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ABSTRACT

Objectives: The aim of this thesis is to analyze and articulate end-user chal-
lenges and pain points in Software Ecosystems (SECOs) based on user feedback. The
problems faced by end-users in SECOs and the methods to address them have not
been studied in existing research. The objectives include understanding developer re-
sponses to feedback, examining the growth of SECO reviews over time, and providing
strategies to mitigate user challenges in SECOs.

Methods: Over 2.4 million user reviews were scraped from 283 ecosystem plat-
forms in app stores and review websites. Among these, over 40,000 relevant reviews
from 139 platforms were classified as "SECO reviews” through manual pair coding
and automated techniques. Subsequently, a training dataset of 5,000 SECO reviews
was labeled as problem categories identified. An XGBoost Machine Learning classifier
was trained using this dataset to categorize SECO reviews into six distinct problem
categories with an accuracy of 93%. Negative reviews were identified using sentiment
analysis, and TF-IDF and Chi-Squared analysis were employed to extract features
associated with each problem category. Finally, a thematic analysis was conducted
on interviews with platform owners using a semi-structured interview approach to
gather mitigation strategies.

Results and Recommendations: Six categories of challenges in SECOs were
identified: Integration, Customer Support, Design & Complexity, Privacy & Security,
Cost & Pricing, and Performance & Compatibility. Each category presented its own
set of pain points, encompassing a wide range of issues experienced by users. FEx-
amples include dysfunctional API errors, user preference for live customer support
instead of chat-based interactions, user switching to competitors due to interface com-
plexity, concerns about scams and fake reviews in marketplaces, unexpected charges
to bank accounts, and device-specific and operating system-specific compatibility is-
sues. The findings show that developers respond to SECO reviews less frequently com-
pared to general reviews and SECO-related reviews have exhibited significant growth
in the past five years, with the integration demands heightened by the COVID-19
pandemic. To effectively address the challenges faced by end-users and developers,
platforms should adopt an API-first mentality, foster a supportive community, imple-
ment stringent vetting processes in marketplaces, employ live feedback tracking tools,
consider developing cross-platform software, establish comprehensive documentation

and guidelines, and maintain transparent policies in user data management.
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Chapter 1

Introduction

1.1 Background

Over the last decade, there has been a significant change in the way software compa-
nies function and use platforms as a type of open innovation to expand their markets,
and have seen a significant increase in their revenue [37]. These platforms serve as the
foundation for creating Software Ecosystems (SECO)s, where the platform provider,
also known as the keystone organization, collaborates and innovates with other soft-
ware vendors [38, 54]. Software ecosystems are complex and dynamic systems, con-
sisting of various software components, platforms, and developers that interact with
each other [38]. Software ecosystems have become an integral part of modern soft-
ware development, with various stakeholders collaborating to develop, maintain, and
evolve a complex software system. Companies such as HubSpot, Salesforce, Xero,
Slack, Shopify, and Wix have thrived from their integration, marketplace, innovation,
and other qualities that make a thriving ecosystem [73]. User feedback plays a crucial
role in identifying issues and improving the quality of the system. Developers rely on
this feedback to make informed decisions and prioritize their actions [57]. However,
identifying common issues faced by end-users of software ecosystems and exploring
developers’ attempts in addressing them remains unexplored in software ecosystem
research.

Various operating system-specific application stores, marketplaces, public review
websites, and keystone platforms like Shopify, which often have their own stores pro-
vide user feedback in the form of reviews [39]. User feedback is a valuable source

of information that can aid in enhancing software quality and user satisfaction. In



recent times, there has been a growing inclination towards examining user reviews
to extract insightful knowledge about software products and recognize areas for im-
provement. Although there have been several previous studies to identify issues and
user concerns through mining user reviews, my thesis explicitly aims to scrutinize
software ecosystem-specific reviews as analysis of ecosystems and their data analytics
remains a challenge in software ecosystems [66].

Analyzing software ecosystem reviews is difficult due to multiple feedback channels
and the presence of third-party applications. It can be hard to distinguish if feedback
is for a single partner application, multiple applications, or the core platform [25].
Platform providers must rely on partners to gather feedback and make it accessible.
The distinction between the core product and partner apps might become unclear,
making it challenging for end users to provide feedback and platforms to analyze
feedback [43].

1.2 Research Objectives

The objective of this research is to identify, categorize and analyze the common types
of Software Ecosystem (SECO) issues in user feedback and the corresponding re-
sponses of developers to these issues. It also aims to examine how SECO-related
feedback changes over time and how platform /keystone businesses react to this feed-
back. Recognizing the most common SECO problems and how they are addressed
can assist developers and platform/keystone organizations in improving the quality
and security of their SECOs, resulting in better user experiences and higher trust
in their products. Additionally, the thesis aims to examine the general sentiment of
reviews and compare that with the sentiment of developer responses to determine
whether there are any differences in the way developers and users perceive the same
issues. Also, by understanding how Software Ecosystem-related feedback evolves, de-
velopers and platform/keystone organizations can stay ahead of potential issues and
proactively address them. The thesis intends to enhance the overall quality and user
experience of SECOs, which are becoming increasingly significant in the software in-
dustry due to the dependence of many software products on third-party components
and services.

Furthermore, the thesis investigates how organizations in charge of software ecosys-
tems respond to user feedback concerning SECO problems. It aims to provide several

recommendations on what strategies can be opted to mitigate challenges and problems



faced by not only end-users but also the third-party developers of software ecosystems.
The recommendations can be useful for emerging and established software platforms.
The topic is motivated by the critical role platform/keystone organizations play in
managing and sustaining software ecosystems, and their responsiveness to user input
can significantly impact the overall quality and user satisfaction of the ecosystem
[38, 73, 11]. The research aims to provide insights into the practices in place for man-
aging and addressing SECO concerns by analyzing the tactics and techniques used
by these organizations in handling user complaints. The thesis can assist in identify-
ing areas where these businesses can improve their responsiveness to customer input,
ultimately enhancing the overall quality and user experience of SECOs.

Overall, this research aims to improve software ecosystem quality and user expe-
rience by comprehensively analyzing user reviews on a large scale and by speaking
to platform developers. To achieve these objectives, the thesis answers the following

four research questions:

e RQ1: What are the different problems faced by end-users in software ecosys-

tems?

e RQ2: How does the sentiment of developer responses and user feedback com-

pare in software ecosystems?

e RQ3: How has the proportion of software ecosystem reviews changed over

time?

e RQ4: What are the recommended strategies for mitigating challenges encoun-

tered in software ecosystems?

1.3 Research Contributions

Upon answering the research questions, the thesis provides several contributions.
Firstly, it unveils a significant methodological contribution in the realm of review clas-
sification by proposing an approach that effectively distinguishes Software Ecosystem
(SECO) reviews from non-SECO reviews. This methodology combines pair coding
with Cohen Kappa’s coefficient to achieve high inter-rater agreement, augmented
by the manual validation of SECO-related keywords and contextual cues for precise

categorization. The significance of this contribution is underscored by its potential



applications in recommender systems and future research endeavors. The thesis in-
troduces six areas of software ecosystem feedback and provides an array of discussion
topics and feedback for each category. Additionally, it also reveals how SECO-related
feedback has grown over time which shows the increasing need for studies in this
space. It then sheds light on the extent and general sentiment of developer response
to user feedback. Furthermore, it investigates how developers or owners of the plat-
form ensure that these problems do not go unnoticed, and examines how the issues
are being addressed in the industry. Based on the findings from the interviews,
the thesis provides seven strategies for mitigating challenges faced by actors in the
software ecosystem. The thesis’ two-fold design will significantly contribute to the
existing knowledge of end-user concerns and the industrial perspective on software
ecosystems and can guide platforms in designing and fostering better ecosystems.
Based on the research, several recommendations were proposed to enhance SECO.
These recommendations focus on adopting an API-first mentality, prioritizing API
development, and improving integration processes to address user and developer needs
effectively. The research also highlighted the importance of actively engaging the user
community, supporting developers, and fostering collaboration to mitigate end-user
problems and improve the overall user experience. In terms of security, the research
shed light on the challenges faced by SECO users, such as concerns about scams, fake
reviews, data mining, and authentication issues. The recommendations emphasize
implementing strict vetting processes, continuously monitoring third-party apps, and
providing developer support to mitigate these security risks and ensure a safe and
user-friendly environment. The thesis emphasizes the significance of design-related
issues and their impact on user satisfaction. The recommendations include improv-
ing mobile responsiveness, creating intuitive interfaces, minimizing in-app ads, and
addressing performance issues to retain users and prevent them from switching to
competitor platforms. It highlights the importance of transparent policies, efficient
incident response processes, and user privacy to foster trust and mitigate risks as-
sociated with data breaches. It emphasizes the need for platforms to establish clear
guidelines, maintain transparent communication channels, and adhere to relevant
regulations. Overall, the research contributions have provided valuable insights into
the software ecosystem, enabling platform owners and developers to make informed
decisions and improvements. The recommendations aim to enhance the user expe-
rience, streamline integration processes, ensure security and privacy, and ultimately

contribute to the success and growth of the software ecosystem.



1.4 Challenges

The problem space related to identifying and analyzing problems faced by end-users
in software ecosystems is riddled with numerous difficulties that need to be addressed.
Firstly, the unavailability of a labeled dataset poses a significant challenge in accu-
rately categorizing user reviews. Without labeled data, it becomes difficult to train
machine learning algorithms to distinguish between software ecosystem-related re-
views and those that do not pertain to software ecosystems. This challenge is ad-
dressed in the thesis by proposing a novel approach that combines pair coding with
Cohen Kappa’s coefficient to achieve high inter-rater agreement, augmented by the
manual validation of SECO-related keywords and contextual cues for precise catego-
rization.

Secondly, distinguishing between reviews that are relevant to the software ecosys-
tem and those that are not is also problematic. For instance, a user may write a review
regarding a feature-specific bug, but this issue may stem from an integration-induced
problem. Although the complaint is relevant to the software ecosystem, it may not be
identified as such since it remains primarily a feature-related problem from the user’s
perspective. Thus, it may not meet the criteria for inclusion in the subset of software
ecosystem-related reviews. The thesis addresses this challenge by introducing six ar-
eas of software ecosystem feedback and providing an array of discussion topics and
feedback for each category.

Next, to ensure comprehensive coverage of software ecosystem-related concerns,
a wide range of topics following established software ecosystem taxonomies must be
captured. This implies that there is a need for a robust methodology to ensure that all
software ecosystem-related concerns are identified and included in the analysis. How-
ever, this poses a significant challenge as different software ecosystems have different
characteristics and features, and there is no single taxonomy that fits all software
ecosystems. The thesis addresses this challenge by providing seven strategies for
mitigating challenges faced by actors in the software ecosystem.

