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Abstract Transit service quality is a complex concept depending on different
service aspects, such as service frequency and punctuality, comfort, cleanliness,
information and so on. Transit service quality is generally measured through the
satisfaction of the users with the service. There are relationships between the overall
service quality and the different transit service aspects, and between each aspect and
the characteristics describing it. Structural equation models represent a useful tool
for exploring this kind of relationship and determining the influence of the different
service characteristics on service quality. An investigated issue concerning struc-
tural equation models is the contrast between the formative and the reflective
approach. The structural models proposed for measuring transit service quality have
followed a reflective approach, according to which the latent variable (or the service
aspect) is the cause of the observed measures (or the service factors describing the
service aspect); but in this paper we investigate on the fact that formative variables
could be considered to model the relationship among the service quality charac-
teristics, supposing that the observed measures, which represent the service char-
acteristics, form the latent construct. The findings from the comparison between the
results obtained by applying the two different approaches suggest that the reflective
model is surely more suitable for describing the phenomenon of passenger satis-
faction with transit service quality. However, we retain that if some service aspects
can be more conveniently investigated through a reflective approach, other service
aspects could follow a formative approach in a better way.
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1 Introduction

Structural equation models (SEMs) have represented a very adequate and useful tool
for analysing transit service quality, with service quality depending on a series of
factors often difficult to define and measure. SEMs are included in that category of
service quality measures based on customer’s perspective. Customers have the right
elements for appropriately judging the used service; moreover, passengers are the
direct users of the service, and for this reason an analysis based on their perceptions
allow the establishment of the elements retained as critical by the same users, and
the possibility of improving more effectively the service (de Ofia et al. 2016a, b).

Structural equation modelling (SEM) is a relatively new method whose use is
rapidly expanding thanks to user-friendly software like AMOS (Arbuckle and
Wothke 1995). SEM is a specific type of regression analysis that explains
relationships between independent (exogenous) and dependent (endogenous)
variables. It is composed of up to three sets of simultaneous equations, estimated
at the same time: (1) a measurement model for the endogenous variables, (2) a
measurement model for the exogenous variables, and (3) a structural model. Latent
variables are constructs which cannot be directly observed, but they must be defined
in terms of underlying observed variables, called indicators. A measurement model
defines each latent variable, whereas the structural model represents the relation-
ships between exogenous and endogenous variables. SEM was adopted in several
fields of research and generalized by Joreskog (1973) and Wiley (1973). Some
applications were proposed, for example, in the field of psychology and social
science (MacCallum and Austin 2000; Muthén et al. 2006), in the field of natural
science (Mitchell 1992; Grace and Pugesek 1997), and especially in the field of
economy and statistics (MacLean and Gray 1998; Eskildsen and Dahlgaard 2000;
Boari 2000; Manaresi et al. 2000). In the field of transportation research some
applications of SEM were proposed to analyse land-use and transport interactions
(e.g. Tschopp and Axhausen 2007; Van Acker et al. 2007; de Abreu e Silva and
Goulias 2009; de Abreu e Silva et al. 2012; Eboli et al. 2012). Also in public
transport some authors proposed SEM applications, such as Bamberg, and Schmidt
(1998), Fillone et al. (2005) and Tam et al. (2005).

More specifically, SEM was adopted for investigating customer satisfaction of
public transport services, but there are not many studies in this field. Examples are
Andreassen (1995), Stuart et al. (2000), Karlaftis et al. (2001), Eboli and Mazzulla
(2007, 2012, 2015), Ngatia et al. (2010), Irfan et al. (2011) and de Ofia et al. (2013).
Traditionally, the overall quality of a service is affected by many service quality
factors. All the factors are generally grouped in macro-factors according to the
nature of the service characteristics. As an example, service factors such as comfort
of seats and air conditioning on board are included in the same macro-factor usually
named “comfort”. So, in a traditional SEM describing the relationship between
service characteristics and the overall service there are a series of latent constructs
representing the macro-factors explained each by a series of observable indicators
representing the service quality factors. The dependent latent construct “overall
service quality” 1is generally explained by observable indicators such as
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“satisfaction”. Definitively, the structural model describes the relationship between
a latent endogenous variable representing the overall service quality and some latent
exogenous variables representing the service macro-factors. On the other hand, the
measurement model relating to the exogenous variables describes the relationship
between the macro-factors and the service quality factors, representing the observed
variables, adopted for measuring the latent constructs.

An investigated issue concerning the SEM approach is the contrast between
formative and reflective models (Bollen 1989; Bollen and Lennox 1991; Diaman-
topoulos and Siguaw 2006). We can talk about a reflective model when the latent
variable is the cause of the observed measures. Though the construct is not directly
measurable, it exists independently of its effect indicators. For example, intelligence
determines the responses of a subject to a questionnaire designed to assess this
aspect, not vice versa. There are some aspects, however, that we cannot consider as
latent constructs existing a priori: they are determined by the observed measures,
which become the causes of the latent variables (Edwards and Bagozzi 2000). In
these cases, the correct model is the formative one: the phenomenon is defined by,
or is a function of, the observed variables (Simonetto 2012).

