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ABSTRACT

The methodology of Parsimonious Analytic Hierarchy Process (PAHP) has been originally
constructed to unburden the evaluators of an AHP survey from the numerous pairwise com-
parisons caused by the several alternatives in decision problems. So far, there are very few
applications of PAHP and all of them referred to the last level of the decision structure; to
the alternatives. This paper aims to demonstrate a multi-level PAHP based model, so how to
apply the method on an arbitrary level of the decision structure. Since being a new method,
another objective is to conduct a comparative analysis on the correlation of the results
between AHP and multi-level PAHP models. Moreover, the new multi-level approach makes
it possible to demonstrate an immanent analysis originated from AHP logic to test PAHP
results, which is unique in the scientific literature for Parsimonious technique. The created
model has been tested in the real-world decision problem of a Turkish big city, Mersin.
Based on the test and analysis, the method can be a suitable tool in case of layman evalua-
tions even in case of small number of criteria or alternatives. In the paper, a general applica-
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tion process is also proposed for other future appliers of the method.

1. Introduction

In every preference type survey, the researchers face
the dilemma of either acquiring the most valuable
data as possible by the questionnaire, asking many
and complex questions, or keeping the evaluations as
simple as possible for reaching high response rate.
The Analytic Hierarchy Process (AHP) is an example
for the first option, the questionnaire is complex, con-
taining several pairwise comparisons, while the evalu-
ation time is long and severe cognitive effort is
required from the respondents. Simple Additive
Weighting (SAW) or Multi-attribute Value Theory
(MAVT) represent the second option avoiding pair-
wise comparisons and hierarchy in their process.
However, the AHP has a clear advantage compared
to any other survey methods. It provides a hierarchical
decision structure to the respondents, thus leads them
by the questions and also motivates the consistent
evaluation by the checking procedure. It is an asset in
case of layman respondents because the risk of getting
confusing or uncertain scoring is reduced. This paper
presents a decision problem in which to keep the
nature of AHP has been a clear objective because of
the public participants. Further, even due to the non-
expert evaluators, the application of a more simple
and understandable questionnaire has also been
among the objectives. Completing both of these — at
first sight — contradictory goals has led the author of

this paper to create the multi-level Parsimonious
AHP model.

Parsimonious AHP (PAHP) is a recently created
(Abastante et al., 2018) methodology which aims to
unburden decision makers in the Analytic Hierarchy
Process by requiring less pairwise comparisons than
in the classical AHP procedure. As being a fresh tech-
nique, there are only few applications of it and some
questions still remained open in terms of the condi-
tions and limitations related to the usage of PAHP.

This paper aims to investigate the question; how
to apply PAHP for a multi-level decision problem in
which public respondents participate in the survey.
Multi-level decision problems are very common in
AHP applications, this is one of the advantages of
the method that it can handle complex problems
with several levels of criteria. All the PAHP models
so far investigated the method on alternatives
(which are obviously on the same, last level of the
decision structure) the recent objective is to examine
the applicability on criteria in an arbitrary level of
the decision tree.

There are only two articles currently available in the
scientific literature introducing and applying the PAHP
technique. The first related paper (Abastante et al.,
2018) published in this topic, demonstrated the method
for evaluating social housing project initiatives in
which a board (Programma Housing) - connected to
the Italian Bank Foundation - played the role of the
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Figure 1. The hierarchical decision structure for public transport development (Source: Duleba et al., 2012).

decision maker. Although Programma Housing as an
operating entity consisted experts from several differ-
ent fields (e.g. engineers, architects, financial experts,
psychologists), the board was considered as one homo-
geneous decision maker group and the overall result
was gained by making no distinction among evaluators.
In this demonstrative application, 10 criteria was
selected (five social and five technical) in a uni-level
decision structure (not including the level of alterna-
tives). The other known example is the paper of
Abastante et al. (2019), in which the effectiveness of
PAHP was examined by an experiment with 100 uni-
versity students. During the frames of this scientific
project, students were asked to estimate the area of dif-
ferent geometrical figures and the evaluation was made
both by classical and parsimonious AHP. In this study,
the authors also provided an example in which a dean
selected appropriate students based on their estimated
results of three subjects by PAHP. The weights of the
subjects can be considered as criteria level but there
were no sub-levels except for the alternatives.

This paper endeavors to fill this scientific gap by
examining the application of PAHP for a multi-level
decision problem. Based on the survey experience,
this application is not trivial and a slightly modified
model has to be created for gaining the appropriate
results. Moreover, a previous complete AHP study
from 2018 has been available, so the direct compari-
son of AHP and multi-level PAHP results has also
been possible. Finally, an unprecedented immanent
comparison is also demonstrated for getting deeper
insight to the PAHP methodology and outcome.

Although parsimonious Analytic Hierarchy Process
was originally created for decision problems with many

alternatives (Abastante et al., 2018), the core objective
of the method also exists in case of many decision crite-
ria. In the demonstrated case study of public transport
system development, 24 hierarchical criteria describe
the supply quality of public bus service. That means
that for a classical entire AHP procedure (23 x 24)/
2=276 pairwise comparison evaluations would be
necessary if all criteria would be on the same level.
Considering the created three levels and seven branches
of the examined decision problem (see Figure 1), the
number of the required pairwise comparisons for AHP
is 27. Note that elements of the decision tree are not
compared if they are situated on different levels or
branches. For public participants completing even this
number of comparisons (27) might be too demanding if
they are not committed enough to the actual develop-
ment. The largest comparison matrix is 5% 5 in the
decision structure and the tolerably consistent filling of
this sized matrix requires significant cognitive effort
from non-expert evaluators. Thus, urban transport sys-
tem improvement is a suitable case study for demon-
strating multi-level PAHP.

