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Measurement of overall port performance need to consider expectations of customers and stakeholders.
Existing methods with different sets of assumptions suffer from limitations and give different results.
The paper suggests an assumptions free method of a single value of port performance measurement
from users’ perspectives (PPM-UP) where dimension/scale scores are transformed to follow Normal
distribution, facilitating meaningful arithmetic aggregation satisfying desirable properties. The method
avoids disadvantages of existing methods and helps to assess overall performance of ports and in the
relevant dimensions and compares ports across time and space using statistical tests. Quantification of
responsiveness of the scale using longitudinal data helps to assess effectiveness of adopted action plans.
The method also helps to find growth curve of PPM- PU of a port and can be applied for any number of
dimensions or K-point items K= 2, 3, 4, 5, . . . . . . .. The proposed method with wide application areas
advances scholarly and helps port authorities to evaluate their performance from the port users’ point
of view and take the necessary actions to improve it.
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1. Introduction.

Assessment of efficiency of maritime transport should con-
sider amongst others, well-functioning efficient ports (Marleny,
2020). Ports are facilitators of trade, integrators in the logis-
tics supply chain and a channel of integration into the global
economic system. A sea port is an important node of the lo-
gistics chain and its operations impact on economy and society
development of a country (Tovar et al. 2007).

Better quality of port infrastructure helps to improve logis-
tics performance, reduce costs (Lakshmanan, 2011), increase
local and global accessibility, and opportunities to expand mar-
kets. Every ship-hour saved by ships in a port translates into
benefits for ports, costs for carriers and inventory holding out-
lays for shippers (Thien, 2019; Sebastian, 2019). Increase in
port efficiency from the 25th to the 75th percentile reduced
shipping costs by 12% (Clark et al. 2004). Port performance
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measurement (PPM) is important for monitoring, achieving com-
petitive position and managing stakeholder relationships (Ha et
al. 2017). In fact, port is a center where large number of or-
ganizations provides different services and together creates dif-
ferent products (De Langen, 2008). Efficient port system with
enhanced logistic abilities is a key determinant of foreign direct
investment into a country (Panayides et al. 2015). Port ineffi-
ciencies are reflected by longer dwell time of cargo and ships,
interruptions in vessel traffic clearance, protracted documen-
tation handling, lesser handling of container per crane-hour,
higher emission of GHG gases per ton of cargo, etc. (Kah-
yarara, 2020).

Common approaches to PPM are:

1. Relative performance using finite set of operational and
financial indicators (also known as partial productivity
indicators) like Physical indicators (Cargo volume, Ship
traffic, Turn Around Time (TAT), Pre-Berthing Deten-
tion (PBD), Berth Occupancy, Idle time at Berth, Ca-
pacity utilization, etc.); Productivity factors (Tons per
ship day, Tons per worked hour, Moves per crane hour,
Tons/Moves per meter of berth length, etc.) and Finan-
cial indicators (Operating Ratio, Operating Surplus, Op-
erating Surplus per employee, Cost per ton/TEU, etc.)
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2. Model or formula driven analytical methods to measure
absolute performance reflecting joint effects of all cho-
sen input and output variables like Best-Worst method
(Rezaei, et al. 2018), Data Envelopment Analysis (DEA),
Stochastic Frontier Analysis (SFA), Principal Component
Analysis (PCA), Analytic Hierarchy Process (AHP), etc.

The first approach speaks about supply-side of performance
assessment and does not bring out the demand-side reflection,
which is the users’ point of view. Moreover, these partial in-
dicators can give quite misleading results as different indica-
tors give different rankings of ports and evaluation of inter-
actions (joint effects) of the inputs on outputs (Estache et al.
2002). Varying degree of interrelationships among the indica-
tors across time and space get changed with changes in technol-
ogy, modes of operations, etc. Deployment of large container
ships with reduced number of port calls results in lowering the
total costs of cargo handling in the sea ports and total time re-
quired for port operations (Kowalczyk, 2012). Use of only op-
erational and financial port performance indicators (PPIs) may
not be sufficient to cover wide ranging objectives of various
services offered by ports and expectations of stakeholders (Bea-
mon, 1999).