Lastly, user reviews are known to vary significantly in terms of writing style, which
can lead to errors in classification. Different users have different writing styles, and
this can cause problems when attempting to categorize reviews into relevant subsets.
However, all these challenges are addressed in this thesis through its two-fold design
which significantly contributes to the existing knowledge of end-user concerns and

the industrial perspective on software ecosystems.



1.5 Concepts and Definitions

Based on the reviewed literature of Software Ecosystems [54, 38, 39], I will be using
the following definitions and concepts that are relevant to the research presented in
the thesis.

Software Ecosystem: A software ecosystem is a collection of software components,
tools, and services that interact with each other to create a complete software
solution. It comprises different actors, such as software developers, third-party

developers, end-users, and keystone organizations.

Keystone Organization: A keystone organization is an entity in a software ecosys-
tem that plays a pivotal role in driving the development and growth of the
ecosystem. It is a central organization that provides the necessary support and
resources to facilitate the development and growth of the ecosystem. Exam-
ples of keystone organizations in the software ecosystem include Microsoft and

Google.

Third-Party Developer: A third-party developer is an independent developer or a
company that creates software applications or components that integrate with
existing software products. They are not part of the keystone organization but

play a crucial role in expanding the functionality of the software ecosystem.

End-Users: End-users are the individuals or organizations that use the software
products and applications developed by software ecosystem actors. They are
the ultimate consumers of the software and are the reason why the software

ecosystem exists.

User Feedback: User feedback is the information provided by end-users about the
software products they use. This feedback is essential for software developers
and third-party developers to improve their products and enhance the user ex-
perience. User Feedback has also been referred to as 'Reviews’ or "User Reviews’

which in this context means written feedback as a form of review.

App Stores: An app store is a digital marketplace where users can download and
install software applications for their devices. App stores play a crucial role in
the software ecosystem as they provide a platform for developers to distribute

and monetize their software products.



1.6 Thesis Outline

Chapter 1: Introduction The opening section of the thesis provides a summary of
the topic, which includes definitions and the research questions. It also presents
the open problem that will be addressed, along with its context, impact, and
overall motivation for the research. The section concludes with an outline of

the thesis structure.

Chapter 2: Literature review This chapter provides an overview of related work
in software ecosystems and user reviews mining. It discusses previous research
studies, methods used to collect and analyze data, and highlights gaps in the
existing literature that this thesis aims to address. The review serves as a

foundation for the thesis’s research questions and methodology.

Chapter 3: Methodology The third chapter describes the research methodologies
used in this thesis, including quantitative and qualitative data collection and
analysis techniques. It outlines the SECO data set, data collection process, and
preprocessing steps to ensure data quality. The chapter also describes sentiment
analysis techniques used to compare developer responses and user feedback, and

methods used to analyze semi-structured interviews with platform owners.

Chapter 4: Findings and Analysis The fourth chapter will present the findings
of the thesis. The chapter will provide a detailed analysis of the SECO user
reviews. It will answer all of the research questions one by one. The analysis will
include the most common problems faced by end-users in software ecosystems,
the sentiment of developer responses and user feedback, the changes in the
proportion of software ecosystem reviews over time, and strategies to mitigate

problems in SECO based on how keystone organizations address user feedback.

Chapter 5: Discussion The fifth chapter reiterates the research findings and dis-
cusses their implications. It provides a critical evaluation of the methodology,
limitations, and potential threats to validity. The discussion highlights the
practical implications for software ecosystem developers and stakeholders, and

suggests future research directions based on the limitations of the current thesis.

Chapter 6: Conclusion Finally, the conclusion will summarize the key findings
and discussions of the thesis. The chapter will consist of a restatement of the

claims and results of the thesis and will discuss potential future work.



Chapter 2

Literature Review

2.1 Characterization of SECOs

Software ecosystems are complex systems that involve multiple stakeholders, includ-
ing platform owners, developers, and users. In a systematic mapping study [9], re-
searchers present a list of primary characteristics of SECO where natural ecosystem
characteristics, business ecosystem characteristics, architectural concepts, evolution,
and open source models are discussed. One key characteristic of software ecosystems
is the openness of the software platform, which refers to the degree of restrictions with
respect to development, commercialization, and use of the platform [14]. Another im-
portant characteristic of software ecosystems is their architecture. A body of work
in the literature has studied the architectural characteristics of software ecosystems,
but there is still a lack of reference architecture that provides a unified picture of the
business-related and technical architectural building blocks [31]. The architecture of
a software ecosystem can have a significant impact on its success and sustainability.
A software ecosystem is also characterized by the interaction of multiple actors on
top of a common technological platform. These actors can include platform owners,
developers, and users, who work together to create a variety of software solutions or
services. This interaction is crucial for the success and sustainability of the ecosystem
[54].

Another important characteristic of software ecosystems is the community of
stakeholders that companies create to support their platforms. This community can
be made up of a diverse range of actors, including developers, resellers, customers,

and more. By fostering a strong community of stakeholders, companies can ensure



that their platforms are well-supported and can meet the needs of their users [5].
Software ecosystems are also characterized by their interconnection with various in-
stitutions, such as standardization organizations, open-source software communities,
research communities, and related ecosystems. These connections help to ensure that
the ecosystem can evolve and adapt to changing needs and technologies [26].
Software ecosystems can also be characterized by the co-evolution of software
projects within the same environment. This environment can be organizational, such
as a company, social, such as an open-source community, or technical, such as the
Ruby ecosystem. The co-evolution of software projects allows for the development of
a diverse range of solutions and services that meet the needs of the ecosystem’s users.
These involve a software platform, a set of internal and external developers, and a
community of users that compose relevant solution elements to satisfy their needs [6].
Many successful software ecosystems are characterized by their ability to be inte-
grated in real-time [35]. This enables the ecosystem to build more functionalities onto
its core tools and expand its uses. By providing real-time integration, companies can
ensure that their platforms can adapt quickly to changing needs and technologies. Fi-
nally, many successful software ecosystems are characterized by their cost-efficiency,
reliability, robustness, safety, and security. These characteristics are crucial for en-
suring that the ecosystem can meet the needs of its users and provide high-quality

products and services [6].

2.2 User Feedback in SECOs

User feedback is an important means of validating requirements and discovering new
requirements in continuous software evolution [20]. Many software users give feed-
back online about the applications they use. This feedback often contains valuable
requirements information that can be used to guide the effective maintenance and
evolution of a software product [70]. However, users have a low motivation to provide
feedback and prefer applications that do not interrupt their work [20].

Companies have been using user feedback as a critical tool to improve their soft-
ware products and services. User feedback can be provided in various forms, includ-
ing online forums, social media, and support ticket systems. Despite the escalation of
software ecosystem development, growing a sustainable and healthy SECO remains
a significant challenge. One approach to mitigate this challenge is the utilization

of a mechanism that collects feedback from distributors (distros) and end-users of
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the SECO releases [25]. In a software ecosystem, user feedback is typically used to
guide the development of new features, bug fixes, and overall improvements to the
product. One common approach companies use to address user feedback is through
the use of bug-tracking systems. This process involves the collection, categorization,
and prioritization of user-reported issues. There is only a handful of user feedback
analysis studies in software ecosystem, one of which is an assessment of the feedback
mechanism by OpenStack [25]. Companies can then use this information to priori-
tize their development efforts and ensure that the most critical issues are addressed
first. There are many tools available for collecting user feedback such as Customer
Satisfaction (CSAT) or Net Promoter Score (NPS) surveys [32] but user reviews are
the most prominent way of collecting user feedback.

In software ecosystems, user feedback plays a crucial role for several reasons.
Though there is limited literature that discusses the significance of user feedback in
software ecosystems, it can be observed that there are several platform organizations
that discuss the importance of feedback on their respective blogs and online publi-
cations. End-user feedback provides developers with valuable insights into how to
add value to a product by collecting and responding to user feedback [70]. By col-
lecting user feedback, developers can better understand user needs and preferences,
and use that information to improve the product. Additionally, Microsoft! discusses
that user feedback helps developers see things in new ways, correct their course, and
learn and improve their work [19]. Through feedback, developers can identify prob-
lems and bugs in the software, and make necessary changes to improve the overall
quality of the product. Additionally, user feedback allows companies to make changes
to their products based on customer suggestions [34]. This helps businesses to stay
competitive in the market by addressing the needs and concerns of their customers.
Furthermore, user feedback can help the development team focus on resolving pri-
orities, which can ultimately improve software quality while reducing development
costs. By prioritizing feedback and addressing the most pressing issues, developers
can improve the overall quality of the software and reduce the time and resources
required for development. Overall, user feedback is a critical component of software

ecosystems, and its importance cannot be overstated.

thttps:/ /www.microsoft.com/



11

2.3 Challenges and Gaps

Software ecosystem research faces several challenges and gaps. In a more generic
context, understanding the complex interactions and selection of various stakeholders
is crucial but difficult to achieve in SECOs. Developing effective governance mech-
anisms and designing appropriate business models are some significant challenges in
SECO research [7]. Requirement elicitation is also a critical aspect of SECO devel-
opment, as it involves identifying the needs and expectations of various stakeholders
and translating them into specific software requirements [18] which can be obtained
from user reviews.

Analyzing reviews that are specific to software ecosystems is a difficult task for
several reasons. First, the channels of collection of feedback are several. From plat-
form communities, forums, app marketplaces, and mobile application reviews, it is a
difficult task to consolidate feedback for a single platform [25], let alone the gener-
alization of ecosystems. Second, platforms contain several third-party applications,
and it is hard to distinguish if feedback is provided by a user based on their experi-
ence of a single partner application, multiple applications, or the core platform itself.
Researchers describe how it is difficult to analyze user input in software ecosystems
in a 2019 case study [43] using Xero because platform providers must rely on their
partners to offer suitable mechanisms for gathering feedback and making that infor-
mation accessible. Additionally, when partner applications are fully integrated with
the core product, the distinction between the two might become unclear; making it
challenging for end users to distinguish between the core product’s and the partner
app’s capabilities. End users are thus frequently faced with a variety of feedback
channels which can make it challenging for them to provide feedback.

One of the primary gaps is the need to understand the complex interactions and
selection of various stakeholders involved in software ecosystems including end-users
[33]. While user feedback is crucial for validating requirements and discovering new
ones, users generally tend to have a low motivation to provide feedback [20], and
there is limited literature discussing the significance of user feedback in software
ecosystems. Researchers and companies can mitigate this challenge by developing a
mechanism for SECOs that collects, monitors, and reports feedback from all actors,
distributors, and end-users and using user reviews. This thesis aims to address some
of the gaps in software ecosystem literature by analyzing user reviews specific to

software ecosystems.
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Previous studies [50, 59] have mainly focused on classifying software product and
mobile application reviews into bug reports, user experience, feature requests, and
other categories that describe the nature of the review, but no generalization of specific
problems in ecosystems has been made, given the complex nature of SECOs. There is
a need to specifically examine software ecosystem feedback to first classify and then
identify the unique problems of end-users, which may not always be general feedback
such as bug reports and feature requests, in order to address data and platform
analytics research challenges in SECO. This is an opportunity and a gap in SECO
literature that can help developers better understand their users’ needs and improve

their software products accordingly.

