresholds of the semantic categories. 

 

 As an example, suppose the following matrix has been filled out:  

Figure 5: Example pairwise comparison matrix. 
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Constraint 2 

Constraint 3 

Constraint 2 

Constraint 3 

Constraint 2 

Constraint 3 

Constraint 4 

Constraint 5 

Constraint 5 

Constraint 5 

Constraint 5 

Constraint 5 

Constraint 6 

Constraint 6 

Constraint 6 

Constraint 7 

Constraint 7 

Constraint 7 

Constraint 7 

Constraint 7 

Constraint 7 

The constraints could be represented with the following inequalities: 

 

Comparison op 1/ op 2:     𝑥1 −  𝑥2 −  𝜎4  ≥ 0.5           

                                            −𝑥1 + 𝑥2 +  𝜎5  ≥ 0.5           

Comparison op 1/ op 3:     𝑥1 −  𝑥3 −  𝜎5  ≥ 0.5           

                                            −𝑥1 + 𝑥3 +  𝜎6  ≥ 0.5           

Comparison op 2/ op 3:     𝑥2 − 𝑥3 −  𝜎2  ≥ 0.5           

                                            −𝑥2 +  𝑥3 +  𝜎3  ≥ 0.5           

Anchor:                                                    2 𝜎1 = 1            

Minimal 𝜎-difference:                 −𝜎1 + 𝜎2  ≥ 1 

                                                        −𝜎2 + 𝜎3  ≥ 1 

                                                        −𝜎3 + 𝜎4  ≥ 1 

                                                        −𝜎4 + 𝜎5  ≥ 1 

                                                        −𝜎5 + 𝜎6  ≥ 1 

Non-negativity scores:                             𝑥1  ≥ 0 

                                                                     𝑥2  ≥ 0 

                                                                     𝑥3  ≥ 0 

Non-negativity thresholds:                     𝜎1  ≥ 0 

                                                                     𝜎2  ≥ 0 

                                                                     𝜎3  ≥ 0 

                                                                     𝜎4  ≥ 0 

                                                                     𝜎5  ≥ 0 

                                                                     𝜎6  ≥ 0 

 

The result of this linear program would be a basic MACBETH scale with a score of 6 for 

option 1, a score of 2 for option 2 and a score of 0 for option 3, the anchored normalized 

MACBETH scale would be a score of  
6−0

6−0
× 100 = 100 for option 1, a score of  

2−0

6−0
× 100 =

33.33 for option 2 and a score of  
0−0

6−0
× 100 = 0 for option 3. In case of an assessment of 

criteria weights instead of option priorities, the same linear program LP-MACBETH is used, 

but an additional criterion “all lower” is entered, which is grounded to zero. The 

normalization at the end of the calculation then follows the formula  
𝑥𝑖

∑ 𝑥𝑖
.  

 

 

2.2.3 Comparison AHP and MACBETH 

 

Comparisons of the frequently used AHP and the less commonly applied MACBETH method 

have only rarely been conducted and if so without much detail. Bana e Costa and Vansnick 

[80] mention “significant fundamental differences” between both approaches. Ertay, 

Kahraman [87] obtained ranking orders of alternatives concerning renewable energy using 

both MACBETH and fuzzy AHP with the outcome that both methods yield the same results. 
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Salomon [88] gives an example for a cash flow analysis in which the results of MACBETH do 

not favour the most attractive option opposed to the same assessment with the AHP. Due to 

the major lack of thorough comparisons between MACBETH and AHP in literature to date, 

this section of the thesis will provide a detailed overview of similarities and differences.  

 

Both the AHP and MACBETH are value measurement models based on pairwise 

comparisons. They follow a similar decision making process. First, the problem is structured 

by means of a decision hierarchy, then pairwise comparisons are conducted through 

absolute judgements and a comparison matrix is filled out. A consistency check takes part, 

priorities and weights are calculated and aggregated with an additive value function. Finally, 

the results need to be interpreted and a sensitivity analysis is recommended. At first, both 

methods seem to be fairly similar. However, if both methods are investigated in detail, some 

major methodological differences become apparent. 

 

MACBETH is based on utility theory, which assigns a utility function to a decision maker 

through preference relations and the adherence to specific axioms (for detailed information, 

see [77]). Although some of the axioms of the AHP are similar to the ones in utility theory, it 

is “historically and theoretically a different and independent theory of decision making from 

utility theory” [78]. 

 

The decision hierarchies of the AHP and MACBETH slightly differ, if sub-criteria are 

considered. MACBETH distinguishes between criteria and non-criteria nodes and only 

assesses one level of criteria, whereas in the AHP sub-criteria are evaluated with respect to 

the specific criterion in the level above. This difference is accountable for a higher number of 

pairwise comparisons in the MACBETH procedure, if sub-criteria are considered. In addition, 

the AHP questioning procedure applies verbal judgements concerning a ratio of importance 

or priority, whereas absolute judgements in MACBETH are concerned with the difference of 

attractiveness between two options. [17, 34] 

 

Another important point of distinction is the scale used for the pairwise comparisons. The 

fundamental scale from 1 (equal importance or preference) to 9 (extreme importance or 

preference) applied by Saaty is a ratio scale that associates a fixed number with every 

semantic category, which means that an extreme importance of one option over another is 

related to a 9-fold higher importance. MACBETH, by contrast, determines the numerical 

values of the six semantic categories on an ordinal scale during the linear programming 

procedure (see previous sub-chapter 2.2.2, Mathematical Background), which means they 

“are not a priori fixed” [80]. The semantic categories reach from “very weak difference in 

attractiveness” to “extreme difference in attractiveness”, plus an additional expression of 

“no difference in attractiveness”. This procedure in MACBETH, of constructing an interval 
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scale on basis of the semantic categories during the decision making process, is rather 

unique. [80] 

 

The consistency in MACBETH is simultaneously checked with the software M-MACBETH 

during the completion of the comparison matrix. If inconsistency is detected, a warning 

appears and judgements need to be revised, or else a calculation of the MACBETH scale is 

impossible and priorities and weights cannot be generated. In the AHP, consistency is 

checked with the consistency ratio. Opposed to MACBETH, the AHP allows a consistency 

ratio of up to 10%, justified by an inconsistent human nature [89]. 

 

The calculation of priorities and weights in the original AHP by Saaty is achieved with the 

previously explained and highly discussed eigenvalue method. MACBETH uses a set of 

complex linear programs to gain these results. The AHP and the eigenvalue method in 

particular have been criticised by the developers of MACBETH with respect to the “Condition 

of Order Preservation” and the consistency ratio (previously explained in chapter 2.2.1, 

Discussion about the AHP). 

 

In addition, priorities and the interpretation of criteria weights differ between the AHP and 

MACBETH. Priorities in MACBETH do not sum up to 1, opposed to the priorities in the 

classical AHP. However, if the ideal mode in AHP is used, the priorities would also not equate 

to 1 [90]. In the common MACBETH questioning procedure, the importance of a specified 

change from neutral to good in the performance is assessed [91]. Saatys’ original AHP 

analysed the importance of one criterion compared to another with respect to the overall 

goal, but to date many applications have considered the importance of a change in the 

average performance of two criteria [92]. 

 

Besides these methodological differences, the AHP has been frequently applied in a variety 

of sectors, including the healthcare market, whereas MACBETH has been used 

predominantly in the fields of agriculture, manufacturing, services, energy, environment, 

human resource management and in the public sector [85]. Only very few applications used 

MACBETH in partially healthcare-related issues [93-96]. Moreover, AHP offers a decision 

support software called “Team Expert Choice” to support group decision making with this 

method, and MACBETH and the accompanying software M-MACBETH mainly focus on the 

sharing approach. Nonetheless, a low number of applications have been found in which 

decision conferencing was employed, used to negotiate and discuss judgements between 

several decision makers [97, 86, 98]. 

 

Finally, it should be mentioned that the AHP has received constant criticism about different 

aspects of this method, while the methodology of MACBETH seems to have been widely 

accepted. Only the choice of semantic categories proposed by MACBETH and the higher 
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number of pairwise comparisons have received negative comments [88]. An overview of the 

comparison of MACBETH and AHP is given in table 4. 

 
Table 4: Overview of similarities and differences between AHP and MACBETH. 

 Category AHP MACBETH 

Si
m

ila
ri

ti
es

 

MCDA model Value measurement model 

Structure 1. Decision hierarchy 

2. Pairwise comparisons 

3. Consistency check 

4. Derivation of weights and priorities 

5. Synthesis of weights and priorities 

6. Interpretation of results 

7. Sensitivity analysis 

D
if

fe
re

n
ce

s 

Decision hierarchy Sub-criteria evaluated with 

respect to criteria 

Only one criteria-level is 

assessed 

Number of pairwise 

comparisons 

Lower (in case of sub-criteria) Higher (in case of sub-

criteria) 

Judgements Ratio of 

importance/priority/preference 

Difference of attractiveness 

Scale 9-point fundamental scale 

(ratio scale) 

6 semantic categories 

(ordinal scale) 

Consistency check 10 % inconsistency accepted No inconsistency accepted 

Calculation of 

priorities and 

weights 

Eigenvalue method Linear programming 

Sum of priorities Distributive mode: 1 

Ideal mode: ≠ 1 

In general: ≠ 1 

Interpretation 

criteria weights 

Importance of criteria or 

importance of change in 

average performance 

Importance of specified 

change in performance (e.g. 

of previously defined levels 

e.g. neutral and good) 

Application in 

healthcare 

Frequently Only in a few healthcare-

related issues 

Group decision 

support software 

Yes (Team Expert Choice) No (Only 

negotiations/discussions 

possible with M-MACBETH) 

Criticism Numerous criticism over the 

past decades 

Only very limited criticism 
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2.2.4 Guidelines 

 

With respect to the results from the literature review, the following guidelines were 

developed for the use of MACBETH as an MCDA tool for group decision making in the 

assessment of criteria related to the development of new medical products. 

 

1. Preparations 

The conduction of a panel session is recommended for group decision making with 

MACBETH in healthcare. 