In the followings, first the scientific background of
the examined public transport decision problem is
overviewed highlighting primarily the public participa-
tion. In further parts of the manuscript are introduced
AHP, PAHP and modified PAHP (the proposed
method). Also, the results of the AHP and the modified
PAHP surveys conducted in a Turkish city, Mersin, are
demonstrated. Then two types of comparative analysis
are presented: an immanent check, which is unprece-
dented in the Parsimonious methodology, and a direct
rank correlation test between AHP and PAHP results.
In the Conclusions section the characteristics of PAHP
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and modified PAHP are analyzed and compared to
classical AHP applications. Moreover, a general multi-
level PAHP procedure is suggested for the arbitrary
application of this new multi-criteria decision mak-
ing technique.

2. Literature review on multi-level criteria
AHP and public involvement in
transport planning

Evidently, the multi-level criteria decision making
models in MCDM and within that in AHP are dom-
inant. Zhang et al. (2018) applied a two-level (main
criteria and sub-criteria) model to prioritize factors
of geothermal energy utilization technologies.
Ameen and Mourshed (2019) used four criteria lev-
els for a sustainability framework in an AHP model.
Kaur et al. (2018) even applied a five criteria level
decision hierarchy for authorship verification and
compromised account detection in online social net-
works. Corrente et al. (2012) stated directly, that in
theory, the great majority of multi-criteria decision
adding (MCDA) methods consider evaluation crite-
ria at the same level, however, practical applications
generally impose a hierarchical structure of criteria.

However, when a multi-level criteria decision sys-
tem is applied, it obviously requires more cognitive
efforts from the decision makers (Saaty, 1977). If
the participants possess deep insight into the exam-
ined problem, have the enthusiasm to participate
and are selected experts of the relevant field, it is
expected from them to tackle this complexity of the
decision. But how can this be expected from com-
mon people representing the public opinion without
any professional background in the field? Thus, a
different approach has to be applied for these prob-
lems. An option to overcome the complexity issue
might be to use linguistic terms instead of the gen-
eral scaling of AHP, however, in this case, the num-
ber of comparisons remain (Luo et al., 2019).

There are specific cases in which stakeholder
involvement is recommended to reach a sustainable
decision. Generally, implementations concerning
public services should take into consideration ex-
ante the preferences of the public. These problems
are considered as group decision-making and
require the aggregation of preferences by a possibly
fair aggregation technique (Aouni et al, 2018; Lin
et al.,, 2018; Wu et al,, 2018). Although the demon-
strative case study, the urban transport system
development is a relevant example of group decision
making, the recent paper aims to introduce the
Parsimonious AHP technique for hierarchical crite-
ria, thus the emphasis is on the decision hierarchy.

Le Pira et al. (2017) collected six types of meth-
odologies that can be applied for involving public
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stakeholders to a public transport development deci-
sion. Three of them were based on consultation and
participation i.e. Focus groups, Multi-actor MCDM
methods (Macharis & Bernardini, 2015), PPGIS
(Jankowski, 2009), while the others on stakeholder
analysis. Parsimonious AHP has also a consultation
element in its decision procedure (Abastante et al.,
2019) and with citizens as respondents this charac-
teristics is proven to be very useful.

In his AHP survey, Lupo (2013) found that non-
expert respondents, in that case customers, provided
uncertain judgements on transport services. He pro-
posed a combination of fuzzy theory and analytic
hierarchy process in order to mitigate the uncer-
tainty. For multi-level evaluations of public services
by citizens this is a common problem (Bai et al,
2008). Except for using fuzzy sets, another possible
method for reducing uncertainty of public respond-
ents within the AHP framework is the application
of Interval AHP models (Ghorbanzadeh et al.,
2018). In some cases, the fuzzy approach is com-
bined with a hesitant linguistic methodology both
for criteria and alternative evaluation (Peng &
Xia, 2019).

The risk connected to common people partici-
pants in AHP surveys refers to two basic issues:
incomplete pairwise comparisons and inconsistent
pairwise comparisons. An evaluation is incomplete
when missing values can be detected in the filled
questionnaires independently from being purposive
or not. Some methodological solutions exist for this
problem (Bozdki et al., 2010; Chen et al, 2015;
Duleba et al., 2012) but all of them provide only
estimation on the missing elements of the matrices
by some optimization procedures.

There are some remarkable techniques to meas-
ure and handle inconsistency in AHP such as
Kulakowski (2018) or Maturo et al. (2019). Despite,
Saaty’s Consistency Ratio is still widely applied and
accepted (Farooq & Moslem, 2019) and the most
recommended technique to handle the problem is
the direct modification of the non-tolerably
inconsistent matrix by the dialogue with the original
evaluator.

Methodologically, Parsimonious AHP and Sparse
AHP have got common roots. Sparse AHP refers to
decision problems in which only a limited amount
of information is available (Oliva et al., 2017) and
not all the values of pair wise comparisons. For
these cases, Sparse AHP applies the Sparse
Eigenvector Method (SEM) (Oliva et al, 2019) in
which the unknown utilities are approximated via
the dominant eigenvector even if perturbations
occur. There are other papers in AHP literature
coping with missing entries of the ratio matrix e.g.
Fedrizzi and Giove (2007), Menci et al. (2018). The
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Table 1. The structure of a (gxgq) consistent, theoret-
ical PCM.

w'/w! w' /w? w'/wd
w2 /w! w2 /w? w? /w3
wa/w! wa /w? wa /wl

main difference between Sparse and Parsimonious
AHP is that the reference points in PAHP are sys-
tematically selected and further interactions between
the respondents and survey instructors are provided
compared to Sparse AHP.

