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Abstract: 

Although customer satisfaction surveys are widely utilized by transit agencies, there are limited analyses in the liter-

ature on the perception of passengers as a result of service improvements. A before-after study can help to evaluate 

the effect of changes from customer’s points of view and thus guarantee a continuous improvement in the service. In 
this paper, customer satisfaction was directly observed through a Customer Satisfaction Survey (CSS) before and after 

certain changes. Furthermore, Structural Equation Modeling (SEM) is utilized to evaluate passenger’s perception of 

the service attribute importance. Finally, an Importance-Performance Analysis (IPA) is adapted to analyze the 
changes in satisfaction and importance from the passenger’s perspective on each service attribute. In both before and 

after cases, a consistent SEM structure is used. The follow-up IPA provides transit agencies with priorities to improve 

service attributes and helps managers to devote their resources to key attributes that matter to the riders. Metro line 
3 in Tehran was selected as the case study which is 33.7 km long with 25 stations. Two surveys were performed one 

before (with the sample size of 300), and one after (with the sample size of 384) a set of changes the most important 
of which was a headway reduction. The SEM was developed with five latent variables of main service, comfort, infor-

mation, protection, and physical appearance. This structure was assessed on both the before and after data collections 

and showed to be valid. Security at the station and security on board were the most important service attributes in 
both waves according to their factor loadings, while ethics and behavioral messages had the smallest factor loading 

and the least importance. Comparing the attributes in both surveys suggested that reducing the headway was effective, 

although it did not seem to be sufficient for enhancing the overall customer satisfaction and improvements need to be 
continued. 
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1. Introduction 

Increasing travel demand in urban areas due to an 

increase in people activities can influence the use of 

public transit and its level of service (Gärling et al., 

2002). Public transit can be adopted as an effective 

solution to tackle urban problems, such as air pollu-

tion and traffic congestion and help to achieve sus-

tainable development (Hu et al., 2022). Therefore, 

public transit managers need to better understand 

rider needs and expectations. A higher satisfaction 

of service quality in public transit can encourage 

current passengers to use public transit continu-

ously, and attract new passengers to the system by 

improving the public image (Morpace International, 

1999) which is considered in many studies (Zehmed 

and Jawab, 2021, Sukwadi et al., 2021, Harreman-

Fernandes et al., 2021, Park et al., 2021). Transit 

agencies need to identify passenger's preferences to 

understand how to prioritize their investments and 

attract more  users (Abenoza et al., 2017). Keeping 

customers satisfied will result in maintaining current 

travelers, attracting new users, and improving the 

public image of transit (Morpace International, 

1999). Furthermore, understanding users’ opinions 

about service quality can lead to an understanding of 

areas in need of improvement.  

There are several approaches to evaluate the im-

portance of each service attribute from the cus-

tomer’s perspective. Two major methods are 1) ask-

ing users to rate the importance of attributes and 2) 

deriving the importance by statistical models (Eboli 

and Mazzulla, 2015). In the former method, one pas-

senger might declare all attributes as highly im-

portant which does not differentiate attributes; thus, 

the latter method is preferred (Dell’Olio et al., 2010; 

Soltanpour et al., 2020). Structural Equation Model-

ing (SEM) is an advanced technique for derived im-

portance estimation, which is appropriate for de-

scribing latent variables of service quality (Eboli and 

Mazzulla, 2015). Latent variables help to better de-

fine the relationships among service attributes and 

the overall service quality (Eboli and Mazzulla, 

2015). A Customer Satisfaction Survey (CSS) is 

used to collect customer’s perspective about service 

attributes, it can be run regularly (e.g. annually or 

every three months (Ryus et al., 2003)) in order to 

monitor service (de Oña et al., 2014).  

Assessing regular and periodic data helps monitor-

ing the status quo and improvements in service qual-

ity. It ascertains that the operator strategies met the 

goals or there is a need for further improvements (de 

Oña et al., 2014). Monitoring service quality in pub-

lic transit is performed in two ways: (1) using “ag-

gregated indices”, or (2) assessing and comparing 

each service attribute (de Oña et al., 2014). Although 

an aggregated analysis is simple, evaluating individ-

ual attributes of a service can identify the impact of 

any minor change on service. Comparison between 

attributes helps to concentrate on improvement pri-

orities. However, implementing both approaches is 

ideal for a before-after study (de Oña et al., 2014).    

