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TRIP PLANNING MOBILE APPLICATION:
A PERSPECTIVE CASE STUDY OF USER
EXPERIENCE
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ABSTRACT

Mobile trip planning applications may contribute to popularising public transport,
provided they work efficiently and gain high user acceptance. This article aims to take
a closer look at the functioning of the JakDojade application, which has been the most
popular platform in Poland for several years, supporting travel planning by public
transport. In the presented case study, the authors tried to diagnose problems and
indicate the directions of application development. At the same time, through this
analysis, the authors aimed to demonstrate the usefulness of researching user
comments from the viewpoint of managing the development of mobile applications
and related services. A case study methodology was used to perform a descriptive
study. Data on user feedback on JakDojade mobile application in Poland comes from
Google Play Store. Semantic categorisation of user comments and sentiment analysis
allowed for identifying user problems and diagnosing emotions related to its use. The
presented methodology allowed for diagnosing typical user problems for the JakDojade
application, which may help indicate further development directions. The authors
attempted to demonstrate the usefulness of researching user comments from the
point of view of managing the development of mobile applications and related
services. The semi-automatic approach to text analysis presented in the article
highlights the problems related to the study of user reviews. The limitations of the
proposed methodology and the possibilities for its improvement were indicated.
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INTRODUCTION

According to the World Bank Today, 56 % of the
world’s population lives in cities. This number is
expected to grow. By 2050, nearly seven out of ten
people will live in cities (World Bank, 2022). The

population growth in urban areas will pressure public
transport management and infrastructure. The
increase in fuel and car prices in the primary and
secondary markets causes an increased demand for
shared transport models. In the era of universal
mobile access to the Internet, mobile applications
have become indispensable for younger people as
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they support all spheres of personal and professional
activity. By offering mobile applications for planning
trips, the city can achieve a higher use and economic
effectiveness of public transport. Promoting shared
transport has many such benefits as (AlKheder, 2021)
decreasing the number of private vehicles to ease traf-
fic congestion, resulting in a positive impact on the
environment and enhancing the cost-effectiveness,
reliability, and accessibility of the road network. The
main factors that may discourage passengers from
using public transport are:

o Schedulesliding, i.e., the case where vehicles can-
not be dispatched according to the planned
timetable due to accumulated delays when per-
forming previous trips (Gkiotsalitis & Cats,
2021).

o Problems with purchasing tickets from the elec-
tronic ticket machine. In some vehicles, the
machines are not present or not functioning cor-
rectly. It is not always possible to buy a ticket
from the driver, for example, during the restric-
tions related to the COVID-19 pandemic.

o  The difficulty of planning a transfer from one bus
or tram to another in the shortest possible time.

o The lack of knowledge about the bus facilities
(such as the low floor) essential for people with
mobility impairments.

o Uncertainty about the time of arrival and reach-
ing the bus stop.

« Different timetables during the weekends and
holidays.

Providing accurate and timely information about
public transportation is necessary to increase its
dependability. Commuters should know when their
trains and buses will arrive so that they can plan their
trip accordingly (Rawal, 2018).

The answer to these problems may be a mobile
application with real-time access to vehicle informa-
tion, route plans, and timetables. The authors believe
that functional mobile applications meeting user
needs are an important factor contributing to the
promotion of public transport.

One of the critical success factors of an applica-
tion is its proper design considering user experience
(UX). User expectations are tested during the initial
application design process and later, during its pro-
duction use to apply appropriate corrections and
design subsequent versions. User experience research
in software engineering usually uses questionnaires,
surveys, observations, and psychophysical measure-
ments, often involving users in design work. However,

in the operational phase of the application lifecycle,
UX research can also be performed by analysing user
comments on social networks or in application stores.
This, in turn, requires appropriate text mining meth-
ods and solving semantic problems, often specific to
the analysed language.

This article takes a closer look at the functioning
of the JakDojade (How do I arrive?) application,
which has been the most popular platform in Poland
for several years, supporting travel planning by public
transport. By analysing user comments, the authors
aimed to diagnose problems and indicate the direc-
tions of application development. At the same time,
the authors used this analysis to demonstrate the
usefulness of researching user comments from the
viewpoint of managing the development of mobile
applications and related services.

1. LITERATURE REVIEW

The debate on the importance of efficient urban
transport is not new and has been highlighted in
many publications. According to Banister (1995), the
attractiveness of particular locations depends on the
transport infrastructure’s relative accessibility, qual-
ity, and quantity. The main problems of efficient
transport systems development are (Zavitsas et al.,
2010):

o Land use. Well-designed transport networks
improve people’s accessibility to existing services
and amenities. Transport performance is the
ratio between the accessibility to certain ameni-
ties (including the number of people) by a mode
of transport (ie., how many amenities can be
accessed by a specific transport mode in 30 min-
utes) and the proximity of these amenities (i.e.,
how many are located in a radius of 8 km)
(OECD, 2022).

o Congestion and parking places. Cities are faced
with a growing number of cars and limited park-
ing spaces, making people park their vehicles
haphazardly on roads and congesting streets.

