Journal of Sustainable Development; Vol. 8, No. 6; 2015
ISSN 1913-9063 E-ISSN 1913-9071
Published by Canadian Center of Science and Education

A Brief Intermodal Rail Network (IRN) Scale: Establishing Validity
and Reliability

Rian Mehta', Stephen Rice', Deborah Carstens', Ismael Cremer' & Korhan Oyman'
'Florida Institute of Technology, College of Aeronautics, Melbourne, USA

Correspondence: Stephen Rice, Florida Institute of Technology, College of Aeronautics, Melbourne, FL. 32955,
USA. E-mail: scrice@outlook.com

Received: April 23,2015  Accepted: May 12,2015  Online Published: July 29, 2015
doi:10.5539/jsd.v8n6p243 URL: http://dx.doi.org/10.5539/jsd.v8n6p243

Abstract

An Intermodal Rail Network (IRN) Scale was created for the purpose of measuring consumer perceptions about
their experiences with airport intermodal rail travel. Some previous research has focused on intermodal rail in
other arenas, but to date, no paper that we know of has developed a valid and reliable scale to measure consumer
perceptions of airport intermodal rail travel. The indirect purpose of this scale is to aid in measuring the factors
that would influence the use of an IRN, wherein the greater the usage, the greater the efficiency, and therefore
reduce the number of vehicles around the airport that produce greenhouse emissions. In this paper, we outline the
methodology used to develop our scale. A total of 365 participants were solicited to help generate items for the
scale, narrow down the list of items to those most relevant to a positive experience with intermodal rail, and test
the final scale for validity and reliability. A factor analysis using the principle components and varimax rotation
loaded strongly on one factor, providing evidence for validity. Reliability was tested via Cronbach’s Alpha and
Guttmann’s Split-half tests, indicating high consistency and reliability.
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1. Introduction

Aviation growth includes airport infrastructures that extend far beyond the limits of airport sites reaching
large-scale real estate, transport and economic development at the metropolitan level (Halpern 2014). A key
focus for infrastructure is in passenger transportation to airports, which plays a crucial role in the flow of
passengers. This has major implications on sustainability and aviation’s carbon footprint on a metropolitan scale,
all the while ensuring that the passengers’ needs are met with regards to time and convenience. Despite airplanes
being the swiftest mode of transportation on earth, airplanes likely can’t land at your home or place of
employment (Shank 1999). The purpose of this study is to create a scientifically valid and reliable Intermodal
Rail Network (IRN) Scale that can be used by the industry, specifically commercial service airports, to be able to
receive passenger ratings on different aspects of satisfaction and importance as it relates to the intermodal rail
service. A secondary purpose of this scale is to aid in measuring the factors that would influence the use of an
IRN, wherein the greater the usage, the greater the efficiency, and therefore reduce the number of vehicles
around the airport that produce greenhouse emissions.

This study seeks to analyze IRN from the eyes of the consumer, by creating a valid and reliable scale that can be
used by airport managers to evaluate its service from the passenger’s perspective. The end outcome of any
airport management team is to provide a traveler’s experience that is satisfying and pleasing. Airport managers
can gauge item efficiency from an operational standpoint, but true passenger feedback is needed to provide an
added perspective that enables the airport team to understand what is of most importance to the passengers.
Travelers’ perspectives provide managers with the knowledge to develop an idea of item prioritization. When
analyzing items that need attention, and in turn funding for improvement or even upkeep, this scale may prove to
be an asset that allows airports to focus on issues that are of greater importance to passengers, or on areas that
the passengers believe need improvement.

Due to the high requirement of space that an airport of high volume demands, many airports are located in
remote areas, many miles away from the heart of a city. This creates a scenario where the travel to the airport is
as much of a consideration and part of the trip as the actual flight itself. To a passenger travelling through any
major commercial airport, time is of the utmost importance. All too often passengers miss flights along with
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affiliated transportation services although only airport facilities receive the blame. The trend within the aviation
industry has been to integrate different forms of transportation in order to improve connectivity between the
airport and the surrounding cities. This has been with an eye towards creating a system of passenger flow into
and out of the airport that is more convenient and efficient. The literature review section discusses the topics of
airport congestion, history of IRN, airport rail travelers, high-speed rail, and sustainability through IRN as these
topics relate to the IRN Scale research.