 

1.1. Analysis of the decision problem 

1.2. Preparation of a decision hierarchy  

1.2.1. Determination of the overall goal 

1.2.2. Determination of alternatives 

1.2.3. Determination of criteria and non-criteria nodes (if applicable)  

 Criteria and non-criteria nodes should be determined by experts 

 Criteria should be well-defined, relevant, mutually exclusive and 

operational to avoid bias and to ensure comparability [2] 

 Choice of maximum seven ± two positively measured criteria [25] 

1.2.4. Choice of clinical outcome measure for each criterion, validation by experts 

1.2.5. Thorough discussion of the hierarchy, until a satisfying structure is found 

1.3. Purchase of M-MACBETH software to ease the evaluation  

1.4. Insertion of the decision hierarchy into M-MACBETH 

1.5. Choice of a facilitator 

 Facilitator should be independent and experienced to support the group 

decision process [26]  

1.6. Choice of panel members  

 Choice of 5-10 panel members to ensure the gain of sufficient information 

without the risk of having too complex and timely discussions 

 Equal knowledge/conditions/influence [51] 

1.7. Preparation and provision of necessary information (semantic categories, criteria…) 

 This step should be done very thoroughly, to provide the panel members 

with a well-researched and equal amount of background information 

about the methodology and the topic 

1.8. Choice of an audience response system for the conduction of individual judgements 

 Criteria for the choice of an audience response system: flexibility (input, 

number of possible answers), possibility to choose non-anonymous mode 

and to revise judgements, no additional hardware needed 

1.9. Preparations in the audience response system concerning the project 
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2. Assessment 

The panel session should be conducted in an atmosphere of trust to support the discussions.  

 

2.1. Introduction by the facilitator 

2.1.1. Introduction of the facilitator and the topic (e.g. prevention of frailty in the   

    elderly) 

2.1.2. Explanation of the structure of the panel session  

2.1.3. Introduction of MCDA 

2.1.4. Introduction of MACBETH and M-MACBETH 

2.1.5. Explanation of criteria and clinical outcome measures 

2.2. Bottom-Up approach [26] 

2.2.1. Assessment of the alternatives (pairwise comparisons)  

2.2.2. Assessment criteria (pairwise comparisons) 

2.3. Collection of individual judgement 

2.4. Group discussion 

 During the group discussions, panel members should be motivated to 

participate in the debates by the facilitator, to ensure an even distribution 

of knowledge 

2.5. Possibility for revision 

2.6. Finding a consensus or choice of a semantic category/a range of semantic categories 

by application of the majority rule 

2.7. Calculation of overall priorities/weights 

 

3. Conclusion/Interpretation 

 

3.1. Discussion of overall priorities/weights 

3.2. Acceptance of overall priorities/weights 

3.3. Conduction of a questionnaire to analyse the perception of the method, the 

atmosphere and the results by the decision makers 

3.4. Dismissal of the decision makers 

3.5. Sensitivity analysis: Proportional weight method 

3.6. Robustness analysis  

3.7. Analysis of consequences: Choice of an option 

 

The feasibility of these guidelines or recommendations concerning the use of MACBETH in 

healthcare-related group decision making was then tested and revised according to the 

results from the practical assessments (see following section). An overview of the guidelines 

is presented in figure 6. 
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Figure 6: Summarizing flow chart of guidelines for MACBETH. 
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3. Practical Assessments 

3.1 Methods 

3.1.1 Preparations 

 

The practical part of this study was used to test and evaluate the feasibility of the previously 

developed guidelines concerning healthcare-related group decision making with MACBETH. 

More specifically, the applicability of the guidelines in general, the group decision making 

process, MACBETH and M-MACBETH, upcoming inconsistencies and the sensitivity of the 

results were investigated. In addition, the purpose was to gain weights for criteria related to 

frailty in the elderly and to acquire information about the perception of MACBETH 

methodology and results by elderly individuals. On this account, a test panel session and a 

pilot panel session were conducted and a qualitative questionnaire was developed.  

 

Prior to these assessments, Gooskens [99] determined relevant frailty criteria and a limited 

number of suitable outcome measures for each frailty criterion and validated them by 

experts (figure 7 and table 5). The former was achieved by means of thorough literature 

research with the focus on systematic reviews, the latter was carried out through interviews 

with four gerontology experts [99]. In addition, an information sheet, which explains the 

different clinical outcome measures, was prepared (see Appendix B). 

 

 

Two patient profiles were created (see Appendix C). The first profile showed typical 

performances of a frail elderly person on all clinical outcome measures. The second profile 

presented a frail elderly person with clinically relevant moderate improvements on each 

Figure 7: Decision structure for the prevention of frailty in the elderly. 
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outcome measure. These profiles were generated to act as references in the assessment of 

outcome measures and frailty criteria. Furthermore, a thorough analysis of MACBETH was 

performed (see section 2.2.2) and the questioning procedure was set up in the online 

audience response tool “QuestionPress”6. 

 

 
      Table 5: Overview of clinical outcome measures with respect to the frailty criteria. 

Criteria Clinical Outcome Measures 

Mobility Gait Speed (GS) 

Timed Up and Go (TUG) 

Flight of Stairs Questionnaire (FOSQ) 

Short  Physical Performance Battery (SPPB) 

Balance Berg Balance Scale (BBS) 

Four Square Step Test (FSST) 

Accelerometric Measurements on Sensor Mat (AMSM) 

Chair Stand Test (CST) 

Energy Six-Minute Walk Distance (6MW) 

Subjective Fatigue Questionnaire (SFQ) 

Grip Strength Jamar Dynamometer (JD) 

Leg Extension Strength (LES) 

Cognition General Practitioner Assessment of Cognition (GPCOG) 

incl. Clock Drawing Test (CDT) 

Rey Auditory Verbal Learning Test combined with CDT 

(RAVLT) 

Standardized Mini-Mental State Examination (SMMSE) 

Depression Geriatric Depression Scale (GDS) 

Hamilton Rating Scale (HRSC/HAM-D17/7) 

Hypertension Blood Pressure (SBP+DBP) 

Hypercholesterolemia Cholesterol Level (CL) 

Fluctuating Glucose Levels Continuous Glucose Monitoring (CGM) 

 

 

3.1.2 Test Panel Session 

 

The first assessment, a test panel session, was carried out on 16th of May 2014. It was 

conducted with students and employees of the Health Technology and Services Research 

department at the University of Twente. The goal was to test the online tool 

                                                      
6 QuestionPress is an online audience or classroom response system. It allows polls, surveys and assessments to 
be answered in real-time by an audience via internet. [100] 
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“QuestionPress” as an audience response system for the assessment of clinical outcome 

measures and criteria related to frailty in the elderly. Several audience response tools were 

inspected, but “QuestionPress” was chosen due to its high flexibility regarding the input and 

number of possible answers, the possibility to choose a non-anonymous mode, the chance 

to revise judgements and the fact that no additional hardware such as keypads is needed, 

only a computer or mobile device is necessary. 

 

Four participants took part in the assessment. There were no specific in- or exclusion criteria, 

because the focus was on the user-friendliness and reliability of the online tool 

“QuestionPress”. After a short introduction about the clinical outcome measures, the frailty 

criteria and the audience response system “QuestionPress”, the moderator presented the 

first pairwise comparison and participants were able to vote for their preferred answer using 

“QuestionPress”. The results of the voting were then directly shown on screen. Participants 

were able to revise their judgement if necessary, otherwise the moderator proceeded to the 

next pairwise comparison. The same procedure was followed during the assessment about 

the frailty criteria. Once several judgements and revisions were tested, participants of the 

test panel session were dismissed. 

 

 

3.1.3 Pilot Panel Session 

 

A pilot panel session was conducted on 14th of June 2014 in Aachen, Germany. This session 

was paramount for testing MACBETH and the feasibility of the previously developed 

guidelines with elderly participants. The feasibility of the guidelines was assessed regarding 

the following aspects: Acceptance, validity and sensitivity of the results, upcoming 

inconsistencies or problems, perception of the structure and methodology by elderly 

participants and time consumption. Furthermore, the pilot panel session was used to 

identify possibilities and recommendations for the enhanced use of MACBETH in healthcare. 

And finally the pilot panel session resulted in preliminary data about the weights of frailty 

criteria from the perspective of the elderly. 

 

In- and exclusion criteria concerning the participants are represented in table 6. The goal 

was to find a minimum of 5 and a maximum of 10 participants for the pilot panel session as 

recommended in the guidelines. This number was chosen to ensure the gain of sufficient 

information concerning the weight of frailty criteria without having the risk of too complex 

and timely discussions. 
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Table 6: In- and exclusion criteria for participants of the pilot panel session. 

Inclusion Criteria Exclusion Criteria 

Age: 65-80 years Cognitive impairment 

Knowledge of the German language Dementia  

Literacy  Poor overall health status 

Resident of Aachen region (Germany)  

Availability on 14th of June 2014  

 

Previously to the pilot panel session, people complying with the in- and exclusion criteria 

(table 6) were approached in Aachen, Germany, regarding the participation in the pilot panel 

session. Some background information was given and six people agreed to partake in this 

study on 14th of June 2014.  As preparation, one specific clinical outcome measure was 

chosen for each frailty criterion (selection see Appendix D). The clinical outcome measures 

were chosen due to the quality to represent the frailty criteria as well as the ease to explain 

the measures to elderly individuals. With respect to the results of the test panel session, it 

was decided that “QuestionPress” would not be employed due to the high age of the 

participants and to avoid difficulties and bias due to a lack of computer literacy. Instead, 

information sheets with the explanations about the chosen clinical outcome measures and a 

qualitative questionnaire were prepared in German and the decision tree was entered into 

the software M-MACBETH in German (see Appendices B, E and F). Furthermore, the pairwise 

comparisons and the semantic categories were translated into German and printed out for 

the participants. All translations were validated by a native English speaker.  

 

On the day of the pilot panel session, participants (in the following also named panel 

members or decision makers) arrived at 2 pm. The moderator greeted the panel members 

and name badges were handed out to support the ease the communication during the 

discussions. After a short introduction about the course of action of the panel session, the 

moderator explained the frailty criteria and handed the information sheets to the 

participants. Each clinical outcome measure was demonstrated and explained. Participants 

were able to ask questions. Then, the two patient profiles were presented. Each 

improvement from patient profile 1 to patient profile 2 was explained. Questions by the 

participants were answered by the moderator. The pairwise comparisons were handed to 

the panel members, the name and age was requested and the questioning procedure and 

the semantic categories were explained. Participants were then asked to fill out the first 

round of the pairwise comparisons following the example in figure 8.  
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24 pairwise comparisons were requested. Once panel members made their judgements, the 

moderator collected every individual judgement by asking the participants clockwise and a 

discussion was initiated if a big discrepancy occurred. Participants were able to revise their 

judgements afterwards. Once the second round was over, the moderator collected the 

sheets and inserted the individual judgements into M-MACBETH. In the meantime, 

participants had a break. Once inconsistency was detected, the moderator presented the 

source of inconsistency to the corresponding participant and the participant decided about 

how to proceed. If an additional judgement was needed, the participant was asked to assess 

the specific pairwise comparison. Once all the weights were generated, the individual 

histograms were printed out and handed to the panel members. A discussion about the 

results was initiated and panel members were able to adjust their specific weights. Once the 

adjustments were made and every participant was satisfied with the individual weights, 

overall weights were calculated using the arithmetic mean. The overall weights were 

presented to the panel members and a discussion took part. In the end, the participants 

were asked to discuss the methodology and a qualitative questionnaire (see section 3.1.4) 

was handed out. After filling out the questionnaire, panel members were dismissed at 6:20 

pm, after 4 hours and 20 minutes. The whole panel session was filmed to capture the 

arguments during the discussions. 