» Car dependence is among the leading causes of
congestion and air pollution. Other consequences

isolation, high
expenses, and declining small businesses (Price,

2017).

o Achieving a modal shift from private to public
transport, walking, and cycling. In the last few
years, the COVID-19 pandemic has caused

are social discrimination,
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a significant impact on public transportation
services, travel behaviour, and mode choice
preferences (Das et al., 2021).

o Pollution and noise. The EU plans to ban sales of
fossil fuel-powered vehicles from 2035 (Abnett,
2022). Many public transport companies in
Poland are switching their fleet to electric vehi-
cles. Easily obtained external funds for the pur-
chase of electric buses encourage even the
smallest towns to use this solution (Polom
& Wiéniewski, 2021).

o  Other factors, e.g., political issues and economic
prosperity. Urban transport problems can
increase travel times and affect the efficiency of

counterbalancing the economic
advantages of urban proximity (Zavitsas et al.,

2010).

Inner city areas with high building and popula-
tion densities are problematic in providing efficient
transport links and infrastructure while ensuring
safety and environmental sustainability. Many cities
are thus considering reallocating road space giving
more space to public transport and pedestrians
(Zavitsas et al., 2010). Due to the spatial and eco-
nomic problems, local governments have a limited
possibility of constant investment in new transport
infrastructure. Reducing the share of individual
transport will improve the air in the city and the
overall quality of life of the population (Bubeliny
& Kubina, 2021).

Thus, strategies based on managing existing
resources and encouraging the use of public transport
seem to be the most appropriate development path.
In the information and communication technologies
era, solutions and models drawing on the smart city
concept have become a hot topic. Great hopes are
placed on using various Internet of Things solutions
(Shahrour & Xie, 2021). Noteworthy is the selection
and integration of IoT tools within smart cities to
support decision-making processes in determining
investment needs in the public transport lines. It is
essential to analyse which IoT tools are available in
the city (Stepniak et al., 2021). Implementing real-
time locating systems (RTLS) offers the possibility of
tracking public transport vehicles.

The basis for creating innovative solutions sup-
porting public services valid for residents is ensuring
the openness of source data. Open government data
(OGD) is used to develop innovative products,
including services and software (Wieczorkowski,
2019). Ensuring the data openness on timetables and

commerce,

information on the current vehicle location enables
mobile applications for trip planning.

Mobile applications for paid public services,
which usually include public transport, often have to
resolve the intermediation problem in the payment-
for-service system. The application’s popularity may
be influenced by implementing appropriate payment
solutions with a high level of user trust (Szumski,
2020).

The need to reduce individual transport pro-
motes journey planning platforms involving different
public transport means to ease the inhabitant’s daily
commute. Travel planning applications benefit not
only passengers but also the urban transport system
and economy. Software companies and startups
design and implement these applications, creating
new jobs. In addition, Big Data Sources created by
these applications may be used for marketing.

However, measuring the benefit of an application
for users, i.e., passengers, is problematic. Thus, it is
vital to study user experience, particularly the under-
standing of subjective feelings while using the prod-
uct (Rota et al, 2009), in this case, a mobile
application.

User experience is defined as a person’s percep-
tions and responses that result from the use and/or
anticipated use of a product, system, or service (ISO
9241-210, 2010). This formal definition is supple-
mented by other interpretations: user experience
explores how a person feels about using a product,
i.e., the experiential, affective, meaningful, and valu-
able aspects of product use (Vermeeren et al., 2010).
Hassenzahl and Tractinsky (2006) distinguished a
few prominent perspectives of UX. None of these
perspectives fully capture UX, which is about tech-
nology that fulfils more than just instrumental needs
in a way that acknowledges its use as a subjective. UX
is a consequence of a user’s internal state, the charac-
teristics of the system (e.g., complexity, purpose,
usability, functionality, etc.), and the context within
which the interaction occurs.

There are two disparate stances on how UX
should be studied, i.e., qualitative versus quantitative,
that are not necessarily compatible or can even be
antagonistic (Law et al., 2014). UX literature focuses
on the previously mentioned methods, such as ques-
tionnaires, surveys, and user observation. Such
methods often require a manual approach to collect-
ing the necessary data and their subsequent evalua-
tion. As reported (Maia & Furtado, 2016) in
a systematic review of UX literature regarding the
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automation of such data collection, most studies col-
lected data manually (80 %), 12 % used a mixed form
(manual and automated), and 8 % did it automati-
cally. After collecting user experience data, 84 % of
the studies performed the user experience evaluation
manually, 8 % did it automatically, 4 % used a mixed
form, and 4 % did not report the user experience
evaluation techniques. Automated UX evaluation is
regarded as an unexplored field, especially when
adopted for widely used mobile applications (Saleh et
al., 2020). However, the authors make such attempts
based on user observations. The problem is, therefore,
the low level of possible automation of UX research.