1.1 Literature Review
1.1.1 Airport Congestion

Roadway congestion around airports has been an issue that has plagued the aviation community for several
decades (Clewlow, Sussman & Balakrishnan 2012). This has become a major problem since airports were
predominantly designed with a majority focus on the airfield, with an almost neglectful look at the landside
transportation network that feeds the airport. The issue has been exaggerated in recent times due to the
exponential increase in the number of vehicles on the road. For instance, Fox and Tallon (2013) identified
congestion as a key economic, environmental and management issue from research performed on the amount of
vehicles in China resulting in congestion. Urban transport policies were implemented to assist with traffic
congestion in Beijing and suggestions to upgrade Beijing's public transport networks to meet future population
demands due to continued economic growth. In England, research suggests that environmental conditions would
deteriorate as a rise in car ownership and traffic increased as well as the levels of noise and pollution increased
(Bianconi & Tewdwr-Jones 2013; Gunn 2011). Similar to other research, the findings suggest that new types of
traffic and urban management are needed to address the negative impacts of congestion. While the amount of
vehicles has been beneficial to airports in terms of increased revenue from parking fees, it has developed into a
significant issue in terms of customer dissatisfaction with the congestion and the time delays created as a result.
Several larger airports around the country have invested heavily in providing alternatives to solve this problem.

The most popular solution to airport congestion involves the implementation of a rail line that connects the
airport to the existing public transportation rail service of the corresponding city (Shank 1999). However, this
solution is heavily dependent on the city’s original metro rail/subway system being efficient and widely used by
the public for it to be of any viable help to airport roadway congestion. The concept behind this system is for
passengers to use the existing regular service rail to a designated station, and then have a passenger board a
special dedicated rail service leading directly to the airport. Once at the airport rail station, the passenger would
simply walk across and directly into the airport terminal avoiding the hassle, need, and most of all congestion of
using the roadway network to be dropped off at the terminal. These automated people movers have since been
implemented at airports such as New York’s JFK Airport, Miami International Airport, and several others across
the country. These ideas were proposed much in the late 1990s, and began to see fruition during the early 2000s.
This rail service to airports is a relatively new idea, and has the potential to be an asset to any major airport
challenged by congestion. The solution however, is applicable and limited only to airports located in cities with
preexisting metro rail/subway systems. This system is being termed as an IRN that connects the passenger to the
various modes of transportation. An IRN would provide a passenger access to the terminal, the city through the
existing metro rail/subway, the airport parking garages, and even the rental car centers attached to the airport.
The next section discusses the history of intermodal research.

1.1.2 History of Intermodal Rail Network

The field of airport intermodal rail is fairly under-researched, and deserves more focus within the aviation
community, as it is much needed as discussed in the airport congestion section. Intermodal research is an emerging
research field that has evolved since the early 1990s yet there have been limited studies conducted in the past
(Bontekoning, Macharis and Trip 2004). The scientific community has portrayed a fair overview of the situation as
prior research stated that the concept of intermodal rail or “people movers” was significantly more popular in
Europe than the United States. However, as discussed in the airport congestion section, this again could be
attributed to the larger percentage of European cities already having rail/subway services as IRN is useful when
working together with preexisting metro rail/subway services. Coogan (1995) additionally stated that due to this
preexisting culture of rail transport, Europeans could be twice as likely to use rail services to reach their final
destinations as compared to Americans. Harvey (1986) conducted research by way of attempting to identify the
contributing factors in people’s choice of mode of transport to access the airport. The research cemented the
foundation that the largest factors behind the decisions were travel time and travel cost. Mandalapu and Sproule
(1995) examined the most cost beneficial scenarios that would warrant rail access to airports. Their findings stated
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that rail implementation was cost beneficial at airports with greater business travel passengers due to the value
placed by business travelers on time sensitivity and time saved.