Model driven approaches to measure port performance as
a composite index (CI) involve different sets of assumptions,
different methods of scaling and finding weights and even non-
uniform definition and computation of indicators. However,
there are different types of scaling (normalization) and each has
limitations. No weighting system is above criticism (Greco et
al. 2019). To find workers in cargo operation, Tongzon (2001)
considered workers under port authorities who do not partici-
pate in cargo handling as an approximation. Martin (2002) con-
sidered stevedore workers who provide their services to steve-
doring firms (carry out loading and unloading to/from ships)
and the port (supply workers to the stevedoring firms). Simi-
larly, for generated income, Liu (1995) considered the amounts
received from third parties related to the port services, exclud-
ing income from the sale of goods; Martı́nez-Budrı́a et al. (1999)
also used this approach to define one of the multi-output vector
components for containers. Thus, different methods gave rise to
different results and different ranks to ports. In addition, non-
verification of the assumptions of the methods may distort the
results.

There are no universally adopted tools to measure efficiency
of sea ports, despite availability of wide range of indicators
for port efficiency and performance (Bichou and Gray, 2004).
Measurement of port efficiency are not comparable due to non-
uniformity of theoretical approaches, different time-frames, di-
verse ports locations and activities analyzed (Gonzalez and Tru-
jillo, 2009). Effectiveness of ports to meet expectations of cus-
tomers and stakeholders are important components that need to
be included in measuring performance of ports (Brooks, 2007),
keeping in mind that interests of different stakeholders vary
with time and can even be contradictory. Park and De (2004)
mentioned customer satisfaction as part of marketability of ports.
Measuring satisfaction of port users has been advocated (Pallis
and Vitsounis, 2009). A framework for assessing perceptions of

port users (shipping companies, shippers, etc.) on port perfor-
mance was developed by Vaggelas (2019) where a “port user”
implied an entity that either consumes port services, or uses port
infrastructures.

Thus, there is a need for a single measure of multi-dimensional
port performance measurement from the perspective of users
(PPM-PU) to assess efficiency and effectiveness of ports, eval-
uated by different stakeholders.

The paper suggests an assumptions-free method of obtain-
ing a single PPM-PU value for a port by converting ordinal raw
scores of a questionnaire to continuous scores following Nor-
mal distribution for meaningful arithmetic averages and satis-
fying the following desirable properties:

P1 : Continuous and monotonically increasing scores where
a marginal increase in an indicator will increase PPM-PU

P2 : Avoid skew and outliers (so that there is no bias for
developed or under-developed ports)

P3 : Facilitate comparisons of various ports in terms of
PPM-PU or a single port at different time periods using statisti-
cal test of equality of average PPM-PU across time and space.

P4 : Facilitate estimation of population PPM-PU of a coun-
try or region from a representative sample of ports.

P5 : Assess progress or deterioration of PPM-PU of a port
or a group of ports by longitudinal data and undertake test of
significance.

2. Literature Survey.

Impact of port performance on trade has been investigated
(UNCTAD 2018a; UNCTAD 2020). A 25% improvement in
port efficiency might increase growth by 2%, demonstrating
close relationship between port effectiveness and trade compet-
itiveness (Booth 2018; Niselow 2018).

Traffic handled by ports is commonly used to reflect func-
tioning of ports (UNCTAD 2018b; Lei and Bachmann 2020;
USDT, 2021). Total cargo throughput of a port is a leading eco-
nomic indicator (UNCTAD 2018b). Ferrari (2011) observed
positive influence of port throughput on local development but,
the influence was weak (elasticity < 0.05). However, cargo vol-
ume alone cannot reflect gains from trade or improvement in
total factor productivity or GDP growth (Lakshmanan, 2011).

Positive relationship exists between value-added operations
at ports and economic activities (Deng et al. 2013). Shan et
al. (2014) found port efficiency increased growth of a country.
Yeo et al. (2008) found that quality of port service, logistics
costs, regional connectivity, hinterland condition and port ac-
cessibility contribute significantly to a port’s competitiveness.
Abe and Wilson (2008) studied effect of infrastructure on trade
and found port efficiency was a major determinant of trade per-
formance.