Literature is rich in SEMs describing the relationship mentioned above, where
the variables are always reflective. In this paper, the question arises as formative
variables can be considered to model the relationship between service quality and
the service factors. A priori, we could retain that both approaches can represent the
case of transit service quality. More specifically, according to a reflective approach,
each service macro-factor (e.g. comfort, information) exists independently of the
service factors which can easily describe it. On the contrary, according to a
formative approach, the service quality factors could be considered as the causes of
the macro-factor. In order to deepen this matter, we propose two models for
highlighting the differences between the reflective and the formative approach for
analysing transit service quality. Eboli and Mazzulla (2012, 2015) have recently
proposed two works aimed at investigating the influence of a series of service
quality attributes on the overall service quality of a railway service. In the model
structure there are latent exogenous variables representing service quality macro-
factors (such as safety, comfort, information and so on), each explained by a series
of observed service quality attributes, and a latent endogenous variable representing
the overall service quality, explained by observed global indicators. In the models
proposed in the present paper we investigated about the same railway service of the
above mentioned works. We retain that the proposed work could give an innovative
contribution to the literature because there are no works about transit service quality
investigating the differences between the two mentioned approaches; instead, we
think that there are many differences among the various service quality aspects,
which could be better analyses through one of the approaches rather than the other
one.

In the following, we propose a review focusing on the studies adopting the
reflective approach rather than the formative one. After the review, we propose a
section describing the model structures adopted for analysing service quality, based
on the use of reflective and formative approaches: a brief theoretical framework is
introduced before the description of the specific framework. Then, there is a section
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about the application of the proposed models, where we briefly describe the data,
and finally we present the results of the models. The paper ends with the conclusions
about the work.

2 Formative versus reflective models

The distinction between formative and reflective measures is important because
proper specification of a measurement model is necessary to assign meaningful
relationships in the structural model (Anderson and Gerbing 1988). The reflective
approach dominates the psychological and management sciences, while the
formative approach is mostly adopted in economics and sociology. According to
the reflective measurement models, causality flows from the latent construct to the
indicator. This means that the change in an indicator X reflects the change in the
latent construct Y. Scholars argue that if variation in X is associated with variation
in Y, exogenous interventions that change Y can be detected in the indicator X; they
assume that this relationship between construct and indicator is reflective
(Borsboom et al. 2003, 2004). Practically all scales in business and related
methodological texts on scale development use a reflective approach to measure-
ment (Bearden and Netmeyer 1999; Bruner et al. 2001; Netmeyer et al. 2003;
Spector 1992).

On the other hand, several researchers think that not all latent constructs are
measurable with a series of correlated items (Bollen and Lennox 1991; Edwards and
Bagozzi 2000; Fornell 1982). Where causality flows in the opposite direction, from
the indicator to the construct, a formative index results (Blalock 1964; Diaman-
topoulos and Winklhofer 2001; Edwards and Bagozzi 2000). In other words, more
indicators form a construct without any assumptions concerning the patterns of
inter-correlation between these items. In contrast to the reflective model, few
examples of formative models are seen in the business literature.

Coltman et al. (2008) present an organizing framework for construct measure-
ment that begins with theoretical justification to define the nature of the focal
constructs. There are three theoretical considerations in deciding whether the
measurement model is formative or reflective: (1) the nature of the construct, (2) the
direction of causality between the indicators and the latent construct, and (3) the
characteristics of the indicators used to measure the construct.

Concerning the nature of the construct, the scientific literature suggests that in a
reflective model the latent construct exists independently from the measures
(Borsboom et al. 2004; Rossiter 2002). On the contrary, in a formative model the
latent construct is dependent on the interpretation by the scholar (Borsboom et al.
2003). Examples of formative constructs are the indexes composed by a series of
indicators; any change in one or more of these components causes a change in the
index value.

According to the direction of causality, which is the second theoretical
consideration, reflective models assume that causality flows from the construct to
the indicators, while in formative models causality flows from the indicators to the
construct. This means that in reflective models, a change in the construct causes a
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change in the indicators, while in formative models, a change in the indicators
results in a change in the construct (Fig. 1).

Finally, the theoretical consideration regarding the characteristics of indicators
suggests that in a reflective model, change in the latent variable must precede
variation in the indicator(s). This means that the indicators all share a common
theme and are interchangeable; inclusion or exclusion of one or more indicators
from the domain does not alter the validity of the construct. On the contrary, in
formative models, the domain of the construct is sensitive to the number and types
of indicators representing the construct; therefore, adding or removing an indicator
can change the conceptual domain of the construct.

3 Methodology
3.1 The model structure

In order to understand better the SEM structure, we briefly report the basic
equations introduced by Bollen (1989). Specifically, for the latent variable model
the basic equation is the following:

n=Bn+T&¢+( (1)

in which # (eta) is an (m x 1) vector of the latent endogenous variables, & (xi) is an
(n x 1) vector of the latent exogenous variables, and { (zeta) is an (m x 1) vector of
random variables. The elements of the B (beta) and I' (gamma) matrices are the
structural coefficients of the model; the B matrix is an (m x m) coefficient matrix for
the latent endogenous variables; the I matrix is an (m X n) coefficient matrix for the
latent exogenous variables.