Importance-Performance Analysis (IPA) is a tech-

nique that suggests management strategies (Martilla 

and James, 1977). The objective of an IPA is to iden-

tify the strengths and weaknesses of service attrib-

utes, to diagnose the priorities, and to suggest possi-

ble improvements that should be focused (Abalo et 

al., 2007); therefore, an IPA is an effective tool to 

find priorities and improvements in a before-after 

study. The simplicity and effectiveness of IPA have 

turned it into a widely used method (Wu and Jason, 

2017).  

This paper inspects the effects of some major 

changes in a metro service on the customer satisfac-

tion. Two surveys have been implemented: one be-

fore the changes (Customer Satisfaction Survey 1, or 

CSS1), and one after the changes (Customer Satis-

faction Survey 2, or CSS2). The changes included 

opening a new station, reducing the headway (i.e., it 

has been halved from 18 minutes to 9 minutes). It 

should be noted that sometime between the two sur-

veys, the fare was increased by 30%, but this in-

crease was very marginal since the precedent fare 

was very cheap (Statistical Report of Tehran (Mu-

nicipality, 2017) notes that the cost of metro ticket 

for a trip was about 0.7% of the average daily in-

come). An IPA is used to demonstrate how changes 

affect users' points of view.   

This paper is structured as follows. In section 2, the 

literature review is provided. The methodological 

framework and concepts are explained in section 3. 

In section 4, the case study and the dataset are pre-

sented in greater details. Results of the SEM and the 

IPA for both surveys are described in section 5. Fi-

nally, section 6 summarizes the primary findings. 

 

2. Literature review 

Enhancing service quality in public transit is one of 

the most effective strategies to attract people from 

private modes, especially in metropolitan areas. 
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Monitoring continuous improvements of transit ser-

vice through analyzing periodic data helps planners 

and authorities to develop appropriate policies (de 

Oña et al., 2014). According to Friman and 

Fellesson (2004), on passengers’ behavior, transit 

users typically retain negative experiences more 

than positives in their minds. Transit authorities are 

willing to promote a positive image of the services 

by understanding how to increase rider’s satisfac-

tion. If passengers become more satisfied, they will 

continue using public transit, and will recommend it 

to other people. There are suitable tools to measure 

and monitor the service quality of public transit sys-

tems, and various methods have been introduced to 

estimate the relative importance of each service at-

tribute on the satisfaction. Eboli and Mazzulla 

(2011), among others, measured the relationships 

between transit service quality and passengers’ per-

ception.   

Increasing satisfaction leads to a boost in passenger 

retention. Passenger's satisfaction can be measured 

by exploiting the data collected in a Customer Satis-

faction Survey (CSS) (Abenoza et al., 2017). de Oña 

and de Oña (2014) classified customer satisfaction 

analysis in two categories: aggregated models (mak-

ing an overall service quality index from aggregat-

ing individual attributes) and disaggregated models 

(measuring service attributes individually). IPA is a 

disaggregated model represented by Martilla and 

James  (1977), in which attributes are divided into 

four quadrants based on their performance and im-

portance. Shen et al., (2016) applied IPA for deter-

mining attributes priorities, in which the indicators 

of performance were satisfaction rates, and the im-

portance indicators were obtained from SEM. Fur-

thermore, IPA is a widely used technique, specifi-

cally, to find priorities for service improvements 

(Putra et al., 2014; Machado-León et al., 2017; Wu 

and Jason, 2017; Echaniz et al., 2019; Yuan et al., 

2019). 

There are two main approaches to evaluate the im-

portance of service attributes. One way is obtaining 

the stated importance, in which travelers are directly 

asked to rate the importance of attributes in a CSS. 

The second method is based on derived importance 

that is obtained by statistical models and assess the 

strength of individual attributes on the overall satis-

faction. Examples are regression analysis, path anal-

ysis, and SEM (Eboli and Mazzulla, 2015). SEM is 

used as a general statistical modeling technique and 

is a combination of factor analysis and path analysis 

or regression, in the process of which latent varia-

bles are constructed (Shen et al., 2016). SEM was 

developed by Wiley (1973) and Jöreskog (1970). It 

is known as a large sample technique usually more 

than 200 (Lei and Qiong, 2007) and it is applied to 

various fields (Madha et al., 2016, Merlin et 

al.,2021, Halakoo et al., 2022). Eboli and Mazzulla 

(2007) used SEM to obtain the importance of each 

service attribute and identified key factors of service 

for customer satisfaction in transit. They considered 

latent variables that were measured by 16 service at-

tributes and satisfaction was measured by two indi-

cators of “perception” and “expectation”. Also, de 

Oña et al. (2013) described latent variables in ser-

vice and its relationship with overall service quality. 