Studies to examine relationships of port efficiency with own-
ership status gave mixed results. For example, Notteboom et
al. (2000) used Bayesian Stochastic Frontier Model to 36 Eu-
ropean and four Asian container terminals and found no clear
relation between the port efficiency and the ownership status
(private or public owned). Based on a sample ports of UK and
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South Korea, Cullinane and Song (2003), found positive rela-
tionship between the extent of private sector participation and
productive efficiency of ports. Yuen et al. (2013) observed that
foreign participation in the ownership status of Chinese ports
increased efficiency of container terminals.

Ways to measure port efficiency and performance are di-
verse (Ducruet et al. 2014). While Lirn et al. (2003) sug-
gested 47 criteria on attractiveness of ports; Yeo et al. (2011)
suggested 38 components for port competitiveness consider-
ing efficiency as a proxy of competitiveness. However, con-
cepts of performance of a port are different from its attrac-
tiveness or competitiveness. Evaluation criteria of perceptions
of Port users’ like satisfaction, competitiveness, effectiveness
of service delivery, etc. are different constructs (Brooks et al.
2011). PPM-PU are usually done by online survey using pre-
determined structured questionnaire where identified dimensions
are decided based on port-sea interfaces, within port area and
port-land interfaces. In addition to overall performance, a port
also needs to capture performance in each dimension and rela-
tive importance of the domains.

The method of Evidential Reasoning (ER) (Yang and Xu,
2002) for multi-group multi-criteria decision making (MCDM)
has been applied in the context of port choice to deal with the in-
herent uncertainty in a MCDM structure (Yeo et al., 2014). But,
it did not address PPIs from various stakeholders, and failed
to incorporate the interdependency among PPIs. Munim and
Schramm (2018) considered the following latent constructs and
indicators for a structural equation model (SEM) to examine
impact of port quality on trade:

1. Quality of port infrastructure (QPI): Measured by a ques-
tionnaire consisting of 6-point Likert items from 1 to 7 to
assess perceptions of business executives on port facili-
ties where “1” and “7” represents respectively extremely
underdeveloped and efficient by international standards
port infrastructure (http://data.worldbank.org/indicator/-
IQ.WEF.PORT.XQ).

2. Logistics performance (LP): Ability to track and trace
consignments; competence and quality of logistics ser-
vices; ease of arranging competitively priced shipments;
efficiency of customs clearance process; frequency with
which shipments reach consignee within scheduled or ex-
pected time; quality of trade and transport-related infras-
tructure, seeking feedbacks in Likert scales from global
freight forwarders and express carrier on logistics “friend-
liness” of the countries in which they operate (http://lpi.-
worldbank.org/).

3. Seaborne trade: Container traffic (‘000 TEUs); Liner ship-
ping connectivity index (LSCI) based on five maritime
transport components: number of ships handled, their
container-carrying capacity, maximum vessel size, num-
ber of services, and number of companies that deploy
container ships in ports of a country (http://data.worldbank-
.org/indicator/IS.SHP.GCNW.XQ).

4. National economy: GDP per capita; Purchasing power
parity (PPP) (Int. $)

Considering objective factors (cost, landside accessibility,
draft availability) and perception-based subjective factors (re-
liability, preferences, and product differentiation), Tongzon &
Heng (2005) proposed port-competitiveness-index (PCI). Ma-
jor limitations of PCI are (i) Measuring stakeholders’ percep-
tions in ordinal scale with limitations and difficulties in moni-
toring (ii) Non-consideration of financial efficiency and sustain-
ability efficiency and (iii) Lacks appropriate method of combin-
ing ordinal data and ratio/interval scale data.

A service’s reliability is deemed as the single outcome of
service transactions. But, variability in logistics services by its
providers serves as a determinant of logistics quality (Dua and
Sinha, 2019). Thus, reliability of port services may be consid-
ered as a composite measure in a continuous evaluation plat-
form.