The basic equation of the measurement model for the exogenous variables is
Egs. (2), and (3) is for the endogenous variables:

¥ = AL+ 2)
y=An+e (3)

in which x and J (delta) are column g-vectors related to the observed exogenous

(a) (b)

Latent construct Latent construct

Fig. 1 Formative (a) versus reflective (b) measurement models
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variables and errors, respectively; A, (lambda) is a (g x n) structural coefficient
matrix for the effects of the latent exogenous variables on the observed variables; y
and ¢ (epsilon) are column p-vectors related to the observed endogenous variables
and errors, respectively; A, is a (p x m) structural coefficient matrix for the effects
of the latent endogenous variables on the observed ones.

In the proposed model, we supposed the presence of seven latent exogenous
constructs representing seven main characteristics of a railway service: safety,
cleanliness, comfort, service, additional services, information and personnel. These
seven constructs represent the seven macro-factors investigated through the survey
addressed to a sample of users of the railway service analysed in the paper. These
latent factors are supposed to be linked to a latent construct representing the overall
service quality, simulated by a latent endogenous variable, named as service quality.
Overall transit service quality generally contains a large number of service factors.
Starting from the various studies reported in the literature of the field, among which
there are the European Standard EN13816 (CEN 2002) or the manuals of the
Transportation Research Board such as Transportation Research Board (2003), we
can state that the aspects mainly characterizing bus services are service availability,
service reliability, comfort, cleanliness, safety and security, fare, information,
customer care and environmental impacts. The seven factors chosen for the
proposed study well reflect the selection of the service factors emerging from the
literature review. Each latent construct is explained by really observed service
quality factors; so, the latent endogenous variables are linked to 33 observed
variables, while the latent endogenous variable is linked to two observed indicators
of global service quality. The first one is simply the satisfaction rate expressed by
each user on the overall service (satisfaction). The second one is represented by the
number of factors for which the user has experienced problems in the last 30 days
before the interview (critical event).

3.2 The reflective approach

By adopting a reflective approach and by considering the theoretical assumptions
described in the previous section, we can apply the following reasoning.

We can assume that the latent constructs, which represent service macro-factors
(safety, cleanliness, comfort, service, additional services, information, and person-
nel) exist independently of the measures, which are the various service factors
included in each macro-factor. So, as an example, safety exists independently of the
attributes that measure it, such as travel safety, personal security on board, and
personal security at station (Fig. 2). As well as, comfort is an existing concept
representing a service aspect independently of the service characteristics adopted for
measuring it, linked to crowding on board, air-conditioning on board, and so on
(Fig. 3).

In terms of direction of causality, we remind that the reflective approach assumes
that causality flows from the construct to the indicators, and therefore from the
service macro-factor to the characteristics describing it. Hence, a change in the
service macro-factor causes a change in the service factor. As an example, the level
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Travel Safety

Personal Security on
Board

Personal Security
at Station

A

A

A

Safety

Fig. 2 An example of a reflective measurement model for “safety” latent construct

Air-conditioning on
Crowding on Board Board g Comfort on Board
A A A
Comfort

Fig. 3 An example of reflective measurement model for the “comfort” latent construct

of satisfaction about the comfort of the passengers travelling by the transit system
influences the level of satisfaction with the comfort on board, comfort of seats and
the other characteristics linked to comfort.

Another aspect regards the characteristics of the indicators, which share a
common theme and are interchangeable. As an example, the indicators explaining
information, such as information at station or information timeliness on board, share
the same theme, and the inclusion or exclusion of one of them does not materially
alter the content validity of the construct.

3.3 The formative approach

From a different perspective, by adopting a formative approach, we assume that the
service macro-factors are dependent on the factors that form them. So, by
considering the same example of safety, the formative approach states that safety
does not exist as an independent entity but it depends on travel safety, personal
security on board and personal security at station. In the same way, we could
consider that the concept of comfort is strictly dependent on the various
characteristics that forms it. In other words, the meaning of comfort changes based
on the service characteristics considered for describing it. By making this reasoning,
the service macro-factor could be better included in a formative model. Another
interesting example is represented by the service macro-factor “service” (Fig. 4). It
seems that this macro-factor better adapts to a formative approach, because its
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Fare/ngwce Frequency of Runs Punctuality of Runs
Ratio
<
Regularity of s Localization of
TS Integration with PT Stations

Fig. 4 An example of formative measurement model for the “service” latent construct

concept is not clearly defined like “safety” or “comfort”, but it can represent more
characteristics which are heterogeneous among them. In our model, this aspect
includes service factors such as frequency, punctuality and regularity of runs, as
well as aspects such as fare, localization of station and integration with public
transport. As we can observe, the meaning of this aspect is formed by the analyst,
and it cannot be considered as existing a priori.