Parallel to Sparse AHP, the already mentioned
incomplete AHP shows some similarity to
Parsimonious AHP from methodological point of
view. This is also a pairwise comparison reduction,
since only some of the required elements of the
PCM-s are available for the analyzers (Benitez et al.,
2015; Subramanian & Ramanathan, 2012). The miss-
ing elements might be due to mistakes or the lack
of confidence of the evaluators or even due to
impossibility as in Bozoki et al. (2016) in which ten-
nis players were compared by their head to head
results and some of them could not have such
results because of their different age. Abastante
et al. (2019) stressed that based on Carmone et al.
(1997) in incomplete PCM-s the maximum reduc-
tion of the pairwise comparisons is by 50% of the
total evaluations. Moreover, the incomplete cases do
not reflect the question that which elements should
be provided in order to gain a feasible final decision
on the examined problem.

Parsimonious AHP can be a solution to all the
above listed gaps in AHP surveys with public
respondents. It reduces the cognitive effort require-
ment in a multi-level decision structure, by its con-
sultative characteristics (it is included in the steps of
PAHP) it mitigates the risk of incomplete evalua-
tions to zero and in case of non-tolerably consistent
filling of pairwise comparison matrices, by a dia-
logue with the respondents’ values can be modified
to reach the 0.1 threshold value of the
Consistency Ratio.

In the followings, the methodological basis of
AHP and PAHP is introduced and a model for
multi-level PAHP is proposed.

3. Methodology
3.1. Overview on analytic hierarchy process

Since the created model applies AHP for the non-
Parsimonious levels of the decision hierarchy and
the Parsimonious calculation also contains an AHP
step by checking the direct evaluations, first the
AHP is described.

Analytic Hierarchy Process is heavily based on
the decision structure created from the decision cri-
teria of the complex decision problem (Saaty, 1977).
Criteria, sub-criteria, sub-sub-criteria, etc. are identi-
fied with the last level of the alternatives in a deci-
sion tree. The linkages of the elements are also
important since they determine not only the pair-
wise comparisons in the procedure, but also the
final weight and alternative scores by the consider-
ation of the respective previous level element score.

The method of AHP can be summarized as follows.
Let us assume that there are a alternatives in the deci-
sion: A; A,,...,A, and m criteria: C;, C,,..., C,,. Let
us denote A the pairwise comparison matrix of the
alternatives with respect to the criterion i, and v() the

eigenvector calculated from the matrix A by Saaty’s
eigenvector method (other possible methods also exist).
Let also have C, the pairwise comparison matrix of the
criteria and w( is the weight vector gained from the
computed eigenvector of C. Then the final evaluation
scores (denoted by u(w)) of the alternatives can be
gained by:

u(w) = W + V% + VO (1)

The eigenvector method for PCM-s applies the fol-
lowing calculation for C and A®):

AWw= Anu V. (2)
Then eigenvector v can be calculated as
(A — Jmax D) V' =0, (3)

where Ayq is the maximum eigenvalue of the
matrix A.

Note that the consistent, theoretical pairwise com-
parison matrices complete the transitivity criterion of
the matrix elements: ay = a;aj for any ijk denot-
ing the rows and columns of the matrix. It is evident,
that the principal eigenvector of the consistent matrix
exhibited in Table 1 is {v';1>;v%; v*;...; ¥4} with the
maximum eigenvalue of q.

In AHP the eigenvector is calculated just as the
PCM-s were consistent. Theoretically they are, but
for the experiential matrices (filled by real evalua-
tors) the eigenvectors are probably not consistent.
Since the eigenvector calculation is exactly the same
for the experiential (most likely not consistent)
matrices, an inconsistency threshold is applied in
Analytic Hierarchy Process for filtering out (Brunelli
& Fedrizzi, 2019) those evaluations which are over
the tolerable inconsistency value (see Formula 4 and
5 below). In AHP this value is 0.1 for the
Consistency Ratio (defined by Formula 5).

In the AHP procedure, the respondents fill the pro-
vided PCM-s by providing their estimation on the
relative importance/significance and scoring the
brackets of the PCM above the main diagonal (due to
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Table 2. Pairwise scale (1-9) of relative weight of criteria in
PCMs (Saaty, 1994).
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Table 3. Random Index (RI) indices from randomly gener-
ated matrices.

Numerical values Verbal scale of importance

N 1 2 3 4 5 6 7 8

Equal importance of both elements

Equally to moderately important

Moderate importance of one element over another
Moderately to strongly important

Strong importance of one element over another
Strongly to very strongly important

Very strongly important

Very strongly to extremely important

Extreme importance of one element over another

Vo NOULD WN =

the reciprocity scoring other positions is redundant).
They select values from the Saaty scale (Table 2).

For the experiential PCM-s, the reciprocity
(aji = 1/ay, where a;; = 1) is necessary to be fulfilled,
however, these experiential matrices are most likely
not consistent in terms of the perfect transitivity of
the pairwise evaluations, so: a; # aijajk, where i,
and k denote arbitrary rows and columns of the PCM.

Consequently the consistency of evaluators’ rating
have to be measured in experiential matrices of C

and A", For this, at first Random Index (RI) has to
be determined by selecting the value of the same
size PCM as investigated (Table 3).

Then Consistency Index (CI) is calculated by
using Equation (4).

Cl = (Apax —n)/(n—1) (4)

where Ayqx is the principal eigenvalue of the PCM
and » is the number of rows in the compari-
son matrix.