The complex autoregressive distributed lag (ARDL) model
was used to investigate (i) stationary, (ii) co-integration and
panel ARDL estimation (Menegaki 2019). The model requires
that the error terms should have no autocorrelation with each
other, no heteroscedasticity in the data. In simple terms, mean
and variance should remain unchanged throughout the model
and data should be normally distributed. Pesaran (2007) argued
that panel unit root tests can lead to spurious conclusions if they
fail to take account of significant degrees of cross-section de-
pendence.

Vaggelas (2019) used 7-point scale to capture responses from
port users on their satisfaction and also on their perceived im-
portance. Average ratings were computed for each selected in-
dicator or criterion for satisfaction and separately for perceived
importance; differences of which were taken as GAP, without
addressing methodological issues like admissibility of average
rating and their differences, scale quality like reliability, valid-
ity, responsiveness, etc.

3. Problems of rating scales.

Major difficulties of Likert scales to assess perceptions /
preferences of stakeholders are:

• Levels like very often, often, once in a while, almost never
and never could be dubious as individuals differ on fre-
quency of an action to consider it as often. Pertinent
question is how often is often? (Gu et al. 1995)

• Ordinal discrete scores of items of Rating scales are not
additive as distance between successive levels is not uni-
form and unknown (Munshi, 2014). Equidistant property
demands constant distance between two successive lev-
els.

• Meaningful interpretation of scores of two items say X
± Y with unknown and different distributions is difficult
unless we find joint distribution of X ± Y. From the mea-
surement point of view, X + Y = Z is meaningful for dis-
crete case if

P (Z = z) = P(X = x,Y = z − x) (1)
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and for continuous case,

P (Z ≤ z) = P (X + Y ≤ z) =
∫ ∞
−∞

(
∫ z

−∞

fX,Y (x, t − x) dt)dx

(2)
Thus, it is necessary to know probability density function

(pdf) of each variable being added and their convolution.

• Successive levels of items are not perceived as equidis-
tant by subjects (Lee and Soutar, 2010)

• Summative scale sore assign equal importance to the items
and dimensions despite showing different values of item
– total correlations and factor loadings (Parkin et al.2010)

• Non-satisfaction of the equidistance assumption implies
non-admissibility of operations like addition. The anal-
ysis need to be limited to frequencies under item- level
combinations.

• Mean, Standard deviation (SD) of Rating scales with K-
number of levels (K-=3, 4, 5, 6, 7 . . . . ) increase as K in-
creases (Finn, 1972). Different values of K distorts shape
of distribution of scores and influence item/scale param-
eters like Reliability, validity, and discriminating power,
more by number of levels than the underlying variable
(Preston and Colman, 2000; Lim, 2007).

• Different responses to different items can generate tied
score for more than one respondent. Thus, the scale fails
to discriminate the respondents getting same scale score.

• Empirical distribution of item scores and test scores are
different and often found to be skewed.

4. Proposed Method.

Above said problem areas can be avoided by considering
weighted sum where weights based on frequency of different
levels of different items (Chakrabartty, 2020) are used first to
convert ordinal item score to continuous equidistant scores (E-
scores) as follows:

Consider a scale with m-number of dimensions where num-
ber of items in the j-th dimension is n j for j= 1, 2, . . . ., m
and each item has five levels (5-point items). Suppose, N-
respondents have answered all the items of the scale.

Step 1: Convert ordinal item raw-scores (X) to continuous
equidistant scores (E-scores) by finding different weights for
different levels of different items, so that for the i-th item,

5Wi5 − 4Wi4= 4Wi4− 3Wi3 = 3Wi3− 2Wi2 = 2Wi2 − Wi1
= Constant. In other words, Wi1, 2Wi2, 3Wi3, 4W i4 and 5W i5
forms an arithmetic progression with common difference b >0.

Let frequencies of different levels of the i-th item are fi1, fi2,-
fi3, fi4 and fi5. Choose maximum ( fi Max) and minimum fre-
quency ( fi. Min). Take initial weightsωi j =

fi j

N and arrange ω′i js

so that ωi1< ωi2 < ωi3 < ωi4 < ωi5 where ωi1 =
fi.Min

N and
ωi5 =

fi.Max
N .