Soltanpour et al., (2020) and Soltanpour et al., 

(2018) studied customer satisfaction of Tehran 

metro line 3 and confirmed that a latent structure for 

each case study is exclusive and cannot be readily 

transferred. Also, they found that the indicator ‘cur-

rent trip satisfaction’ is better than a general satis-

faction over ‘all trips’. They used SEM to find de-

rived importance in service. Mesbah et al., (2022) 

studied the customer satisfaction of Tehran metro in 

different groups of users and found that despite dif-

ferences across groups, a convenient and secure 

transit system are the most important latent factors 

for all customers.   

In this paper, the model obtained from the new da-

taset of CSS2 can be applied to the CSS1 data since 

both datasets are from the same system and area. 

Sample size in SEM studies depends on complexity 

of model, distributional characteristics of observed 

variables, and the method used for estimation 

(Kline, 2005). There are rules of thumb to estimate 

sample size (Bentler and Chou, 1987, Tanka, 1987), 

although several published studies did not follow 

such rules (Hadiuzzman et al., 2017). Table 1 repre-

sents some studies with SEM and their sample size. 

The importance of understanding the past perfor-

mance is because of evaluating trends and determin-

ing the effect of new policies and other interven-

tions. A before-after study enable transit authorities 

to monitor effects of changes (Ryus, 2003). In addi-

tion to performance measurement, before-after 

study helps researchers in several fields in transit 

(Persaud et al., 2001; Patel et al., 2007; Fayish and 

Gross, 2010; Høye and Laureshyn, 2019; Pu et al., 

2020). Dziekan and Kottenhoff (2007) documented 
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a reduction of 20% in waiting time after the installa-

tion of electronic displays in a before-after study on 

tramline 15 in the Hague, Netherland. Results were 

attained by a questionnaire given to users. de Oña et 

al., (2014) suggested service improvements based on 

indices obtained from an aggregated method and as-

sessed each attribute by analyzing passenger’s per-

ception. They used regular and periodic data to ana-

lyze performance measures from 2006 to 2012 in 

metropolitan Granada, Spain. de Oña et al., (2015) 

measured level of service quality over time in Gra-

nada (Spain). As service quality is a “multidimen-

sional construct”, changes of user’s perception are 

related to variation of customer satisfaction with the 

service attributes over time (de Oña et al., 2015). In 

some cities (e.g. Nashville, US), a CSS is performed 

monthly to control performance, safety, and cleanli-

ness (Ryus, 2003). However, neither of these studies 

either did not investigate the cause of change in cus-

tomer satisfaction or considered the perception of 

customers as a result of an improvement.  

A study on passengers’ satisfaction is carried out to 

reveal the effectiveness of improvements in transit. 

It should be noted that most of previous studies did 

not concentrate on user’s perception of before and 

after implementing changes in service attributes. 

Moreover, there is no study before and after apply-

ing changes in a public transit system in a populated 

city in developing countries. Therefore, the objec-

tive of this study is to compare transit performance 

before and after some changes in the service quality 

attributes. 
 

3. Methodology 

Service quality can be monitored in two ways of a) 

aggregated and b) disaggregated models (de Oña et 

al., 2014). In this paper, the importance of each at-

tribute is estimated by SEM and an IPA is then ap-

plied to compare the effect of changes on each at-

tribute in the two surveys, and to prioritize the future 

enhancements. A customer satisfaction study on the 

‘before’ conditions was conducted and called CSS1. 

Similarly, an ‘after’ survey is called CSS2. The per-

formance of the metro line is first compared by the 

direct observations in the surveys using a two-sam-

pled t-test. Afterwards, an Exploratory Factor Anal-

ysis (EFA) is applied to develop SEM structure for 

CSS2. The same structure is then verified by a Con-

firmatory Factor Analysis (CFA) on CSS1. Since the 

same structure is deployed in both models, a fair 

comparison can be made between importances of at-

tributes which is presented in this paper. Finally, the 

effect of changes in service quality on passenger’s 

satisfaction is determined. 
 

3.1. Structural Equation Modeling (SEM) 

An Exploratory Factor Analysis (EFA) is conducted 

to develop the model structure.  Afterwards, factor 

loadings are attained from a Confirmatory Factor 

Analysis (CFA). Next, the validity and reliability of 

the measurement model are examined and for each 

latent variable, internal consistency is determined by 

Composite Reliability (CR) (Wang et al., 2016). 

Then, SEM is used to obtain the relative importance 

of each attribute.  

SEM is a powerful multivariate analysis technique 

that combines regression, path analysis and factor 

analysis. SEM can identify and estimate the causal-

ity among variables (Sun, 2018). There are two main 

type of variables in SEM: observed variables (could 

be directly measured) and latent variables or factors 

(inferred from observed variables).  