 

 

 

 

Figure 8: Example questioning procedure. 
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3.1.4 Questionnaire 

 

A qualitative questionnaire was prepared to receive information about the perception of the 

methodology and the conduction of the pilot panel session by elderly individuals. The 

questionnaire consisted of twelve open questions which were developed by the author with 

respect to the points of interest in this research. The first question concerned the choice of 

frailty criteria, the following two questions examined the atmosphere during the discussions. 

Question number four investigated the semantic categories, whereas questions number five 

and six dealt with the information provided and the work of the facilitator. In question seven 

the procedure of pairwise comparisons was assessed and in the questions eight and nine the 

expenditure of time and the user-friendliness of the MACBETH group decision making 

procedure were evaluated. Question ten was concerned with the validity of the results of 

the pilot panel session and question number eleven was used to gain information whether 

the MCDA assessment of criteria could be of value in the future. In question number twelve, 

participants were able to enter additional comments and thoughts about the pilot panel 

session and the MACBETH procedure. Participants were not obliged to fill out every question 

in the questionnaire. 

 

 

3.2 Results 

3.2.1 Test Panel Session 

 

One female and three male individuals participated in the test panel session. Some alterable 

flaws were detected concerning the size of the font and the background colour. Besides 

these minor issues, the online tool “QuestionPress” showed to be reliable and valuable for 

the assessment of frailty criteria and clinical outcome measures. Therefore, the online tool 

“QuestionPress” was chosen to be used in the Nutricia expert panel session planned for 

September. Nonetheless, it was decided that “QuestionPress” would not be employed in the 

pilot panel session due to the high age of the participants and to avoid difficulties and bias 

due to a lack of computer literacy. 

 

 

3.2.2 Pilot Panel Session 

 

Five female participants and one male participant took part in the pilot panel session on 14th 

of June 2014 in Aachen, Germany. Their age was between 65 and 75 years, mean age was 

68.5 years. The characteristics of the participants are displayed in table 7. 
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Table 7: Characteristics of panel members. 

Characteristics Gender Age Educational level (Former) job 

Participant 1 Female 66 General certificate of 

secondary education 

Housewife 

Participant 2 Female 67 General certificate of 

secondary education 

Medical technical 

assistant 

Participant 3 Male 72 Doctor’s degree Orthopaedic 

surgeon 

Participant 4 Female 65 General certificate of 

secondary education 

Receptionist at a 

general practitioner  

Participant 5 Female 75 General certificate of 

secondary education 

Bank assistant, 

afterwards 

housewife 

Participant 6 Female 66 General certificate of 

secondary education 

Hospital nurse 

 

 

The rank order of frailty criteria differed among all participants, which resulted in a high 

discrepancy and a low level of revisions of individual judgements during or after the 

discussions. Although the discussions were lively, no consensus was found. Therefore the 

weights for frailty criteria were calculated individually using the M-MACBETH software. After 

every participant was able to adjust their weights, the overall weights were calculated using 

the arithmetic mean. These final individual and overall weights are shown in table 7 and 

figure 9. 

 

According to the calculated overall weights, “Cognition” would be the most important frailty 

criterion with 17.68 % and a standard deviation (SD) of 7.51, followed by “Balance” (16.18 %, 

SD 6.31), “Energy” (16.18 %, SD 7.64), “Mobility” (13.07 %, SD 3.07), “Depression” (9.73 %, 

SD 8.01), “Hypertension” (9.54 %, SD 2.43), “Grip Strength” (8.87 %, SD 5.45), “Fluctuating 

Glucose Levels” (6.66 %, SD 4.07) and “Hypercholesterolemia” as the least important frailty 

criterion with 4.25 % and a SD of 5.81. However, individual weights and rank orders were 

rated rather differently. Four participants ranked the criterion “Cognition” to be most 

important, the remaining participants chose “Balance” and “Energy” to be most important. 

Also four participants chose “Hypercholesterolemia” to be the least important criterion, 

whereas the other two panel members chose “Depression” and “Grip Strengths” to be of 

lowest importance.  
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During the discussion at the end of the panel session, participants mentioned the feeling 

that if they were struggling with a specific issue, the corresponding frailty criterion got a 

higher weight. For example participant 1 stated to have balancing problems on a regular 

basis and therefore the criterion “Balance” was chosen to be of highest importance. 

Participant 6 specified in the discussion to have diabetes and that this would quite possibly 

be related to a higher weight of the frailty criterion “Fluctuating Glucose Levels”. Although 

individual weights of the participants partially differed strongly with the calculated overall 

weights, five out of six participants accepted the overall weights and stated they were 

satisfied with the overall outcomes of the panel session. The remaining participant number 6 

disagreed with the high weight of “Cognition” with the reason that elderly patients usually 

would not realise and worry about their cognitive state and therefore would not find an 

improvement in this criterion to be of high importance. 

 

During and after the introduction, panel members asked several questions concerning the 

methodology. Some were unsure about the execution of pairwise comparisons, others had 

Figure 9: Individual and aggregated weights, presented in a line graph. 
Preparation in R. 
Abbreviations: Cog=Cognition, Bal=Balance, Ene=Energy, Mob=Mobility, Dep=Depression, HypT=Hypertension, Gri=Grip 
Strength, FGL=Fluctuating Glucose Levels, HypC=Hypercholesterolemia. 
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problems understanding the clinical outcome measures used for assessing the frailty criteria. 

This was especially apparent among the oldest participants. In one instance the oldest 

participant stated “I am unable to do this, I am too old for this”. During the questioning 

procedure many panel members expressed doubts about staying consistent with the 

judgements and the high load of concentration needed for the panel session. After the first 

problems, participants were advised to prepare a rank order of the frailty criteria to ease the 

decision making process. There was an overall consensus that this was very helpful. During 

entering the individual judgements into M-MACBETH, inconsistencies were detected in each 

judgement matrix. Two types of inconsistency can be distinguished. The first type is called 

“no ranking” in M-MACBETH and prohibits a ranking of the elements [82]. This occurred in 

judgements of two participants. Participant number 1 had one “no ranking” inconsistency, 

participant number 5 had three inconsistencies of type one. The second type of 

inconsistency is called “inconsistent judgement”, in which a ranking by order of relative 

attractiveness is possible, but the semantic judgements conflict each other [82]. This type 

two inconsistency was detected in fifteen cases. Participants number 1, 2, 3 and 4 had two 

“inconsistent judgements” each that needed revision, participants number 6 had three 

“inconsistent judgements” and participant 5 had four inconsistencies of type two. The panel 

members with the highest amount of inconsistencies was the oldest participant, which also 

mentioned insecurity and a lack of self-confidence at the start of the assessment. 

 

At the end of the panel session, participants discussed the different criteria. Most 

participants mentioned that the assessment would have been very difficult due to 

interdependencies between the criteria, such as “Mobility” and “Balance”, “Mobility” and 

“Hypertension”, or “Depression” and “Cognition”, “Mobility” or “Balance”.  Furthermore, the 

semantic categories of MACBETH were debated intensively. Most participants found the 

number of categories too high and would have wished for only three or four categories as 

opposed to six. They were unsure whether the individual interpretation of the semantic 

categories would manipulate the outcome, until the facilitator explained that the actual 

range of each category is determined in the linear program in MACBETH. Participants found 

this information very helpful and interesting. 

 

A sensitivity analysis using the proportional weight method would usually be recommended 

after the calculation of the weights and priorities. However, in the practical assessment at 

hand the alternatives were represented by the two patient profiles, which only acted as 

references. Since the improved patient profile would always be preferred, no additional 

information can be gathered. Nonetheless, the overall weights with respect to the individual 

weights can be investigated. If participant 1 would decrease the weight of criterion 

“Cognition” by 7% to 13.08% and increase the other weights proportionally, “Balance” would 

be the most important criterion with 16.57%. “Balance” would also be the most important 

criterion, if participant 2 or participant 4 or participant 5 would reduce their weights of the 
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criterion “Cognition” by 8%. In the case that participant 3 would reduce the weight of 

“Cognition” by 8%, “Balance” and “Cognition” would both be the most important criteria 

with 16.34% each. If participant 6 would lower the weight of criterion “Cognition” to zero, 

the overall ranking would not be affected. With respect to the lowest rated criterion 

“Hypercholesterolemia”, “Fluctuating Glucose Levels” would become the criterion with the 

lowest importance only if participant 1 would increase the importance of 

“Hypercholesterolemia” by 15%. For participant 2, participant 3, participant 4 and 

participant 5 an increase of 14%, for participant 6 an increase of 13% would be necessary, to 

change the rank of “Hypercholesterolemia”.  

 

Summing up the results of the criteria weights, “Cognition” was considered the most 

important criterion in the assessment by most participants, whereas “Hypercholesterolemia” 

was rated to be of lowest priority. As a conclusion about the methodology, the pilot panel 

session has shown that an assessment of frailty criteria with MACBETH using the previously 

developed guidelines is feasible in a group setting without any major complications. 

Nonetheless, some important modifications of the guidelines are necessary with respect to 

the group decision making process. If the discrepancy between individual judgments is too 

high and no consensus can be reached, the calculation of individual weights with a 

subsequent calculation of overall weights using the arithmetic mean seems to be 

recommended. These aggregated results were accepted by five out of six participants. 

Inconsistencies occurred, but were detected and eliminated and the methodology was 

applicable with elderly individuals. A thorough explanation of the MACBETH method, the 

criteria and the clinical outcome measures is needed for the participants to understand the 

questioning procedure and to ease the decision making. For this reason it appears to be 

necessary to schedule sufficient amount of time for the introduction as well as the 

evaluation phase of the panel session. Finally, the number of semantic categories has been 

criticised and should be the object of further research. With respect to the points of criticism 

discovered in the assessment, a modified version of the guidelines was developed.  

 

1. Preparations 

The conduction of a panel session is recommended for group decision making with 

MACBETH in healthcare. The preparation phase should require approximately two weeks. 