Bontekoning, Macharis and Trip (2004) conducted a review of ninety-two publications in order to identify the
characteristics of the intermodal research community and scientific knowledge base. The research suggests that
North American researchers dominate the rail research in drayage, mode choice and pricing, and rail haul
operational management, and that European research dominate the research in rail haul in terms of the strategic
and tactical level, as well as the category transshipment. Morlok et al. (1995), Morlok and Spasovic (1994),
Spasovic and Morlok (1993), H€oltgen (1996), Fowkes et al. (1991) and Niérat (1997) researched how high
drayage costs affect profitability of intermodal services and limits the competitiveness of intermodal services in
comparison to road transport. Walker (1992) and Spasovic and Morlok (see Morlok et al., 1995; Morlok and
Spasovic, 1994; Spasovic and Morlok, 1993) developed tools to study drayage operations behavior with findings
that suggest that substantial cost savings could be achieved through a centrally planned operation where trips can
be combined in a more efficient manner so there are less empty hauls. As for mode choice and pricing, Harper and
Evers (1993), Evers et al. (1996), Murphy and Daley (1998), Ludvigsen (1999) and Tsamboulas and Kapros (2000)
assessed shippers’ perceptions of different cost-quality determinants of intermodal rail-truck service along with
other transport modes. The research suggests that the overall perception for all modes ranks timeliness and
availability of highest importance. Bontekoning, Macharis and Trip (2004) identified that intermodal policies do
not effectively measure or support policy objectives such as reducing congestion and pollution, and improving
safety. Furthermore, these policies do not adequately address spatial and economic objectives and infrastructure
planning. Clarke et al. (1996) research suggests that that Americans will benefit in socio-economic terms from a
shift from truck transport to intermodal transport from a safety perspective as intermodal transportation reduces
fatal highway accidents by about 1%. Fonger (1993) and Engel (1996) suggest that the European society is better
using road transport due to the societal costs of intermodal rail-truck, truck, and rail transport in Germany.
However, Jensen (1990) shows the opposite from his design of a rail-truck intermodal system that competes with
long-haul domestic road transport on heavy transport links in Sweden, both for private costs, quality aspects and
external costs. As for spatial and economic policy objectives in Europe, it is common that evaluation of a new
intermodal terminal is on business economic merits and its contribution to regional economic development
(Bontekoning, Macharis and Trip 2004). Whereas in the USA, new intermodal terminals are evaluated strictly on
business economics merits so Slack (1995), and Barton et al. (1999) suggests that the planning practice in America
should incorporate regional economic development objectives. Stank and Roath (1998) suggest that a scale be
developed to survey manufacturers and shippers/consignees prior to building intermodal terminals to assess their
perceptions regarding the potential development on such facilities. This section leads into the Airport Rail
Travelers to further understand the perceived benefits by travelers in enhanced transport to airports.

1.1.3 Airport Rail Travelers

Now that we have discussed airport congestion and the IRN history, we will look at the impact to the airport rail
traveler. Cao (2013) research findings suggest that rail transit positively influences satisfaction with life (SWL)
through enhanced access to different activities, and through improved transit service, enhanced accessibility, and
their impacts on traveler’s satisfaction with travel. This study focused on the connections between transit and SWL
using the Hiawatha line in Minneapolis as the basis for the research. Cao’s (2013) research along with the research
by Litman (2005) and Cervero et al. (2004) is in alignment with the livability principles of the 2009 US
Interagency (Department of Housing and Urban Development-Department of Transportation-Environmental
Protection Agency) Partnership for Sustainable Communities which includes identifying transportation choices
that decrease household transportation costs and nation’s dependence on foreign oil while improving air quality
and amount of green-house gas emissions. Previous research conducted by Ettema et al. (2010) and Delbosc and
Currie (2011) suggests that travel allows individuals to carry out the activities that contribute to an individuals’
SWL and that transportation-disadvantaged people tend to have a low level of SWL because of social exclusion.

Lythgoe and Wardman (2002) performed an analysis of inter-urban rail demand to and from Manchester and
Stansted Airports, in England. It was the first detailed analysis of aggregate rail flows to and from airports in
Britain. This research expands upon previous research conducted by Lythgoe (1999), Wardman (1994, 1997) and
Wardman, Toner and Whelan (1997). The study investigated the sensitivity of the market segment to growth in
air traffic along with the cost and service quality of rail services for airport travelers. The importance of the study
laid in identifying factors impacting demand for airport rail, as train operators sought revenue opportunities in
this market segment, and local authorities and airports had an interest in increasing the amount of airport rail
users. Lythgoe and Wardman (2002) used the term outward traveler to denote a British resident and inward
traveler to denote an overseas resident. Time and headway largely impacted outward travelers” demand for the
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rail while only the number of interchanges largely impacted inward traveler’s demand. The amount of time
awaiting a connection over the amount of time as the rail trip itself impacted demand by both outward and
inward travelers. The addition of an interchange negatively impacted demand by 40% for outward travelers and
37% for inward travelers. With each addition of an interchange, demand for the airport rail decreased. The study
findings are applicable not only to Britain, but also to airports and other organizations around the world that are
interested in the improvement of public transport to and from airports. There are many positive impacts to the
airport traveler in using a rail system. The next section discusses how rails can become integrated with the
airport traveler’s travel.