Consequently, causality flows from the indicators to the construct; therefore, a
change in the service attributes results in a change in the service macro-factor under
study. As an example, a change in the satisfaction about cleanliness of seats or of a
vehicle, as well as cleanliness of toilets or stations, change the level of satisfaction
about the “cleanliness” macro-factor.

In this case, since the indicators define the construct, the domain of the service
macro-factor is sensitive to the number and types of service factors representing it.
Hence, adding or removing a service attribute can change the conceptual domain of
the service macro-factor. As an example, the domain of the macro-factor
“personnel” changes if we remove one or more of the service factors describing

Kindness on

Board Competence on Board Ticket Inspection Kindness at Station

Fig. 5 An example of a formative measurement model for “personnel” latent construct
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it, such as kindness on board or in station, rather than competence on board or ticket
inspection (Fig. 5).

4 Transit service quality modelling: formative versus reflective
approach

4.1 Data

The data adopted for calibrating the proposed models were collected through a
survey addressed to passengers of a railway service operating in the north of Italy.
The service offers 32 regional lines and 9 suburban lines connecting the towns of the
hinterland of the city of Milan, and 2 express lines connecting Milan with the
Malpensa airport. On board face-to-face interviews were realized from June to July
2011, during the whole week, between 6.00 a.m. and 10.00 p.m. The final sample
contains 16,718 passengers. The number of passengers travelling on the analysed
lines is about 550,000. So, the sample rate is of about 3%.

The questionnaire aimed to collect data concerning general information about the
train (e.g. time period of the interview, train, line, station), socio-economic
characteristics and travel habits of the passengers (e.g. gender, age, professional
condition, income, trip scope, frequency), and the passenger perceptions about the
used services. Specifically, 33 service quality factors concerning safety, cleanliness,
main and additional services, information, and personnel were evaluated by the
users, who expressed importance and satisfaction rates on a cardinal scale from 1 to
10. Users also indicated the occurrence of a critical event concerning each service
quality factor in the last 30 days before the interview. Finally, they expressed a
satisfaction rate about the overall service.

More than half of the interviewed passengers travel by the regional lines, about
40% suburban lines, and the remaining 7% through the Malpensa express services.
The major part of passengers (80.5%) were interviewed in a weekday, 14.2% in a
before a holiday day, and 5.3% in a holiday. 30.6% of sample travels to work,
13.6% to study, and the remaining 55.8% for other purposes, such as personal
activities (about 30%), bureaucratic activities (about 10%), and tourism (about
15%). The sample is almost equally spread between females and males. The major
part of the interviewed passengers (more than 70%) are aged lower than 40 years.
Most of the sampled people are employed (60%), and a considerable part is
composed of students (about 30%). About 35% of sample does not give any kind of
information about the income, but most people belong to a class of income lower
than 2000 Euros per month (56%). Almost 65% of the sample are habitual users,
while 35% of the passengers occasionally travel by train. Definitively, the prevalent
passenger is a young employed, with a monthly net income lower than 2000 Euros,
who habitually travels by train to reach the place of work (Table 1).

Regarding the importance and satisfaction rates expressed by the interviewed
users, we can highlight that all the attributes registered average importance rates in a
small range varying from 8.0 to 9.2; this is not a surprising result because, as found
in many other scientific studies, users tend to assign high importance to all the
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Table 1 Sample characteristics

Characteristics Statistics
Gender Male (45.5%), female (54.5%)
Age 16-25 (36.7%), 26-40 (33.8%), 41-65 (25.6%), >65 years-olds (3.9%)
Professional Employee (40.5%), manager (4.2%), entrepreneur (2.1%), freelancer (8.2%), self-
condition employed worker (3.7%), unemployed (3.4%), student (30.5%), housewife (2.4%),
pensioner (4.5%), other (0.6%)
Income level <1000 (25.0%), 1001-1500 (19.3%), 1501-2000 (12.0%), 2001-3000 (4.9%),

3001-4000 (1.6%), >3000 Euros (2.2%)
Car ownership Have car (58.1%), have not car (41.9%)
Scope of journey Work (30.6%), studying (13.6%), other purposes (55.8%)

Frequency of Daily (46.8%), weekly (18.0%), occasionally (35.2%)
journey

factors when they have to state a rate of importance (de Ona et al. 2013). The
attributes considered as the most important concern travel safety and personal
security. On the contrary, the average satisfaction rates suggest that people judge as
not very good most of the service characteristics; in fact, only nine attributes have
an average rate higher than six (>6). The service characteristics considered as the
most satisfying concern safety, personnel, integration with the other modes of public
transport, and localization of the stations. On the contrary, the characteristics judged
as the least satisfying concern cleanliness, comfort, and information. Users
expressed an average rate of satisfaction with the overall service equal to 5.8.