The authors of this article focused on the auto-
matic analysis of collected comments. This approach
is sporadically mentioned in the literature. Stuart et
al. (2015) also examined the reviews of 20 mobile
applications from the Google Play Store and the
Apple App Store. It was underlined that the unstruc-
tured and informal nature of the reviews complicated
the analysis. Additional barriers arise from the emo-
tional language enriched with slang, peculiar spelling,
and the use of emojis and other symbols (Gimadi,
2021). Many comments address various problems in
one review, making it difficult to classify them.

The analysis of user comments (including senti-
ment analysis) is used when evaluating products,
particularly mobile applications. On the other hand,
it can also be useful at the city management level to
build city development strategies, implement related
projects (Jelonek et al., 2020) and evaluate the public
transport system (Buran, 2023). The authors of this
article focused on the first option.

Semantic analysis is language specific. The above-
mentioned study concerned comments in English,
and the conclusions reached do not need to be valid
for other languages. Hence, there is a need for further
research on the use of comments for UX assessment,
and a research gap here is the use of the Polish lan-
guage as part of a completely different language
group.

The Polish language semantic analysis is a chal-
lenging task because of the relatively free word order
(Savary & Waszczuk, 2020), which stresses the
importance of information rather than following the
rules of grammar. Several written corpora of contem-
porary Polish have been created, which could be used
for automatic topic detection. Still, due to copyright
issues, they are not freely available for download
(Ogrodniczuk et al., 2022).

2. PURPOSE AND CHARACTERISTICS
OF THE JAKDOJADE APPLICATION

JakDojade application is a public transport plan-
ner. Its basic functionality includes searching for the
fastest and alternative transport connections and
selling tickets online. The application uses city maps,
timetables, and user geolocation data. The website is
currently available in a mobile version for Android
and iOS, as well as in an older Web version.

In 2021, JakDojade was the most popular appli-
cation for planning trips by public transport in
Poland, according to research carried out on behalf of
the application developer. Monthly active users
(MAU) average about four million. Searching for
connections serves over 30 Polish cities or agglomera-
tion areas, and purchasing tickets is possible in about
ten cities or regions (Fig. 1). The real-time function is
gradually introduced in the application, which con-
sists of using data on vehicles” exact position parallel
to the schedule data. So far, it has been implemented
in Wroctaw, Warsaw, Poznan, Tricity and Krakéw.
Real-time data improves the quality of finding opti-
mal connections. A passenger can also have a high
probability that the selected bus or tram will arrive at
the stop at the scheduled time. In addition, the plan-
ning considers vehicles’ constantly updated speed
and travel time on individual sections, not only the
timetable values.

However, real-time information requires real-
time access to data about the current position of each
vehicle. Location data is determined using GPS
devices. It is transferred to the transportation com-
pany and public transport supervisors and is made
available using API programming interfaces. This is
still not being done correctly in many cities, resulting
in the slow pace of real-time feature deployment. In
addition, some vehicles do not report their location
accurately due to GPS device failures, problems in
data transmission, or driver errors. The quality of the
service is also influenced by the frequency of updat-
ing the location of vehicles.

The basic version of the mobile application is
free, but it provides users with profiled ads. A paid
premium version without ads is also available. These
advertisements and the sale of user-sourced data are
the backbones of the producer’s revenue. An increas-
ingly important part of the company’s revenues is the
intermediation in the sale of online tickets. The
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Fig. 1. Geographical coverage of JakDojade application

adopted business model means that the activity is

profitable only in larger cities with good advertising

and the ticket sales market. Including other centres in

the service generates high fixed costs. An alternative

is the participation of smaller-town authorities in the

costs of including them in the service. The above-

described characteristics of the application’s opera-

tion suggest potential problems affecting user

opinions negatively. Therefore, initially, it can be

assumed that the criticism and poor opinions may

concern:

o speed and reliability of the application operation,

 usability of the application interface,

« the quality of optimisation algorithms,

« news of timetables,

o gaps and errors in real-time information,

o a limited number of cities where the service is
provided,

« online ticket sales methods in individual cities,

o problems with paying for tickets,

 the nuisance of displayed advertisements,

o  privacy policy,

o  prices for the premium version and the profitabil-
ity of its purchase.

The application evaluation should also be
expected to be influenced by the quality of external
data downloaded, such as timetables, GPS data of
vehicles, and maps. At the same time, the assessment
may also be influenced by factors utterly independent
of the application, such as the quality of public trans-
port in individual cities and even traffic jams causing
delays to timetables. The JakDojade application and
business model are described in detail by Wiec-
zorkowski, Chomiak and Paweloszek (2021). The
JakDojade application covers most of the large
agglomerations in Poland.