1.1.4 High-Speed Rail

Many positive benefits exist in travelers using a rail system as discussed in the previous section, this section
discusses ways to integrate rails into the airport traveler’s travel. Chiambaretto and Decker (2012) identified a
taxonomy of Air and high-speed rail (HSR) integration. Keeping in mind that not all rail systems have to be a
HSR system. However, this taxonomy only looks at Air and HSR integration. HSR services for airports do not
necessarily involve airline integration, as the lack of integration or degree of integration depends on commercial
agreements and on practical arrangements between any partners involved (Dobruszkes and Givoni 2014). In the
taxonomy created, four different categories were defined: none as in no integration, low integration, medium
integration and high integration. None is defined as a rail being used to only service an airport where passengers
purchase separate tickets and assume all risks affiliated with travel delays. Low integration is defined as the rail
tickets being received from the airline possibly at an extra fee depending on the airline and the class of travel.
Medium integration is defined as one booking with one ticket where pre-check-in occurs at the railway station
but luggage handling is not included. High integration is defined as having train schedules optimized with airline
schedules and including online check-in or check-in at the rail station and luggage handling between rail and air.
HSR is generally about three times more expensive than the cost to build a conventional rail in industrial
countries (Chuang, M.Y. & Johnson, W.H.A. 2011). This cost structure has been evident from the costs incurred
by countries such as France, Spain, and Japan. However, the World Bank suggest that the cost of Chinese HSR is
only 20-30 percent higher than conventional rail cost due to less costly labor and state-owned land.

Clewlow, Sussman and Balakrishnan (2012) studied the role of cooperation between HSR and aviation in
improving the aviation system planning process. The research focus was in four areas consisting of identifying
how airports, airlines, and rail operators cooperated to enable airport—-HSR connectivity, service characteristics
of airport—-HSR connectivity, challenges associated with airport-HSR connectivity and the demand for air
transportation evolved in the presence of airport-HSR connectivity. Their findings suggest that there are specific
key factors that appear to contribute to a successful airport-HSR connection. The first factor is infrastructure
consisting of feeder or transfer service between HSR and air transportation necessitates that the rail station be
located at the airport. The second factor is schedule and frequency consisting of rail operators and airlines both
needing to have the same goal of optimizing their networks through coordinating timetables to ensure that rail
service meets passengers’ connecting flights. The third factor is market characteristics of the airport such as
airports with HSR links being dominant international hubs for a country. The fourth factor is in having HSR lines
as feeder service for international flights. For the purposes of the present study, the IRN doesn’t consist of a HSR
but it is of importance to understand different integration levels and successful airport-HSR connection. The IRN
in the present study would be provided as a free airport service similar to shuttle buses and monorails services
for airline passengers. This section provides ways of integrating rail into an airport system but now we will
discuss how rail systems also have environmental benefits as discussed in the next section.

1.1.5 Sustainability through Intermodal Rail Network

Rails can provide benefits to airport travelers and be integrated with airports which reduces airport congestion.
This section discusses the environmental impacts of IRN. There here has been a paradigm shift from using road
transportation to using rail to address sustainable mobility. The implementation of such mechanisms allow for the
reduction in automobile transportation and therefore reduce CO, emissions and non-renewable resource use (Hull,
2007). The use of intermodal rail to transport passengers from areas nearby the airport can reduce CO, emissions
through the reduction in the number of moving vehicles on the road around the airport as well as a major reduction
in congestion. This practice is used widely in the European Union. For example, in a study conducted in Sweden
by Akerman and Hojer (2011) the reduction of carbon emissions by switching from car to rail was approximated to
be 50%. Wang (2010) identified Chinese cities as having urban transport challenges to include congestion, air
pollution, energy shortage and global climate change fostering a need for efficient and equitable urban transport
policies for China’s sustainable development. The research explored whether modeling policies from other
countries would perform well in China. Sustainability is a world-wide challenge in need of much research.
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Despite the need for sustainability throughout the world, it is important to realize some key numbers and
constraints of moving toward sustainable transportation. For example, the overall level of emissions in London is
approximately 44 MtCO, (million tonnes of carbon dioxide). To reduce such a large amount of carbon emissions
and maintain economic growth and quality of life is a difficult challenge (Hickman, Ashiru, & Banister, 2010).
Regan (2014) studied Europe’s conflicting objectives of air transport liberalization and environmental
sustainability. The study addressed the need for a global agreement and some type of re-regulation in order to
achieve environmental sustainability due to increasing CO2 emissions and the need to address congested hub
airports.