Finally, some observations can be made about the critical events registered by
users. Only the attribute linked to personal security on board registered a very high
number of critical events in the last 30 days before the interview (14,715
occurrences out of 16,623 interviewed users), although the satisfaction rate was
higher than six; evidently, they feel quite safe on board, and most of the experienced
problems are not substantial for them. For aspects such as cleanliness of vehicles,
seats and toilet facilities, crowding and air-conditioning on board, and punctuality of
runs, the number of registered critical events is notable (over than 6000
occurrences), but for the other service aspects the number of occurrences is
relatively less important (about 2000 or 3000 occurrences).

4.2 Models

In this section, we show the results of the models with the final aim to explain the
differences between the two adopted approaches.

Figures 6 and 7 show the complete theoretical construct of the reflective model
and the formative one, respectively.

Table 1 shows results of the model structured according to the reflective
approach. In the first and second column the model variables are reported, with the
indication of the direction concerning the relationship between the two categories of
variables (endogenous and exogenous); the third column shows the values of the
regression weights (RW) of the coefficients; the fourth and fifth column contain the
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Fig. 6 Theoretical construct of the reflective model

Ticket Inspection

ir-conditioning on omfort on Boar

Additional Services

values of the standard error (SE) of each coefficient and the probability levels
(P) that the estimated coefficient is significantly different from zero; finally, in the
last column the values of the standardized regression weights (st. RW) are shown.

Before describing the contents of Table 1, we report the values of the statistics on
the goodness of fit. From our proposed model, we obtained a minimum value of
discrepancy function statistically significant according to the Chi squared test.
Because the Chi squared test of absolute model fit is sensitive to sample size and
non-normality in the underlying distribution of the input variables, various
descriptive fit statistics may be used to assess the overall fit of a model to the
data. The criteria that researchers often use for verifying if a model is regarded as
good are the following, even if Bollen (1989) suggests that these criteria are merely
guidelines. The Normed Fit Index (NFI) exceeds 0.90 (Byrne 1994) or 0.95 (Hu and
Bentler 1999; Schumacker and Lomax 2004); the Goodness of Fit Index exceeds
0.90 (Byrne 1994; Carreira et al. 2014); the Adjusted Goodness of Fit Index exceeds
0.90 (Carreira et al. 2014); the Comparative Fit Index exceeds 0.93 (Byrne 1994),
but some authors report that a CFI >0.8 is good enough for structural validity of the
model (Browne and Cudeck 1993; Hair et al. 2009); RMS is less than 0.08 (Browne
and Cudeck 1993; Hu and Bentler 1999) and ideally less than 0.05 (Steiger 1990);
RMSEA is lower than 0.08 for a very good fit (Carreira et al. 2014) and it provides a
mediocre fit between 0.08 and 0.10 (MacCallum et al. 1996). The relative Chi
square should be less than 2 or 3 (Kline 1998; Ullman 2001).
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Fig. 7 Theoretical construct of the formative model
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Additional Services

In order to obtain better values of goodness-of-fit, as suggested by some authors
in the literature, we have inserted in the model structure some correlations among
the errors of the service attributes belonging to the same macro-factor which had
shown a certain correlation of the satisfaction rates. For our reflective model we
obtained a GFI equal to 0.84, an AGFI of 0.80, and a CFI of 0.90. The RMSEA has
a value of 0.07 (Table 2). By observing the values concerning our model, and by
considering the suggestions reported in the literature, we can state that our model
shows good values of goodness of fit. More specifically, we retain that the CFI
obtained for our model can be considered as very good, as well as the obtained value
of RMSEA.

Table 2 Goodness of fit indexes

Indexes Values for reflective Values for formative
model model
Goodness of Fit Index (GFI) 0.84 0.61
Comparative Fit Index (CFI) 0.90 0.72
Adjusted Goodness of Fit Index (AGFI) 0.80 0.48
Root mean square error of approximation 0.07 0.10
(RMSEA)
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All the parameters have a correct sign and assume a statistically different from
zero value, at a good level of significance, with the exception of the coefficient of
the latent variable representing “additional service”. The latent exogenous variables
with the highest positive effect on service quality are service (0.380) and cleanliness
(0.365). Directly after, there are two service aspects presenting similar coefficients:
information (0.312) and comfort (0.297). Personnel shows a weight equal to 0.207.
Finally, safety and additional services have the lowest effect on service quality,
showing weights of 0.081 and 0.011, respectively. The relationship between the
latent endogenous variable and observed variables shows that satisfaction explains
the major part of service quality, having a weight of 0.572, but also the critical event
indicator has a relevant influence (—0.394) (Table 3).

Table 2 shows results of the model structured according to the formative
approach. Before analysing the coefficients, we have to specify that in this case the
tests of goodness of fit show not ideal values. In fact, the GFI is 0.61, the AGFI is
0.48, the CFI is 0.72, the RMSEA is 0.10 (Table 2). However, we can surely
consider the values of CFI and RMSEA as acceptable. We also observed that not all
the parameters are statistically significant, and some of them have not the expected
sign. There are three service factors which show a negative sign: cleanliness of
stations (—0.039), localization of stations (-0.195), and bicycle transport on board
(—0.542), meaning that if satisfaction with these factors increase, the overall
satisfaction decreases. However, cleanliness of stations and bicycle transport on
board are not significant at a good level of significance.