Take intermediate weight Wi1 = ωi1 and find common dif-
ference b so that

Wi1 + 4b = 5Wi5 =⇒ b =
5 fi.Max − fi.Min

4N

Thus, Wi2 =
ωi1+ b

2 , Wi3 =
ωi1+ 2b

3 ; Wi4 =
ωi1+ 3b

4 ; and Wi5 =
ωi1+ 4b

5 .

Final weights are computed as Wi j(Final) =
Wi j∑5
j=1 W j

so that∑
Wi j(Final) = 1 and j.W j(Final) − ( j − 1) .W( j−1)(Final) = constant,

value of which will be different for different items.
E-scores as weighted sum are continuous and equidistant

and can be used for any item with different number of levels. b
> 0 ensures monotonic nature of E-scores of items. The situa-
tion fi j = 0 for a particular j-th level of an item can be taken as
zero value for scoring Likert items as weighted sum.

However, there could be other way to convert raw item scores
(X) to E-scores. For example, weights could be based on area
under N (0, 1) with Wi > 0 and

∑5
i=1 Wi = 1. Procedure for

obtaining W ′j s of an item considering area under N (0, 1) is il-
lustrated in Table 1.

Table 1: Calculation of weights based on area under N (0,1).

Source: Author.

Here, ω j > ω j−1 for j= 2,3,4,5. Thus, the monotonic con-
dition is satisfied. However, to make the transformed scores
equidistant for a 5-point scale, divide the difference between
Maximum area and the Minimum area by 3 and call it the cor-
rection factor α. Determine the modified areas∆1,∆2,∆3,∆4 and
∆5 as follows:
∆1 = A1(unchanged), ∆2 = ∆1 + α; ∆3 = ∆2 + α; ∆4 = ∆3

+ α; ∆5 = ∆4 + α

Define corrected weights W j =
∆ j∑5
j=1 ∆ j

Transformed scores

based on corrected weights so defined satisfy the monotonic
condition, ensures equidistant scores and also satisfy

∑5
j=1 W j = 1.

It may be noted that weights to the response-categories are
different for different items for the Method based on frequency
of each response - category but, weights to various response-
categories remain unchanged across items in Method based on
area under N (0, 1) . Thus, the former method appears to be
more rigorous and preferable.

Step 2: Standardize E-scores of i-th item as Zi =
Ei− Ei
S D(Ei)

∼ N(0, 1) where −∞ ≤ Zi ≤ ∞.
Step 3: To ensure positive scores and uniformity in score–
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range, transform Zi to proposed score Pi by

Pi = (100 − 1)
[

Zi − MinZi

MaxZi − MinZi

]
+ 1where1 ≤ Pi ≤ 100 (3)

Thus, both individual scores and item scores are in terms
of expected values and hence each is continuous satisfying fol-
lowing conditions of linearity, for constants α and β:

E (x + y) = E(x) + E(Y)
E (αx) = αE(x)
E (αx +βy) = αE(x) +βE(y)
Normally distributed Pi−scores of the items belonging to

a dimension can be added to get the Dimension scores. Sum
of the dimension scores or equivalently sum of all item-wise
Pi−scores will be the scale scores. Dimension scores as well
as Scale scores will follow normal. If scores of the i-th di-
mension ∼ N (µi, σi) , scale scores also follow normal with
mean

∑
i µi and variance [

∑
σ2

i + 2
∑

i, j Cov(Di,D j] which can
be estimated from the data. Thus, probability density function
(pdf) of scale scores as convolution of item-wise normally dis-
tributed Pi−scores can be found where parameters of the distri-
bution can be estimated from the data

E-scores and P-scores consider pattern of responses unlike
raw scores (X) and give unique ranks to the individuals. Chakra-
bartty and Sinha (2022) gave example of zero tied scores in E-
scores and P-scores when X = 23 for each of seven persons.