The first step, however, is to include the public in achieving such a task. In order to include the public, the public
must first be willing to use this form of public transportation method such as intermodal rail to reduce the number
of fuel driven vehicles on the road. The present study’s purpose is to design a scale that will measure the aspects
that the consumer’s consider as important to the efficiency of a rail system. This will allow planners and airport
managers to investigate whether the public will use it. It is the first step toward sustainability. A great example of
the sustainable prospect of using intermodal rail is Miami International’s people mover. It is estimated that 16,000
people use the system daily to be transported from various parking locations and terminals to reach their intended
point of interest. It has been estimated that the CO, emissions have been reduced by 157,000 tons due to the
reduction of 1400 shuttle trips (Miami-airport.com).

Overall, airports look at ways to generate revenue through maximizing profits and stimulating airport growth
(Graham 2011). Improving airport operational efficiency is key to revenue generation and is necessary in attracting
more business (Ahn and Min, 2014). As Regan (2014) suggests, there are 'irreconcilable differences' among
competing needs on economic and social benefits derived from a competitive aviation marketplace without
environmental sustainability being compromised. IRN is one solution the authors pursued in conquering the
balance of economic and social benefits and environmental sustainability. The focus of the IRN present study
explores an IRN Scale for commercial service airports to acquire passenger satisfaction ratings on features of
intermodal rail service. This research also provides a means to measure factors influencing IRN use to ultimately
result in reduced vehicles around the airport that produce greenhouse emissions.

2. Methodology

This study was conducted using a four-step process. At each stage, consumers were used as the participants in
order to generate the final scale. This was done in order to achieve construct validity since the developed scales
would eventually be filled out consumers themselves. This study used a methodology similar to that of previous
studies that developed valid and reliable scales (Rice, Mehta, Steelman, & Winter, 2014; Rice, Mehta, & Winter,
in press). Additionally, this methodology is consistent with Hinkin’s (1998) scale development process.

2.1 Stage 1: Item Generation

The goal of Study 1 was to begin generating items for the scale. Many scales are developed primarily through
solicitation of items from content experts; in addition to this, we also solicited items from actual and potential
consumers. The researchers’ reasoning behind this decision was that it would be consumers themselves who will
be asked to respond to the finalized scale items.

2.1.1 Participants

Eighty-two (thirty-six females) participants from the United States took part in the study. The mean age was
33.02 (SD = 11.14). Participants were recruited via a convenience sample using Amazon’s ® Mechanical Turk ®
(MTurk). MTurk is an online source of participants who are paid compensation for participation in studies.
Previous research has shown that MTurk data is as reliable as laboratory data (Buhrmester, Kwang, & Gosling,
2011; Germine, et al., 2012). All participants were identified as being airline consumers who spoke English as a
native language, as was the case for each following the study. Additional aviation experts were recruited from the
[name of Institute] community.

2.1.2 Materials and Stimuli

Participants first gave electronic consent via SurveyMonkey ® and were presented with the following scenario:
“An airport intermodal rail system consists of a train or rail connection between the existing parts of the airport
parking lot, rental car lot, public transportation and terminals. The airport intermodal rail system is outside of
the airport and is prior to entering the TSA security. This does NOT include the rail system that commonly
connects terminals to each other, which is inside the airport and beyond the security checkpoint. In the context of
an airport intermodal rail system, please identify 6 characteristics of the airport intermodal rail system that you
associate with having a positive experience. Please input single words (e.g. comfortable) or short phrases (e.g.

247



www.ccsenet.org/jsd Journal of Sustainable Development Vol. 8, No. 6; 2015

easy to navigate).” After providing the list of six words or phrases, participants were debriefed and dismissed.

The study generated a total of three hundred and twelve unique words or phrases (e.g. efficient, handicap
accessible, etc.). All items were reviewed for correct spelling and all words were de-capitalized for equal
saliency in the following steps.