In the following, we want to analyse the coefficients of some service aspects with
the aim to have a comparison between the two kinds of approaches and to confirm
that the reflective approach could be not very suitable for describing the relationship
concerning some latent constructs. More specifically, by observing the weights of
the latent exogenous variables, we can say that also in this case the service aspects
having the highest positive effect on service quality are service (0.514) and
cleanliness (0.392), even if they show more difference of weight. Directly after,
there are three service aspects presenting similar coefficients: comfort (0.330),
information (0.278) and personnel (0.246). Also according the formative approach,
safety and additional services have the lowest effect on service quality, showing
weights of 0.110 and 0.103, respectively. Analogously to the reflective approach,
the relationship between the latent endogenous variable and observed variables
shows that satisfaction explains the major part of service quality, showing a weight
of 0.437, but also the critical event indicator has a relevant influence (—0.284)
(Table 4).

5 Discussion of the results
The most interesting aspect of the proposed models is represented by the
relationship between the latent exogenous variables and their observed indicators,

because the difference between the two investigated approaches concerns just the
nature of the relationship between the latent constructs and the observed indicators.

@ Springer



120 L. Eboli et al.
Table 3 Model results
RW SE P St. RW
Latent endogenous variable Latent exogenous variable
Service quality (1) < Safety (§)) 0.047#% 0.009 0.000  0.081
Service quality (n;) < Cleanliness (&,) 0.166** 0.011 0.000 0.365
Service quality (n;) <  Comfort (&3) 0.186** 0.017 0.000 0.297
Service quality (1) <« Service (&y) 0.221** 0.012 0.000  0.380
Service quality (n;) < Additional services 0.007 0.012 0.533 0.011
&s)
Service quality (n;) < Information (&g) 0.210*%* 0.012 0.000  0.312
Service quality (n;) <  Personnel (&) 0.119%% 0.010 0.000 0.207
Observed endogenous variable Latent exogenous variable
Fl (x;) travel safety < Safety (&) 1 - - 0.760
F2 (x,) personal security on board <  Safety (&) 1.126%* 0.017 0.000 0.828
F3 (x3) personal security at < Safety (&) 1.127#* 0.020 0.000 0.816
station
F4 (x4) cleanliness of vehicles < Cleanliness (&) 1 - - 0.904
F5 (xs) cleanliness of seats < Cleanliness (&) 1.007** 0.004 0.000 0.905
F6 (x6) maintenance of seats < Cleanliness (&) 1.011#* 0.006 0.000 0.916
F7 (x7) cleanliness of toilet <  Cleanliness (&) 0.859** 0.006 0.000 0.808
facilities
F8 (xg) cleanliness of stations < Cleanliness (&,) 0.759** 0.007 0.000 0.716
F9 (x9) maintenance of stations <  Cleanliness (&,) 0.713** 0.007 0.000 0.676
F10 (x;0) crowding on board <  Comfort (&3) 1 - - 0.659
F11 (xq;) air-conditioning on <  Comfort (&3) 1.168** 0.016 0.000 0.752
board
F12 (x,2) comfort on board <  Comfort (&3) 1.170** 0.016 0.000 0.829
F13 (x;3) fare/service ratio < Service (&) 1 - - 0.698
F14 (x4) frequency of runs < Service (&) 1.062** 0.012 0.000 0.775
F15 (x;5) punctuality of runs <  Service (&) 1.128** 0.014 0.000 0.771
F16 (x6) regularity of runs < Service (&) 1.030** 0.013 0.000 0.759
F17 (x7) integration with pt < Service (&) 0.890** 0.011 0.000 0.706
F18 (x;g) localisation of stations <«  Service (&4) 0.833** 0.011 0.000 0.675
F19 (x;9) parking < Additional services 0.803** 0.015 0.000 0.536
&s)
F20 (x,0) bicycle transport on < Additional services 0.752%*% 0.012 0.000 0.635
board (&s)
F21 (x,) facilities for disabled < Additional services 1.023** 0.013 0.000 0.727
&s)
F22 (x,,) substitute services < Additional services 1 - - 0.792
(&s)
F23 (x,3) information at stations <«  Information (&g) 1.203** 0.012 0.000 0.806
F24 (x,4) information on board < Information (&) 1.345%* 0.013 0.000 0.876
F25 (x,5) info timeliness at < Information (&g) 1.343** 0.013 0.000 0.886
stations
F26 (x56) info timeliness on board <  Information (&g) 1.325** 0.013 0.000 0.867
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Table 3 continued