 

1.1. Analysis of the decision problem 

1.2. Preparation of a decision hierarchy  

1.2.1. Determination of the overall goal 

1.2.2. Determination of alternatives 

1.2.3. Determination of criteria and non-criteria nodes (if applicable) 

 Criteria and non-criteria nodes should be determined by experts 
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 Criteria should be well-defined, relevant, mutually exclusive and 

operational to avoid bias and to ensure comparability [2] 

1.2.4. Choice of maximum seven ± two positively measured criteria [25] 

1.2.5. Choice of clinical outcome measure for each criterion, validation by experts 

1.2.6. Thorough discussion of the hierarchy, until a satisfying structure is found 

1.3. Purchase of M-MACBETH software to ease the evaluation  

1.4. Insertion of the decision hierarchy into M-MACBETH 

1.5. Choice of a facilitator 

 Facilitator should be independent and experienced to support the group 

decision process [26] 

1.6. Choice of panel members 

 Choice of 5-10 panel members to ensure the gain of sufficient 

information without the risk of having too complex and timely discussions 

 Equal knowledge/conditions/influence [51] 

1.7. Preparation and provision of necessary information (semantic categories, criteria…) 

 This step should be done very thoroughly, to provide the panel members 

with a well-researched and equal amount of background information 

about the methodology and the topic 

1.8. If panel members have sufficient computer literacy: Choice of an audience response 

system for the conduction of individual judgements and preparation of the 

assessment in this audience response system 

1.9. If panel members have no or insufficient computer literacy: Preparation of the 

pairwise comparisons as hardcopies 

 

2. Assessment 

The panel session should be conducted in an atmosphere of trust to support the discussions. 

The assessment phase should require approximately three to four hours. 

 

2.1. Thorough introduction by the facilitator 

2.1.1. Introduction of the facilitator and the topic (e.g. prevention of frailty in the   

    elderly) 

2.1.2. Explanation of the structure of the panel session  

2.1.3. Introduction of MCDA 

2.1.4. Introduction of MACBETH and M-MACBETH 

2.1.5. Explanation of criteria and clinical outcome measures 

2.2. Advice for panel members to first prepare a rank order of the options/criteria 

2.3. Bottom-Up approach [26] 

2.3.1. Assessment of the alternatives (pairwise comparisons)  

2.3.2. Assessment criteria (pairwise comparisons) 

2.4. Choice of method for group decision making 
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2.4.1. If agreement between decision makers is high: Finding a consensus 

2.4.2. If agreement between decision makers is low: Mathematical aggregation of       

    individual judgements with arithmetic mean 

2.5. Consensus:  

2.5.1. Collection of individual judgement 

2.5.2. Group discussion 

 During the group discussions, panel members should be motivated to 

participate in the debates by the facilitator, to ensure an even distribution 

of knowledge 

2.5.3. Possibility for revision 

2.5.4. Finding a consensus or choice of a semantic category/a range of semantic  

    categories by application of the majority rule 

2.5.5. Calculation of overall priorities/weights 

2.6. Mathematical aggregation: 

2.6.1. Collection of all individual judgements 

2.6.2. Group discussion 

 During the group discussions, panel members should be motivated to 

participate in the debates by the facilitator, to ensure an even distribution 

of knowledge 

2.6.3. Possibility for revision 

2.6.4. Calculation of individual priorities/weights 

2.6.5. Discussion of individual results 

2.6.6. Possibility for adjustments 

2.6.7. Calculation of aggregated priorities/weights using the arithmetic mean 

 

3. Conclusion/Interpretation 

The final discussion is expected to require thirty minutes to one hour. The subsequent 

analyses is expected to take approximately two to three hours. 

 

3.1. Discussion of overall priorities/weights 

3.2. Acceptance or rejection of overall priorities/weights 

3.3. Conduction of a questionnaire to analyse the perception of the method, the 

atmosphere and the results by the decision makers 

3.4. Dismissal of the decision makers 

3.5. Sensitivity analysis: Proportional weight method 

3.6. Robustness analysis  

3.7. Analysis of consequences: Choice of an option 

 

The flow chart of the modified guidelines can be found in appendix H. 

 



 
39 Practical Assessments 

3.2.3 Questionnaire 

 

The questionnaire (appendix F) showed that every participant felt comfortable to answer the 

questions individually and that nobody felt manipulated or suppressed. Three participants 

would have wished for additional criteria to be evaluated, namely “Capacity of Reaction”, 

“Independence in Everyday Life” and more criteria concerning physical deficiencies. The 

criticism about the scale being too comprehensive was also addressed in the questionnaire, 

with only one participant stating the scale being “just right”. With respect to the facilitator, 

participants mentioned that enough information was provided to make the judgements and 

that the facilitator was professional, motivating and gave the same attention to all 

participants. The methodology of pairwise comparisons was not judged uniformly. Two 

panel members said it would be very difficult to pairwise compare the criteria, two other 

panel members liked it and one of them mentioned that it would reduce the cognitive load.  

The user-friendliness was evaluated to be good by two panel members and three panel 

members said it was not easy to understand, difficult for elderly people and that a 

comprehensive introduction is needed. However, the expenditure of time was rated to be 

fine by every participant and most participants thought that the procedure of MACBETH 

would be valuable for future assessments. One participant wrote in the questionnaire that 

the whole evaluation seems to be difficult for people of higher age, that criteria 

dependencies are difficult to take into account and that the clinical outcome measures 

would not directly represent what most people would understand of the specific criteria. 

 

 

3.2.4 Summary of Findings 

 

With respect to the different aspects investigated to test the feasibility of the developed 

guidelines, the pilot panel session has shown that the introduction about MCDA and 

MACBETH is of major importance, if participants are of a higher age. In general, criteria 

should be well chosen and independent in MCDA, to avoid issues concerning the pairwise 

comparisons. Several cases of inconsistency have arisen during the session, however, all of 

them could be resolved. In group decision making with MACBETH, the arithmetic mean of 

the individual weights was applied, because no consensus could be reached. The results 

were accepted by five of the six panel members. The pairwise comparisons and the 

MACBETH methodology was perceived unequally by the participants, two found it user-

friendly and three mentioned it was difficult to understand. With four hours twenty minutes, 

the pilot panel session can be evaluated as time-consuming, but participants approved of 

the expenditure of time. Due to these findings and with respect to the modifications, the 

guidelines can be assessed as feasible. 
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4. Discussion 

4.1 Findings and Interpretations 

Although MACBETH has been widely accepted in the MCDA-community, it has only rarely 

been applied to healthcare-related decision making. The focus of this work was therefore 

the development of guidelines for the use of MACBETH as an MCDA method for group 

decision making in the assessment of criteria related to the development of new medical 

products.  

 

On this account, a thorough literature study was performed to gain information about 

MACBETH, the frequently used AHP and its best practices in group decision making and 

healthcare-related MCDA. In addition, similarities and differences between AHP and 

MACBETH were investigated. To the knowledge of the author, until this point, no detailed 

and objective comparison of these approaches had been carried out. Although the AHP has 

received much criticism in the past, it is still the method that has been applied the most in 

healthcare-related MCDA. The reasons for this extensive use should be subject to further 

investigations. 

 

Using the results of the literature study, guidelines for the application of MACBETH in group 

decision making in healthcare were developed. It was interesting to recognise that even 

though the AHP and the MACBETH methodology have several major differences, it was 

possible to apply best practices of the AHP in these recommendations. The feasibility of 

these guidelines has been tested in a practical assessment of frailty criteria with elderly 

individuals. The assessment has shown that the guidelines are feasible for applying 

MACBETH in group decision making for the assessment of criteria related to the 

development of new medical products. In addition, difficulties were detected and the 

guidelines were modified (see section 3.2.2 and appendix H). It is important to mention that 

it is not possible to calculate the group average using the geometric mean after each 

pairwise comparison with MACBETH. This is based on the variable nature of the semantic 

scale, which is dependent on the individual perception of the semantic categories by the 

decision makers. The range of the categories is determined in the linear program at the end 

of the scoring step. Instead, the only possibility to follow the mathematical aggregating 

approach in group decision making with MACBETH is to employ the arithmetic mean at the 

end of the assessment by aggregating the individual outcomes. It seems to be beneficial to 

apply this approach in group decision making with decision makers that are unlikely to reach 

a consensus. A subsequent discussion about the acceptance or rejection of the overall 

weights and priorities appears to be of major importance. In the practical assessment of this 

work, five out of six panel members agreed to the overall weights and accepted it as an 
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adequate compromise. The participant who did not agree to the overall weights also had the 

highest total and Euclidian distance (see violet line in figure 9 and Appendix I).  

 

Besides gaining information about the quality of the previously developed guidelines, the 

pilot panel session resulted in valuable data about the relative importance of different frailty 

criteria evaluated by elderly individuals. Although individual weights differed strongly among 

participants, five out of six decision makers accepted the overall weights and ranking of the 

frailty criteria. The results show that an improvement in “Cognition” was chosen to be of 

highest importance, followed by an improvement in “Balance”, “Energy” and “Mobility”. 

These four criteria are almost responsible for 61% of the weights. Therefore future research 

about the development of medical products should focus on nutritional compounds that 

improve frailty with respect to “Cognition”, “Balance”, “Energy” and “Mobility”.  

 

The modified sensitivity analysis has shown that rather radical changes would be needed 

before the criterion “Cognition” would be ranked second instead of first in the ranking of 

relative importance. This criterion can therefore be described as robust. The same applies to 

the ranking of “Hypercholesterolemia” as the criterion with the lowest relative importance. 

This criterion can also be assessed as robust. It is interesting to see that criteria of the 

domain “Cardiovascular and Endocrine Disease Prevention” were assessed to be of lower 

importance. This could be related to an underestimated risk of chronic diseases such as 

diabetes, if people are not directly affected [101].  

 

During the discussions in the pilot panel session, it became apparent that the assessment 

demands a great cognitive load, which is a significant burden for participants of high age. 

Therefore, future evaluations should consider to either focus on panel members below the 

age of 70 or to provide carers that can help elderly individuals if needed. In addition, a 

comprehensive introduction and competent responses towards upcoming questions are of 

major importance. The patient profiles should be provided at all time, to ensure an equal 

understanding of the frailty criteria at hand. The scale was also subject of the discussions. 

Participants criticised the large amount of options and mentioned to have preferred less 

semantic categories. They stated to have doubts about staying consistent using the scale and 

that a choice was difficult. Although the possibility to choose a range of categories for the 

pairwise comparisons was mentioned twice during the panel session, participants did not 

select this possibility. One would have expected that ranges would be selected in case of 

difficulties of choosing an option, but this was not the case. This could have several reasons. 