Having gained the RI and CI values, the
Consistency Ratio (CR) can be calculated by

CR = CI/RI. (5)

CR is acceptable when its value is smaller than 0.1
(Aczel & Saaty, 1983; Saaty, 1994).

There are many approaches for aggregating eval-
uators’ answers, the most popular aggregation pro-
cedure is the geometric mean (Aczel & Saaty, 1983).

If “h” evaluators take part in the procedure

f(xl) X25 o xh) =

where x;, X, ..., x5 denotes entries, in the same
position of pairwise comparison matrices, filled in
by the decision makers (d=1,...,h).

For determining the final weight vectors of the
criteria, the following method is generally applied:

w; Vij w; 1
J Y J
Wa, = — n = N n Vij> (7)
w Ek:ﬂ’ik w Zk: Vik

wherej=1, ...,mandw =37 w;
wji>0 (j=1, ..., m) represents the related weight
coordinate from the previous level; v; > 0 (i=1,

.., n) is the eigenvector computed from the matrix

RI 0 0 0.58 0.9 1.12 1.24 132 1.41

in the current level, wy; (i=1, ..., n) is the calcu-
lated weight score of current level’s elements.
Sensitivity analysis enables in understanding the
effects of changes in the main criteria on the sub
criteria ranking and help the decision maker to
check the robustness throughout the process.
Conducting the sensitivity analysis is also part of
the AHP procedure which enables the decision mak-
ers to check the robustness of the results by detect-
ing the impact of slight changes of certain weight
scores on the whole decision structure ranking.

3.2. The parsimonious AHP approach

The general PAHP approach for C,, criteria and a
alternatives created by Abastante et al. (2018) can be
summarized in the following steps:

1. Direct rating of the criteria C,, with respect to
alternative a on a given scale (e.g. 0-100);

2. Selecting some reference criteria. Let us denote
the reference criteria by s, and the number of
reference criteria by t,,;

3. Following Corrente et al. (2016), evaluators are
therefore asked to apply the original AHP approach
to the set composed of the reference evaluations (let
us denote 7, the direct evaluation of the s reference
element by the evaluators) defined on Step 2 obtain-
ing the normalized evaluations u(y,), for all m =

1,..,nandforalls =1, ..., t,;

4. The following items have to be checked and dis-

cussed with the evaluators:

0O the consistency of the pairwise comparisons has
to computed by the consistency ratio (CR),

O the normalized evaluations u(y,,), for all m =
1,...,n and for all s = 1,..., t,, have to be
compared with the corresponding ratings
rm(yms) controlling that the monotonicity is
satisfied, that is verifying that rm(y, ) >
rm(ymsZ) if u(’))msl) Z u(ym32)>

0O evaluators must have the possibility to modify
the rating or the PC-s in order to get consistent
pairwise comparisons that satisfy monotonicity
which would be accepted by the evaluators.

0O The ranking of the evaluations provided by
evaluators (which are not the reference evalua-
tions) are obtained by linear interpolation for
the normalized evaluations which have to be
computed in the previous step. Let us denote:
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u(rm (a)) the normalized evaluation score of
criterion (m) with respect to alternative (a), which
is computed from interpolation of the values
obtained by the reference AHP in the third and
fourth steps,

U(Yms) the normalized AHP score of the s reference
element gained from pairwise comparison,

U (Ymss+1) the normalized AHP score of the s+ 1
reference element gained from pairwise comparison,

Yms the direct evaluation of the s reference element
by the evaluators (level wisely direct rating),

Yms41 the direct evaluation of the s+ 1 reference
element by the evaluators (level wisely direct rating),

rm(a) the direct corresponding rating provided by
the evaluator to the criteria (a), (level wisely
direct rating).

For each rm(a) € [Yms Ymsit), the following
value has to be computed (by this, the rank
reversal problem is totally avoided):

u (Vms-H ) —u (yms)

Yms+1 = Vs

(I‘m (Cl) - yms) .
(8)

Basically, in Parsimonious AHP we have a mono-
tonic increasing order of the criteria, determined by
direct evaluation on a certain level. From this order
we select t,, reference elements and conduct the
pairwise comparisons on them. Their increasing
order has to be kept and consistency to be checked.
Afterwards, we substitute their weight values with
the direct ratings and get back to the original mono-
tonic increasing order. In this order normalizing
any r; elements means to find its low (7,,,) and high

u(rm (a)) = u(?ms) +

(Vmsy1) neighbor out of the reference elements.
Their monotonic order cannot be changed, which is
assured by formula (8).

In the followings, the parsimonious model for
multi-level criteria is introduced.

3.3. The proposed multi-level parsimonious
AHP technique

Let us have m criteria structured in a decision prob-
lem into [ levels. Thus we have k=1,..., [ levels in
the decision, keK, and the m criteria is distributed
to the [ levels. Note that in this model there are no
alternatives applied, only the weights of the criteria
are important to be determined. Let us denote p the
criteria on a certain level of the decision, so ¢,
denotes a criterion on a certain level in which if we
have g criteria, p=1,..., g. peM and M is the set of
all criteria of the decision, thus M=1,..., m.

Consequently, ci, denotes the p-th criterion of the
k-th level, so that, for example ¢; is the first criter-
ion of the first level in the hierarchical structure of
the decision.