2.4 Related Work

Software ecosystems have become an important area of research in software engi-
neering due to the increasing complexity of modern software systems. A software
ecosystem is defined as the interaction of a set of actors on top of a common tech-
nological platform that results in several software solutions or services [54, 38]. The
SECO concept has been widely used to describe various software systems, including
mobile app ecosystems [61], cloud computing platforms [10], and open-source software
communities [42]. SECOs are different than software products that is a collection of
solutions produced by a single business and packaged together. In a mainstream
product, the tools in that package are all intended to function together, but adding
additional tools that weren’t part of the original package can be difficult [75].

Several studies have identified various problems in SECOs, such as coordination
problems [23], vendor lock-in [62], interoperability issues [4], and project management
[29]. These problems can hinder the growth and sustainability of SECOs and limit
their potential benefits to users and developers. The challenges of SECO research
include understanding the complex interactions and selection of various stakeholders
[45], developing effective governance mechanisms [7], and designing appropriate busi-
ness models [38]. Furthermore, requirement elicitation is a critical aspect of SECO
development, as it involves identifying the needs and expectations of various stake-
holders and translating them into specific software requirements [18].

The use of Natural Language Processing (NLP) and user review mining has be-
come a popular research topic in software engineering due to the increasing impor-

tance of user feedback in software development [51, 8, 67]. This approach involves
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analyzing user reviews to extract useful information, such as feature requests, bug
reports, and user opinions. User review mining has been applied to various software
engineering areas, including mobile app development and social media analysis. Work
similar to mine has been on identifying privacy themes from user feedback [56] and
classifying advertisement-related reviews [27]. However, there currently is no study
that examines user feedback specific to Software Ecosystems.

A meta-analysis of the research field of software ecosystems [66] presents a rele-
vant list of literature and six themes in which challenges for software ecosystems can
be grouped: Architecture and Design, Governance, Dynamics and Evolution, Data
Analytics, Domain-Specific Ecosystems Solutions, and Ecosystems Analysis. John-
son et al. [43] discussed the challenges of managing the crowd and of analyzing the
inputs when multiple, heterogeneous feedback channels exist in software ecosystems.
Although previous studies have been made to identify problems and concerns through
user reviews [28, 69], my thesis focuses on analyzing reviews that are specific to soft-
ware ecosystems, which has been a difficult task due to the unique analytics challenges
in SECO research such as variety, uncertainty, and inconsistency, speed of generated
comments and data, and privacy issues, [66] in addition to the ones discussed, which
is why a case of analysis of user feedback in SECOs can be made.

I see understanding end-user concerns and user review classification as an opportu-
nity and a gap in SECO literature. This can help SECO developers better understand
their users’ needs and improve their software products accordingly. My work aims
to address some of these gaps by demonstrating a range of problems in this space so

that SECO development emphasizes the importance of user-centric design.
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The thesis uses a mixed-method approach with both quantitative and qualitative data

analysis. It can be summarized as illustrated in Figure 3.1
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3.1 Baseline SECO platforms

Firstly, I listed 15 popular SECO platforms, based on their characteristics such as
Integration, Innovation, Interoperability, Marketplace, Software as a Service (SaaS),
and integration Platform as a Service (iPaaS) that define a SECO [38, 73, 42, 54] (also
see SECO characterization in Chapter 2.2) in addition to the well-defined classifica-
tion of software ecosystems by Jansen et al. [41]. According to this research, Software
ecosystems are supported by different types of technology, including software plat-
forms such as Andriod, i0S, Eclipse, etc., service platforms such as Wordpress, Hub-
Spot, Salesforce, Spotify, etc., and software standards such as XBRL, Open Design
Alliance, etc. I further expand on the discussed ”service platform” by categorizing
them according to service sectors. I selected one or two platforms for each sector
that serve as a baseline to retrieve similar platforms. I picked e-commerce platforms
(Shopify and WooCommerce), CRM tools (HubSpot, ZenDesk, and MailChimp), Soft-
ware as a Service (SaaS) (SalesForce and Xero), Communications Platforms (Slack
and Teams), Payment Integration software (Square Up), Integration Platform as a
Service (iPaaS) solutions (Zapier), development platforms (Wiz and WordPress),

and Human Resources Integration Platforms (Bamboo HR).

3.2 Dataset Curation

I listed applications from Play Store and App Store search queries (regex = "software”
+ "as a service/platform/ecosystems/integration”) and by retrieving platforms ”simi-
lar” to the ones listed in baseline using the implemented libraries mentioned below. A
total of 283 platforms were listed, but only 139 (see Appendix A for the complete list)
of them were used for analysis based on relevant reviews which are discussed in the
next. I used sources shown in Table 3.1 to collect user feedback from where I scraped
2,455,285 user reviews. The reviews were scraped using manual web scraping on

1 and app-store-scraper? libraries in Python?® for

TrustPilot, the google-play-scraper
respective Google and Apple app stores, Kaggle* for Shopify store reviews, and di-
rectly from organizations. I combined all of it to form a single dataset with attributes

source’, ‘platform’, ‘review content’, ‘review date’, and ‘developer response’.

thttps://github.com/JoMingyu/google-play-scraper
Zhttps://github.com/cowboy-bebug/app-store-scraper
3https://www.python.org/

4https://www.kaggle.com/
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Source Reviews Collected SECO Reviews
TrustPilot 100,666 4,146

Google Play 1,396,059 17,089

App Store 159,595 1,778

Shopify Store 797,967 16,250

Other 998 998

Total 2,455,285 40,261

Table 3.1: User Feedback Collection

I employed pair coding using Cohen Kappa’s coefficient [47] with an agreement
saturation exceeding 0.81. Before dividing the 6000 review sample, 500 randomized
reviews (125 per rating) were chosen for manual assessment of software ecosystem re-
view classification in pairs. An evaluator labeled 500 identical SECO-related reviews
over b iterations of 100 reviews each, yielding an increasing agreement score until
the bth iteration. In total, 848 SECO-related reviews were identified through pair
coding. SECO-related keywords such as ”platforms, integration, ecosystems, plugins,
sync” were used to identify SECO-reviews and were manually validated with an un-
derstanding of the context of the reviews. Reviews like ” Nothing but issues with this
platform. You change a setting and it doesnt work on *third-party app name*, fix it
on *plugin name™ and the platform changes it back!! Terrible Customer service dont
help much, just tell you to speak to *platform name*! Who say its an integration
1ssue. Wasted two days trying to integrate this and would have been quicker doing
it all manually!” were marked as a SECO review whereas reviews like " Its a very
useless app. It cannot run in normal internet speed. It’s a a lot of confusion to use
this app. It buffers a lot while attending class” were marked as not relevant.

Subsequently, an XGBoost classifier [15] was trained using the labeled 6000 reviews
with a standard 80:20 proportion of train-test split for training the model. XGBoost
is employed for binary classification due to its ability to handle imbalanced datasets
effectively and provide accurate predictions. In the next phase of classification in-
volving multi-class classification, XGBoost is chosen for its versatility in handling
multiple classes and its capability to optimize for a variety of evaluation metrics [15].
The model was trained with 0.97 accuracy, 0.99 precision and 0.80 recall, and 0.89
Fl-score, indicating high accuracy and reliability [55]. Having applied the 2.4 million
reviews on this classifier, I was left with 40,261 reviews related to SECO from 139

platforms. Table 3.1 shows a breakdown of reviews retained from all the sources.
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After listing and verifying 139 different platforms, I have presented a brief break-
down of these platforms in Table 3.2. The table provides an overview of the different
categories of service platforms [41] that were identified and discussed in section 3.1 of
the thesis. In order to better understand the nature of analyzed platforms, I manually
classified them into the respective categories and then aggregated the count for each
category, in order to provide a clear understanding of the distribution and prevalence
of service platforms across different categories. For consistency of categorization, the
third-party apps from the Shopify store are counted as 'Shopify’ platform altogether.
These platforms were grouped based on their nature by manual observation and by

reading the app description (when needed) on their respective deployed sources.

Service Platform sub-category Platform Count

E-commerce platform 57
CRM platform 35
Integration Platform 21
Payment platform 10
Website Development 10
Communications platform 6
Total 139

Table 3.2: Categories of Service Platforms

3.3 Manual Multi-class Labeling

On the 40,261 SECO-related reviews, I manually (2000 reviews) and with relevant
keywords(3000 reviews) labeled over 12 percent of the SECO-review-only dataset.
First, to select a statistically representative sample for the manual labeling, I assume
a confidence level of 98 percent, a population proportion of 0.5, and a margin of
error of 0.05. Using confidence to justify the sample [46], the sample size required
to achieve this level of precision is calculated to be a minimum of 535. However, I
selected 2000 reviews with 400 each from rating 1-5 to select a balanced dataset for
manual labeling and further labeled 3000 more reviews as explained below.

Upon manual observation of the reviews, I listed 6 common SECO issue themes
and performed single-label, multi-class, manual classification following a well-practiced
card-sorting technique [68]. A considerable time was spent observing the reviews to

develop the most relevant keywords, as shown in table 3.3, for each label. The rele-
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vant keywords were created by observing term frequencies using TF-IDF Vectorizer

[60] and manual observation on each subset of the label. All of the keywords in each

category were mutually exclusive.

Label ID Label Name

Keywords

0 Integration

1 Customer Support

2 Design and Complexity

3 Privacy and Security

4 Cost and Pricing

) Performance and Compatibility
6 Other

integration, API, plugin, sync
customer, support, representa-
tive, speak

interface, confusing, hard, easy,
design, customization

privacy, security, beware, fake,
scam, login, authentication, pass-
word

price, cost, refund, expensive,
charge, buy, payment, credit,
card, merchant, money

device, phone, slow, response, fre-
quent, audio, video, crash, desk-
top, web, mobile, quality

Table 3.3: Relevant keywords for each SECO issue type

I use these keywords to filter the 3000 reviews from the dataset for further labeling.

On this subset, I selected 600 reviews in each rating (1-5). I observed that a review

belongs to a class with high confidence when at least 2 of the keywords were present

in the review. For example, the review ” The wntegration does not seem to work.

