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Abstract 
The existence of information systems and applications has changed the lifestyle 

of people around the world. The applications developed to serve specific 

purposes in the area of public transportation have made peoples’ lives much 

easier. The usability aspects of the applications have enabled users to use 

computers or mobile devices to find information about the services offered 

such as in the booking and ticket purchasing system. In this paper, a systematic 

review on the metrics and methods used to evaluate the usability of the 

applications related to public transportation systems are presented. The 

objective of this paper is to identify the metrics and methods employed by 

researchers and developers in conducting the usability tests and evaluation on 

applications related to public transportations. In total, 144 research papers were 

reviewed and out of the number, 22 most related research papers were selected. 

The results indicate that satisfaction, effectiveness and efficiency are the most 

frequently employed usability metrics. Meanwhile, survey seems to be the most 

popular usability method amongst researchers, followed by field testing and 

interview. The paper provides insights for professionals and researchers.  
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1.  Introduction 

Public transportation systems offer an alternative way of mobility to reach to a 

destination for a certain portion of people in a community. By utilizing public 

transportations, the problem of traffic congestion and air pollution can be 

diminished. Also, public transportation utilization promotes sustainable societies 

[1]. The proliferation of the Internet and mobile technologies contributes to the 
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application of virtual-mobile application to the public transportation sector. A 

number of mobile and web applications associated with public transportation 

available in the market include: InfoBus [2], OneBusAway [1] NavMetro [3], 

SubwayPS [4], StopFinder [5] and web application for Alynysse Bus [6]. These 

applications were developed as tools to assist travellers in planning their journey 

within the most convenient way by providing accurate real-time information and 

fast mobile ticketing services.  

Numerous studies have been conducted in order to perform the usability tests on 

applications specifically focused on services offered by the public transportation 

systems. The challenge of developing usable applications encourage researchers and 

application developers to rigorously test the usability of any application via 

different sort of methodologies and based on various dimensions or metrics. 

Nielsen’s model, Shackel’s model and ISO standard are some of the most well-

known models for usability tests and evaluation. Nielsen outlined five usability 

metrics in his model – Efficiency, Learnability, Memorability, Satisfaction and 

Error [7]. ISO standard provides three metrics to be measured – Effectiveness, 

Efficiency and Satisfaction [7]. Four metrics have been defined in Shackel’s model 

- Effectiveness, Learnability, Flexibility and Attitude, (also see, [4,7-11, 18, 33-38]). 

A number of methods are available in conducting usability tests. Some of the methods 

are: Usability Test, Interview, Focus Group, Survey and Heuristics Evaluation.  

The remaining part of this paper is organized as follows: In section 2, the 

systematic review approach is presented. Section 3 discusses the findings from the 

study. The discussion section is presented in section 4. Lastly, the conclusion is 

presented in section 5. 

 

2.  Systematic Review  

A systematic review is a type of literature review that collects and critically 

analyses multiple research studies or papers. This section describes the 

methodology used to conduct this study in order to achieve its objectives. 

Systematic literature review is the selected methodology in conducting this study. 

This section encompasses the research questions, search strategy, and selection of 

related studies. A systematic review aims to provide a complete, exhaustive 

summary of current literature relevant to a research question. The first step in 

conducting a systematic review is to perform a thorough search of the literature 

for relevant papers. The Methodology section of a systematic review will list all 

of the databases and citation indexes that were searched. The titles and abstracts 

of identified articles are checked against pre-determined criteria for eligibility and 

relevance to form an inclusion set. This set will relate back to the research problem. 

 

2.1.  Research questions 

In this paper, we provide two research questions to be answered in order to 

identify the metrics and methods used in previous usability tests related to public 

transportations applications. 

RQ1: What are the metrics used in the usability evaluation of public 

transportation applications? 
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RQ2: What are the methods used in the usability evaluation of public 

transportation applications? 

 

2.2.  Search strategy 

The first criterion for the searching of potentially related articles to be reviewed in 

this paper is the publication year. All articles are selected from year 2010 and 

above which includes journal articles, conference proceedings and thesis. The 

main databases that were used are Google Scholar, ACM Digital Library and 

IEEE Xplore. Furthermore, searching also has been done based on citations and 

references found in the reviewed articles. Phrases used for articles’ search are 

constructed based on the combinations of keywords; 

“metric/criterion/element/variance/variable” and “usability” and 

“evaluation/testing/test/study” and “application/software/system” and “public 

transportation/public transport. For example; (i) “usability metrics for software 

testing in public transportation”; (ii) “criterion for usability evaluation of software 

in public transportation”; (iii) “methods for usability testing of application in 

public transportation”. The results of the searching and paper selection process 

are summarized in Table 1. 

Table 1. Papers downloaded for review and final review papers. 

Databases Papers downloaded for review Final review papers 

ACM Digital Library 34 4 

IEEE Xplore 26 1 

Google Scholar 84 17 

Total 144 22 

 

2.3.  Study selection 

From the 144 papers that were reviewed, a total of 22 most relevant papers were 

selected for this study as shown in Table 1. These papers were selected as they 

discussed the metrics and/or methods used in usability evaluation for public 

transportation application.  

3.  Findings 

This section presents the outcomes of the study and are classified based on the 

research questions. We divided the findings into two sections which are usability 

metrics and usability method.  