Either panel members wanted to make a clear decision for their own process during the 

scoring step, or the provided hard copies with separate boxes for each judgement prevented 

the choice of a range. In future assessments, this should be taken into consideration. 
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The qualitative questionnaire was used to investigate the perception of the MACBETH 

methodology and to determine recommendations for the broader use of MACBETH in 

healthcare-related group decision making. Two participants had suggestions for missing 

criteria, namely “capacity of reaction” and “independence in everyday life” and one 

participant was missing additional criteria regarding “physical deficiencies”. “Capacity of 

reaction” and “independence in everyday life” are very much dependent on the previously 

defined criteria and would therefore not be added in further assessments. Additional criteria 

regarding “physical deficiencies” were not specified and could therefore not be taken into 

consideration.  

 

Moreover, the questionnaire showed that some participants were satisfied with the 

procedure and found it user-friendly, whereas others had problems and found the concept 

and the procedure hard to understand. These different perceptions could be grounded in 

the different age as well as unequal levels of education. During the discussions some 

participants mentioned their former jobs and educational background and a correlation of 

these factors and the understanding of the MACBETH procedure could be possible. 

However, additional research would be needed to investigate this relationship. In addition, it 

is likely that the AHP procedure would have received analogue feedback, as a result of the 

pairwise comparisons and a similar questioning procedure. 

 

With respect to the semantic categories, as mentioned before, participants would have 

preferred a smaller scale. Only one participant said the scale would be “just right”. Due to 

the fact that the linear program behind MACBETH is very complex and cannot easily be 

replicated, it would be an advantage if M-MACBETH would incorporate an option to choose 

a preferred scale for the judgements. Salomon [88] also criticised the fixed scale. It would 

hence be likely that a modification of this factor would make the M-MACBETH software and 

hence the MACBETH procedure more attractive for healthcare-related group decision 

making in the future.   

 

It should be mentioned that the pilot panel session for the assessment of frailty criteria took 

four hours and twenty minutes, including the questionnaire. This can be assessed as rather 

time-consuming. In particular, the necessity to fill in individual judgements manually into M-

MACBETH if no consensus can be found and aggregate the results separately is intricate. 

Although it is expected that an evaluation with experts would take less time and participants 

in the pilot panel session approved of the expenditure of time, this could be a reason for 

decision makers not to choose MACBETH.  
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4.2 Strengths 

This work provides a comprehensive explanation of the AHP and MACBETH and compares 

both approaches with much detail. To the authors’ knowledge, until this point, no 

comparable analysis about similarities and differences between these approaches had been 

performed. The results contribute to a thorough understanding of both methods and help 

identifying the preferred procedure for different applications. Furthermore, the 

mathematical foundations of the linear program used in MACBETH were described by means 

of a simple example, which will help decision makers to understand the concept behind 

MACBETH without the need of a broad understanding of mathematics. 

 

MCDA has shown to be very useful in complex decision problems. Despite its criticism, the 

AHP has been widely applied in the field of healthcare. This work and the developed 

guidelines in particular, will ease and most likely enhance the use of MACBETH for future 

group decision making. The application of MACBETH in healthcare-related multi-criteria 

group decision making has been absolutely unique and will act as a reference for future 

assessments. Moreover, the collected data concerning the weights of frailty criteria will be 

of value for Nutricia as well as other researchers in the field of gerontology. The information 

gained in this research can be used for future panel sessions regarding clinical outcome 

measures and criteria related to the prevention of frailty in the elderly.  

 

This was the first instance in which the arithmetic mean was employed for the 

determination of aggregated weights in group decision making with MACBETH. It has shown 

to be successful and extremely beneficial for heterogeneous groups where no consensus can 

be reached. Until now, a consensus between decision makers was essential for making group 

judgements and the new insights could enhance the applicability of MACBETH for group 

decision making tremendously. Nonetheless, future research is necessary to validate the 

results of this aggregation. 

 

 

4.3 Limitations 

In spite of the undeniable value of this research, this work has some limitations. There is a 

possibility that even though the literature study was performed with much care, important 

information might have been missed due to missing keywords in the search. E.g. the long 

versions of AHP and MACBETH (“Analytic Hierarchy Process” and “Measuring Attractiveness 

by a Categorical Based Evaluation Technique”) were not specifically searched, which could 

have resulted in additional articles.  
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The aim of the pilot panel session was to test the guidelines for group decision making with 

MACBETH in the development of new medical products. For this reason, clinical outcome 

measures were chosen for each frailty criterion. The choice of clinical outcome measures 

was made with respect to their quality of representing the frailty criteria as well as the ease 

to explain the measures to elderly individuals. The appointed clinical outcome measures 

might have influenced the outcomes of the assessment and probably a different selection 

would have resulted in differing weights. This was also supported by one of the participants 

during the panel session, who was a retired doctor. The individual at hand also mentioned 

differences in the patient profiles, namely the improvement of higher significance in the 

Geriatric Depression Scale and the General Practitioner Assessment of Cognition including 

the Clock Drawing Test compared to the improvement in Gait Speed. However, this could 

have various reasons. Either the selection of moderately improved values in the patient 

profiles could be responsible for this difference, or the perception of the participant was 

subjective and dependent on personal preferences. Nonetheless, to prevent these 

difficulties, both clinical outcome measures and the values representing moderate 

improvements in the patient profiles should be chosen and validated by experts. The former 

should be achieved with MCDA, the latter should be discussed thoroughly and supported by 

information from recent, significant literature.  

 

The structure of the hard copies with separate boxes for each individual judgement could 

have been responsible for biased results. There is a possibility that panel members did not 

feel comfortable to choose a range of semantic categories due to the presentation of the 

necessary judgements. It could have also partially been partially responsible for a higher 

amount of inconsistency. Nonetheless, the possibility to choose a range was mentioned 

several times during the introduction and the scoring step and changes would be unlikely to 

deviate strongly from the current weights. 

 

Another limitation of this research could be the subjective evaluation of frailty criteria by the 

panel members due to the impact of specific illnesses or problems. In the discussions several 

participants mentioned the feeling that if they were struggling with a specific issue, the 

corresponding frailty criterion got a higher weight. If the conditions of the panel members 

would change, it could be likely that weights for frailty criteria would be influenced and vary 

accordingly. This would cause unstable results. 

 

Finally, the low amount of elderly panel members that took part in the assessment could be 

a constraint. With only six participants, the criteria weights might not be able to represent 

the importance of frailty criteria on a broader scale. The perception of the guidelines and the 

MACBETH approach could have also resulted in different findings, if more elderly individuals 

would have participated in the panel session. Further research is therefore necessary to 

verify the results. 
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4.4 Recommendations 

Several recommendations can be proposed to enhance the use of MACBETH in healthcare-

related multi-criteria group decision making. First of all, it would be of high value if future 

research would perform a comparison of AHP and MACBETH in a healthcare application. The 

same experts or elderly individuals should assess criteria with both the AHP and MACBETH. 

Subsequently the validity of the data should be analysed and a preferred method should be 

determined. This could finally settle the ongoing discussion between supporters of the AHP 

and MACBETH.  

 

The pilot panel session has shown the importance of sufficient time being provided for the 

introduction. Without the ability to describe the procedure, the frailty criteria, the clinical 

outcome measures and the patient profiles in detail, elderly individuals in particular would 

be unable to make an informed decision during the pairwise comparisons. Participants 

should be provided with all the information necessary as hardcopies to act as guidance 

through the questioning procedure. In case of expert groups, it would be beneficial to use an 

audience response system such as “QuestionPress” for the collection of judgements. In 

addition, the recommendation to first prepare a ranking of the elements that need to be 

assessed can be very helpful, most notably for individuals of higher age. 

 

The questionnaire and the discussions showed that elderly participants had mixed feelings 

about the MACBETH-methodology. A thorough introduction was essential for the 

understanding and the cognitive load was high. It can be assumed that younger individuals 

would have experienced less problems. However, it has shown to be of major importance to 

incorporate the patients’ perspective into medical decision making [2] and with nowadays 

ageing society, the elderly are the main stakeholders in this field. Therefore future 

assessments with elderly individuals should focus on simplifying the questioning procedure. 

 

Another recommendation concerns the scale used in M-MACBETH. To the authors’ 

knowledge, no article could be found in which the founders of MACBETH commented on the 

choice of the semantic categories. This was also criticised by Salomon [88]. As mentioned by 

Ishizaka and Nemery [17], “other verbal scales can be imagined”. For this reason, an 

explanation of the selection of the semantic categories by the authors of MACBETH would 

be proposed. The six currently existing semantic categories for the judgements have been 

criticised during the discussions of the pilot panel session and in the questionnaire. Most 

participants would have preferred less categories to choose from. This could be related to 

the high age of the panel members, but for future assessments it would be beneficial if the 

developers of M-MACBETH would incorporate a flexible amount of semantic categories for 

the judgements.  
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Further suggestions regarding group decision making with MACBETH can be proposed. Until 

now, a consensus between decision makers was essential for making group judgements. This 

research has shown that the arithmetic mean is useful for gaining aggregated weights in the 

assessment of criteria related to frailty in the elderly. It is hence recommended to use this 

measure for groups which are unlikely to reach a consensus. For this reason, it is highly 

advocated that developers of M-MACBETH generate a possibility for group decision making 

in this software. The possibility of connecting an audience response system or keypads to M-

MACBETH would be presumably also beneficial. These modifications can be expected to 

reduce the expenditure of time highly and hence increase the number of applications using 

MACBETH for group decision making. 

 

Finally, in future assessments for Nutricia concerning the development of nutritional 

compounds for the prevention of frailty in the elderly, the developed modified guidelines 

will be useful to support decision makers in the planning and conduction of panel sessions 

with MACBETH. 

 

 

5. Conclusion 

The aim of this research was the development of guidelines for the use of MACBETH as a 

method for multi-criteria group decision making in the assessment of criteria related to the 

development of new medical products. On this account, a thorough literature study was 

performed to investigate the frequently used AHP and the less commonly applied MACBETH 

approach. Both methods were first explained in detail, then compared and finally best 

practices of healthcare-related group decision making with AHP were used for the 

preparation of the MACBETH-guidelines. As the title of this thesis states (“Ending the war in 

multi-criteria decision analysis: Taking the best from two worlds”), the best attributes of 

both approaches were identified and combined in the guidelines.  

 

The next step of this work was to test the developed guidelines in a pilot panel session with 

elderly individuals concerning the assessment of criteria related to frailty in the elderly. This 

evaluation resulted in valuable data regarding the weights of different frailty criteria. In 

addition, discussions and a subsequent questionnaire gave information about the perception 

of the methodology and the results by elderly individuals. Minor flaws in the guidelines were 

detected, modifications were arranged and recommendations for an enhanced use of 

MACBETH were determined. 