2.2 Stage 2: Nominal Paring

The goal of Study 2 was to pare down the initial list of items by eliminating words or phrases that were not
perceived by participants as being sufficiently important to a positive experience with intermodal rail.

2.2.1 Participants

Twenty (ten females) participants from the United States took part in the study. The mean age was 32.50 (SD =
13.44). As with the previous study, participants were recruited via a convenience sample using MTurk.

2.2.2 Materials and Stimuli

The three-hundred and twelve words generated in the first study were presented to participants with the
following statement, “An airport intermodal rail system consists of a train or rail connection between the
existing parts of the airport parking lot, rental car lot, public transportation and terminals. The airport
intermodal rail system is outside of the airport and is prior to entering the TSA security. This does NOT include
the rail system that commonly connects terminals to each other, which is inside the airport and beyond the
security checkpoint. In the context of an airport intermodal rail system, please rate whether each word or phrase
below is or is not an important characteristic of an intermodal rail system that creates a positive experience.”
Thirty-three words were judged to be an important characteristic of an intermodal rail system that creates a
positive experience by at least 75% of participants, and were included in the next study.

2.3 Stage 3: Likert-scale Paring

The goal of Study 3 was to continue narrowing down the list of items. At this stage, a more sensitive measure of
the relationship between the items and the construct was being identified. A Likert-type scale was used to
provide data on the importance of each item.

2.3.1 Participants

Fifty-one (twenty-two females) participants from the United States took part in the study. The mean age was
34.33 (SD = 12.41). Participants were recruited via a convenience sample using MTurk.

2.3.2 Materials and Stimuli

In this study, the thirty-three words carried over from Study 2 were presented to participants with the following
statement, “An airport intermodal rail system consists of a train or rail connection between the existing parts of
the airport parking lot, rental car lot, public transportation and terminals. The airport intermodal rail system is
outside of the airport and is prior to entering the TSA security. This does NOT include the rail system that
commonly connects terminals to each other, which is inside the airport and beyond the security checkpoint. In
the context of an airport intermodal rail system, please rate how important each word or phrase below is as a
characteristic of an intermodal rail system that creates a positive experience.” Participants were asked to
respond on a Likert-type scale from “Not at all important” (0) to “Extremely important” (+3). An average score
across participants was calculated for each item; words that averaged 2.5 or higher (equivalent to the average
participant saying that this item was at least “quite important”) were retained for the next study. This resulted in
six words being carried over to Study 4.

2.4 Stage 4. Scenario-based Testing

The first three studies in this research were designed to help generate and narrow down items that were viewed
as important for having a positive experience with an intermodal rail. The purpose of Study 4 was to begin to
collect evidence about the validity and reliability of the newly created measure.

2.4.1 Participants

Two hundred and twelve (ninety-eight females) participants from the United States took part in the study. The
mean age was 32.81 (SD = 10.57). Participants were recruited via a convenience sample using MTurk.
Importantly, a logic rule in the survey was set-up such that participants were first asked if they had used an
intermodal rail system in the past five years. Those who answered “yes” were forwarded to the survey below.
Those who answered “no” were debriefed and paid.
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2.4.2 Materials and Stimuli

In this stage, participants were given the following scenario: “An airport intermodal rail system consists of a
train or rail connection between the existing parts of the airport parking lot, rental car lot, public transportation
and terminals. The airport intermodal rail system is outside of the airport and is prior to entering the TSA
security. This does NOT include the rail system that commonly connects terminals to each other, which is inside
the airport and beyond the security checkpoint. Please think back to the last time you used an intermodal
train/rail at any airport. Then please respond below to how strongly you agree or disagree with the following
statements.” Participants were then given the questionnaire (see Appendix A; note that past tense was used for
this scenario) and asked to provide statements of agreement or disagreement on a 5-point Likert-type scale
(coded from -2 to +2).