3. RESEARCH METHODS

The great advantage of mobile application stores,
such as Google Play, is their star-rating and com-
ments system, allowing users to evaluate the apps and
leave feedback. User reviews contain valuable infor-
mation, such as bug reports, feature requests, and
user experiences (Noei & Lynos, 2019). The analysis
of user comments is a research method that, in recent
years, formed a popular and influential field of
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research (Schindler & Domahidi, 2021). This method
effectively identifies existing technical problems and
other sources of customer dissatisfaction. According
to Carter (2022), around 81 % of consumers say they
have left a business review around four times a year or
less. Therefore, it can be assumed that the analysis of
user comments can provide a statistically representa-
tive result (Reimer et al., 2021). Although it is increas-
ingly common for customers to leave negative reviews
about a product, the most common reason to leave

a review is that the service or product was excellent

(56 %). The second most common reason to leave a

review is that the product was unsatisfactory (41 %)

(Carter, 2022). Dissatisfied customers are likely to

describe their opinions and experiences in more

detail. Sentiment analysis and categorising user com-
ments can indicate the directions for improving the
services. Data on user feedback on JakDojade mobile
application in Poland was obtained from Google Play

Store.

The research procedure consisted of the follow-
ing steps:

o Gathering comments on the application JakDo-
jade. Comments were extracted from the Google
Play store using a Python script and a dedicated
library (Mingyou, 2022).

o Preparation of data for analysis in an Excel
spreadsheet. The obtained data structure and the
description of the variables are presented in Table
1.

o  Feature creation, i.e., deriving new features from
existing ones. This step involved establishing the
gender of commenting users. The gender of users

Tab. 1. Variables used in the study

was determined (1) based on their first and last
names, using a dictionary method, and (2) based
on the words contained in the comment that may
indicate gender. In Polish, it is possible to extract
past and future verbs and some adjectives indica-
tive of gender. The text analysis was carried out
using a VBA script developed by the project
authors.

o Calculating descriptive statistics of the data set
for individual numerical and categorical varia-
bles.

o  Application of the CLARIN-PL (Janz et al., 2017)
sentiment analysis tool for evaluating the polar-
ity of the comments as positive or negative and
also to detect particular emotions accompanying
the users of the JakDojade service.

«  Separation of thematic categories by using simple
text-processing techniques. Here, the first step
was to identify the most frequent phrases in the
text that could indicate the subject of the com-
ment.

o Tagging the comments and counting the number
of comments in each category. Each review could
have more than one category.

4. RESEARCH RESULTS

The first step of the analysis was to identify
basic statistics on user ratings and comments. The
number of comments and the average assessment
from 2011 to the third quarter of 2022 are presented
in Fig. 2.

VARIABLE NAME |

DESCRIPTION

VARIABLES IN THE DATA SET

reviewld Unique identifier of the review, string of characters

userName The user’s name and surname or nickname

userlmage User image icon

content Review text

score 5-point rating scale, where 1 means “Unacceptable” and 5 is “Excellent”
thumbsUpCount Number of users who found the comment useful

reviewCreatedVersion

Version of app reviewed

at Date and time of the review
replyContent Reply text
repliedAt Date and time of the reply

DERIVED VARIABLES
gender User’s gender (female, male or unknown)
wordCount Wordcount in comments
delay Delay in response to the comment in days
Year year of adding the comment
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Tab. 2. Descriptive statistics cross-section table

GENDER N MEAN STD.DEV Q25 MEDIAN Q75
Female 3584 3.86 1.55 5
Male 6380 3.66 1.65 5
Source: elaborated by the author.
0% 25% 50% 75% 100%
Bl m2 w4 5

Fig. 3. Share of ratings 1-5 by gender

The average user ratings over the years ranged
from 3.18 to 4.8. Notably, the median in each year of
the analysis was five, meaning that over half of the
users rated the application very well. The lowest aver-
age rating was recorded in 2016 (3.18). Then, the rat-
ings of the JakDojade application broken down by
gender were analysed. By analysing the names and
surnames of commentators and the grammatical
analysis of statements, the authors were able to deter-
mine the gender of 33 % of commentators.

The authors decided to check whether men and
women differed in the assessment of the application.
The obtained results are presented in Table 2. The
chart in Fig. 3 presents the visualisation of the num-
ber of grades on a scale of 1-5, broken down by gen-
der.

The statistics analysis on the length of comments
(the variable wordCount) showed that women write
longer reviews. However, the difference is not signifi-
cant and likely has arisen by chance. For men, the
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GENDER N MEAN STD.DEV Q25 MEDIAN Q75
Female 3584 16.14 17.73 3 10 22
Male 6380 15.82 18.75 3 9 21
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Fig. 4. Average variable thumbsUpCount by application rating

median and average are 15.81 and nine words, and for

women, it is 16.14 and ten, respectively. Detailed sta-

tistics on comment length by gender are presented in

Table 3.