4.1. Benefits of the proposed method:
1. Conversion of raw scores to normally distributed scores

can be done irrespective of number of items in a dimen-
sion and number of response-category of items.

2. Possible to find dimension sores (Di) indicating perfor-
mance in the dimension and scale scores (S) reflecting
overall performance of a port (PPM- PU) through better
admissibility of arithmetic aggregation.

3. Dimension scores and total scores are continuous, mono-
tonic, normally distributed and help to undertake para-
metric analysis including estimation of population mean
(µ), population variance

(
σ2
)
, from a representative sam-

ple of ports of a country or region. The method helps to
test hypothesis of equality of means and variances like
H0 : µ1 = µ2 or H0 : σ2

1 = σ
2
2 either for longitudinal

data or snap-shot data.
4. P-score reduces drastically number of tied scores and pro-

vide unique ranks to the ports and thus, help in better
ranking of ports

5. Contribution of a dimension to PPM-PU is given by

Contributioni−th Dimension =
Di

S
× 100 (4)

6. Percentage progress/deterioration of the i-th port in t-th
time-period over the previous year can be assessed by
Percentage progress:

%Progress =
(PPM − PU)it − (PPM − PU)i(t−1)

(PPM − PU)i(t−1)
× 100

(5)

which quantifies responsiveness of the entire scale and
effectiveness of adopted action plan. (PPM − PU)it >
(PPM − PU)i(t−1) implies progress in t-th period over (t-
1)-th period. Deterioration, if any may be probed to iden-
tify the dimension(s) where deteriorations occurred and
extent of deteriorations for possible corrective actions.
Similarly, progress for a group of ports is reflected if

(PPM − PU)it > (PPM − PU)i(t−1) (6)

7. Statistical tests of significance of progress in a dimen-
sion or PPM-PU can be tested H0 : Dit−Di(t−1)

Di(t−1)
= 0 or

H0 : (PPM−PU)it−(PPM−PU)i(t−1)

(PPM−PU)i(t−1)
since ratio of two normally

distributed variables follows χ2 distribution
8. Plotting of progress/deterioration of a port across time

helps to compare progress pattern that is, response to the
corrective measures adopted from the beginning of the
longitudinal study.

9. Normality helps to estimate variance of each item and
variance of the scale and thus enables estimation of scale
reliability by Cronbach alpha at population level.

10. Normality distributed scores satisfy the basic assump-
tion of PCA and computation of factorial validity as λ1∑

λi
,

where λ1 is the highest eigenvalue associated with the
first principal component. Factorial validity reflects the
main factor for which the scale was developed and ac-
counts for λ1∑

λi
× 100 percent of overall variability. Such

factorial validity from single administration of a test avoids
the problems of construct validity and is independent of
criterion scale (Parkerson, et al. 2013).

5. Discussion.

Dimensions-wise performance of ports goes beyond han-
dling operations at the berths and terminal areas. However,
selection of dimensions and items within a dimension need to
be decided keeping in mind multi-dimensional nature of port
performance, considering changing roles of the ports to its cus-
tomers and stakeholders, global competition replacing local com-
petitions, adaptation of market economies which demand low-
ering costs including logistics cost, induction of technology in
navigability and loading and discharging process, role played
as a node in supply – change management, Rail – Road – IWT
connectivity and Dry Port interfaces, environmental and climate
related issues, etc. If needed, corporate social responsibility
(CSR) on ports can be added as additional dimension. It can be
assumed that ports are continuously trying to measure and im-
prove their performances in the selected dimensions. In short,
dimensions of the port performance need to bring a well-fitted
perception to the modern port performance concept.

Items within a dimension can be selected by pilot study
where a large pool of items is administered to a group of expert
stakeholders, ensuring that choice of higher response-category
implies better performance. Heuristic approach may be used
to delete the items in stages where (i) agreement≤ 25 per cent
implying ambiguity or difficulty to understand (ii) agreement in
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one response-category≥70 per cent since such items had poor
discriminating abilities (iii) increase in Cronbach’s alpha with
addition of the item. In other words, delete the j-th item if
α j ≥ α j−1 where α j denotes reliability of the dimension (sub-
test) with j-items and α j−1 denotes reliability of the sub-test
with (j-1) items. If deletion of an item increases alpha of the
sub-test, the item needs to be deleted from the questionnaire.