My social media doesn’t sync anymore included keywords such as ”integration” and

"sync”, and was classified as an integration problem. Hence, to start, at least 2

keywords needed to be matched in either label to be classified. If none two matched,

at least one keyword need to be matched. If none of the keywords matched, they

were simply classified as 'Other’. I manually verified 200 randomized reviews and

observed all of them accurately represented SECO-related concerns without any major

overlapping of categories when filtered with at least 2 matching keywords.
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3.4 Classifier and Analysis

I used XGBoost® as the primary classification model to classify reviews based on
different categories. I used a dataset of 5000 train-test training reviews, which were
preprocessed using well-used and known NLTK toolkit features® such as stop word
removal, filtering out non-English words, tokenization, and lowercase conversion. I
performed a training-test split with a frequently used ratio of 80:20, where 80 percent
of the data was used for training, and 20 percent of the data was used for testing. I
used precision, recall, and F1-score as evaluation metrics to measure the performance
[55] of the model in different categories. The evaluation metrics were calculated for
each category and then averaged using macro and weighted averages. As shown in
table 3.4, the XGBoost model achieved an accuracy of 0.93, with a macro average
precision of 0.92, recall of 0.89, and F1-score of 0.90, which indicates that the model
was able to classify the reviews into different categories with very high accuracy. To
validate the performance of the model, I manually verified a sample of 50 reviews

from each category, which resulted in an accuracy of 91 percent.

Label ID Precision Recall Fl-score
0 1.00 0.97 0.99
1 0.99 0.97 0.97
2 0.97 0.93 0.95
3 0.94 0.79 0.86
4 0.82 0.82 0.82
5 0.88 0.74 0.80
6 0.85 1.00 0.92
Accuracy 0.93
Macro Average 0.92 0.89 0.90
Weighted Average 0.93 0.93 0.93

Table 3.4: Classification Report

I compared the XGBoost model’s performance with the average (weighted) as
shown in table 3.5, with other Scikit-learn” classification models, such as Linear SVC
and Random Forest. The XGBoost model outperformed the other models with an

accuracy of 0.93, while Linear SVC and Random Forest achieved an accuracy of

Shttps://github.com/dmlc/xgboost
Shttps://www.nltk.org/
"https://scikit-learn.org/
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0.84 and 0.82, respectively. The methodology demonstrates the effectiveness of using
XGBoost for classifying reviews into different categories. The evaluations suggest
that the model can be used for the automated classification of SECO-related reviews,

which can help in identifying customer sentiments and feedback about platforms.

Classifier Accuracy Precision Recall F-1 Score
XGBoost 0.93 0.92 0.89 0.90
Linear SVC 0.84 0.83 0.82 0.82
Random Forest 0.82 0.81 0.78 0.79

Table 3.5: Model Comparison (macro-average)

I confidently implemented the classifier on the 40,261 software ecosystem reviews.
[ identified the most frequent terms (also referred to as features) using a set of negative
reviews for each category. The set of negative reviews belonging to each category is
kept using Vader Sentiment [36] with a negativity score of over 0.4. Vader Sentiment
generates polarity scores using the formula listed in Equation 3.1 where N is the
number of words in the text, w; is the sentiment intensity of word i (obtained from
the Vader lexicon), C; is the number of occurrences of word 7 in the text, and Z;V:1 w
is the sum of the absolute values of the sentiment intensities of all words in the text.

N
wW; Ci

Vader Sentiment Score = Z ~

i=1 22j=1 Wj

(3.1)

The frequent reviews terms are extracted using TF-IDF as ”features”. In equation
3.2, t is a term (word), d is a document, D is the corpus (collection of documents),

'tf” is the term frequency, and ’idf’ is the inverse document frequency [60].

t£idf(t, d, D) = ti(t, d) - idf(t, D) (3.2)

The reviews were preprocessed to remove non-English words, stop words, and
tokenize them. I then performed Chi Squared analysis to measure the association
between each feature and its’ corresponding label. The chi-Squared analysis is a
popular method not only for hypothesis validation but also useful for feature selection
and computing association between features and their labels [78, 64, 65]. It can be
implemented using the formula in 3.3 where y? is the chi-squared statistic, n is the
number of categories, O; is the observed frequency in category ¢, and E; is the expected

frequency in category .
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X = Z @ (3.3)

i=1 ’

Additionally, T compute three-tier sentiment polarity scores (positive, neutral,
negative) of review content and their corresponding response content with TextBlob.®
TextBlob is an effective open-source Python library used in the analysis of different
textual contexts, especially understanding text-based sentiments [3]. It can be im-
plemented using the formula listed in 3.4 where w; is the weight of the ¥ word and
p; is the polarity score of the i* word. n is the total number of words in the text.
The polarity ranges from -1 to 1. I group them by categories in order to understand

developer response sentiment towards the reviews.

Z?:1 (w; - p;)
Z?:l w;

TextBlob Polarity = (3.4)

3.5 Interviews

In the last part of the study, I employed qualitative research using semi-structured
interviews [49]. The interviews were structured to elicit information about the mea-
sures they take to address issues that were identified in the user feedback analysis so
that a set of mitigation strategies could be derived and articulated. The interviewees
for this part of the study consisted of four platform executives who were selected
based on their roles and positions within their respective companies as shown in table
3.6 in addition to the platform’s profiling (platform’s name, however, is coded as P1,
P2, etc. to maintain anonymity). The selection of interviewees used for this study is
purposive sampling [71], which involves selecting individuals based on their expertise
and knowledge of the research topic as well as the companies’ reviews being part of
the analysis. The interviewees were asked questions such as how they monitor the
user feedback in their platforms, how they ensure seamless integration, what strate-
gies would they recommend in solving the found challenges, how they manage an
evolving marketplace of vendors, and other questions relating to the findings present
in Chapter 4.

The interviews were conducted virtually, and the questions were designed to elicit
information about how the findings from user feedback analysis relate to these plat-

forms. To ensure consistency and accuracy of the data collected, the questions were

8https://textblob.readthedocs.io/en/dev/
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Title Company Established Size (employees) Country
Chief Technol- P1 2017 100-200 Canada
ogy Officer

VP Engineering P2 2013 50-100 Canada
Platform P3 2006 8000-10000 USA
Ecosystem

Advocate

Chief Technol- P4 2017 300-500 Nepal
ogy Officer

Table 3.6: Interviewee Profile

designed to relate to the findings from the user feedback analysis, which identified
different categories of issues. The participants were presented with the results of the
analysis in the category of issue from the classification and were asked specific ques-
tions about their awareness of these issues and the measures they take to address
them.

The interviews were conducted following ethical principles, including informed
consent, confidentiality, and privacy. The participants were informed about the
study’s purpose, their role in the study, and the confidentiality and anonymity of
their responses. They were also given the option to withdraw from the study at any
time.

The data collected from the interviews were transcribed, sorted, and analyzed
using a thematic analysis approach. Thematic analysis is a widely used qualitative
research method that involves identifying and analyzing patterns and themes in data
[16]. This approach enabled me to identify and analyze the themes and patterns in
the data related to how companies identify and address issues related to software
ecosystems through user feedback. Table 3.7 provides an example of how key points

from the interviews were grouped into themes and were transformed as a strategy.



Example Themes Platform Example Quotes

API vs One-off P2

P4

Marketplace Regulation P3

P4

Feedback management  P1

P3

like most about working with that
small startup Is that they have an
api first mentality? It’s in the dna
of the company that they’re build-
ing an API. So they’re not going
to hit the same issues, right?
The entrepreneur is not reading.
In their book says, Api first, you
know, similar to a route that 1
have the companies like 1 work in
right now don’t have a data strat-
eqy.

So we can’t control how every sin-
gle partner delivers that support
obviously.  You know, we have
standards in our marketplace.

If somebody had essentially aban-
doned all supported their app and
they would be removed from our
marketplace

We use a full story, which can
monitor user interactions within
the apps. And then, you know,
we get notices of, like rage clicks,
things like that, where they go.
But Yes, that would address the
privacy and security. Issues from
the platform side. Also, one of the
things we noticed in user feedback,
where the fake reviews in the mar-
ketplace, They were, so it’s cru-
cial to monitor feedback.

Table 3.7: Thematic analysis example

23
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Chapter 4
Findings and Analysis

In this chapter, I explore the distribution of SECO reviews and answer the research

questions from Chapter 1 and discuss the findings.

4.1 Distribution

The software ecosystems reviews are classified into seven categories: Integration,
Customer Support, Design and Complexity, Privacy and Security, Cost and Pricing,
Performance and Compatibility, and Others. The distribution of ratings in each

category can be summarized in Figure 4.1.

Distribution of Ratings by SECO Issue Type

category

Figure 4.1: Distribution of Rating per Category
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Out of a total of 40,261 reviews, 'Integration’ has the highest proportion of soft-
ware ecosystem reviews, at 28.85 percent. 17.67 percent of the reviews fall under
"Customer Support’, making it the second highest category, followed by 'Design and
Complexity” with 8.35 percent. The lower proportion of reviews can be observed
in "Privacy and Security’ at 4 percent, 'Cost and Pricing’ at 6.74 percent, and the
lowest proportion of reviews belonging to 'Performance and Compatibility’ at 2.80
percent. The irrelevant reviews as discussed in Chapter 3.3 were classified as 'Other’
with 31.58 percent of the reviews. The count of final reviews per category per rating
can be viewed in Table 4.1 and median ratings and review proportion can be viewed

at a glance in Figure 4.2.

Percentage of Reviews and Average Rating by Category
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Figure 4.2: Proportion of Reviews and median Rating per Category

SECO reviews, on average have a rating of 3.85/5 (excluding the ’other’ cate-
gory). The distribution suggests that users place a high value on Integration when it
comes to software ecosystems and that feedback related to customer support is a com-

mon occurrence. 'Integration’, and 'Design and Complexity’ are highly rated. The
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Label ID All Rating 1 Rating 2 Rating 3 Rating 4 Rating 5

0 11615 502 215 319 1067 9512

1 7114 1884 260 208 339 4423
2 3360 245 90 89 345 2591
3 1616 711 98 86 125 296

4 2714 701 100 129 242 1542
5 1126 187 78 113 166 582

6 12716 910 167 315 1153 10171
Total 40261 5140 1008 1259 3437 29417

Table 4.1: Post-classification Reviews in Numbers

Integration’ category had the highest median rating, with a median rating of 4.62,
indicating that users generally have a positive experience with integration-related is-
sues. Similarly, the 'Design and Complexity’ category received a median rating of
4.47, indicating that users have a generally positive experience with these types of
issues.

"Privacy and Security’ is of major concern. The "Privacy and Security’ category
received the lowest median rating of 2.87, indicating that users are highly concerned
about issues related to privacy and security. This is an important finding, as privacy
and security are critical components of any software ecosystem. ’'Cost and Pricing’
receives mixed reviews but remains a significant concern for many as this category
received a median rating of 3.67, indicating that users have mixed feelings about these
types of issues. This suggests that pricing is a complex issue that depends on a variety
of factors and that users have a range of opinions about what constitutes fair pricing.
"Performance and Compatibility’ also received mixed reviews. The "Performance and
Compatibility’ category received a median rating of 3.78, indicating that users have
mixed feelings about these types of issues as well. This suggests that users have
varying experiences when it comes to performance and compatibility-related issues
and that these issues can be complex and difficult to resolve. The ’Other’ category
is quite diverse and covers a wide range of issues, making it difficult to draw specific
conclusions about what users are most concerned about in this category.