The first step of the suggested method is to select
level or levels in the decision for which the
Parsimonious AHP will be conducted. It is proposed
to select that level(s) which have g> 9 that can be
considered as enough number worth unburdening
the evaluators from numerous pairwise compari-
sons. Moreover, it is recommended (following
Saaty’s 7 £2 rule for a PCM) to select level(s) for
which larger or equal to 5x 5 pairwise comparison
matrices should be evaluated. Based on own experi-
ence the pair wise comparisons for a 5x 5 matrix
might be demanding for layman evaluators.

As second step, direct evaluations have to be
made for the chosen level(s) for the cy, criteria with
respect to the goal of the decision problem on a
scale from 0 to 100.

Then s reference elements have to be selected on
the chosen level(s) k.

Afterwards, the original AHP pairwise compari-
sons are conducted for the chosen criteria, obtaining
the normalized AHP scores for the s criteria: u(cgs),
forall s=1,....t,.

Following the PAHP procedure by Abastante
et al. (2018), consistency and monotonicity are
being checked and the required modifications
are made.

Finally, the formula (8) is applied for all criteria
(ckp) existing on the Parsimonious level(s) using:

U (Chet1) =t (Cke)

Vket1 = Vke

U(ckp ) = U(Che) + (T = Vke):

)

With respect to e=1,...,t, and ¢, has the import-
ance between the two reference criteria ¢z and
Cket1> thus rg <1y < 7gey1. Having finished with
the Parsimonious level(s) the decision structure
should be reconstructed in order to gain the final
weight and alternative scores and ranking.
Consequently, all u(ci,)-s have to be multiplied (see
Formula 7) by the weight score of its respective
element from the previous level k-1. Also, due to
the characteristics of AHP, for the lower levels, the
new u(ck,) weight scores have to be applied for
multiplying  the scores of the
lower elements.

respective

3.4. The immanent analysis of the parsimonious
scores

In AHP, due to its hierarchical logic, the total distri-
bution of any upper level decision element score to
its connected lower level elements is applied.
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Table 4. The attributes of public transport supply quality.

Level of decision

Decision elements (criteria) elements Description

Service quality Level 1 All service excluding on-vehicle services and information service

Transport quality Level 1 Services during the time spent on the public vehicle

Tractability Level 1 The provided information about the time and spots of the journey

Approachability Level 2 Line access connected services

Directness Level 2 Simplicity of reaching the destination without shifting vehicles

Time availability Level 2 The time frame when using a certain vehicle

Speed Level 2 The speed of the whole travel process

Reliability Level 2 On time arrivals, keeping the schedule

Physical comfort Level 2 The comfort of seats, physical space in the bus, air conditioning

Mental comfort Level 2 Environmental aspects, the behaviour of the driver and other passengers

Safety of travel Level 2 The perception of safety, the security of the journey

Perspicuity Level 2 Comprehension of schedule and information

Information before travel Level 2 Amount and quality of information previously of the journey

Information during travel Level 2 Availability and quality of information on the vehicle

Directness to stops Level 3 Proximity of the starting bus stop

Safety of stops Level 3 The security of bus stops in terms of road safety

Comfort in stops Level 3 Roof, heating and cooling systems, seats of the stops

Need of transfer Level 3 The need to change vehicles to the destination

Fit connection Level 3 On time connection between bus lines or between other types of
public transport (trams, trains, etc.)

Frequency of lines Level 3 Scheduled and realised frequency of the buses

The limited time of use Level 3 The time frame between the first and the last line of the day

Journey Time Level 3 Time spent on the vehicle

Awaiting time Level 3 Waiting time for the desired line

Time to reach stops Level 3 Time to reach the departure bus stop

However, if one (or more) levels are evaluated by
the Parsimonious approach, this distribution has to
be examined and in case of imperfect share, the
conclusions has to be drawn.

As first step of the immanent analysis, the final
Parsimonious scores (uckp) have to be normalized
on the Parsimonious level.

Uk
nl/lckp = gip (10)
p=1 Hckp
Then in case of perfect Parsimonious scoring (which
is very unlikely) the following condition is fulfilled
based on Formula 7.

b
wj = szl Ndckp (11)

where w; is the AHP score of the connected upper
level element, b > 0 is the number of connected ele-
ments to the criterion j. In case b elements on the
Parsimonious level connect to the upper level (k-1)
criterion p.

All detected differences are considered as sensi-
tivity analysis in the multi-level Parsimonious pro-
cedure. In the case study, the results of the
immanent analysis are also demonstrated.

4. A case study for testing the multi-level
parsimonious AHP model on a public
transport development decision

The proposed multi-level Parsimonious AHP model
has been tested on a real decision making problem:
the possible improvement of a public bus transport

system in an emerging city: Mersin, Turkey. From
methodological point of view the chosen case study
seemed fortunate, since previous experience of this
problem has been available, published in Duleba
and Moslem (2018, 2019). The applied decision
structure of criteria has become the same as used in
other different AHP surveys (Duleba, 2019; Duleba
et al,, 2012, 2013) as exhibited in Figure 1.

The attributes of public transport supply quality
can be interpreted by Table 4.

For testing the multi-level Parsimonious AHP
model as introduced in the Methodology section, first
the Parsimonious level (or levels) has to be created. As
visible on Figure 1, the most appropriate level is
Level 2., since it contains most of the criteria (11) and
there is a 5 x 5 PCM containing the Approachability,
Directness, Reliability, Time Availability and Speed
factors. Based on this, the Parsimonious model for
decision making can also be constructed (Figure 2).