Therefore, the basic framework of SEM comprise 

structural model and measurement model. The rela-

tionship between observed variables and latent vari-

ables is determined in the measurement model. La-

tent variables are divide into endogenous and exog-

enous latent variables. These unobserved variables 

and their relationships are indicated through a struc-

tural model (Bollen, 1989).  

 

Table 1. Literature review results for satisfaction with SEM 

Year Authors Location Kind of transportation Sample size Type of analysis 

2007 Eboli and Mazzulla, (2007) Cosenza, Italy Bus 763 SEM 

2010 Githui et al., (2010) Nairobi, Kenya Bus and matatu (mini-bus) 140 SEM 

2016 Shen et al., (2016) Suzhou, China Urban rail transit 813 PSI model, SEM, IPA 

2017 Das et al. (2017) Dhaka, Bangladesh Bus 400 SEM 

2017 Hadiuzzman et al. (2017) Dhaka, Bangladesh Bus 655 SEM 

2020 Soltanpour et al., (2020) Tehran, Iran Metro 300 SEM 
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The Maximum Likelihood method (ML is more 

common than other techniques to estimate SEM 

which has been selected in this study. Bollen (1989) 

and Washington et al., (2010) described these meth-

ods and their goodness of fit measures. Also the  la-

tent variable of overall service quality has been built 

through Second-order SEM (for more information 

about Second-order SEM see (Soltanpour et al., 

2018) and (Soltanpour et al., 2020)). 

Fit indices such as Chi-square (CMIN) the ratio of 

chi-square to degrees of freedom (CMIN/DF), good-

ness of fit (GFI), comparative fit index (CFI), 

Tucker-Lewis index (TLI) and root mean square er-

ror of approximation (RMSEA) estimate the model 

adequacy, and the cut-off values for CMIN/DF  are 

recommended lower than 5 (Marsh and Hocevar, 

1985), CFI and TLI should be more than 0.9 for a 

good fit, GFI to be more than 0.9 and RMSEA 

should be below 0.08 (Bollen, 1989; Browne and 

Cudeck, R, 1993; Hair et al., 1998; Hair, J. F., 2009). 
 

3.2. Importance-Performance Analysis (IPA) 

IPA is a technique that makes a four-quadrant plot 

by incorporating customers’ perceived performance 

and importance (Martilla and James, 1977). Each 

quadrant in this plot suggests a different strategy for 

managers to improve customer satisfaction.  All ser-

vice attributes are categorized in IPA by their im-

portance and performance in respectively vertical 

and horizontal axes which makes a four-quadrant 

plot (Q1 to Q4) as shown in Figure 1. The four areas 

are defined as follows: 

Q1 (Keep up the good work): This quadrant indi-

cates attributes with high performance and high 

importance that are performing well and invest-

ments on them should be continued.  

Q2 (Concentrate here): This quadrant includes at-

tributes with high importance and low perfor-

mance that is the most crucial area. Attributes 

situated in Q2 represent the major service weak-

ness and should be improved immediately with 

prioritized investments on them.  

Q3 (Low priority): This part comprises of service at-

tributes with low importance and low perfor-

mance. Although the performance of service at-

tributes in this area is not sufficient, they are rel-

atively unimportant to the passengers. 

Q4 (Possible overkill): Attributes fall into this area 

have high performance, and low importance 

meaning that excessive investments have been 

made in them. 

 

4. Survey 

Tehran metro line 3 is the case study of this research. 

Tehran, the capital of Iran, is the most populated city 

in this country. It has a population of about 9 million 

people in the central city, and its area has been ex-

tended to over 700 km2 (Habibian and Rezaei, 

2017). The mass rail transit in Tehran included five 

lines when CSS1 was carried out and it had re-

mained constant in CSS2. Tehran metro line 3 is one 

of the newest lines that connects southwest to north-

east. Several service quality attributes have been 

changed from CSS1 to CSS2. 
 

 
Fig. 1. Importance-Performance Grid 

   Importance     

    High     

 

Q2: Concentrate here Q1: Keep up the good Work 

 

  

Low High 

 

Q3: Low Priority Q4: Possible overkill 

Performance 

  

  

 Low 
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In our considerations, we assume that the vehicle 

blocks start their trips at the beginning of a minute 

and end their trips at the end of a minute. This means 

that if one trip starts at the minute zm and the other 

ends at that minute, then two vehicle blocks are 

needed to service these two “overlapping” trips. 