It is interesting to note that 'Privacy and Security’ with one of the lowest pro-
portion of reviews received the lowest median rating of 2.87. It only accounts for
4 percent of all reviews, indicating that it may not seem a major concern for most
users but the users that do see it as a concern, understand the severity of the issues.

Similarly, "Performance and Compatibility’ has the lowest proportion of reviews at
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2.8 percent but received a below-average rating of 3.78, again indicating the severity
of issues that many users may not have noticed. It is worth noting that while the
proportions of reviews in each category can provide insights, they do not necessarily
indicate the quality of the software product. The median rating for each category
is important to consider, as it can provide a more nuanced understanding of users’
experiences. For example, while ’Customer Support’ has a high proportion of reviews,
its median rating of only 3.72 is lower than the median ratings of 'Integration’ (4.62),
'Design and Complexity’ (4.47), and all but 'Privacy and Security’. This suggests
that while users may be more likely to leave reviews about customer support, their
experiences have not always been positive.

The proportions of SECO reviews in each category can provide valuable insights
into the areas of software ecosystems that are most important to users. While cus-
tomer support and other general aspects of software products are of utmost impor-
tance, a holistic overview of all the aspects of software feedback needs to be captured.
Additionally, the relatively low proportion but a very low median rating of reviews
in the 'Privacy and Security’ and ’Performance and Compatibility’ categories may
suggest that users have fewer but serious concerns in these areas. However, to gain
a more complete understanding of users’ experiences, it’s important to consider both

the proportions of reviews and the median rating for each category.

Finding 1: 'Privacy and Security’ reviews, having one of the least proportion
also have the least median rating, demonstrating fewer but extremely critical
feedback. ’Integration’ is the most discussed SECO-related review category,
followed by ’Customer Support’ and 'Design and Complexity’, all of which
have generally positive ratings. Despite 'Cost and Pricing, and "Performance
and Compatibility’ topics having the least proportion of reviews, they have a

lower-than-average rating.
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4.2 RQ 1: SECO End-user pain points in User
Feedback

In this section, I present the findings from reviews for all classified areas of SECO

1ssues.

4.2.1 Information Retrieval

In order to find the discussion topics from user reviews, I performed the following set
operations as an implementation of the analysis methodology discussed in Chapter
3.4:

Let C be a set of reviews with respective category IDs, where review r; has a
sentiment score s; € positivescore, negativescore.

Let C' = (l;, R;) | 1 =1,2,...,n,s; = negative score > 0.40 be the set of negative
reviews.

Let L =1y,15,...,l, be the set of categories present in C.

Define R; = r; | r; € R; and s; = negative as the set of negative reviews belonging
to category [;.

Define TF-IDF. : R, — F, where F' = (r, f) |r € R, f € W is the set of review
features for all reviews in C.

Let F/ = f | (r, f) € TF-IDF¢(R),r € R; be the set of features present in reviews
of category [. The frequent reviews terms are extracted using TF-IDF as ”features”.

Let x2(f,1) be a statistical measure of association between feature f and category
[. Then, the set of categories and their top 100 features with a x2(f,1) is given by
(Labels, (feature, score))[1,100] = (I, F}, x*(f,1)) | L € C, f € F/,x*(f,1).

4.2.2 Integration

The first category of pain points in software ecosystems is related to integration which
is summarized in Figure 4.3 which visualizes the top features extracted along with
their respective Chi-square scores, with the most common issues being ”problems
with integration” and a ”lack of integration” altogether. These are followed
by ”cross-platform” issues, API errors, and ” API key problems”. An error
code, 7 API Error 411” was one of the terms with higher associations. It is clear
that users are frustrated with the difficulty of integrating different software compo-

nents and systems, which leads to inefficiencies and lost productivity which is a key
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Integration
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Figure 4.3: Top Features extracted from Integration Category

indicator of SECO health [17]. One of the most common integration complaints is
regarding ” Facebook API errors”. For instance, a user complained about trying
to integrate their e-commerce store with Facebook for advertising purposes but can-
not get the integration to work, resulting in wasted time and potential lost revenue.
Similarly, integration errors with ”Google API” caused issues with SEO and other
critical aspects of online business. Another common integration issue mentioned in
the data is the lack of ”PayPal integration”, which can be a significant problem
for businesses that rely on payment integrations. ”Mailchimp integration” and
”Outlook Integration” are other common issues that cause problems with email
marketing campaigns, and not having ” Content API” caused problems for content
creators who want to integrate their content with various platforms. It is worth noting
that several of the pain points in this category are related to specific platforms, such
as ” Android integration”. This suggests that users are encountering issues when
trying to integrate these platforms with other software systems or components. The
pain points related to integration in software ecosystems can have significant impacts

on productivity and revenue [12].
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.. .worst customer service, api docs and implementation i have ever en-
countered during my career as a developer. i had to build everything from
scratch, since they are not working with react native, and doesn’t care
about implementing it on the future. even then, the ios sdk simply doesn’t
work and there is no explanation for why the app crashes. i hope i never

have to work with them again.”

In the example review above, cited from the dataset, the user’s negative experi-
ence with the software ecosystem provider has likely resulted in frustration and wasted
time for the user, as well as potential negative impacts on their project or business.
For the software ecosystem provider, this review signals a need to improve their cus-
tomer service and integration support, as well as increase compatibility with popular

development tools to better serve their customers and avoid negative feedback.

Finding 2: Dysfunctional integration such as API key errors, unavailable inte-
grations, platform-specific, operating system-specific, and device type-specific
errors are the leading integration problems faced by SECO users, directly im-

pacting productivity.

4.2.3 Customer Support

The second category, summarized with features and their respective Chi-square scores
in Figure 4.4, is regarding customer support, which is crucial for any software’s suc-
cess [30]. Although at first glance it may look generic customer support problems,
they were extracted from the reviews that contained SECO-specific complaints. The
top pain point in this category is ”worst customer service” with the highest
chi-squared value, which indicates significant dissatisfaction among users with the
customer service provided by the software ecosystem. Other pain points related to
reaching customer support include ”service impossible to reach” and ”impossi-
ble to speak”. These issues suggest that users are having difficulty contacting cus-
tomer support representatives through available channels such as ” phone, email, or
chat”. Problems related to the quality of customer support include ”service joke”
and ”service rude”. This suggests that users are dissatisfied with the quality of
service provided by customer support representatives, either due to lack of knowl-
edge, empathy, or professionalism as one of the frequent terms observed is ”doesn’t

answer question”. Some reported the support staff to be ?rude”. The language
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Figure 4.4: Top Features extracted from Customer Service Category

barrier is a problem as well, as the term ”speak English” was frequently observed.
Customers seem to prefer speaking to ”real humans” over ”chat”. This could be
a major issue with software providers and companies relying on chat-bots [1, 24| over
live support as poor customer service could result in lost customers and damage to
brand reputation [63]. The fact that some users are finding it impossible to speak
with a ”live person” also suggests that there may be issues with the support chan-
nels available to users. Platforms may need to invest in better support channels to
ensure that not only users, but the third-party developers have access to the help they
need as ”no seller support” was observed to be equally significant. Users have a
variety of dissatisfaction with the customer support provided by the platforms, both
in terms of reaching customer support and the quality of service provided. This can
lead to frustration, poor user experience, and ultimately loss of customers especially

in customer relationship management(CRM) and B2B platform models. [77].

”...makes it almost impossible to find their customer service number! the
** chat bot just leads you to the "help” page. what really makes me mad
15 that I do not take contacting telephone or email support lightly. I make
every last attempt to solve a problem myself before contacting ***. the

problem is that *** does not respect me at all. I hate that...”
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The review cited above!, is a good example to consider the limitations in discussing
how helpful chat-bots can be in customer support for platforms. Additionally, since
ecosystems are prone to high uncertainty in a number of actors, internal and external,
it is important for platforms to stay on top of making the end-users feel understood

and valued.

Finding 3: SECO users prefer to speak to live customer support over chat and
emails. Wait times, not having sufficient support for end-users and third-party
developers, language barrier, and lacking empathy are the core customer service
problems faced by SECO users.

4.2.4 Design and Complexity

Design & Complexity
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Figure 4.5: Top Features extracted from Integration Category

While the scope of user experience is very wide [48], in the thesis, the most frequent
pain point in this category, summarized with features and their respective Chi-square
scores in Figure 4.5, is around the topic ”bad user interface”. Though this is
a general finding, it can be evaluated in several ways from previously established

theories [58] and my own findings such as problems in ”sorting” and ”ads” which

1Only the relevant part of a review is cited to trim the length.
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range from a simple design issue to more complicated in-app advertisement problems.
Some of the other topics provide more specific examples of what users find challeng-
ing about the software interface. For example, the ”mobile app interface” topic
showed that users have difficulty with software that is primarily mobile-based. The
”web interface” related reviews mentioned that users find web-based software chal-
lenging to navigate. ” Confusing interface” and ”interface unintuitive” further
emphasize the difficulty users have in understanding and using the software interface.
Additionally, ”interface slow” and ”lags” indicate that users have problems with
the performance of the software. Reviews suggested that ”slow” and ”unrespon-
sive” platform interfaces are significant sources of frustration for users. Issues such
as ”desktop interface” and ”other app easy” indicate that users have trouble
with desktop-based software and that they may compare it unfavorably to other,
more user-friendly applications, proving the need for platforms to be competitive.
The topics in this category suggest that users find software with bad or confusing
user interfaces frustrating and difficult to use. This can lead to decreased produc-
tivity, innovation, and satisfaction with the software, which ultimately influences the

platform’s life and death, as learned from the failures of early ecosystems [22].

"basic functions like changing your address or applying coupons are im-
possible! and support is hard to contact. i spent 45 minutes trying to apply
the right coupons at check out and figure out how to change my address
because i moved. eventually © just gave up and found similar products at

other retail stores.”

The user review above highlights two major issues: firstly, the basic functions of
the platform are not user-friendly and difficult to use, which can lead to frustration
and potentially cause users to switch to alternative options. Secondly, the lack of
accessible and responsive customer support makes it even more challenging for users
to resolve their issues or get help, which can further exacerbate their frustration and
lead them to abandon the platform altogether. I found several other feedback where

users talked about switching to a competitor because of the complexity of ecosystems.