The Google Store comment system allows users
to evaluate the usefulness of a review. Users can click
the thumb icon if they find a comment valuable. In
the analysed dataset, the usefulness of the comment is
measured by the variable thumbsUpCount. To take
a closer look at the usefulness of the comments, the
authors examined the following relationships:

o The usefulness of comments, depending on their
length.

o In this study, the authors assumed that the most
valuable comments were those with the most text
and detailing why users were satisfied or dissatis-
fied. However, this assumption was rejected due
to the correlation coefficient between wordcount
and thumbsUpCount amounting to 0.19.

+  The usefulness of comments, depending on their
rating.

The correlation coefficient between these two
variables was -0.01, showing no linear relationship.
Fig. 4 presents the average number of thumbs by rat-
ing.

On average, the comments that rated the app low
(one and two stars) proved to be the most helpful.

The analysis of the length of comments broken
down by star rating showed that these comments
contained the most text (Fig. 5).

Considering the usefulness and length, com-
ments evaluating the application with one, two, and
three stars were selected for further analysis. These
comments detailed the reasons for user dissatisfac-
tion and the application use barrier.

Responding to comments is crucial to building
a customer-oriented marketing strategy. By timely
response, the company will improve customer reten-
tion rates and loyalty. Answering the comments also
increases the chances of acquiring new customers by
showing the company’s commitment. The authors
decided to check the response time and the share of
answered comments according to ratings. In the
research sample, the company responded to 64 % of
the comments. The share of replied comments broken
down by rating is presented in the chart in Fig. 6.
Detailed statistics on the reply time are presented in
Table 4.

In most cases outside the 4-star rating, the
median response time to comments was one day. On
average, the company responds to 1-star comments
the fastest. When examining the dependence of the
response delay on the comment length, the authors
used the correlation coefficient. Its value was -0.00128,
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Tab. 4. Descriptive statistics of application ratings
RATING N AVERAGE MEDIAN MiIN MAX Q1 Q3 STD. DEV.
1 3041 4.68 1.00 0.00 122.00 0.00 5.00 9.17
2 1088 5.07 1.00 0.00 116.00 0.00 5.00 10.46
3 1088 5.07 1.00 0.00 116.00 0.00 5.00 10.46
4 614 8.57 2.00 0.00 182.00 0.00 8.00 18.07
5 4970 5.49 1.00 0.00 165.00 0.00 4.00 16.16

which indicates no relationship between the two vari-
ables.

To diagnose the problems and barriers faced by
users of the JakDojade mobile application, sentiment
analysis and semantic analysis were used to distin-
guish the categories of emerging issues. The sentiment

analysis using the CLARIN-PL tool was applied to
identify the users’ emotions. Due to a large number of
comments (29.343) and limited computing power,
the sentiment analysis was performed on a sample of
400 comments. Therefore, the sample contained 80
reviews from each rating 1-5, respectively. The graph
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presented in Fig. 7 clearly shows the advantage of
positive emotions.

A more detailed analysis with the CLARIN-PL
tool allows for extracting phrases related to various
emotions, both positive (such as joy, trust, and look-
ing forward to something unexpected) and negative
(sadness, anger, fear, disgust, and negative surprise).
The results of the analysis are presented in Fig. 8.

Among the identified positive emotions, joy and
trust prevailed. The content analysis of positive com-
ments showed that users were happy to plan their trip
well with the help of the application. They trusted the
application, as evidenced by numerous phrases prov-
ing no experienced disappointment. Sadness and
anger predominated among negative emotions. These
emotions were related to many shortcomings of the
application’s functioning. To find out the causes,

Fig. 7. Polarity of comments

a semantic analysis of the text was made and is
described in the further part of the article.

A more in-depth analysis with the CLARIN tool
extracts the emotional tinge of the application char-
acteristics mentioned by users in the comments. The
summary of the analysis results is shown in Fig. 9.

The results are largely in line with the emotions
identified earlier. The most frequently indicated fea-
ture is the usability of the application. Users often
described cases of successfully reaching destinations
or not getting lost in an unfamiliar city. Among the
negative traits, the most frequently mentioned were
uselessness, harm and misfortune.

It is possible to identify problems by analysing
comments with low ratings, i.e., one, two or three
stars. The first step was identifying recurrent topics.
For this purpose, the 100 most extended negative
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Fig. 9. Emotional colouring of the features of the JakDojade mobile application detected by the sentiment analysis

Tab. 5. Categories and key phrases used for tagging user comments

CATEGORY DESCRIPTION

KEY PHRASES

TimetableS

Problems with the timeliness of the timetable,
updating, and searching for optimal connections

Timetable, showing delay, showing connections,
change of means of transport, hours, searching,
delay, route, train, timetable update

Sharing personal data

The application collects the personal data of users,
for which they must consent to use the application