3.1. Usability metrics for public transportation mobile applications 

This section provides answer to research question one (RQ1). Usability models 

such as Nielsen’s, Shackel and ISO ascertain various usability metrics or 

attributes as dimensions to be measured in usability tests. Based on the literature 

review, there are 11 usability methods that have been recognized in this paper 

with the occurrences of 64 in total – (1) effectiveness [2-6,12,16,27-28], (2) 

efficiency [3-4,6,12,19,25,27-28], (3) satisfaction [1-4,6,12,16,20-21,23-25,28], 

(4) easy to use [3,6,12,19,21,23-25], (5) learnability [1,3,6,12,23-24], (6) error 

[2,3,23], (7) usefulness [1,15,21,24], (8) consistency [23,25], (9) accuracy [5,24], 

(10) reliability [3,5], and (11) flexibility [1,19]. The result of usability metrics 

occurrences in the literature is depicted in Fig. 1, with the top four including: 
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satisfaction (topping the list), followed by ease of use and efficiency, and then 

learnability. Satisfaction plays a very important role in usability metric for public 

transport application. Many previous articles mentioned about satisfaction for 

mobile application and it should be the priorities to ensure the application fulfil 

user need. Efficiency and easy to use are also important in the field of evaluation 

to ensure the application are acceptable and usable. 

 

Fig. 1. Number of occurrence of usability metrics. 

 

3.2 Usability methods for public transportation mobile applications 

In this section, answer to research question two (RQ2) is provided. In 

applications’ usability evaluation, a number of methods are usually used by 

researchers, namely: heuristic evaluation, cognitive walkthroughs, laboratory 

testing, field testing and conventional user test [32]. The selection of appropriate 

method depends on the purpose of the study. For example, to test the 

effectiveness of mobile application related to public transportation, the researcher 

may choose field test where the participants will be assigned tasks which need 

them to travel using public transport such as buses or trains. This approach will be 

more real compare to lab test. Based on the literature review of the usability 

methods used in public transportation mobile application research, 11 usability 

methods were identified in this paper with the occurrences of 41 in total – (1) 

field testing [1,3-4,12,15,27], (2) laboratory testing [4,24], (3) remote usability 

test [5,6,22,], (4) observation [6,13,21,24], (5) self-reporting logs [6], (6) survey 

[1,3,6,16,23-25,28], (7) questionnaire [4], (8) interview [2-4, 6,15,24,30], (9) user 

testing [1,16,23,25,29], (10) focus group [2,15], and (11) informal usability 

session [6]. The result of usability methods occurrences in the literature is 

depicted in Fig. 2 with the top four methods as: survey, field testing, interview, 

and user testing in the order of occurrence beginning from the highest. Survey has 

been use by many researchers to obtain accurate result during usability testing 

particularly for mobile application. The approach is very popular because it is 

easy to implement compare to experiment. Moreover, the existing online survey 
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made the approach become more popular. The significant method in usability 

method is field testing. Currently, many testers or experimenters select field 

testing compare to lab test to ensure the testing become more real. 

 
Fig. 2. Number of occurrence of usability methods. 

4.  Discussion 

Based on the literature review, there are numerous various usability metrics and 

methods used by researchers in conducting usability evaluation for applications 

related to public transportation systems. The most employed usability metrics are 

satisfaction, effectiveness, and efficiency. While for the usability methods, survey 

was found to be the most employed method, followed by field testing and 

interview. However, some data have been fused into a single type of data 

according to the context of the researches that have been conducted previously. 

For example, the term ‘ease to use’ for usability metric is used in this paper to 

represent ease of use [6] and [3], simplicity [12], and simple interactivity [24]. 

While the terms ‘comprehensibility’ [12] and ‘easy to learn’ [3] are represented 

by metric learnability. The term ‘user control and freedom’ [19] is used to refer to 

the metric flexibility based on the same context used. There are some metrics 

used in the literature review that reflected more on human behaviour rather than 

the usability of the application itself. For example, amount of time they spent 

waiting for transit, likelihood of walking [1] and experience [15]. These metrics 

are omitted in this paper. For the usability methods, the metric, observation, has 

been utilized, which represents the term ‘field observation’ conducted by Ferreira 

& Freitas [3] based on the same context of use where users are free to voice out 

their opinions, feelings or frustrations while using the application. 

 

5.  Conclusions 

Based on the result depicted in Fig. 1, it seems that most of the authors conducted 

usability tests on application for public transportation to examine the satisfaction 

of users, the effectiveness of the application as well as the efficiency of use of the 
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application. Satisfaction yields the highest percentage of 21.88% followed by 

effectiveness (17.19%) and efficiency as well as easy to use at 14.06% 

respectively. Meanwhile, survey has been identified as the most widely used 

usability methods (21.43%). Field testing comes second with 19.05% and the 

third higher result is interview (14.29%). In this paper, we can conclude that most 

researchers conducted usability test on applications related to public 

transportation systems to investigate the satisfaction, effectiveness, efficiency and 

ease of use of the application to assist users in their daily lives. Survey is carried 

out to reach a wider range of real users to obtain their feedback on the 

applications. In order to measure the test results in real-time, user testing in field 

setting were conducted. An in depth and rich information can be acquired by 

conducting interviews. Furthermore, the results obtained from this review will 

help practitioners (designers, usability experts, developers and testers) and 

researchers in further research and in the developing of usable public transport 

systems. However, this paper still lacks the reviewed papers related to public 

transportation applications and therefore, a more in-depth review should be 

conducted in future to investigate the metrics and methods used in usability test or 

evaluation for application related to public transportations.  
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