Finding 4: Mobile responsiveness, confusing and unintuitive interfaces, in-
app ads, lags, and crashes among others are the primary design issues faced by

SECO users which are causing them to switch to the platforms’ competitors.
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4.2.5 Privacy and Security
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Figure 4.6: Top Features extracted from Integration Category

Privacy and security are critical concerns for most software users, especially in the
e-commerce platform realm [72], and it is no surprise that this category, summarized
with features and their respective Chi-square scores in Figure 4.6, has some of the
most critical pain points. Users are often hesitant to trust a platform with their per-
sonal and sensitive information [2], and the reviews in this category reflect that. The
features discussed in this category are ”possible scam”, ”fake app,” and ”fake
reviews” all of which suggested that users are worried about the legitimacy of the
platform and the third-party apps they are using. These reviews stem from experi-
ences with fraudulent websites or apps that have scammed users out of their money or
personal information. Some important pain points in this category were ”impossible
login”, ”user interface login”, and ”keeps asking password” indicating that
users are struggling to access their accounts. This was observed due to a variety of
factors, such as technical issues or security measures that are too stringent. Regard-
less of the reason, it is clear that users find this issue frustrating and concerning. An
interesting issue topic identified is ”data mining” showing that users are concerned

about how platforms are mining their personal data. Other pain points in this cate-
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gory relate to user authentication and security measures. For example, ”username
password” and ”user unfriendly login” suggest that users are struggling with
the login process, whether it is too complex or too simplistic. The issue topic ” mar-
ketplace scammers” suggests that users are worried about fraudulent third-party
marketplace sellers on the platform, while ”law enforcement” indicates that some
users may have concerns about the platform’s relationship with law enforcement and
compliance. Platforms that can address these concerns and implement robust security
measures by clearly stating policies, increased lucidity, and readability as readability

are likely to have happier and more trusting users [21].

"platform doesnt do anything to make sure quality is a priority nothing
to make sure the user is safe from being scammed. they have no policy
i place of quality is low they just say its a matter of taste. .. save your
money use a legitimate platform so at least you are guaranteed quality when
1 say bad 1 mean bad. you will not get a refund they prettty much doesnt
do refunds unless mutual parties agree, but if somebody is scamming you
from across seas they are not going to have the best moral compass and
do the right thing and cancel. i have been scammed twice in this platform.
remember review can be bought on this and they also can be bought on
*FFE unfortunately i1 had to learn the hard but you don’t please if you

are tight on money like i am don’t waste it on ***.”

The user review highlights significant issues with the quality and safety of the
platform, with no policies in place to address these concerns. They lack policies
against marketplace scams and the potential for fake reviews raises serious doubts
about the credibility of the platform. The user strongly advises against using the
platform and suggests finding a legitimate alternative that guarantees quality and
safety. Platforms should rigorously monitor the services offered by third-party de-
velopers to ensure quality and satisfaction. Additionally, they should have review
monitoring and filtration systems to ensure that there is an absence of fake reviews

in marketplace apps and services.

Finding 5: Possibility of being scammed and third-party applications with fake
reviews in open marketplaces, causes fear in SECO users, alongside worries of

possible user data mining, privacy regulations, and problems with authentica-

tion poses security concerns.
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4.2.6 Cost and Pricing
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Figure 4.7: Top Features extracted from Integration Category

Pricing is an important characteristic of the ecosystem marketplace [13, 40]. This
category, as illustrated with features and their respective Chi-square scores in Fig-
ure 4.7, focuses on the cost and pricing structures of SECOs. The main pain points
raised by users were related to ”losing money”, issues with credit card payments,
and ”expensive fees”. The term ”loss money” had a high chi-squared score of
48.28, indicating that users were highly dissatisfied with the amount of money they
were losing. This was further examined and it was found out that the reasons for this
were ”unexpected charges”, "hidden fees”, and ineffective ”refund policies”.
For example, a user signed up for a free trial but was automatically charged for a
premium ”subscription” without their knowledge. The pain point ”credit card”
had a significant association score, indicating that users had issues with their card
payments. This was found be to a problem with the payment processing systems in
the platforms. For example, a user attempted to make a payment but received an
error message indicating that their card had been declined, even though their card

was valid and had sufficient funds. The pain point ”waste money” indicated that
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users felt that they were spending money on a product that was not worth the cost.
This was found to be caused due to a lack of features and poor performance com-
pared to ”other platforms” in the same price range. Other pain points related to
cost and pricing include ”refund impossible”, ”prices expensive”, ”fees expen-
sive”, and ”charged account”. These raised issues suggested that users lost the
”company trust” and were dissatisfied with the pricing and fees associated with the
platforms and their services and that they had difficulty obtaining refunds or finding

affordable alternatives.

"we have used the free version of ***

with great success but the added
functionalities are a must. the starter plan - $25 month only gives you
incremental features, then it goes to the pro plan $399, powerhouse plan
$699 month, an extremely steep and unrealistic increase in prices. Could
not find policy about pricing and refunds easily. Some people i know got
their payment charged without notice. ideally we would of loved the pro
plan functionalities but weighing the cost benefits, we’ve decided against it

which s a shame.”

In the cited review above, the user review highlights the success of the free version
of the platform and the necessity of additional features provided in the paid plans.
However, the significant price increase between the starter plan and the pro plan is
perceived as unrealistic and steep. This review underscores the importance of consid-
ering the cost-benefit analysis of upgrading to a higher plan and how it can impact
the user’s decision-making process. The user is expressing frustration not being able
to find policies, account charges without notification, and the steep pricing structure
of the software service they are using, which is preventing them from accessing desired
features despite their success with the free version. This highlights the importance of
balancing cost and benefit when considering software subscription plans. Platforms
may need to consider offering more reasonable pricing plans to retain customers and

avoid losing them to competitors.

Finding 6: Payment charged without the user’s knowledge along with hidden
and unexpected charges to their accounts makes users lose trust in the platform,
which causes them to compare services value for money in alternative platforms,

calling for changes in pricing and refund policies.
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4.2.7 Performance and Compatibility
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Figure 4.8: Top Features extracted from Integration Category

As companies are increasingly choosing cross-platform development over native
development [76] and progressive web apps [52], the most significant pain points
in this final category, as shown in Figure 4.8 with its features and respective Chi-
square score, seem to be "web interface” and ”device version”, followed closely
by the topic ”multiple devices” and ”loss connection”. These pain points and
corresponding reviews suggested that users are experiencing sync and connectivity
issues across web, desktop, and mobile versions of the platform. For instance, a user
was unable to log in to their account from their mobile after having already logged
in from their computer. This was found to be frustrating for users who need access
to their accounts from various locations and devices. Another common topic in this
category is "mobile website” suggesting that users are having difficulty accessing
and using the software ecosystem on their mobile devices as users complained about
”cross-platform” usage. For example, a user had a platform working on the Andriod
version, but not on the i0OS. The pain point "loss data work” suggested that users

are experiencing data loss or data corruption while using the software ecosystem which
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is causing them to lose their work, a few reviews confirmed. This had happened due to
network ”connectivity issues” and alleged, "software bugs.” For instance, a user
lost important data while working on an accounting task for the software platform.
Other pain points in this category included ”video audio quality”, "lost quality”,
"iPhone iPad issue”, "don’t trust app”, "phone horrible”, "buggy slow”,
"app crashes constantly”, "web version”, "loss clients”, "phone laptop”,
"sort problem”, and "messed website”. These pain points suggest that users
are experiencing issues with the overall functionality and reliability of the software
ecosystem, causing them to lose trust in platforms, and even instances of businesses
losing clients. For example, a review regarding online consultation reported losing
their client due to poor video and audio quality of a communications platform. Issues

with connectivity, data loss, and overall performance were found to be frustrating

and resulted in users seeking out alternative platforms.

”Please make it a native app, current web based app horribly slow. not only
in android, across all the platforms. Works fine on web from computer
but crashes on the web browsers from phone. If it had a native mobile app
it would be much easier. Video quality is horrible on mobile devices with

web browser view. Not using this unless they have an actual app”

The example user review above highlights the importance of having a native mo-
bile app for a software ecosystem. A native app would provide better performance,
particularly on mobile devices, and offer a more seamless and stable user experience.
This review can serve as a reminder to software ecosystem developers that mobile
optimization is crucial and that providing a native app for mobile users can enhance
the overall user experience and improve customer satisfaction. Several reviews like
these call for an evaluation of ecosystem development strategies that need to cater
to different vendors and end-users who may not necessarily have the same platform

needs.

Finding 7: Users lose work, data volume, and connection due to connectivity
and feature-related bugs in platforms. Platforms are not always compatible
with different devices and operating systems, resulting in crashes and ineffec-
tive all-around performance. I/O features such as audio and video are huge

performance problems for SECO users.
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4.2.8 Other Reviews

The ”"other” category in the SECO (Software Ecosystem) reviews classification en-
compasses a diverse range of issues that do not fall under the predefined six categories:
Integration, Customer Support, Design & Complexity, Privacy & Security, Cost &
Pricing, and Performance & Compatibility. These issues highlight unique and unex-
pected challenges faced by users within software ecosystem. An example of a review
that fits into this "other” category could involve a user expressing frustration about
a particular software’s lack of integration with a newly emerging technology, such as
augmented reality devices. In this case, the user might discuss how the software’s
failure to adapt to these new technological advancements is hindering their produc-
tivity and limiting the software’s potential. For instance, reviews like 7¢ tried out the
free version of the platform to see if this would be a good fit for my company. it is
absolutely perfect, aside from 2 major flaws that you can not redeem more than one
of the dollar amount rewards at a time and there is no way to redeem points if other
discounts are activated”. This scenario from a platform that allows users to redeem
points from third-party vendors, showcases a challenge that doesn’t neatly fit into the
established categories but still underscores the evolving nature of software ecosystems

and the dynamic array of user concerns.

4.3 Shopify Vs Xero: A Case Study

Shopify and Xero are two platforms that offer different functionalities but share a
common nature: the platform ecosystem is at the heart of the business. Shopify is
an e-commerce platform that helps businesses build and manage their online stores,
while Xero is an accounting software that assists businesses in managing their finan-
cial operations. As a part of the thesis, I analyzed user feedback specific to these
companies to compare and justify the two platforms based on six broad categories of

issues.

4.3.1 Shopify

Shopify constituted over 14,800 reviews from the 4 sources mentioned in Chapter
3, out of which over 1500 reviews were about software ecosystems. It could be ob-
served that the SECO-related review ratings in Shopify were lower than all-inclusive

Shopify reviews. The median rating for Shopify reviews across all reviews was 3.5/5,
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the median rating for it’s SECO reviews was 3/5 while the benchmark rating for
SECO reviews across all companies and platforms in the study is 3.85/5. It can be

summarized in Figure 4.9.