Figure 2 demonstrates the logic of a multi-level
PAHP model. The criteria in the selected
Parsimonious level(s) are handled regardless their
position in the decision tree, ignoring their branches
(exhibited by dotted line), thus their direct evalu-
ation can be conducted. From this phase, all the 5
steps of PAHP can be followed as introduced in the
Methodology section (in bold, the reference ele-
ments are exhibited for step 2). Having conducted
all steps, for computing the final scores even for the
Parsimonious level criteria, the structure is rebuilt
so branch connections are considered again by mul-
tiplying the scores by the respective previous level
element scores.
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Figure 2. The decision structure reflecting the Parsimonious criteria.

As a real life pattern, 42 passengers were inter-
viewed in the survey in Mersin for the
Parsimonious AHP evaluations both the direct and
pairwise part. An instructor, Sarbast Moslem PhD
student conducted the evaluation process from 29"
April to 1 May in 2019. The respondents were
selected randomly in the same bus stops as in 2018.
Since this procedure contained a consultation phase
(see step 4 in the Methodology section) for the case
if the pairwise comparisons of the reference criteria
were not consistent, the contacts of the evaluators
were required for a possible second round interview,
in which the PCM values could have been modified
for reaching the tolerable inconsistency (CR < 0.1)
and desirable monotonicity. Having aggregated and
computed the pairwise comparison scoring, it
turned out that the second round was not necessary
to keep (see step 5 in this section). The final results
were discussed with the representatives of the local
public bus company and they verified the relevance
of the outcomes.

For each interview, approximately 10 min were
spent in explaining and filling up the questionnaire
and it can be stated that PAHP is far less time con-
suming than the classical AHP. By using the multi-
level PAHP model, altogether 6 PCM-s had to be
filled: a 3 x 3 on the first level, another 3 x 3 for the
Parsimonious level for the reference criteria, and
two 3 x 3 and two 2 x 2 matrices for the third level
elements. All other efforts of the evaluators had just
been direct evaluations for the second level criteria
which meant a much easier job for them than par-
ticipating in a classical AHP survey. Taking this
decision structure the evaluators should have filled 8
PCM-s including a 5 x 5 large pairwise comparison
matrix. That would have meant altogether 21 pair-
wise evaluations while in the PAHP survey only 14
had to be done with avoiding the confusing 5 x 5
PCM. The reflections of the public participants veri-
fied the simplicity and the effort and time consum-
ing characteristics of the PAHP process highlighting
the better understandability compared to the 2018

AHP survey in which the respondents were com-
plaining about the complexity of the questionnaire.

The following steps have been applied for obtain-
ing the normalized scores in the selected PAHP
level (second level);

1. Level 2 has been selected from the decision
hierarchy due to the most number of level deci-
sion elements (11), moreover avoiding the 5x5
PCM derived from the Service Quality branch.

2. The criteria are directly evaluated (level wisely

“level 2”) by passenger evaluators based on (0-
1) scale.
The gained normalized increasing order has been:
Mental comfort (0.03); Approachability (0.04);
Info during travel (0.06); Time availability (0.07);
Speed (0.08); Directness (0.09); Safety of Travel
(0.10); Perspicuity (0.11); Physical comfort (0.12);
Reliability (0.13); Info before travel (0.17).

3. In this phase, appropriate reference criteria have
to be selected out of the total criteria in the
Parsimonious level:

For this decision problem, the elements
“Information  before  travel” (y; =0.17),
“Directness” (y, = 0.09) and “Mental comfort”
(y; = 0.03) have been chosen based on their
positions in the direct evaluations: the highest, a
middle and the lowest values out of the order
of second level criteria. It has to be emphasized
that selecting too many reference criteria would
cause the same problem as conventional AHP, a
too large pairwise comparison matrix should be
evaluated. Obviously in case of several (over 20)
criteria on the parsimonious level at least four
or five reference points might be necessary, but
in this survey, three out of the 11 elements
seemed to be sufficient (in the paper of
Abastante et al., 2019, the authors chose four
reference points out 13 elements) and a 3 x3
PCM is not difficult to evaluate even by public
respondents. However, the question of the opti-
mal number of reference elements in PAHP
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Table 7. Level 1 and Level 3 scores obtained from the original AHP approach, Level 2 scores obtained

from the PAHP approach.

Level 1 Level 2 (parsimonious level) Level 3
Supply Quality Service Quality Approachability
Service Quality 0.374 Approachability 0.167 Directness to stops 0.464
Transport Quality 0.466 Directness 0.224 Safety of stops 0.293
Tractability 0.16 Time availability 0.201 Comfort in stops 0.243
Speed 0.213 Directness
Reliability 0.422 Need of transfer 0.675
Transport Quality Fit connection 0.325
Physical comfort 0.373 Time availability
Mental comfort 0.156 Frequency of lines 0.702
Safety of travel 0.274 Limited time of us 0.298
Tractability Speed
Perspicuity 0.323 Journey time 0.265
Info before travel 0.620 Awaiting time 0.236
Info during travel 0.190 Reaching time 0.499

Physical comfort = 0.466 x 0.465=0.216
Mental comfort = 0.466 x 0.194 = 0.091
Safety of travel = 0.466 x 0.341 =0.159

Perspicuity = 0.16 x 0.285 =0.046
Information before travel = 0.16 x 0.547 =0.088
Information during travel = 0.16 x 0.168 = 0.027

Table 10 exhibits the final normalized scores for
the last level of the decision structure which is cal-
culated as following by multiplying the element’s
scores by their branch scores:

Directness to stops = 0.136 x 0.374 x 0.464 =0.024
Safety of stops = 0.136 x 0.374 x 0.293 =0.015
Comfort in stops = 0.136 x 0.374 x 0.243 =0.012

Need of transfer = 0.183 x 0.374 x 0.675 =0.046
Fit connection = 0.183 x 0.374 x 0.325=0.022