Given the above assumption, the lower bound (LB) 

on the number of vehicle blocks can be determined  

Based on the above presented formulas, we propose 

the following variants (depending on the level of de-

tail of the data held) for computing the LB on the 

number of vehicle blocks (assuming that the LBs α 

and β refer to the same minute): 
 

4.1. Data 

The interviews were conducted based on a paper-

based questionnaire proposed to the passengers 

while on board. A total number of 684 respondents 

participated in the two surveys: 300 responses were 

collected in February, and another 384 in December 

2017. All interviews were during the weekdays be-

tween 8:00 AM and 9:00 PM, and the interviewees 

were selected randomly. The interviewees were 

asked to indicate their satisfaction with service qual-

ity attributes in a 5-point Likert scale (one denotes 

very dissatisfied, and five very satisfied). Question-

naires were structured into three main sections: 

(1) passengers’ satisfaction with individual service 

attributes (22 service attributes), plus two ques-

tions on overall satisfaction: 

− Overall satisfaction with current metro trip 

− Overall satisfaction with all metro trips 

made so far, 

(2) trip characteristics, 

(3) sociodemographic characteristics. 
 

4.2. Descriptive statistics 

Figure 2 presents the summary statistics of socio-

demographic and trip characteristics of the dataset in 

both surveys. Although these variables are also im-

portant in customer satisfaction analysis (Saeidi et 

al., 2020), this paper only investigates the effect of 

changes in service attributes since the descriptive 

statistics indicates that the sociodemographic and 

trip characteristics in both surveys were similar. Re-

spondents built up a sample of almost equally di-

vided between males and females. The major part of 

the interviewees were younger than 40 (more than 

70%). Most of the sample were university-educated 

(more than 50%), and there was a small group with 

no university degree. A considerable part of the re-

spondents were not the head of household (in the Ira-

nian social structure men are obliged to support a 

household with income). Most passengers traveled 

daily (about 50%). Most of the respondents were in-

terviewed in off-peak hours. 

 

5. Results and discussion 

The changes in service attributes of metro line 3 be-

tween the two surveys included a decreased head-

way (from 18 to 9 minutes), addition of a new sta-

tion, and an increase in fare. This paper assesses how 

the combination of these changes have affected the 

customer satisfaction. The SEM model is developed 

based on CSS2 and the same model is applied to 

CSS1 (CFA is implemented to accept or reject the 

model), then the derived importance of attributes in 

each survey are compared in the IPA diagram. 

The mean and standard deviation of passengers’ sat-

isfaction level of each service attribute are presented 

in Table 2 as well as the t-test results of the differ-

ences between CSS1 and CSS2. Table 2 indicates 

that cleanliness at station, cleanliness on board, 

ticket purchasing or recharging, and ticket present-

ing were attributes with the highest satisfaction in 

both CSSs. Also, waiting time and seat availability 

on board were the attributes with the lowest satisfac-

tion levels in CSS1, while seat availability on board 

and crowdedness on board were attributes with the 

lowest satisfaction scores in CSS2. Furthermore, it 

is clear that reducing the headway (which is repre-

sented by waiting time) boosted the waiting time, 

and the improvement was statistically significant (at 

the 95% confidence interval, with a Tcritical value 

equal to 1.96). However, the satisfaction levels of air 

conditioning on board, egress time to destination, in-

formation availability on board, safety at the station, 

safety on board, security at the station, security on 

board, cleanliness at the station and cleanliness on 

board have been reduced with t-test values more 

than the critical value (1.96  at 95%) showing the 

significance of this reduction. The average overall 

satisfaction of passengers with their current trip in 

both surveys remained almost the same, while the 

satisfaction of passengers with ‘all trips’ increased; 

yet the increase was not significant. Standard devia-

tions in Table 2 are all below 2.07, which is the crit-

ical value demonstrating the homogeneous opinions 

between users (de Oña, Eboli and Mazzulla, 2014). 

Therefore, passengers’ opinions had homogeneity in 
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this data. In brief, increasing the frequency has 

boosted satisfaction with the waiting time, but at the 

same time increase in demand reduced satisfaction 

with attributes such as safety, security, and cleanli-

ness. The net of these two led to no change in the 

overall trip satisfactions (attributes 23 and 24). 