Comparison of Average Ratings and Review for Shopify
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Figure 4.9: Shopify Review Comparison

The categories of platform review issues and the proportion of Shopify Reviews
(before applying sentiment-based filtering) belonging to each category and the rating

comparison with overall findings can be observed in Table 4.2:

Category Review Proportion median Rating Benchmark Rating

0 30.70% 3.27 4.46
1 17.67% 2.37 4.14
2 15.61% 3.84 4.33
3 2.57% 2.20 2.46
4 6.17% 1.53 2.96
5 6.17% 3.00 3.16
6 21.10% 3.33 3.95

Table 4.2: Shopify Reviews Distribution
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4.3.2 Xero

Xero constituted over 5432 reviews from the 4 sources, out of which over 636 reviews
were about Software Ecosystems. It could be observed that the SECO-related review
ratings in Xero were lower than all-inclusive Xero reviews. The median rating for
Xero reviews across all reviews was 4.09/5, the median rating from Xero’s SECO
reviews was 3.45/5 and the benchmark rating for SECO reviews across all platforms

in the study is 3.85/5. It can be summarized in Figure 4.10.

Comparison of Average Ratings and Review for Xero
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Figure 4.10: Xero Review Comparison

The categories of platform review issues and the proportion of Xero Reviews
(before applying sentiment-based filtering) belonging to each category and the rating

comparison with overall findings can be observed in Table 4.3

Category Review Proportion median Rating Benchmark Rating

0 42.21% 3.64 4.46
1 29.42% 3.05 4.14
2 9.25% 3.78 4.33
3 2.64% 3.21 2.46
4 3.58% 2.74 2.96
) 1.70% 3.11 3.16
6 10.19% 3.94 3.95

Table 4.3: Xero Reviews Distribution
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The comparison between Shopify and Xero reveals various aspects of their plat-
form performance. Xero demonstrates a higher proportion of integration-related is-
sues in its reviews compared to Shopify, with median ratings of 3.64/5 and 3.27/5,
respectively. Both platforms, however, fall short of benchmark integration ratings,
suggesting room for enhancement. Customer support ratings also indicate room for
improvement, with Shopify’s median at 2.37/5 and Xero’s at 3.05/5. Design and com-
plexity ratings show Shopify at 3.84/5 and Xero at 3.78/5, both below the benchmark.
Privacy and security concerns yield median ratings of 2.20/5 for Shopify and 3.21/5
for Xero. Both platforms need to bolster these aspects. Similarly, in cost and pric-
ing, both platforms face challenges, with Shopify’s median rating significantly lower.
In terms of performance and compatibility, Shopify scores 3.00/5, while Xero scores

3.11/5. Both platforms require enhancements in this domain as well.

4.3.3 Emerging Themes

In addition to analysis of reviews and rating distribution, I manually read through
approximately 200 randomized reviews from both platforms. There were 4 common
end-user complaints in addition to the categorical challenges discussed in the previous

section.

Insufficient customization options: Many users have complained about the lim-
ited customization options provided by Shopify and Xero, which makes it diffi-
cult for businesses to tailor the platforms to their specific needs. For example,
users wanted to customize their invoice template but found it difficult in do-
ing so. This lack of customization options can limit the functionality of the

platforms and frustrate users.

Feature Requests: Another common complaint among users is the lack of ad-
vanced features provided by Shopify and Xero. Some users commented that
they require more advanced reporting and analytics features to manage their
businesses effectively but find that the platforms do not provide these options
to the extent that they want. This can limit the platforms’ appeal to more

sophisticated companies that require more robust features.

Glitches and technical issues: Users have also reported experiencing glitches
and technical issues while using Shopify and Xero, which can disrupt their

workflows and cause frustration. For example, a user might experience delays
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while syncing data between Shopify and Xero, or encounter errors while trying
to process payments. These technical issues can decrease the reliability and

usability of the platforms.

Limited support for international businesses: Although few in numbers, some
users have noted that Shopify and Xero provide limited support for interna-
tional businesses. For example, the platforms might not support local tax laws
or currencies, which can make it difficult for businesses operating in different
countries to use the platforms effectively. This can limit the platforms’ growth

to businesses with a global presence.

Based on the analysis of user feedback, both Shopify and Xero have received mixed
reviews across different categories. Both platforms have areas that need improvement,
including integration, customer support, design and complexity, privacy and security,
cost and pricing, and performance and compatibility. However, it is worth noting
that the benchmark ratings for SECO reviews across all platforms in the study are
directly proportional to these two platforms, indicating that these discussed issues

are common concerns for all SECO platforms.

4.4 RQ2: Review vs Response Sentiment

In this section, I present findings from developer responses to SECO-related user
feedback. This part of the study does not filter out any reviews, unlike the previous
section where a different analysis method was opted for. Figure 4.11 summarizes the
response rate and sentiment types (positive, neutral, negative) comparison between
SECO-related user feedback and developer responses to it in each category of reviews.
I found that overall, only 20.87 percent of SECO-related user feedback is re-
sponded to by platform developers, while on average, the overall responses to all
types of (general) reviews were 32.35 percent (excluding the review sources where
developer response was not a part of the original dataset/was unavailable entirely).
The category of reviews with the highest response rate was Customer Service where
24.75 percent of reviews were responded to despite not having the highest proportion
of reviews, whereas the category with the least responses was Design and Complexity
with only 16.30 percent despite having a relatively higher proportion of reviews.
Having applied TextBlob sentiment scores to all available SECO reviews and re-

sponses, as discussed in Chapter 3, it can be observed that the majority of the reviews
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Figure 4.11: Response Rate and Sentiment Comparison

were marked positive across all categories, for which the average response was equally
positive. Negative reviews remain very low in the categories with an overall high vol-
ume of reviews and average rating as discussed previously. But interestingly, the cat-
egories "cost and pricing’ and ’privacy and security’, having relatively higher response
rates, had the most negative reviews and relatively negative responses. This indicates
that the reviews in these categories are critical, and the responses are more likely to
be replied to despite not being warm and positive. Most reviews and responses seem
to be polarized with either positive or negative comments, as the frequency of neutral

reviews remains very low.

Finding 8: SECO-related reviews receive fewer replies compared to general
reviews, resulting in a response rate of only 20.87%. While most of the SECO
reviews and responses are not negative, an escalation in negative reviews cor-

responds to a proportional rise in negative responses.
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4.5 RQ3: Change in SECO review numbers over
time

In this section, I present findings by looking at the change in SECO-related review
numbers over time. I mapped the reviews over time to analyze how the number of
SECO reviews changed. I kept reviews only from 2013 January to map as the reviews
scraped from before 2013 were insignificant in number and hence analyze the reviews
from 2013 January to 2022 December. The reviews from 2023 were discarded as
there were not enough reviews for the ongoing year. The reviews are then grouped
by month and the number of reviews in each month is counted. The median count is

calculated for all categories.

Median Review Count per SECO Issue Type over Time
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Figure 4.12: Change in SECO reviews over time

We can observe from Figure 4.5 that there is a significant rise in software ecosystem
reviews in the last decade. It can be observed that the reviews regarding SECOs
started growing significantly from 2016 onwards. From 2015, the reviews have not
fallen lower than the monthly median value of 141 reviews (2013-2022 inclusive),
indicating the rising interest of users in interacting with software platforms and hence

giving increased user feedback.
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The number of SECO reviews increased from 51 in 2013 to 4,610 in 2022, with
the highest growth occurring between 2016 and 2020. In 2016, the number of reviews
grew by 111.76 percent compared to the previous year, while in 2019, the number of
reviews grew by 110.82 percent compared to the previous year. In 2020, the growth
rate went to a 130.08 percent increase from 2019, but it declined in 2022 with a -26.75
percent growth rate compared to the previous year. The average growth rate from
2018 to 2022 was 258.11 percent. This calculation is based on the comparison of the
total count of SECO reviews in the last 5 years with the review count in 2018. From
our interviews, we confirmed that platform organizations, in 2020, faced an increasing
demand for integration tools and customer support during the COVID-19 pandemic?.
Overall, there has been a significant increase in the volume of SECO reviews over the

years, with the SECO feedback volumes starting to skyrocket since 2016.

Finding 9: In the last 5 years, SECO-related user feedback on average has
grown by over 228.57%. More recently, the demand for integration platforms

has grown significantly due to COVID-19-induced software needs in businesses

and users.”

4.6 RQ4: Recommended Mitigation Strategies

In this section, I present findings from my interviews with platform owners. The
themes discussed in this section is articulated in the form of strategies and recom-
mendation to mitigate challenges faced by the user of software ecosystems having
aggregated the analysis from all four interviews with senior members of keystone

organizations.

4.6.1 API First Mentality

Application Programming Interface (API) first development is a strategy that focuses
on building the API first before allowing third-party developers to make an integration
request. The API is the interface that allows third-party developers to integrate
their applications with the platform [42]. This prevents organizations from having
to implement one-off integration specific to the developer request. For example, the

VP of Engineering from P2 said ”...small startups have an API first mentality. It’s

Zhttps://www.who.int /emergencies/diseases /novel-coronavirus-2019
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in the DNA of the company that they’re building an API so that they don’t run into
one-off issues.”, which potentially addresses the most talked about API-related end-
user concerns such as ”lacks integration”. The following recommendations were found
to be useful and deemed essential in streamlining the integration process, improving

customer experience, and ensuring the success of the software ecosystem:

e Authentication and Integration: The interviewees recommend using authenti-
cation methods that are consistent with customer preferences and outsourcing
the entire authentication process to a third-party authentication provider to

make it seamless for customers to integrate.

e Burdened Integration: The interviewees recommend separating work streams
when integrating with various systems such as HR systems and avoiding trying

to do all integration at once to avoid problems.

e API Integration: The interviewees highlight the challenge of deciding whether
to invest in APIs or continue building one-offs and recommend advocating for

APIs during the company’s road map and quarterly planning.

e API-First Mentality: The interviewees recommend adopting an API-first men-
tality when building software ecosystems to ensure that the company builds
an API, preventing issues that entrepreneurs face when they believe they are

building apps.

o API vs One-Off Integration: The interviewees highlight the importance of sep-
arating design and implementation from operations, which forces them to think

about APIs more and avoid taking shortcuts during the integration process.

Strategy 1: The importance of an API-first mentality in software ecosys-
tems cannot be undermined. By prioritizing API development and adhering
to recommended authentication methods and integration strategies, platform
owners can enhance customer experience, streamline integration processes, and
address user and developer needs, ultimately leading to the success of the soft-

ware ecosystem.
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4.6.2 User & Developer Communities

Mitigating customer support and other end-user problems in a software ecosystem
requires actively engaging the user community, supporting developers, continuously
improving the platform, and fostering collaboration and partnerships. These strate-
gies help address issues, enhance the user experience, and align with evolving integra-
tion requirements, as quoted by P4’s CTO, ”..an ecosystem doesn’t thrive if there’s

)

no community for all the stakeholders..”. These recommendations aim to enhance
user retention, gather valuable feedback, and provide developers with the necessary

resources for high-quality integration:

e Engaging User Community: Platform owners should actively engage with their
user community to build a strong relationship and encourage continued platform
usage, even in the presence of competitors. This engagement can help with user

retention and provide valuable feedback for future platform development.

e Supporting Developers: Platform owners should prioritize providing developers
with comprehensive documentation and resources to facilitate the development
of high-quality integrations. By offering robust support, platform owners can

help developers create seamless integrations that minimize issues for users.

e Continuous Improvement: The platform owners recognize the importance of
continually improving their offerings based on user and developer feedback.
This iterative approach allows them to address pain points, enhance features,

and refine the overall platform experience to better serve their community.

e Collaboration and Partnerships: Platform owners should actively seek collabo-
ration and partnerships with developers, seeking their input and involvement in
the platform’s evolution. By involving developers in decision-making processes,
platform owners can ensure that the platform meets their needs and aligns with

their integration requirements.