Statute, policy, personal data, agreement, private,
protection, consent

Energy consumption

Energy consumption by the application, cases of

Battery, energy consumption, power drain

es, suggestions for changes

power drain

Finance Payments for tickets, payment methods, com- Paid, payment, return, money, scam, wallet, com-
plaints about transactions, payments for the pre- plaint, ticket
mium application

Navigation Problems with in-app navigation, road showing on | Navigate, navigation, GPS, location, map update
map and GPS location

Interface Application interface, ease of use, interface chang- | Appearance, interface, font, button, readable

Premium app

Comments related to the app’s premium version
and displaying advertisements in the non-pre-
mium version. Comparison of free and premium

Ads, premium

applications

Application Problems with using the mobile application and Efficient, stable, suspending, mule, silt, slime, jam,
updating. update

Cities Reporting problems related to specific places, City, town, names of the cities
service in cities

Holiday Problems encountered with revised timetables Holiday, weekend, Saturday, Sunday

comments sample was selected and analysed to find
the most frequent issues reported by users. Next, the
authors extracted the concepts that indicated prob-
lems and their synonyms; this way, 54 keywords were
identified and categorised. Table 5 shows the catego-
ries of topics. Due to the declension rules in the Polish
language (inflexion of a word by cases and numbers),
a simple searching method did not give accurate
results. To avoid this problem, the morphemes of the
words (a part of the word with a recognisable mean-
ing) were used. The corpus of all the comments was

searched to find the morphemes and count their
occurrences in the text.

In the case of key phrases consisting of two
words, an original VBA function was used to examine
the close coexistence of morphemes in the text. Topic
extraction from the text was made by automatically
tagging the reviews according to predefined catego-
ries.

The frequency of words in particular categories is
presented in the diagram in Fig. 10. The overwhelm-
ing number of negative comments criticise the time-
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Fig. 10. Number of problem occurrences in user comments by category

Fig. 11. Co-occurrence of the topics matrix — support coefficients

table. This is a particularly important problem when
planning a journey with transfers. In large cities, the
application supports various means of transport, such
as buses, trams, metro and light rail. Updating these
timetables may vary by carrier.

Another frequently mentioned problem is the
functioning of the application. In particular, software
stability and crashes, which, in turn, are related to the
inability to make payments. This situation may create
a legal problem and expose the passenger to travel
without a purchased ticket.

The coexistence of topics was determined using
the association rules method known from the market
basket analysis in the marketing field. It analyses co-

occurrence patterns and determines the strength of
the link between two items in the dataset (Szymkow-
iak et al.,, 2018).

Every comment rated from one to three was
tagged with topic categories. The analysis consisted of
identifying the frequency of coexisting categories in
user reviews. This approach allowed for extracting
support and confidence coefficients for the recog-
nised rules. Support emphasises how popular an item
set is, and confidence denotes the likelihood of certain
items occurring together. The matrix in Fig. 11 shows
support coefficients for the identified two-item rules.

If x and y are the categories listed in the first row
and column of the table, respectively, the support
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Fig. 12. Confidence matrix of co-occurring topics
Source: elaborated by the author.

factor S x, y located in the cell at the intersection of
the row and column can be written as follows:

S(x,y) = number of comments containing both
x and y / total number of comments

The confidence coefficients (Fig. 12) at the top
right of the matrix were calculated using the follow-
ing formula:

Confidence (X>Y) = (Support (X,Y)) / (Support (X))

Accordingly, the confidence coefficients at the
left bottom part used the formula:

Confidence (Y>X) = (Support (Y,X)) / (Support (Y))

The higher the confidence, the greater the likeli-
hood that the comment that includes topic X will also
include topic Y.

Knowledge of support and confidence in the
rules may indicate a semantic connection between
the considered problem categories (Zhuge et al,
2004). The three and more-component rules were
also distinguished; however, their supports were very
low, less than 1 %; therefore, they were considered
insignificant and omitted in the inferential analysis.

5. DISCUSSION OF THE RESULTS

The presented analysis shows that the number of
comments grew dynamically from 2015 to 2019 when
the application began to gain recognition from
increasingly more users. This fact can be explained by
expanding the action zone with new cities and adding
new functions. At the beginning of 2015, 20 new cit-
ies, suburban zones and railway lines were added to
the application. However, major cities were already
served much earlier. Gradually, in the year 2008,

Poznan was introduced to the service. In the follow-
ing years, the area of operation was extended to the
next seven large urban areas: Wroclaw, Warsaw, Szc-
zecin, Krakow, L.6dz, Bydgoszcz and Torun. For about
ten years, the offer was extended to significantly
smaller cities. Thus, the number of comments was
more related to the popularisation of the service and
not its availability in other cities.

The decrease in the number of users in 2020 was
caused by restrictions related to the COVID-19 pan-
demic. During the pandemic, public transport was
considered a contamination hazard, and the number
of passengers decreased significantly. Additionally,
timetables were limited to the necessary minimum.
The scope of the analysed data does not allow conclu-
sions about the application’s popularity during the
period of easing the restrictions after the pandemic.