Frequency of lines = 0.164 x 0.374 x 0.702 =0.043
Limited time of use = 0.164 x 0.374 x 0.298 =0.018

Journey time = 0.174 x 0.374 x 0.265=0.017
Awaiting time = 0.174 x 0.374 x 0.236 =0.015
Time to reach stops = 0.174 x 0.374 x 0.499 =0.032

The sensitivity analysis showed stable ranking,
however, slightly modifying the weight score of
‘Transport Quality’ (—0.04) and “Tractability’ (+-0.04),
for the second level, a moderate change in the ranking
could be detected. The rank of ‘Info before travel’
improved to 4™ and ‘Perspicuity’ to 9, while ‘Mental
comfort’ and ‘Approachability’ lost one position each.
For more significant change, a relatively large modifi-
cation would be necessary in the weight scores of the
first and second level. Note that the ranking as a whole
has been proved to be non-sensitive despite the slight
rank reversal (Table 11).

5. An immanent analysis to compare AHP
and multi-level PAHP results

One of the strengths of AHP is the inner logic that
the score of each element can be composed by the
scores of the respective (branch) elements from the
lower level. This is the consequence of the many

normalization steps and the applied eigenvector
method in the calculation.

The introduced new multi-level PAHP model
offers the possibility to check whether the results of
the new technique correspond to this immanent logic
of AHP. The proportion of the sum of scores of one
branch elements has to approximate the weight sore
of their respective upper level element. This checking
procedure is unprecedented in the scientific literature
of PAHP. Obviously, it is impossible to get 100%
match because of the different scoring and calculation
applied in the Parsimonious level, however, this com-
parison may serve as a sensitivity analysis or a proced-
ure for the validation of PAHP.

Specifically in this model, the proportional sum
of the parsimonious scores of ‘Approachability’,
‘Directness’, ‘Time availability’, ‘Speed” and
‘Reliability” out of the total parsimonious sum of the
second level has to approximate the normalized
weight score of their respective upper level element,
‘Service Quality’. For ‘Transport Quality’ and
‘“Tractability’ elements the requirement is the same.

Let us check if the gained parsimonious scores of
the second (parsimonious level) decision elements
can compose their upper level respective criteria
scores (Table 12).

Immanent normalized PAHP score of Service
Quality =Sum of Service Quality/Total parsimoni-
ous = 1.227/3.163 =0.388

Immanent normalized PAHP score of Transport

Quality=Sum  of  Transport  Quality/Total
parsimonious= 0.803/3.163 = 0.254
Immanent normalized PAHP  score  of

Tractability =Sum of Tractability/Total parsimoni-
ous = 1.133/3.163 =0.358

Based on the immanent check it can be con-
cluded that the AHP score of ‘Service Quality’
(0.374) is well approximated by the PAHP score
(0.388). However, ‘Transport Quality’ is strongly
underestimated and ‘Tractability’ is overestimated
by the PAHP scoring. This phenomenon can be
explained by the dominance of the element ‘Info
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Table 8. Level 1 and Level 3 scores obtained from the original AHP approach, Level 2 scores obtained

from the PAHP approach after normalization.

Level 1 Level 2 (parsimonious level) Level 3
Supply Quality Service Quality Approachability
Service Quality 0.374 Approachability 0,136 Directness to stops 0.464
Transport Quality 0.466 Directness 0,183 Safety of stops 0.293
Tractability 0.16 Time availability 0,164 Comfort in stops 0.243
Speed 0,174 Directness
Reliability 0,344 Need of transfer 0.675
Transport Quality Fit connection 0.325
Physical comfort 0,465 Time availability
Mental comfort 0,194 Frequency of lines 0.702
Safety of travel 0,341 Limited time of us 0.298
Tractability Speed
Perspicuity 0,285 Journey time 0.265
Info before travel 0,547 Awaiting time 0.236
Info during travel 0,168 Reaching time 0.499

Table 9. Final normalized scores by passengers for level 2
(after their normalization by branches).

Level 2

Criteria Scores Rank
Approachability 0,051 9
Directness 0,068 6
Time availability 0,061 8
Speed 0,065 7
Reliability 0,129 3
Physical comfort 0,216 1
Mental comfort 0,091 4
Safety of travel 0,159 2
Perspicuity 0,046 10
Info before travel 0,088 5
Info during travel 0,027 11

Table 10. Final normalized scores by passengers for level 3
(after their normalization by branches).

Level 3

Criteria Scores Rank
Directness to stops 0,024 4
Safety of stops 0,0149 9
Comfort in stops 0,012 10
Need of transfer 0,046 1
Fit connection 0,022 5
Frequency of lines 0,043 2
Limited time of use 0,018 6
Journey time 0,017 7
Awaiting time 0,015 8
Time to reach stops 0,032 3

Table 11. Results of the sensitivity analysis after first level
weight score modification (rank change marked with bold).

Level 2

Criteria Scores Rank
Approachability 0,051 10
Directness 0,068 6
Time availability 0,061 8
Speed 0,065 7
Reliability 0,129 3
Physical comfort 0,198 1
Mental comfort 0,083 5
Safety of travel 0,145 2
Perspicuity 0,057 9
Info before travel 0,109 4
Info during travel 0,036 1

before travel” in the PAHP scoring. As Table 5 dem-
onstrates, in the pairwise comparison of the selected
reference criteria, ‘Info before travel’ received

Table 12. The immanent check of PAHP scores.