 

 
Fig. 2. Descriptive statistic of both surveys 
 

Table 2. Mean, Standard deviation and T-TEST for performance of service attribute in both surveys 

Service Quality Attributes 
Mean Standard deviation 

t-test 
CSS (1) CSS (2) CSS (1) CSS (2) 

Access time to station 3.74 3.73 1.11 1.07 0.12 
Ticket purchasing or recharging 4.45 4.39 0.88 0.77 0.93 

Ticket presenting 4.42 4.32 0.87 0.81 1.54 

Fare 4.00 3.91 1.14 1.04 1.06 
Staff behavior 3.99 3.90 1.05 1.03 1.12 

Waiting time 2.59 3.08 1.32 1.24 4.95 

Seat availability on board 2.92 2.81 1.44 1.40 1.00 
Air conditioning on board 3.82 3.47 1.16 1.11 3.99 

Travel time 3.83 3.90 1.08 0.92 0.90 

Transfer time 3.60 3.50 0.91 1.03 1.35 
Egress time to destination 3.79 3.52 1.12 1.12 3.13 

Crowdedness on platform 3.30 3.19 1.29 1.21 1.14 
Crowdedness on board 3.08 2.88 1.41 1.30 1.90 

Information availability at the station 4.00 3.88 1.16 1.03 1.41 

Information availability on board 3.92 3.69 1.07 1.07 2.79 

Safety at the station 4.10 3.90 1.04 1.03 2.51 

Safety on board 3.72 3.52 1.18 1.13 2.24 

Security at the station 4.09 3.79 1.10 1.05 3.61 

Security on board 3.76 3.49 1.25 1.18 2.87 

Cleanliness at the station 4.54 4.34 0.74 0.77 3.44 

Cleanliness on board 4.40 4.19 0.76 0.89 3.32 

Ethical and behavioral messages 3.86 3.72 1.15 1.16 1.57 

Current trip 3.91 3.90 0.94 0.83 0.14 

All trips 3.39 3.52 1.00 0.92 1.75 
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5.1. Structural Equation Modeling (SEM) 

Application of SEM to CSS1 and CSS2 data lead to 

models S(1) and S(2).  An EFA determined the 

structure of these two models. Therefore, a similar 

structure was utilized to assess the influences of ser-

vice changes on customer satisfaction. The applied 

structure resulted in five latent variables including 

“Main service”, “Comfort”, “Information”, “Protec-

tion”, and “Physical appearance” and is shown in 

Figure 3. Each attribute is explained by service at-

tributes shown in Table 3.  

1) Main service comprises of ticket purchasing or 

recharging, ticket presenting, fare value, staff 

behavior, waiting time, and travel time which 

are the main operational attributes in the ser-

vice.   

2) Comfort includes physical comfort attributes 

for travelers such as seat availability on board, 

air conditioning on board, crowdedness on plat-

form, and crowdedness on board. 

3) Information is related to the attributes that 

transmit some information to travelers from 

station and on board. Information availability at 

station, and information availability on board 

are assigned to this latent variable.  

4) Protection includes safety at the station, secu-

rity at station, and security on board. When pas-

sengers feel protected from physical injury they 

feel safe, and when they are kept from emo-

tional harm it makes them feel secure. 

5) Physical Appearance consists of cleanliness of 

the station, cleanliness on board, and behav-

ioral messages. 

The results of CFA that was applied to both S(1) and 

S(2) are presented in Table 3. Factor loadings for all 

attributes in S(1) and S(2) were above the cut off cri-

teria of 0.4 (Stevens, 2002; Hair, J. F., 2009), thus 

none of the attributes were eliminated from the 

structure. Also, the Composite Reliability (CR) for 

all latent variables were more than the recommended 

threshold of 0.6 (Bagozzi and Yi, 1998). Thus, ac-

cording to the factor loadings and CR, the structure 

was significant for both surveys. 

With the above factor analysis, SEM is imple-

mented. The derived importance obtained from 

SEM in S(1) and S(2) are presented in Table 4. Also, 

Figure 3 exhibits the conceptual framework of the 

second-order SEM in S(1) and S(2). Since observed 

variables occupied a lot of space, they are omitted in 

Figure 3 but shown in Table 4. According to this ta-

ble, security at the station, security on board, crowd-

edness on the platform, crowdedness on board, seat 

availability on board, and travel time were the most 

important attributes in both surveys, and the ethical 

and behavioral messages were the least important 

ones.