 

The ongoing discussion about the AHP is mainly focused on the missing adherence to axioms 

based on utility theory, but Saaty [78] described the AHP as a method different to utility 

theory and therefore being independent of the accompanying axioms. Several applications 
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have shown the suitability of this method for group decision making (e.g. [102-104]. In 

addition, there is an abundance of software accessible using the AHP. Nonetheless, the high 

amount of criticism should be taken into consideration when choosing an MCDA method. 

MACBETH has shown to be methodologically sound and is overall accepted in the MCDA 

community. Both approaches have their advantages, but it is the belief of the author that 

MACBETH could become as popular as or more popular than the AHP, if the software 

provided for this method would be improved. Decision makers usually have a limited 

amount of time for panel sessions and group decision making with M-MACBETH has shown 

to be very time consuming. With respect to the title of this thesis, if these modifications in 

M-MACBETH would be executed or if the acceptance of successful AHP applications would 

be increased, the “war” in multi-criteria decision analysis could be decided in favour of both 

MCDA methods. 

 

The assessment showed that the developed guidelines for MACBETH are of high value for 

multi-criteria group decision making in healthcare. The results of the pilot panel session 

presented “Cognition” as the criterion with the highest relative importance, whereas 

“Hypercholesterolemia” came last in the ranking of frailty criteria. These findings will be 

helpful for the further assessments by Nutricia in September 2014. Two panel sessions are 

planned for the evaluation of clinical outcome measures and criteria related to the 

prevention of frailty in the elderly. The first panel session will be conducted with clinicians 

and payers, the second panel session will take part with patients and carers. It is 

recommended that the previously developed modified guidelines will be followed in these 

assessments. A provisional plan of these panel sessions is given in Appendix G. 

 

This work has answered the main research question as well as all five sub-questions notably 

through extensive research and therefore made a great contribution in the field of MCDA. It 

is expected that this research will help towards an improved decision making in healthcare 

by gaining new information and assisting to increase transparency and rationality.  

 

Besides the recommendations mentioned in section 4.4, future research should investigate 

the validity of calculated overall weights using the arithmetic mean with MACBETH. A focus 

on the development and verification of different group decision making approaches using 

MACBETH is of high importance to increase the application of this method in healthcare, due 

to many multidisciplinary decision makers and complex structures in this field.  

 

Finally, a remarkable development should be mentioned. In a conversation with the 

founders of MACBETH it was stated that Bana Consulting is currently working on a major 

project in cooperation with the European Medicines Agency for the assessment of treatment 

options by patients. The study will involve 3000 participants in Europe and will be conducted 

with an online questionnaire. The new web application used for this project is called WISED. 



 
48 Conclusion 

It uses the MACBETH, but without the need for neither finding a consensus nor gathering all 

decision makers in one location. In addition, different levels of a hierarchy are assessed 

separately in WISED, which means that sub-criteria are assessed with respect to the 

intermediate goal instead of the overall goal. This is comparable to the AHP. Although more 

research is needed, it is expected that these developments will result in an enhanced use of 

MACBETH in healthcare-related multi-criteria group decision making. 
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Appendix A: Literature Overview with the Most Important Articles 

MACBETH  

Theory 

Bana e Costa, De Corte [20] 

Bana e Costa [79] 

Bana e Costa and Vansnick [80] 

Bana e Costa and Vansnick [81] 

Bana e Costa and Vansnick [82] 

Bana e Costa and Vasnick [83] 

Bana e Costa [85] 

Bana e Costa and Vansnick [105] 
 

Applications (particularly in Healthcare) 

Bana e Costa and Chagas [84] 

Cox, Sanchez [94] 

Bana e Costa, Carnero [95] 

de Castro, Pinheiro [106] 

Oliveira, Rodrigues [107] 
 

Group Decision Making 

Bana e Costa, Lourenço [86] 

Pictet and Bollinger [108] 

 

 

AHP  

Theory 

Saaty [14] 

Brinkmeyer and Müller [22] 

Saaty [27] 

Ishizaka, Balkenborg [28] 

Saaty [89] 

Saaty [109] 
 

Healthcare 

IQWIG [2] 

Liberatore and Nydick [15] 

Dolan, Isselhardt [55] 

Hummel, van Rossum [110] 

Hummel, Volz [111] 
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Group Decision Making 

Hummel, Bridges [112] 

Srdjevic, Srdjevic [113] 

 

 

Discussion AHP and MACBETH 

Belton and Gear [46] 

Saaty and Vargas [58] 

Saaty [59] 

Ishizaka and Labib [64] 

Bana e Costa and Vansnick [65] 

Wang, Chin [66] 

Bana e Costa and Vansnick [80] 

Salomon [88] 

Korhonen [67] 

Belton and Gear [114] 

Salomon and Montevechi [115] 

Barzilai [116] 

Saaty [117] 

Garuti Anderlini, Pamplona Salomon [118] 

 

 

MCDA Group Decision Making 

Belton and Pictet [13] 

Pictet and Bollinger [108] 

Bui [119] 

 

 

MCDA in Healthcare 

Diaby, Campbell [7] 

Marsh, Lanitis [8] 

Baltussen and Niessen [9] 

Thokala and Duenas [120] 
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Appendix B: Overview Clinical Outcome Measures 

Table 9: Explanations of clinical outcome measures.       

MOBILITY 
COM Definition Scale/Interpretation 

 
Gait Speed 
 
[121-124] 

 
Accepted as a measure of frailty  
 
Test: 

 Patient has to walk 5 metres at a 
comfortable pace 

 Time is recorded 

 Repeated 3 times 

 Calculation of average speed 

 Measurement: metres/seconds 

 
Healthy Men, Age 70-79: 
Slow:      0.8   m/s 
Normal: 1.18 m/s 
Fast:       1.59 m/s 
 
Healthy Women, Age 70-79: 
Slow:      0.74 m/s 
Normal: 1.11 m/s 
Fast:       1.42 m/s 
 

 Improvement of 0.1 m/s should be the 
goal 
 

 
Timed Up and Go 
 
[125] 

 
Test of basic mobility skills 
 
Test: 

 Patient is sitting on arm chair 

 Stands up from chair 

 Walks 3 metres at normal pace 

 Turn, walk back 

 Sit back on chair 

 Time is recorded 

 Measurement: seconds 
 

 
Healthy adults, Age 70-79: 
Average: 8.2-10.2 s 
 
Groups: 
<10 s:     No constraints 
11-19 s: Low constraints 
20-29 s: Relevant constraints 
>30 s:     Severe constraints 
 

 
Flight of Stairs 
Questionnaire 
 

 
No sufficient information found 

 
No sufficient information found 

 
Short Physical 
Performance 
Battery 
 
[126-128] 

 
Good for detecting early stages of frailty  
 
Test: 

1. Repeated Chair Stands (5 repetitions) 
2. Balance Testing 

- Semitandem 
- Side-by-Side 
- Tandem 

3. 8’ Walk (2.44 metres) 
 
Max. points per category: 4 
Max. points summary: 12 
 

 
Scores: 
0-6:      Poor performance 
7-9:      Intermediate performance 
10-12: High performance 
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BALANCE 

COM Definition Scale/Interpretation 
 
Berg Balance 
Scale 
 
[129, 130] 

 
Developed as a performance-oriented measure 
of balance in elderly 
 
Test: 

 14 items, mobility tasks 

 scored from 0 (unable to fulfil task) – 4 (fully 
able to fulfil task) 

 Maximum total score: 56 
 

 
Scores: 
0-20:   high fall risk 
21-40: medium fall risk 
41-56: low fall risk 
 

 A change of 8 points: relevant 
 
 

 
Four Square Step 
Test 
 
[131, 132] 

 
Validated as a balance test for identifying fall risk 
in older adults 
 
Test: 

 The FSST involves stepping over 4 canes that 
are laid on the ground at 90° angles to each 
other 

 Patient has to rotate clockwise around the 
“plus sign” by moving forward, to the right, 
backward, to the left 

 1 repetition 

 Best score counts 
 

 
Scores: 
≤ 15 s: low risk for multiple falls 
>15 s: high risk for multiple falls 

 
Accelerometric 
Measurements on 
a Mat with 
Sensors 
 
[133] 

 
The Mat can be used to record the foot’s center 
of pressure (COP), the sway path length and the 
loss of balance on different surfaces during 
specific activities and with eyes open or closed 
 
 
 

 
Loss of balance frequency: 
Non-fallers: 2.4 (median) 
Fallers:         3.5 (median) 
 
Sway path length (sponge surface): 
Non-fallers: 19.1 cm (median) 
Fallers:         24.1 cm (median) 
 
Center of pressure excursion: 
Non-fallers: 17.2 cm (median) 
Fallers:         23.5 cm (median) 
 

 
Chair Stand Test 
 
[134] 

 
Test: 

 Patient sits on chair 

 On signal, patient rises to full stand 

 Then returns to a fully seated position 

 As many times as possible in 30 seconds 

 Measurement: number of full stands 

 
Scores Men (per Age): 
75-79: 11-17 stands 
80-84: 10-15 stands 
85-90: 8-14 stands 
 
Scores Women (per Age): 
75-79: 10-15 stands 
80-84: 9-14 stands 
85-90: 8-13 stands 
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ENERGY 

COM Definition Scale/Interpretation 
 
Six-Minute Walk 
Distance 
 
[135, 136] 

 
This test measures the distance that a patient 
can quickly walk on a flat, hard surface in a 
period of 6 minutes (the 6MWD) 

 Measurement: metres 
 

 
Average scores (per Age): 
70-74: 483.2 ± 71.1 metres 
75-79: 461.2 ± 70.8 metres 
>80    : 426.1 ± 73.2 metres 
  

 Relevant improvement: 70 metres 

 
Subjective Fatigue 
Questionnaire 
 
[137] 

 
Questionnaire consists of 30 questions which can 
be answered with “Yes” or “No” 

 10 questions: Drowsiness and dullness 

 10 questions: Difficulty of concentration 

  10 questions: Projection of physical 
impairment 
 

 
No sufficient information found 

GRIP STRENGTH 

COM Definition Scale/Interpretation 
 
Jamar 
Dynamometer 
 
[138-140] 

 
Test to measure upper body strength 
Test: 