In addition to the development of the application
by adding new cities, the range of offered services
increased (including the possibility to purchase tick-
ets and track the location of vehicles in real-time).
Their evaluation may be of particular interest to the
application provider. The clear increase in the num-
ber of comments in 2015-2019 can be associated with
extending the application’s functionality.

The average app ratings in the analysed period
slightly decreased. However, as already noted, the
median in each analysed year was five, and more than
half of the users assessed the app very well. The lowest
average rating value recorded in 2016 was likely
related to the increasing complexity of the application
and growing user expectations. It should be noted
that other platforms with similar functions were also
developing in parallel, the most competitive of which
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was Google Maps. In 2015, Google Maps introduced
the possibility of using offline maps and many new
functions.

It is more difficult to interpret the differentiation
in the number and value of rates by gender. Especially
for more than half of the comments, it was impossible
to assign a gender, so there are no grounds to con-
clude that one gender does not dominate in this
group. Undoubtedly, however, in the case of com-
ments with the identified gender of the commentator,
women rated the application higher than men by
giving excellent ratings (5) and fewer poor ratings (1).
The authors observed a similar relationship in another
study, i.e., the analysis of comments from car-sharing
applications (Paweloszek, 2022). Therefore, it can be
suspected that this is a general rule resulting from the
psychological characteristics of gender, although it
would require further research. Similarly, it is difficult
to explain some differences in the length of written
comments.

The analysis of the usefulness (thumbs up) of
comments depending on the number of stars given to
the comment indicated that the most useful com-
ments were negative (one or two stars), indirect neu-
tral comments (three stars), and the least useful were
positive comments (four or five stars). This is under-
standable as the content analysis of the comments
showed that these worse comments were more likely
to indicate specific bugs and deficiencies of the appli-
cation. Positive comments, in turn, generally praised
the application only by confirming the correct opera-
tion, i.e., by confirming what should be the norm.
Consequently, a detailed analysis of negative com-
ments may be of significant value to the application
developer. The creator of the JakDojade application
responds to negative comments most often and
quickly. In addition, other users can see the answer
from the point of view of the application’s developer.
Such a strategy also aims at building the image of
a company that cares about good contact with users
and their loyalty.

From the company’s viewpoint, the comment
sentiment analysis at the most general level of identi-
fication of positive and negative emotions may have
a complementary role to the analysis of the system’s
comments rating based on the number of stars. The
sentiment analysis, like the number of stars, allows
for observing trends in product evaluation. In the
case of the tested application, the predominance of
positive over negative emotions confirmed the
observed high mean and median rating in the star
system. Further, it is possible to isolate positive and

negative emotions. In practice, however, it is difficult
to identify the cause of a given feeling without analys-
ing the content of the entire specific comment.

More practical information can be obtained from
the semantic features’ analysis of the tested applica-
tion. However, it should be considered that for mobile
applications, analogous but opposite features will
appear both positive and negative, as in the case of
“utility” and “uselessness”. In this case, usability was
assessed highly differently. In the case of the JakDo-
jade application, the frequent occurrence of the
“mistake” feature was also disturbing, which is prob-
ably related to the inconsistency of the provided
timetables and proposed routes with the actual func-
tioning of transport. It should be noted that sentiment
analysis can be carried out (as in his study) to a large
extent with the help of ready-made tools. On the one
hand, this significantly simplifies the analysis, but on
the other hand, the tool is then universal and not
adapted to solving a specific problem. Consequently,
the usefulness of such an analysis is often limited.

The procedure is different in the case of identify-
ing typical problems appearing in the comments. The
used approach required expert identification of the
anticipated problem categories and assigning them to
keywords. Such a procedure is often iterative, based
on repeated attempts in the event of imminent failure.
Keyword selection with this approach is partially
subjective. The approach requires knowledge of the
tested product or service and is associated with
a greater amount of work, but the analysis is tailored
to the solution of a specific problem. Ultimately, the
authors distinguished ten categories for the tested
application, assigning them several keywords. Some
of the categories were universal for the evaluation of
various mobile applications. Such an important cate-
gory of problems typical of all mobile applications are
those related to the stability, performance, and
updates of the application (the “application” category).
In the example used by the authors, as expected,
many negative comments contained keywords
assigned to this category. There were often other com-
ments related to the application’s features belonging
to another distinguished category of “interface” and
much less frequently to the category of “energy con-
sumption”

The categories typical of most mobile applica-
tions also include “sharing personal data”. In the dis-
cussed case, the keywords related to this category did
not often appear in negative comments. Nevertheless,
the business model of many mobile application pro-
viders, including JakDojade, is based on personal
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data processing, which may raise user objection, and
the level of such objection should be monitored.