2.4.3 Scale Development.

A factor analysis using the principle components and varimax rotation resulted in all items loading strongly on
one factor. The purpose of the principle components analysis was to analyze the data structure in terms of
variance, while the varimax rotation increases the interpretability of the factors, and supporting the findings that
all the items loaded on one factor (Field, A., 2009). The overall purpose of the factor analysis was to show the
validity of the developed scale, and since all the times of the scale loaded on one factor, that they were all
measuring the same area. To measure the internal consistency and reliability of the developed scale, two tests
were conducted, namely a Cronbach’s Alpha test, and Guttmann split-half test. The Cronbach’s alpha test
measures the correlation between the variance of a single item from a scale to the variance of the whole scale
(Cronbach, 1951). A Cronbach’s alpha is defined as coefficient of internal consistency (Schweizer, 2011), and
internal consistency is said to exist if the Cronbach Alpha’s test is greater than 0.7. The Cronbach’s Alpha test
resulted in a value of 0.80, indicating high internal consistency. A Guttmann split-half test divides a scale into
two random halves and measures the correlation between the two halves (Guttman, 1945). A higher correlation
between the halves indicates good reliability of the developed scale. The Guttmann split-half test generated a
coefficient of 0.79, indicating good reliability.

3. Discussion

The research purpose is in the development of a valid and reliable scale of consumers’ experiences with
intermodal rail. Through this scale, it can be evaluated what salient aspects are required to have a successful
intermodal rail system which will in turn reduce the level of emissions around an airport. The research began
with three hundred and twelve “satisfaction” items being identified by customers as associated with positive
experiences with intermodal rail. The research resulted with those three hundred and twelve “satisfaction” items
being reduced to six items. These six items identified by consumers were clear directions, efficient, on time,
reliable, safe and secure. A scale which is located in Appendix A was developed that could be used to measure
consumer satisfaction with intermodal rail service. This scale will be useful to airport management in identifying
areas of strength and weakness affiliated with the intermodal rail. Areas of weakness would become areas that
are monitored, measured and improved. It is important to airports that passengers have satisfaction with their use
of the intermodal rail as consumer loyalty can be impacted by negative experiences. Metro rail and subway
services are valuable not only in terms of economic validity but also in meeting airport passengers’ travel needs
and enhancing their overall travel experience (Schank 1999).

It is important to discuss that the final scale has only positive items associated with an intermodal rail. Harrison
and McLaughlin (1991) suggest, reverse-scored items “...can have detrimental effect on psychometric properties
of a measure...” when the items are randomly placed within the scale. Therefore, it would be preferable to have
items on only one end of the scale (Hinkin, 1998). Although arguments can be made for scales that include both
positive and negative items, the approach was to avoid cognitive confusion of consumers when having to switch
between positive and negative items.

3.1 Validity

For a scientific scale to be useful, it must have validity associated with it. In order to ensure construct validity,
two processes were followed. First, consumers were allowed to choose the items that belonged in the scale, with
additional items added from other sources. This process was followed because it is these consumers who will be
using the final scale in real-world situations. While items generated by experts may be useful, experts often fail
to pick up on nuances of consumer perception due to being too close to the issue. Not only were consumers
allowed to have large control in the item generation, but also it was potential consumers who were responsible
for narrowing the item list down from three hundred and twelve to six items. Second, a factor analysis on the
dataset was conducted suggesting that all items strongly loaded on one factor. These two pieces of evidence
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pointed strongly to a final scale with good validity.
3.2 Reliability

A useful scale must have good validity and reliability. The final six items in the scale were tested for reliability.
The Cronbach’s Alpha test indicated high internal consistency among the items. The Guttman Split-half test
added further evidence to high reliability for the final scale items.

3.3 Practical Applications

The practical applications of the research lie in the scale being useful to airport managers in the design and
development of IRN for airport customers. The identified six items affiliated with consumer satisfaction present
a framework to use of important items that need to be present for new IRN’s. Therefore, designers and
developers will want to build the IRN around the customer’s needs for clear directions, efficiency, on-time
service, reliability, safety and security. While it is important to define these terms, consumers have generated
these items and so the research may only infer as to their definitions and context of this setting. These items are
believed to refer to the following definitions. Clear directions refer to the ease of use and understanding of the
signage and audible instructions. Efficiency refers to the actual ease of use and benefit of using the rail network.
On-time service refers to the punctuality of the rail network. Reliability refers to the faith that the service will
operate at the times and in the manner as expected and as previously experienced. Safety refers to the overall
safety of the network within the control of the system without external influences, so as to say that the system
itself is inherently safe to use. Security refers to the aspect of safety to prevent against malicious intent or
dangerous activities of external influences. These items indicate the main aspects that will increase the usage of
the IRN by the passengers. By doing so this will reduce the number of vehicles congested around a terminal of
an airport and increase the efficiency of traffic. This reduction in traffic will result in a greater reduction in CO,
around the airport, increasing the air quality and overall sustainability of the airport. It will also be a useful tool
to evaluate consumer experiences and areas that need to be targeted for improvement in the operations and
maintenance of an IRN. Providing greater customer satisfaction with IRN could enhance business at an airport
and affiliated airlines.