RW SE P St. RW
F27 (x,7) complaints < Information (&¢) 1.041*%* 0.012 0.000 0.700
F28 (x,3) communication to < Information (&¢) 0.995** 0.009 0.000 0.707
office
F29 (x,9) info connections with <  Information (&g) 1 - - 0.705
PT
F30 (x30) kindness on board < Personnel (&;) 1.022** 0.012 0.000 0.847
F31 (x3;) competence on board <  Personnel (&) 1.010** 0.009 0.000 0.860
F32 (x3,) ticket inspection <  Personnel (&) 0.947#*% 0.011 0.000 0.701
F33 (x33) kindness at station <  Personnel (&) 1 - - 0.774
Observed endogenous variable Latent endogenous variable
Satisfaction (y;) <« Service quality (1)) 1 - - 0.572
Critical event (y,) < Service quality (1) —3.089%* 0.073 0.000 —0.394

Reflective approach

** Statistically significant at a level of 5%

Starting from the service aspects resulting as the most important for the users
(service and cleanliness), we can observe that the coefficients of the reflective model
are higher than the coefficients of the formative model. According to the reflective
approach, service characteristics are well explained by the service factors linked to
the reliability of the service: frequency of runs (0.775), punctuality (0.771) and
regularity (0.759); also integration between the services analysed and other local
transit services presents a relevant weight (0.706); finally, the factors linked to the
fare and localization of station have the lowest weights (0.698 and 0.675,
respectively). According to the formative approach, punctuality is the factor mostly
influencing service quality, showing a coefficient significantly higher than the others
(0.671). Except the factor linked to the fare which obtained a coefficient equal to
0.495, the other factors presents low weights.

According to the reflective model, cleanliness is prevalently understood as
maintenance of the seats (0.916), cleanliness of seats (0.905) and of vehicles
(0.904); the other indicators have lower weights, up to a minimum value of 0.676,
registered for the attribute linked to the maintenance of the stations. So, for the users
cleanliness represents the cleanliness on board, it means cleanliness of seats and
vehicles. A similar result is obtained from the formative approach, even if
cleanliness of vehicles (0.442) and of the seats (0.423) are prevalent as regards
maintenance of the seats (0.355).

The successive service aspects affecting the satisfaction about the service are
information and comfort, for both the approaches. According to the reflective
approach, comfort is prevalently interpreted by the passengers as degree of comfort
on board (0.829) and air-conditioning (0.752), even if the level of crowding on
board presents a relevant value of the coefficient (0.659). We can conclude that for
bus services the level of crowding on board is the indicator mostly used by the
researchers who analyse service quality in public transport, but this factor is less
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Table 4 Model results
RW SE P St. RW
Latent endogenous Latent exogenous variable
variable
Service quality < Safety (&) 0.021*%*  0.005 0.000 0.110
(G
Service quality <  Cleanliness (&,) 0.047** 0.009 0.000 0.392
(G
Service quality < Comfort (&3) 0.013** 0.004 0.003  0.330
Q)
Service quality <  Service (&4) 0.070** 0.005 0.000 0.514
Q)
Service quality < Additional services (&s) 0.009*  0.005 0.070 0.103
Q)
Service quality < Information (&¢) 0.020** 0.007 0.004 0.278
(G
Service quality < Personnel (&;) 0.018*%* 0.009 0.048 0.246
Q)
Observed endogenous Latent exogenous variable
variable
Safety (§;) < Fl (x)) travel safety 1 - - 0.642
Safety (§;) <  F2 (x,) personal security on board 0.669 0.488 0.170 0.385
Safety (§;) < F3 (x3) personal security at station 0.448 0.279 0.109 0.302
Cleanliness (&) <  F4 (x) cleanliness of vehicles 1 - - 0.442
Cleanliness (&) <  F5 (x5) cleanliness of seats 0.991** 0.389 0.011 0.423
Cleanliness (&) <  F6 (x¢) maintenance of seats 0.828** 0.183 0.000 0.355
Cleanliness (&) < F7 (x7) cleanliness of toilet facilities 0.190 0.138 0.168 0.078
Cleanliness (&) < F8(xg) cleanliness of stations —0.096 0.088 0.280 —0.039
Cleanliness (&) <  F9 (Xy) maintenance of stations 0.838** 0.244 0.000 0.345
Comfort (&3) < FI10 (x0) crowding on board 1 - - 0.142
Comfort (&3) < F11 (x;) air-conditioning on board 4.300** 1.669 0.010 0.570
Comfort (&3) <  F12 (x1») comfort on board 3.654*%* 1.180 0.002 0.496
Service (&,) < F13 (x13) fare/service ratio 1 - - 0.495
Service (&,) < Fl14 (x14) frequency of runs 1.167** 0.080 0.036 0.077
Service (&,) < F15 (x15) punctuality of runs 1.375*%* 0.116 0.000 0.671
Service (&,) < F16 (xy¢) regularity of runs 0.426** 0.094 0.000 0.194
Service (£4) < F17 (xy7) integration with PT 0.273**% 0.091 0.003 0.115
Service (£4) <  FI18 (x;g) localisation of stations —0.458** 0.092 0.000 —0.195
Additional < F19 (x19) parking 1 - - 0.283
services (&s)
Additional < F20 (xp0) bicycle transport on board —2.459** 1.211 0.042 —0.542
services (&s)
Additional <  F21 (xy) facilities for disabled 3.116* 1.784 0.081 0.805
services (&s)
Additional < F22 (x,,) substitute services 0.920 0.887 0.299 0.222
services (&s)
Information (&g) < F23 (x,3) information at stations 1 - - 0.235
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Table 4 continued