 

Table 3. Factor loading and CR for both S(1) and S(2) 

Service Quality Attributes Latent variables 
Factor loading CR 

S(1) S(2) S(1) S(2) 

Ticket purchasing or recharging 

Main service 

0.40 0.44 

0.6 0.7 

Ticket presenting 0.41 0.54 

Fare 0.42 0.40 

Staff behavior 0.43 0.53 

Waiting time 0.40 0.60 

Travel time 0.46 0.66 

Seat availability on board 

Comfort 

0.71 0.83 

0.8 0.8 
Air conditioning on board 0.51 0.60 

Crowdedness on platform 0.73 0.79 

Crowdedness on board 0.77 0.83 

Information availability at the station 
Information 

0.64 0.77 
0.7 0.7 

Information availability on board 0.82 0.78 

Safety at the station 

Protection 

0.56 0.53 

0.8 0.8 Security at the station 0.87 0.85 

Security on board 0.78 0.86 

Cleanliness at the station 

Physical Appearance 

0.74 0.79 

0.7 0.7 Cleanliness on board 0.76 0.81 

Ethical and behavioral messages 0.44 0.40 
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Latent exogenous variables with the highest positive 

effect on service quality in S(1) were the main ser-

vice (0.86), comfort (0.77), protection (0.68), phys-

ical appearance (0.59) and information (0.45) and in 

S(2) were the main service (0.87), comfort (0.71), 

protection (0.7), information (0.62) and physical ap-

pearance (0.6). It’s interesting that the value of latent 

variables coefficient in both surveys were similar. 

All coefficients were significant with a p-value of 

less than 0.05. 
 

 
Fig. 3. The conceptual framework of SEM 

Analyzing the goodness-of-fit of SEM models plays 

an important role in the model validity (Shen et al., 

2016). Chi-square, RMSEA and GFI are absolute fit 

indices that demonstrate how well a “baseline 

model” fits the sample data (Wiley, 1973). Due to 

the restrictions of Chi-square, which is sensitive to 

sample size, researchers use CMIN/DF (Jöreskog, 

1970) with a suggested ratio lower than 5.0 (Marsh 

and Hocevar, 1985). The RMSEA for a good fit is 

below 0.08, and a value of 0.08 to 0.1 is a mediocre 

fit (Browne and Cudeck, 1993, Hair, 2009). The 

Goodness-of-Fit Index (GFI) ranges between 0 to 1 

and a value of 0.9 or greater demonstrates a well-

fitting model (Jöreskog, 1970). Incremental fit indi-

ces compare “the chi-square value to a baseline 

model” (Jöreskog, 1970) consisting of TLI and CFI 

that range from 0 to 1; again, a value greater than 0.9 

demonstrates a good fit. Fitness indices of the model 

are presented in Table 5. CMIN/DF is between 2 to 

5. GFI, CFI and TLI demonstrate a good fit, and 

RMSEA is below 0.08. All fit indices confirm that 

both models fit well to the samples.

 

Table 4. Derived importance from SEM 

Service Quality Attributes Attribute (IPA) Latent variables 
Derived Importance 

S(1) S(2) 

Ticket purchasing or recharging Ticket_purch 

Main service 

0.32 0.29 

Ticket presenting Ticket_pre 0.39 0.36 

Fare Fare 0.29 0.26 

Staff behavior Staff 0.39 0.36 

Waiting time Waiting_t 0.44 0.42 

Travel time Travel_t 0.48 0.46 

Seat availability on board Seat 

Comfort 

0.49 0.48 

Air conditioning on board vent 0.36 0.36 

Crowdedness on platform Crowd_st 0.47 0.46 

Crowdedness on board Crowd_tr 0.49 0.47 

Information availability at the station Info_ st 
Information 

0.43 0.37 

Information availability on board Info_tr 0.43 0.40 

Safety at the station Safe_ st 

Protection 

0.32 0.30 

Security at the station Secur_st 0.51 0.48 

Security on board Secur_tr 0.52 0.49 

Cleanliness at the station Clean_st 

Physical Appearance 

0.44 0.38 

Cleanliness on board Clean_tr 0.45 0.41 

Ethical and behavioral messages Ethic 0.25 0.21 

 

Table 5. Fit indices for S(1) and S(2) 

 CMIN CMIN/DF GFI RMSEA CFI TLI 

S(1) 361.95 2.21 0.891 0.064 0.871 0.851 

S(2) 404.67 2.47 0.904 0.062 0.904 0.890 
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5.2. Importance – Performance Analysis (IPA) 

The improvement in service attributes can be priori-

tized based on the derived importance calculated in 

Table 4, and the performance presented in Table 2. 

Four quadrants of the IPA are formed and presented 

in Figure 4. The blue attributes and dividing line are 

related to CSS (1), and the red attributes with their 

red dividing line are related to CSS (2). Those attrib-

utes with a change in their quadrants during two the 

surveys are demonstrated with red arrows.  

Q1: security at station, and cleanliness on board re-

mained in Q1 before and after changes. So the cur-

rent related procedures need to be continued. 

Q2: waiting time, seat, crowdedness on the platform, 

crowdedness on board, and security on board were 

located in Q2 before and after the changes. It shows 

that reducing waiting time improved the perfor-

mance, however it was insufficient to considerably 

satisfy the passengers. Moreover, according to Al-

Amin et al., (2021) seat availability is an attribute 

that can affect customer satisfaction. As a result, 

more improvements in the Q2 attributes need to be 

made.  