 Tool: Jamar Analogue Hand Dynamometer 

 Participants are seated 

 Elbow by their side and flexed to right angles 

 Neutral wrist position 

 Dynamometer handle position II 

 Repetition: 3 times on each hand 

 Measurement: Grip strength in kg 
 

 
Average Men (per Hand & Age): 
Right hand 
70-74: 38.2 kg 
75+    : 28.0 kg 
Left hand 
70-74: 36.2 kg 
75+    : 29.8 kg 

 <26: considered weak 
Average Women (per Hand & Age): 
Right hand 
70-74: 24.2 kg 
75+    : 18.0 kg 
Left hand 
70-74: 22.5 kg 
75+    : 16.4 kg 

 <16: considered weak 

Leg Extension 
Strength 
 
[141] 

Test to measure lower body strength 
Test: 

 Participant sits on table, legs hang down, 
knee angle 90° 

 A shin guard attached to a resistance is 
fastened around the right lower leg of the 
participant 

 Participant must try to extend the right leg 
by raising the lower leg with maximum 
strength and hold that position for 3 seconds 

 Measurement: kg of force 

 Repetition: 3 times 

 Resting period in between: 30s 

No sufficient information found 
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COGNITION 

COM Definition Scale/Interpretation 
General 
Practitioner 
Assessment of 
Cognition incl. 
Clock Drawing 
Test 
 
[142] 

Test was designed as a GP screening tool for 
dementia 
Test: 

 Name and address for subsequent recall test 

 Time Orientation 

 Clock Drawing 

 Information news 

 Recall 

 Additional informant section 
 
Maximum Score: 9 

Scores: 

 Score 9: no significant cognitive 
impairment and further testing not 
necessary 

 Score 5-8: more information required, 
proceeding with informant section 

 Score 0-4: cognitive impairment is 
indicated, conduct standard 
investigations 

 
 

Rey Auditory 
Verbal Learning 
Test combined 
with Clock 
Drawing Test 
 
[143] 

The test measures recent memory, verbal 
learning, susceptibility to interference, retention 
of information and recognition memory 
Test: 

 15 substantives are read aloud to the 
participant five times (list A) 

 Test of retrieval after each attempt (list A) 
(Attempt A1 – A5) 

 15 new substantives are read aloud to the 
participant (list B) 

 Test of retrieval (list B) (Attempt B1) 

 Recall of words from list A (Attempt A6) 

 20 minute interval 

 Test of retrieval (list A) (Attempt A7) 

 Test of memory recognition: words from list 
A plus words from list B plus 20 distracting 
words: Individual is asked to indicate if words 
belong to list A 

  
Calculation of 

 ITP (proactive interference): (B1/A1)  

 ITR (retroactive interference): (A6/A5)  

 VE (forgetting speed): (A7/A6)  

 REC (recognition): sum of correct answers 

 LOT (Rate of learning): Sum(A1-A5) – 5*(A1) 

Average Scores Men (per Age): 
                          MEN       WOMEN 
70-74: ITP:        0.9              0.8            
            ITR:         0.9             0.8 
             VE:         0.9             1.0 
           REC:         7.2             9.0 
           LOT:        15.3          14.5 
75-79: ITP:         0.8             0.8 
            ITR:         0.8             0.8 
             VE:         0.9             0.9 
           REC:         7.5             6.2 
           LOT:       12.5           12.0 
80-84: ITP:        0.8             0.6 
            ITR:        0.9              0.9 
             VE:        0.9              0.8 
           REC:        5.5              6.1 
           LOT:      16.0            11.4 
 

Standardized 
Mini-Mental 
State Examination 
 
[144] 

The SMMSE is a 30-point questionnaire test that 
is used to screen for cognitive impairment 
Test:  

 Orientation to time (5 Points) 

 Orientation to place (5 Points) 

 Registration (3 Points) 

 Attention and calculation (5 Points) 

 Recall (3 Points) 

 Language (2 Points) 

 Repetition (1 Point) 

 Complex commands (6 Points) 
Maximum of 30 Points 

Scores: 
25-30: Questionably significant degree of     
             impairment 
20-25: Mild degree of  
             impairment 
10-20: Moderate degree of  
             impairment 
  0-10: Severe degree of  
             impairment 
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DEPRESSION 

COM Definition Scale/Interpretation 
 
Geriatric 
Depression Scale 
 
[145] 

 
Brief, 15-item questionnaire in which participants 
are asked to respond by answering yes or no in 
reference to how they felt over the past week 
Test: 

 10 questions indicate the presence of 
depression when answered positively  

 5 questions indicate the presence of 
depression when answered negatively 
 

 
Scores: 
0-4:     normal, depending on age, education   
            and complaints 
5-8:     indicates mild depression 
9-11:   indicates moderate depression 
12-15: indicates severe depression 
 

 
Hamilton Rating 
Scale for 
Depression 
 
[146] 

 
The HRSC is a questionnaire that consists of 17 
items, used to provide an indication for 
depression 
Test 

 Depressed Mood 

 Feelings of Guilt 

 Suicide 

 Insomnia 

 Work and Activities 

 Retardation 

 Agitation 

 Anxiety 

 Somatic Symptoms 

 Genital Symptoms 

 Hypochondriasis  

 Loss of Weight 

 Insight 
 
Maximum score: 66 
 

 
Scores 
0-7:     Normal 
8-13:   Mild Depression 
14-18: Moderate Depression 
19-22: Severe Depression 
≥ 23:    Very Severe Depression 
  

HYPERTENSION 

COM Definition Scale/Interpretation 
 
Blood Pressure 
 
[147] 

 
Systolic Blood Pressure 
Measures the pressure in the arteries when the 
heart beats (when the heart muscle contracts) 
  
Diastolic Blood Pressure 
Measures the pressure in the arteries between 
heartbeats (when the heart muscle is resting 
between beats and refilling with blood) 
 
Measurement: mm Hg 

 
Categories: 
                                                SBP              DBP 
Normal:                              < 120             < 80 
 
Prehypertension:             120-139         80-89 
 
Hypertension Stage 1:     140-159         90-99 
 
Hypertension Stage 2:      ≥ 160             ≥ 100 
 
Hypertensive Crisis:          > 180             > 110 
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HYPERCHOLESTEROLEMIA 

COM Definition Scale/Interpretation 
 

Cholesterol Level 
 
[148] 

 

The Cholesterol Level is measured in millimoles 
(mmol) per liter (L) of blood in most European 
countries and in milligrams (mg) of cholesterol 
per deciliter (dL) of blood in the United States 
and some other countries 
 

 

Interpretation: 
Total Cholesterol: 
Desirable:            < 5.2 mmol/L  
                              < 200 mg/dL 
Borderline high: 5.2-6.2 mmol/L    
                               200-239 mg/dL 
High:                     > 6.2 mmol/L       
                              > 240 mg/dL 
 

LDL Cholesterol: 
Ideal:                   <1.8 mmol/L 
                             < 70 mg/dL 
Ideal at risk:       < 2.6 mmol/L 
                             < 100 mg/dL 
Near ideal:         2.6-3.3 mmol/L 
                             100-129 mg/dL 
Borderline:         3.4-4.1 mmol/L 
                             130-159 mg/dL 
High:                    4.1-4.9 mmol/L 
                             160-189 mg/dL 
Very high:           > 4.9 mmol/L 
                             > 190 mg/dL 
 

HDL Cholesterol: 
Poor Men:          < 1 mmol/L 
                             < 40 mg/dL 
Poor Women:    < 1.3 mmol/L 
                             < 50 mg/dL 
Better Men:       1-1.3 mmol/L 
                             40-49 mg/dL 
Better Women: 1.3-1.5 mmol/L 
                             50-59 mg/dL 
Best:                    ≥ 1.6 mmol/L 
                             ≥ 60 mg/dL        
 

FLUCTUATING GLUCOSE LEVELS 

COM Definition Scale/Interpretation 
 
Continuous 
Glucose 
Monitoring 
 
[149, 150] 
 

 
Continuous glucose monitoring (CGM) systems 
use a tiny sensor inserted under the skin to check 
glucose levels in interstitial fluid 
 
 

 
Target blood glucose levels: 
Non-diabetic: 
Before meals:         4-5.9 mmol/L 
2 h after meals:      < 7.8 mmol/L 
Type 2 diabetes:  
Before meals:            4-7 mmol/L 
2 h after meals:     < 8.5  mmol/L 
Type 1 diabetes: 
Before meals:            4-7 mmol/L 
2 h after meals:      < 9    mmol/L 
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Appendix C: Patient Profiles 

 
Table 10: Patient profiles for different clinical outcome measures. 

Criteria Clinical Outcome Measure Patient Profile 1 Patient Profile 2 Range 

Mobility Gait Speed (GS) [123, 151, 128, 

124, 152] 

0.53 m/s 0.64 m/s 0 - >1.40 m/s 

Timed Up and Go (TUG) [125] 22 s 18 s <10, 10-19, 

20-30, >30 

Flight of Stairs Questionnaire 

(FOSQ) 
   

Short Physical Performance 

Battery (SPPB) [153, 127, 128] 
7 8 Scores: 0-12 

Balance Berg Balance Scale (BBS) [130] 31 39 Scores: <21, 

21-40, >40 (0-

56) 

Four Square Step Test (FSST) 

[131] 
23 s 18 s ≤15,>15 

Acc. Meas. on Sensor Mat 

(AMSM) 
   

Chair Stand Test (CST) [134] 9 stands/30s 11 stands/30s 0 - >19 

Energy Six-Minute Walk Distance (6MW) 

[154] 

190 m 260 m 0 - >600 

Subjective Fatigue Questionnaire 

(SFQ)  
   

Grip Strength Jamar Dynamometer (JD) [140, 

138] 

17.1 kg 18.3 kg 0 - > 40 kg 

Leg Extension Strength (LES) 

[153] 
25 kg 28.6 kg  

Cognition GP Assessment of Cognition 

(GPCOG+CDT) [142] 

5 7 Scores: 0-9 

Rey Auditory Verbal Learning 

Test (RAVLT) [143] 
5 7 Words: max. 

15 

Stand. Mini-Mental State Exam. 

(SMMSE) [155] 
20 24 Scores: 0-30 

Depression Geriatric Depression Scale (GDS) 

[156] 

5 3 Score: 15-0 

Hamilton Rating Scale 

(HRSC/HAM-D17/7) [146] 
10 6 Score: 66-0 

Hypertension Blood Pressure (SBP+DBP) [147] 153/92 136/84  

Hypercholesterolemia Cholesterol Level (CL) [148] 6.2  mmol/L 5.2 mmol/L  

Fluctuating Glucose Levels Continuous Glucose Monitoring 

(CGM) [150] 

Fasting: 

110  mg/dL 

2h after food 

intake: 

140 mg/dL 

Fasting: 

99  mg/dL 

2h after food 

intake: 

120 mg/dL 
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Appendix D: Clinical Outcome Measures Pilot Panel Session 

Table 11: Overview choice of clinical outcome measures for pilot panel session. 