RW SE P St. RW
Information (&g) <  F24 (x,4) information on board 1.053 0.646 0.103 0.270
Information (&g) <  F25 (X,5) INFO TIMELINESS AT 2.513**% 1.002 0.012 0.641

STATIONS
Information (&g) < F26 (xy) info timeliness on board 1.008** 0.470 0.032 0.233
Information (&g) < F27 (xp7) complaints 0.432 0.340 0.203 0.098
Information (&g) < F28 (x,5) communication to office 0.673 0.455 0.139 0.130
Information (&g) < F29 (xy9) info connections with PT 0.927#* 0.433 0.032 0.205
Personnel (&;) < F30 (x30) kindness on Board 1 - - 0.233
Personnel (&;) < F31 (x3;) competence on board 1.887 0.441 0.191 0.420
Personnel (&;) < F32 (x3;) ticket inspection 1.239*%  0.652 0.058 0.313
Personnel (&;) < F33 (x33) kindness at station 2.183* 1.164 0.061 0.540
Observed endogenous Latent endogenous variable

variable
Satisfaction (y;) <  Service quality (1;) 1 - - 0.437
Critical event (y3) <  Service quality (1) —3.078** 0.114 0.000 —0.284

Formative approach
* Statistically significant at a level of 10%

** Statistically significant at a level of 5%

important for a service such as the rail service. Analogous conclusions can be
reached by observing the results of the formative model, because also in this case
comfort on board and air-conditioning are retained as more important than crowding
on board, but air-conditioning results the most important attribute with a coefficient
of 0.570, followed by comfort on board presenting a coefficient of 0.496.

If we observe the results of the reflective model, Information is prevalently
explained by the timeliness in having the information both at stations and on board
(having very similar coefficients equal to 0.886 and 0.867, respectively), and the
quality of information about the services (0.876 at station and 0.806 on board). The
other aspects linked to the complaints or the communication to the office are
considered as less relevant. According to the formative approach, timeliness in
having the information at stations is the factor mostly influencing service quality,
showing a coefficient significantly higher than the others (0.641). However, also in
this case timeliness in having the information on board and quality of information
about the services on board and at station are considered as more important than the
other secondary aspects, even if they show values of coefficients that are rather low
as regards the timeliness in having the information at stations.

Concerning personnel characteristics we can observe that, according to a
reflective approach, users consider as more important the factors linked to the
personnel on board; in fact, competence and kindness of the personnel on board
present coefficient values equal to 0.860 and 0.847, respectively. On the contrary,
the formative model suggests that personnel is best explained by the kindness at
stations, which shows the highest coefficient value (0.540).
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Finally, also the analysis of the less important service aspects suggests interesting
findings. Safety is mostly explained by the service factors concerning security; we
obtained a coefficient of 0.828 for personal security on board and 0.816 for personal
security at stations from the reflective model. These results are different from the
results of the formative model according to which safety is mostly represented by
travel safety, showing a coefficient of 0.642. additional services are moreover
understood as services substitute of irregular services (0.792), besides as facilities
for disabled (0.727), which is the most important additional service factor for the
formative model (0.805).

6 Conclusions

Transit service quality has been widely analysed through structural equation models.
An investigated issue concerning the SEM approach has been the contrast between
formative and reflective models. In this paper we wanted to investigate the
opportunity to consider both the reflective and the formative approach for analysing
transit service quality, although in the literature the reflective approach has been
largely adopted rather than the formative one.

By adopting a reflective approach we assumed that the latent constructs, which
represent service macro-factors (safety, cleanliness, comfort, service, additional
services, information, and personnel) exist independently from the various service
factors describing each macro-factor. On the other hand, by adopting a formative
approach, we assumed that the service macro-factors depend on the factors that
form them.

From the application of the two approaches, we obtained interesting findings.
Specifically, we obtained similar results from the two models for those service
aspects which should be analysed better with a reflective approach, evidently
because they represent concepts that are well defined a priori (examples are
cleanliness and comfort). On the contrary, for the service aspects for which a
formative approach would seem more convenient, the results of the two approaches
are rather discordant or not similar; so in this case, a formative approach could be
more convenient. Surely, the aspects more suitable for the formative approach are
the service aspects which represent more characteristics being heterogeneous among
them, such as the macro-factors “service” and “personnel”. The results concerning
the less important aspects (safety and additional services) show differences, but
there are many variables that are less significant in the formative model, so we could
avoid to consider them for our findings.

Definitively, we can conclude that the reflective approach is most suitable for
analysing transit service quality because of the obtained values of goodness-of-fit,
but both methods should be considered for analysing transit service quality, because
there are some service aspects which can be more conveniently investigated through
a reflective approach, but other service aspects follow very well a formative
approach.
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