3.4 Limitations

There are undoubtedly certain limitations associated with the research. The study only benefits those cities with a
preexisting metro rail and subway services, and therefore are the only ones that can utilize the developed scale.
Furthermore, the scale developed doesn’t currently define the six terms, clear directions, efficiency, on-time
service, reliability, safety and security as additional research will identify the depth of meaning for each term.

3.5 Future Research

There are future research areas that have been identified to better study this are more in depth. The first future
research area is for the six terms identified by consumers as necessary for satisfaction to be defined. Surveying
consumers to identify the depth and scope of each term should be conducted to further enhance the developed
scale. A second area of future research is for the scale to be tested in cities with a preexisting metro rail and/or
subway service so that any modifications necessary to the scale may be incorporated. Different studies of rail
systems using simulators could be another potential area of further research. The use of simulators will better
facilitate the understanding of passenger flow and allow for a more well rounded perspective on the overall
nature of passenger movement. Additionally, simulators could be a method of testing new functions that have
arisen out of analysis of the responses of passengers that used the developed scale. Once areas for improvement
have been identified by the use of this scale, their effectiveness can be tested using simulators. This will in turn
provide evidence to suggest that the developed scale is in fact of practical significance and is of use to the
industry. Future research could be conducted for simulators of a railway control center for operations and
monitoring, similar to studies conducted of air traffic control centers. These studies could seek to understand the
threat and error in the system to include the cognitive load carried by the staff of the control center. The study
outcome could help to support a positive safety culture within city rail systems.

A third area of study is for scales to be developed and tested to use on railway control center personnel to assess
threat and error in the system and human performance data. Furthermore, researchers may choose to focus on
running another simulation to study emergency exercises needed in potentially hazardous situations requiring
evacuations. The simulator could have an additional use in training of emergency personnel in carrying out
emergency exercises. Surveys to identify public perceptions of rail safety could be conducted to understand any
misconceptions that do exist and need to be corrected. This will help to build trust and confidence leading to
public support of increased rail design and development within airport cities. A final recommendation for future
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research involves the generation of additional scales to assess the emergency preparedness level of the shuttle
and tunnel.

3.6 Conclusion

The end goal of this research endeavor was to build a valid and reliable scale that could measure consumer
satisfaction with an airport’s IRN. The goals of the research were achieved through the execution of a
multi-study approach and a consumer centric generation of a valid and reliable IRN scale. The value in the
developed scales lies in its ability to aid airport management teams to better understand their consumers, and
also allow for more focused airport development specifically in the area of IRN. Additionally, designers and
developers at airports without existing networks will want to build the IRN around the six items that have been
deemed important for customer satisfaction which are clear directions, efficiency, on-time service, reliability,
safety and security. This scale will prove to be useful as an evaluation tool for measuring consumer experiences
and areas that need to be targeted for improvement in the operations and maintenance of an IRN. IRN should be
considered and more heavily integrated as research suggests that it would result in less highway fatalities and
contribute to individual’s SWL (Cao 2013; Clarke et al. 1996; Delbosc and Currie 2011; Ettema et al. 2014). An
indirect benefit of increased consumer satisfaction with the use of the IRN, lies in the reduction of CO2
emissions around the airport, which improve the sustainability of the entire operation from an environmental
perspective.
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Appendix A
Please respond how strongly you agree or disagree with the following statements.
1. The train system has clear directions.

Strongly Disagree  Disagree Neutral Agree Strongly Agree
2. The train system is efficient.

Strongly Disagree  Disagree Neutral Agree Strongly Agree
3. The train is on time.

Strongly Disagree  Disagree Neutral Agree Strongly Agree
4. The train is reliable.

Strongly Disagree  Disagree Neutral Agree Strongly Agree
5. The train is safe.

Strongly Disagree =~ Disagree Neutral Agree Strongly Agree
6. The train is secure.

Strongly Disagree  Disagree Neutral Agree Strongly Agree
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