Criterion Clinical Outcome Measure 

Mobility Gait Speed 

Balance Chair Stand Test 

Energy Six-Minute Walk Distance 

Grip Strength Jamar Dynamometer 

Cognition The General Practitioner Assessment of Cognition incl. Clock 

Drawing Test 

Depression Geriatric Depression Scale 

Hypertension Blood Pressure 

Hypercholesterolemia Cholesterol Level 

Fluctuating Glucose Levels Continuous Glucose Monitoring 
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Appendix E: Decision Tree and Matrix Pilot Panel Session 
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Appendix F: Questionnaire Pilot Panel Session 

1. Do you think that all relevant frailty criteria were included in the evaluation? If not, which 

frailty criterion would you have added? Or which frailty criterion did you find not relevant? 

 

 P1: I was missing the frailty criterion “capacity of reaction” 

 P2: Criteria about the independence of the elderly in everyday life were missing 

 P3: I think physical deficiencies should have gotten more criteria 

 P4: Blank 

 P5: Blank 

 P6: Yes 

 

2. Do you think that participants felt comfortable and free to communicate their point of view 

and do you think that the discussions took place in an atmosphere of trust? 

 

 P1: Yes 

 P2: Yes, no manipulation 

 P3: Yes 

 P4: Yes 

 P5: I believe that participants were able to communicate their point of view without any 

problems  

 P6: Yes 

 

3. Do you think that participants were put under pressure and that participants were scared to 

stand behind their own opinions? 

 

 P1: No 

 P2: No 

 P3: No 

 P4: No 

 P5: No 

 P6: No 

 

4. What do you think about the semantic categories available for your judgement? Was the scale 

just right, too comprehensive or not sufficient? 

 

 P1: The scale was too comprehensive for my taste 

 P2: Too comprehensive 

 P3: Too comprehensive 

 P4: Too comprehensive, but I guess you need these different categories for all those different 

criteria  

 P5: Too comprehensive 

 P6: Just right 
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5. Do you think that you got enough information in the introduction to make your judgements? 

 P1: Yes 

 P2: Yes 

 P3: It was difficult to identify myself with some of the criteria in the patient profile, because I 

never experienced fluctuating glucose levels or high blood pressure, but there was enough 

information 

 P4: Yes 

 P5: Yes 

 P6: Once I understood the clinical outcome measures, it was fine 

 

 

6. Do you think, that the moderator has motivated participants equally to take part in the 

discussions? What else would you have liked from the moderator? 

 

 P1: Same attention was given to all participants 

 P2: The moderator did well, all problems were solved, she answered all the questions and 

provided help if needed 

 P3: Yes, the moderator was good 

 P4: The moderator was very professional and helped motivating participants 

 P5: The moderator motivated participants equally  

 P6: All good, good explanations 

 

7. What do you think about the procedure of pairwise comparisons? Do you think that it reduced 

the cognitive load of the evaluation? What changes would you find necessary? 

 

 P1: Yes, I think it was good and it reduced the cognitive load, but I was unaccustomed to it 

 P2: I found the pairwise comparison with the scale very difficult 

 P3: No, I did not like the procedure, it was very difficult 

 P4: Blank 

 P5: Blank  

 P6: I liked the procedure 

 

8. What do you think about the expenditure of time of this panel session? Do you think it was just 

right, too extensive or too short? 

 

 P1: Just right 

 P2: The expenditure of time was fine 

 P3: Just right 

 P4: Fine 

 P5: The expenditure of time is suitable 

 P6: Just right, but should not have been much longer, due to the loss of concentration 
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9. Do you think that the procedure was easy to understand and user-friendly? 

 

 P1: Not really easy to understand, takes some time to get used to it 

 P2: The procedure needs a good introduction and understanding of the questions 

 P3: Not very user-friendly, at least not for people my age 

 P4: Blank 

 P5: After the introduction through the moderator the procedure was user-friendly 

 P6: Yes, it was user-friendly 

 

 

10. Do you think that the results of today’s panel session are realistic and that they represent your 

personal evaluation? 

 

 P1: Yes 

 P2: Not readable 

 P3: Yes 

 P4: Yes 

 P5: My personal weights represent my personal assessment, the overall weights are also still 

acceptable for me 

 P6: Blank 

 

11. Do you think that the procedure to assess the importance of different criteria is valuable and 

efficient? Do you believe it could be helpful in other similar assessments in healthcare? 

 

 P1: Yes, I can imagine it would be valuable in future assessments 

 P2: I am not sure 

 P3: Yes 

 P4: I believe it could be very valuable 

 P5: Blank 

 P6: Blank 

 

12. Other comments/thoughts? 

 

 P1: It was very interesting 

 P2: The whole evaluation seems very difficult for people my age or older, and you need so 

much concentration for the answers to be consistent. It does not seem to be realistic to do 

these assessments with older people. Furthermore, some criteria are quite dependent on 

each other, e.g. mobility and balance or depression and everything else. Then it seems 

difficult to say which is more important. And the clinical outcome measures seem to be both 

important and critical at once, because in my eyes, mobility would mean a lot more than just 

walking faster for 5 metres 

 P3: Physical and psychological deficits should be further examined and defined 

 P4: Blank 

 P5: Blank 

 P6: Blank 
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Appendix G: Plan Panel Sessions Nutricia 

Appendix G offers a plan for the panel sessions for Nutricia in September 2014. These 

sessions will focus on the assessment of clinical outcome measures and criteria regarding 

frailty in the elderly. The panel sessions are designed to include relevant stakeholders in the 

assessment of frailty criteria and clinical outcome measures. The goal is to gain valid and 

valuable data for an upcoming research regarding the effectiveness of several nutritional 

compounds in the prevention of frailty in the elderly.  

 

Panel members (in the following also named participants or decision makers) will be invited 

by Nutricia and will consist of payers and clinicians in the first panel and patients and carers 

in the second panel. Prior to the panel sessions, payers and clinicians will receive 

information about the procedure, the two patient profiles and the clinical outcome 

measures to provide an introduction of the topic and to clarify potential issues. At the start 

of the panel session, panel members will be greeted and announced, the researchers will 

introduce themselves and a short introduction to MCDA and MACBETH will be provided. A 

tablet will be handed to each participant, the audience response system “QuestionPress” 

will be explained and a short example of how to use this tool will be given. The next step is 

going to be the presentation of the decision structure, the semantic categories available for 

the judgements and the organisation of necessary judgements.  

 

In the first panel session with payers and clinicians, clinical outcome measures will be 

assessed with respect to the frailty criteria using pairwise comparisons. Assessments are 

only necessary, if more than one outcome measure is proposed for the evaluation of one 

criterion. 

 

As an example, the panel members will be asked: 

 

Figure 12: Example of questioning procedure.   
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                   Table 12: Semantic categories for the judgements.  
                   According to Bana e Costa and Vansnick [80]. 

Number Semantic Categories 

C1 Very weak difference in attractiveness/preference/importance 

C2 Weak difference in attractiveness/preference/importance 

C3 Moderate difference in attractiveness/preference/importance 

C4 Strong difference in attractiveness/preference/importance 

C5 Very strong difference in attractiveness/preference/importance 

C6 Extreme difference in attractiveness/preference/importance 

 

 

Decision makers will be able to vote for the most attractive outcome measure using 

“QuestionPress”. Results of the votes will be displayed on screen in a bar chart. Decision 

makers will then have time to discuss their opinions and revise their individual judgements in 

a second vote, if conflict of opinion is high. The discussions and votings are then repeated. If 

a consensus is found, the next pairwise comparison can take part. In case of a continuing 

very strong disagreement after three rounds, the majority rule will be adapted.  

 

The final judgements of the pairwise comparisons are going to be inserted into the M-

MACBETH software to check for consistency and to gain priorities for each clinical outcome 

measure. Once all the necessary pairwise comparisons are gathered, the most important 

clinical outcome measures of each frailty criterion will be presented on the screen. It will 

follow the adaption of the most important outcome measures in the patient profiles, 

eliminated outcome measures will be deleted. The reduced patient profiles will then be 

displayed on screen. Participants will be asked to evaluate and discuss the profiles with 

respect to realistic improvements on each outcome measure and make modifications if 

necessary.  

 

The next step in the MACBETH procedure would usually be the assessment of options with 

respect to the criteria. However, due to the fact that only two options (patient profiles 1 and 

2) are evaluated, the scores 0 and 100 are assigned to the patient profiles 1 and 2, 

respectively, with respect to each criterion.   

 

Next, the frailty criteria will be weighed using pairwise comparisons. A total of 21 pairwise 

comparisons will be requested as proposed by Bana e Costa and Chagas [84]. The 

recommended questioning procedure of Bana e Costa [85] as explained in part 2.2.2 is 

slightly modified to the following examination:    
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Modifications are the skip of the criteria ranking and the judgement from neutral to good on 

each criterion, to reduce the number of necessary judgements and to keep an overview in 

the group decision making process. According to the questioning procedure, all pairwise 

comparisons will be conducted through “QuestionPress”. After this assessment a short break 

will take part, in which researchers are going to insert the judgements of the decision 

makers into the M-MACBETH software. After the break the results of the criteria weighting 

will be shown on screen to the panel members and necessary adjustments will be discussed 

to reach consistency. Decision makers are then also able to discuss and adjust weights until a 

consensus is reached. Once all questions are answered and all comments are gathered, the 

panel members will be dismissed. 

 

The second panel session will basically follow the same procedure. The only differences are 

that decision makers then consist of patients and carers instead of payers and clinicians and 

that the assessment of suitable clinical outcome measures for each frailty criterion will be 

skipped due to the focus on clinical experts in the evaluation of this first part.  

 

Following the panel sessions, sensitivity and robustness analyses will be performed with M-

MACBETH to investigate the effects of changes of different variables and uncertainty in the 

decision making process. In addition, individual judgements of the decision makers will be 

evaluated and compared to the outcome of the group decision making. Difficulties in the 

assessment of both clinical outcome measures and frailty criteria with respect to the 

MACBETH methodology will be analysed by means of participants’ comments, a qualitative 

questionnaire and researchers’ perceptions. 

 

 

Figure 13: Questioning procedure for the weighting of frailty criteria. 
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Appendix H: Flow Chart of Modified Guidelines  
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Figure 14: Flow chart of modified guidelines. 



 
78 Appendices 

Appendix I: Overview Distances Individual and Aggregated Weights 
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