Q3: attributes located in this quadrant should be im-

proved, but they have a lower priority than Q2. Air 

conditioning was in Q3 in both surveys. 

Q4: staff behavior, ticket presenting, ticket purchas-

ing or recharging, safety at station, ethical ads, and 

fare were in Q4. The quadrant of these attributes did 

not change between the two surveys, which shows 

an unnecessary expenditure on them. 

According to Figure 4, travel time in CSS (1) was in 

Q2, whereas in CSS (2) it was improved and moved 

to Q1. Also, information availability on board was 

located in Q1, which is moved to Q2 after the 

changes, and became a concern. Furthermore, infor-

mation availability at station, and cleanliness at sta-

tion were moved from Q1 to Q4. Therefore, exces-

sive resources were spent on them during the study 

period.  

Overall, improvement priorities were identified 

through an IPA. The poorly-performed attributes 

with a high importance should be the top priorities 

since they have the most negative effects. In general, 

the results of the IPA showed that improvement pri-

orities did not make a big difference regarding many 

attributes before and after applying service changes. 

Users were very satisfied with cleanliness (at the sta-

tion and on board), and security at the station in both 

surveys. Passengers remained dissatisfied with wait-

ing time and crowdedness. Metro is clean but not 

comfortable (Since the comfort attributes are located 

in Q2 with low performance ratings, the service is 

not comfortable enough in passengers’ point of 

view) and should be more secure on board. Travel 

time needed to be improved in CSS (1), which has 

been achieved in CSS (2). Information on board was 

an attribute that moved from Q1 to Q2 and it should 

be improved more.
 

 
Fig. 4. Importance – performance plot 
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6. Conclusions 

Considering service quality in public transit is an im-

portant issue for transit managers. Understanding 

how changes in service quality can influence passen-

ger satisfaction helps transit managers to plan a bet-

ter investment and identify key attributes. 

While there are no before-after studies in the metro 

system of developing countries, this paper proposed 

how customer satisfaction is affected by different at-

tributes of service quality before and after imple-

menting a set of changes in Tehran metro line 3. 

SEM is an appropriate methodology for establishing 

the relationships between customer satisfaction and 

service quality which was used in this paper. Based 

on the performance and importance of attributes ob-

tained from SEM, an IPA specified the attributes 

that needed to be improved, and those attributes that 

unnecessary resources were spent on them. The IPA 

helped classifying attributes into different categories 

to find the priorities of improvements for invest-

ments in service. The data was collected in two sep-

arate surveys; one with 300 participants in the before 

study, and one with 384 participants in the after 

study. The changes consisted of opening a new sta-

tion, increasing the fare, and reducing the headway.  

Based on the data collected in the surveys, a SEM 

was developed with five latent variables obtained 

from EFA, namely main service, comfort, infor-

mation, protection, and physical appearance. This 

structure was assessed on both the before and after 

surveys and showed to be valid. A CFA was applied 

to confirm the structure. Security at the station and 

security on board were the most important service 

attributes in both surveys according to their factor 

loadings, while ethics and behavioral messages had 

the smallest factor loading and the least importance. 

An IPA was used to devise a better investment plan 

to improve the service quality. The top priority at-

tributes were seat availability on board, crowded-

ness at the station, crowdedness on board, security 

on board, and waiting time in both before and after 

studies. Reducing headway influenced the satisfac-

tion of waiting time, but it remained in quadrant 2 

(the priority area) for improvement. Travel time was 

improved and moved from the quadrant 2 (the ‘con-

centrate here’ area) to quadrant 1 (the area of good 

work). Information on board was completely vice 

versa as it was moved from quadrant 1 (the good 

work area) to quadrant 2 (the priority area). For the 

second priority, air conditioning was in the same 

area before and after the changes, and it was not im-

proved. ‘Cleanliness on board’ and ‘security at sta-

tion’ were considerable for passengers before and 

after the changes. According to the results, Tehran 

metro line 3 was clean, safe with an appropriate fare, 

whereas security, crowdedness, and waiting time 

needed to be improved. 

For future research, it is suggested to periodically 

measure the public transit performance so that the 

effect of seasonal and annual changes on passen-

gers’ satisfaction could be revealed as well. In addi-

tion to that, this study could be conducted on other 

metro lines or other public transit modes to compare 

and contrast service quality in the whole system, and 

to more precisely analyze the effect of service 

changes on the passengers’ satisfaction. 
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