Level 1 Level 2 (parsimonious level)

Supply Quality Service Quality

Service Quality 0.374 Approachability 0.167

Transport Quality 0.466 Directness 0.224

Tractability 0.16 Time availability 0.201
Speed 0.213
Reliability 0.422

Sum Service Quality: 1.227
Transport Quality

Physical comfort 0.373
Mental comfort 0.156
Safety of travel 0.274
Sum Transport Quality: 0.803
Tractability
Perspicuity 0.323
Info before travel 0.620
Info during travel 0.190
After normalization Sum Tractability: 1.133
Service quality 0.388 Total parsimonious 3.163

Transport Quality 0.254
Tractability 0.358

significantly higher weight score than the other two
reference items ‘Directness’ and ‘Mental comfort’.
Note that the importance of this element has only
been mitigated by the low AHP score of its respect-
ive upper level element, ‘Tractability’. Even with this
unfavorable scoring, it has been ranked 5™ in the
overall scoring (Table 9). Thus, it can be stated that
the significance of this criterion is most likely higher
than its final score in the model and it has been
revealed by the immanent check of PAHP scores.
Note that the sensitivity analysis showed very stable
ranking and a 0.04 modification in the first level
caused merely one improved position for ‘Info
before travel” criterion.

In the immanent analysis, “Tractability’ gained
score from ‘Transport quality’ merely because of
this single item and this created the difference
between the AHP and PAHP scores. Consequently,
taking into account the extreme high value of that
item, the overall approximation would be much bet-
ter if threating separately that element.
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Table 13. Spearman’s Rank correlation coefficient for Level 1.

Criteria Rank of 2018 AHP survey

R
)
=

Rank of 2019 PAHP survey

Service quality 2

Transport Quality 1

Tractability 3
m=3

_.
co oS8
o O o

Table 14. Spearman’s Rank correlation coefficient for Level 2.

Criteria Rank of 2018 AHP survey

Rank of 2019 PAHP survey d; (d;)?

Approachability 5
Directness 3
Time availability 4
Speed 1
Reliability
Physical comfort
Mental comfort
Safety of travel
Perspicuity
Information before travel 6
Information during travel 9
m=11
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Table 15. Spearman’s Rank correlation coefficient for Level 3.

Criteria Rank of 2018 AHP survey

Rank of 2019 PAHP survey d;

Directness to stops
Safety of stops
Comfort in stops
Need of transfer

Fit connection
Frequency of lines
Limited time of use
Journey time
Awaiting time

Time to reach stops

o OVU=BANNOW

m=10

4 —1
9 -3
10 -3

1
5 -1
2 -1
6 -1
7
8
3

f\
Basooooooo|™
=

R =0.6606

6. A direct comparative analysis

Since the results of a previous AHP survey in the
same city using the same decision structure is avail-
able, it is advisable to conduct a rank comparison
between the two surveys. In both research, 42 eval-
uators were directly interviewed, however, not the
same persons, so different scoring could have be
expected even if they evaluated the same public
transport system without any changes during the
one year difference in time. For the comparison,
Spearman’s rank correlation technique has been
applied. The ‘R’ value of the calculation shows the
degree of correlation among the two different
rankings. Above 0.5, the correlation can be
considered as strong and positive between the two
surveys. The following formula has been applied for

the calculation:
6> d?
R=1-— < 2. ) (12)

m3 —m

in which d is the difference between the ranks and
m is the number of elements to be compared
(Tables 13-15).

The direct comparison resulted in strong rank
correlation for all three levels. Note that the third
level has been affected by the previous levels and
even with this impact, over 66% correlation can be

detected, which is remarkable. Selecting the first two
most important elements is also noticeable in both
surveys. The first level ranking is totally identical,
and for the second level, both research identified
Physical Comfort and Safety of Travel as most sig-
nificant criteria, for the third, Frequency of lines
and Need of Transfer have been seeded as the most
important ones.

Thus, it can be concluded that the direct com-
parative analysis verified the PAHP methodology.

7. Conclusions

Applying Parsimonious AHP model instead of the
conventional AHP methodology has caused less
evaluation time and cost, better understandability
for participants, while resulted a very similar final
ranking of the decision criteria, for all levels as the
Spearman index indicated (strong rank correlation).
The immanent logic of AHP has not been strictly
kept, but conducting the checking procedure, a so
far hidden dominant criterion could be detected
and the outcomes of PAHP could be explained and
verified. Thus, it can be suggested that the imma-
nent checking step should be integrated to the
Parsimonious AHP methodology in case of multi-
level models.
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As limitation, it can be stated that the unique
immanent analysis revealed that the multi-level PAHP
method is highly sensitive to the phase of pairwise
comparing the reference criteria of the parsimonious
level. Consequently, not only the Consistency Ratio
should be checked as suggested so far in the scientific
literature of the technique, but also the extreme high
or extreme low weight scores gained in this phase
should be negotiated with the evaluators to ensure the
real intention of scoring.

The extension of the Parsimonious AHP method-
ology to the multi-level Parsimonious AHP method
opens the gate for several other applications since
most of the complex decision models are hierarchical.
The case study also demonstrated that the parsimoni-
ous approach can be integrated to other multi-criteria
models (e.g. AHP), for those levels, which require the
reduction of pairwise comparisons.

Remarking the further research, many other par-
simonious applications are necessary to get familiar
with all characteristics of this new methodology.
The objective benefits are clear, it provides faster
and cheaper survey process and undoubtedly, the
survey pattern can more easily be extended by this
technique than applying the complex pairwise com-
parison questionnaire of the conventional AHP. But
are the results of PAHP as trustworthy as AHP
which has been applied many times by many
researchers successfully? This paper merely provided
one example but only many other applications can
verify the technique ultimately.
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