Responsiveness of the scale is quantified by value of progress

/ decline of one port or a group of ports by
Pit j+1

Pit j
or equivalently by

Pit j+1
−Pit j

Pit j
×100. Each can take positive or negative value depend-

ing on Pit j+1
> Pit j

or Pit j+1
< Pit j

. Significance of progress or
deterioration can be tested statistically since ratio of two nor-
mally distributed variable follows χ2 distribution.

Relative importance of the dimensions to influence the scale
scores is essentially the effect of small change in i-th dimen-
sion (Di) to scale score (PS cale) and can be quantified in terms
of elasticity that is percentage change of PS cale due to small
change inDi. The dimensions can be ranked based on such
dimension-wise elasticity. Elasticity studies in reliability en-
gineering, economics often consider model like logQ jt = α j +

β jlogP jt where Q jt denotes the quantity demanded of j-th in-
dustry at time t and P jt is industry price relative to the price
index of the economy. However, for P-scores following nor-
mal, logarithmic transformations are not required to fit regres-
sion equation of the form PS cale = αi + βiDi+ εi where βi =

rPS cale, Di [ S D(PS cale)
S D(Di)

]. The coefficient βi reflects the impact of a
unit change in the independent variable (i-th dimension) on the
dependent variable (PS cale). However, these coefficients are not
elasticity’s. Convention of a meaningful estimate of elasticity
is to consider it at the point of means, since all regression lines
pass through the point of means. Elasticity of the independent
variable Di for a regression equation of PS cale on D′i s, can be

written as
∆PS cale
PS cale
∆Di
Di

=
∆PS cale
∆Di

Di
PS cale

= βi
Di

PS cale
where β is the slope of

regression line Q = α +
∑
βiDi. Thus, elasticity of the i-th di-

mension ei = βi
Mean (Di)

Mean(PS cale)
. The dimensions can be arranged by

increasing order of elasticity (ei). Policy makers can decide ap-
propriate actions in terms of continuation of efforts towards the
dimensions with high values of elasticity and corrective actions
for the dimensions with lower elasticity that is, areas of con-
cern. However, high correlation between a pair of dimensions
indicates presence of multicolinearity which indicates overlap-
ping between the two dimensions and may not be desirable.
PCA or FA may result in lesser number of independent factors
than the number of dimensions considered since some of the
dimensions may be correlated.

Conclusions

The paper suggests a simple assumptions free method of
obtaining a single PPM - PU value for a port considering multi-
criteria goals, and relevant components by converting ordinal
raw scores of items of a questionnaire to continuous scores fol-
lowing Normal distribution for meaningful arithmetic averages
and satisfaction of desirable properties. The method helps the

port planners to know overall performance of ports from the
users’ point of view along with performances in the relevant di-
mensions and compare the ports across time and space using
statistical tests. Quantification of responsiveness of the scale
using longitudinal data helps to assess effectiveness of adopted
action plans.

The proposed method avoids disadvantages of existing meth-
ods which are either not methodologically sound or involve as-
sumptions, verification of which are required before application
of the methods. The method helps to find the growth curve of
PPM- PU of a port, which in turn provides another criterion
for comparison among ports. The method can be applied even
for skewed raw data with any number of dimensions containing
different number of K-point items K= 2, 3, 4, 5 . . . However,
the proposed method requires careful preparation of the scale
covering dimensions and items within a dimension.

The proposed method with wide application areas satisfying
desired properties advances scholarly and the proposed method
could help port authorities to evaluate their performance from
the port users’ point of view and take the necessary actions to
improve it. Future empirical studies may be undertaken with
additional sustainable sub-indicators like emission per ton cargo
handled and energy consumed per ton cargo handled to pre-
scribe effective and implementable standards for improving PPM-
PU and indication of impact if the prescribed measures are im-
plemented.
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