A similar situation occurs when offering different
versions of an application, usually the basic free ver-
sion and the advanced paid premium version. This is
also the case with JakDojade. The negative comments
included several keywords assigned to the “premium
version” category, which may indicate the dissatisfac-
tion of users with such a pricing policy or a malfunc-
tion of the paid version. On the other hand, such
comments may indicate the limitations and short-
comings of the basic product version, including the
nuisance of displayed ads.

Another group of categories is related to the
specificity of the application or related services. In
this case, such a category is primarily “timetables”. In
negative studied comments, it was by far the most
important category, which is in line with previous
assumptions. The comments relate to incorrect and
outdated timetables, inconvenient proposed routes,
and incomplete real-time information. This category
is related to another distinguished category concern-
ing holiday schedules (the “holiday” category).
Another important category was related to the appli-
cation’s basic functionality, i.e., the purchase of tickets
(the “finance” category). The comments analysis
shows that errors resulting from unsuccessful ticket
purchase transactions using the application are
extremely bothersome.

A characteristic feature of the JakDojade applica-
tion is its diversified usability in individual cities due
to the specificity of local public transport. Hence, the
comments had keywords assigned to the “cities” cat-
egory. This is mainly due to the location of the exist-
ing problems in the geographic comments (usually
related to timetables or the purchase of tickets).
However, contrary to the authors’ expectations, the
number of such keywords was not significant. The
application usually does not receive comments from
people from cities where the service has not been
implemented. Hence, there are few entries for the
limited number of cities where the service is provided.

Some keywords may be difficult to interpret due
to their ambiguity. For example, “navigation” can, on
the one hand, be understood in the context of geo-
graphical navigation related to the user’s location and
the location of individual public transport vehicles.
On the other hand, it can also be understood in the
context of navigation within the user interface. Here,
the analysis of the coexistence of keyword pairs or
their categories, as well as the confidence analysis,
can be useful. The co-occurrence results (Fig. 11)

showed a strong relationship between the “naviga-
tion” category with both the “interface” category and
the “timetables” category. At the same time, the confi-
dence analysis (Fig. 12) showed that a significant part
of the comments relating to the category “navigation”
referred simultaneously to at least one of the catego-
ries: “interface”, “application’, or “timetable”. Such
links help to understand the context of the keywords’
occurrence.

However, some of the strong co-occurrences
between the most popular categories (e.g., the most
popular “application” and “timetable” categories) are
trivial, generally related to the intended use of the
application, and, in practice, not interpretable. It is
also possible to analyse the coexistence of three or
more categories, i.e., either those with the strongest
support or expertly selected combinations of several
categories. This is justified when it is difficult to inter-
pret the presence of individual categories or their
pairs.

The above analyses can at least partially be auto-
mated thanks to the semantic analysis of the text.
Unfortunately, in practice, it is necessary to examine
the content of individual comments in parallel to
understand their meaning more precisely. The
authors had almost 8 000 comments at their disposal.
The random selection showed that they often
described specific situations in which the application
did not work properly (e.g., timetables, purchase of
tickets, updates of the application or timetables,
operation of the application on specific devices, the
complaint handling process, etc.). It is an important
source of knowledge for application developers, but
this type of comment analysis is very laborious. In
addition, many comments contain numerous typos,
incorrect abbreviations, and other linguistic errors,
making it a challenge for automated analysis.

CONCLUSIONS

The research confirmed the usefulness of analys-
ing comments on mobile applications posted in
application stores. Such analysis helps application
developers identify and understand user problems.
However, the possibilities of automating this type of
analysis are very limited. Simple tools that do not
require a significant amount of work, such as the
analysis of the ratings given to the application by its
users or automated sentiment analysis, do not suffi-
ciently explain the motivations of the evaluators. The
semantic analysis of the content of comments gives
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much greater possibilities. Still, it is associated with
a more significant workload resulting from the need
to select the appropriate keywords and their proper
categorisation, which is related to the amount of work
but also requires a good knowledge of the tested
application at the beginning. In practice, if an appli-
cation developer expects detailed information about
user feedback, they usually have to refer to the content
of specific opinions. Their analysis can, to some
extent, be automated thanks to text mining tools, but
it already requires much work.

The authors’ initial intent was to question the
extent to which the analysed comments would con-
cern the application and the entire service. In the case
of JakDojade, comments could relate to the quality of
public transport in general, timetables, punctuality,
and other factors independent of the application.
However, the analysis of the comments showed that
the vast majority of entries concerned the application
and not its broader context. This is an important
conclusion from the viewpoint of the usefulness of
the proposed method for managing the software
development and maintenance process.

Therefore, it was possible to diagnose typical user
problems for the selected JakDojade application,
which may help indicate further development direc-
tions. However, most of all, it was possible to demon-
strate some, though partially limited, usefulness of
the proposed methods of researching user comments
from the point of view of managing the development
of mobile applications. It should be assumed that
similar methods can also be used in the case of other
products and services, although it should be noted
that access to comments related to mobile applica-
tions is extremely convenient due to their distribution
through online stores with extensive comment sys-
tems.
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