Strategy 2: Mitigating end-user problems in a software ecosystem requires
actively engaging the user community, supporting developers, continuously im-
proving the platform, and fostering collaboration and partnerships. These
strategies help address issues, enhance the user experience, and align with

evolving integration requirements.
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4.6.3 Third-party App Control

Platform owners should mitigate security and financial risks and issues in their ecosys-
tem by implementing a strict vetting process, continuously monitoring and auditing
third-party apps, incentivizing safe and high-quality apps through pricing strate-
gies, and providing developer support and resources. Platform P3’s advocate says ”If
somebody had essentially abandoned all supported their app and they would be removed
from our marketplace” which ensures compliance and monitoring in the marketplace.

The following strategies can be opted to address challenges in software ecosystems:

e Strict Vetting Process: Platform owners enforce a comprehensive vetting process
for all third-party apps to ensure compliance with guidelines and standards.
This process involves reviewing the app’s source code, features, and security

measures to identify and remove any potentially malicious or unsafe apps.

e Continuous Monitoring and Auditing: Platform owners prioritize the ongoing
monitoring and auditing of third-party apps to detect and eliminate any apps
that may have bypassed the vetting process. This proactive approach helps

maintain a secure app ecosystem and protects users from potential risks.

e Incentivizing Safe and High-Quality Apps: Platform owners employ pricing
strategies that encourage developers to create safe and high-quality apps. By
not charging a commission on transactions made through the apps, platform

owners incentivize developers to prioritize app quality and user safety.

e Developer Support and Resources: Platform owners provide developers with
comprehensive guidelines, documentation, and tools to help them build apps
that comply with platform standards. By offering support and resources, plat-
form owners empower developers to create robust and user-friendly apps that

enhance the overall platform experience.

Strategy 3: Platform owners effectively mitigate security risks in the app
ecosystem by implementing a strict vetting process, continuously monitoring
and auditing third-party apps, incentivizing safe and high-quality apps through
pricing strategies, and providing developer support and resources. These strate-
gies ensure compliance, enhance user safety, and promote the development of

secure and user-friendly apps within the platform.
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4.6.4 Feedback-driven approach

In order to effectively mitigate design, complexity, and performance issues, adopting
a feedback-driven approach is a valuable strategy for platform owners. As mentioned
by the CTO of P4 ”We monitor user interactions within the apps. We get notices of,
like rage clicks, things like that, where they go.”, implementing tracking tools, actively
soliciting and carefully prioritizing feedback, incorporating user and developer input
into the development process, and maintaining transparent communication channels

are advisable. The following recommendations emerged from the discussions:

e Implementation of tracking tools: By utilizing tracking tools like "rage click
tracking,” platform owners can gain insights into user behavior and identify

pain points or areas for improvement within the platform.

e Active solicitation of feedback: Platform owners should proactively seek feed-
back from both users and developers, providing accessible and user-friendly
channels for communication. This can include feedback forms, surveys, or ded-

icated forums for discussions.

e Incorporation of user and developer feedback: Valuable insights gathered from
users and developers should inform the development process, leading to the
implementation of new features and functionalities that better align with their

needs and expectations.

e Communication of changes and updates: Platform owners should maintain
transparent communication channels to inform the community about the changes
made based on user and developer feedback. Regular updates and release notes

can help build trust and keep stakeholders engaged.

Strategy 4: By implementing tracking tools, actively soliciting feedback, care-
fully reviewing and prioritizing feedback, incorporating user and developer in-
put into the development process, and maintaining transparent communication
channels, platform owners can effectively enhance their platform based on user
and developer needs. These strategies foster a user-centric approach, improve

user satisfaction, and promote continuous platform improvement.
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4.6.5 Cross Platform Development

Platform owners should prioritize cross-platform development and utilize progressive
web apps (PWAs) to enhance the platform’s accessibility and provide a consistent user
experience across different devices. To quote P1’s CTO, "We would consider like a
cross-platform Progressive Web App To make everything work with mobile devices
across the board”, extending the platform’s reach and maintaining competitiveness
through cross-platform development, platform owners can attract a wider audience
and mitigate platform-specific user issues. The following recommendations emerged

from the discussions:

e Consider cross-platform development: Platform owners should actively consider
cross-platform development when building new applications and features. This
approach enables the platform to be accessible on various devices, including

mobile and desktop, catering to a broader user base.

e Utilize progressive web apps: Progressive web apps (PWAs) can serve as a
valuable tool for achieving cross-platform compatibility. By developing PWAs,
platform owners can provide a consistent and seamless user experience across

different platforms and devices, enhancing user engagement and satisfaction.

e Extend the platform’s reach: Cross-platform development can effectively extend
the platform’s reach to a wider audience. By accommodating multiple plat-
forms, such as i0S, Android, and desktop operating systems, platform owners
can attract new users and developers who prefer different devices or operating

systems.

e Maintain competitiveness: Embracing cross-platform development is crucial for
platform owners to remain relevant and competitive in a rapidly evolving tech-
nology landscape. By delivering a cross-platform solution, platform owners can

meet evolving expectations and differentiate themselves from competitors.

Strategy 5: Platform owners should prioritize cross-platform development and
utilize progressive web apps (PWASs) to enhance the platform’s accessibility and
provide a consistent user experience across different devices. By extending the
platform’s reach and maintaining competitiveness through cross-platform de-
velopment, platform owners can attract a wider audience and meet the evolving

expectations of users, ensuring long-term success in the technology landscape.
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4.6.6 Documentations & Guidelines

Platform owners should prioritize comprehensive documentation, accessibility, qual-
ity and security guidelines, and developer support in optimizing the utilization of
the platform’s API. By providing clear instructions, easy access, and assistance to
developers, platform owners can foster a collaborative and productive developer com-
munity, resulting in high-quality integration and improved platform success, as P3’s
advocate said, "It starts with having really clear ATP documentation. I think hav-
ing that publicly available, they start first ideating about the process.”. The following

recommendations can be prioritized ensure the quality and security of applications:

e Comprehensive documentation: Platform owners must provide comprehensive
documentation that thoroughly outlines the capabilities of their API and pro-
vides clear instructions on how to utilize it effectively. The documentation
should cover key functionalities, use cases, and best practices. It should be
easily accessible, well-structured, and regularly updated to reflect any changes
or additions to the API.

e Accessibility and organization: Documentation should be easily accessible to de-
velopers, preferably through a centralized and user-friendly platform. Platform
owners should invest in designing an intuitive and searchable documentation in-
terface that allows developers to quickly find the information they need. Clear
organization, including logical sections enhances the usability of the documen-

tation.

e Guidelines for quality and security: Alongside documentation, platform own-
ers should establish a set of guidelines that outline the quality and security
standards for third-party applications. These guidelines should specify cod-
ing practices, data handling protocols, authentication requirements, and other

essential aspects to ensure consistency and protect user data.

Strategy 6: Platform owners should prioritize comprehensive documentation,
accessibility, quality and security guidelines, and developer support in optimiz-
ing the utilization of the platform’s API. By providing clear instructions, easy
access, and assistance to developers, platform owners can foster a collaborative
and productive developer community, resulting in high-quality integration and

improved platform success.
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4.6.7 User Data Management

By providing transparent policies, establishing efficient incident response processes,
prioritizing user privacy, and adhering to relevant regulations, platform owners can
foster trust, protect user information, and mitigate potential risks associated with
data breaches or non-compliance. For example, P1’s CTO said, "We don’t hold the
client information in our databases for any longer than, you know, The lifetime of
an order which s the lifecycle of the data.”, and P2’s VP of engineering mentioned
"Good user data management practice such as streamlined SSO authentication is a
good practice to resolve integration as well as privacy issues”, meaning platform own-
ers must ensure that third-party applications delete user data when it is no longer
needed, and secure authentication practices must be implemented. The following

recommendations are proposed:

e (Clear Guidelines of Data Life-cycle: Platform owners must provide clear and
transparent guidelines outlining data retention and deletion policies. These
guidelines should specify the duration for which user data can be held and

emphasize the importance of deleting data when it is no longer necessary.

e Incident Response Protocols: Platform owners should have well-defined incident
response protocols in place to handle data breaches or other incidents that may

compromise user data.

e User Privacy Protection: Timely data deletion plays a crucial role in protecting
user privacy. By deleting user data when it is no longer needed, platform
owners demonstrate respect for user preferences and safeguard their personal

information from unauthorized access or misuse.

e Compliance with Regulations: Platform owners must ensure compliance with
relevant data protection regulations, such as General Data Protection Regula-
tion® (GDPR) or California Consumer Privacy Act* (CCPA).

Strategy 7: By providing transparent policies, establishing efficient incident
response processes, prioritizing user privacy, and adhering to relevant regula-
tions, platform owners can foster trust, protect user information, and mitigate

potential risks associated with data breaches or non-compliance.

3https://gdpr-info.eu/
4https://oag.ca.gov/privacy/ccpa
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Chapter 5

Discussion

5.1 Synthesis

To the best of our knowledge, this thesis presents the first large-scale investigation of
end-user perspectives on software ecosystems. Through the implementation of rigor-
ous analytical techniques, a comprehensive examination of the various factors within
software ecosystems that significantly affect the user experience was conducted. Inte-
gration issues, customer support, the complexity of design and user interface, issues
with privacy and security, pricing issues, and platform compatibility were introduced
as problem areas in software ecosystems, each having its own lists of nested chal-
lenges. The results discussed several challenges encountered by users, which offer
valuable insights for researchers and practitioners alike. Moreover, the thesis also
illuminated the strategies to be adopted and recommendations to be opted for by
organizations in their attempts to tackle these issues. The thesis recommends having
an API-first mentality, opting for a feedback-driven approach, developing a dynamic
user and developer community, having control over third-party apps, opting for cross-
platform development, providing comprehensive documentation and guidelines, and
proper management of user data as strategies for software platforms to mitigate prob-
lems faced by their users. Additionally, the thesis also discussed how SECO-related
reviews are replied to less compared to other feedback by users, demonstrating the
need for caution in monitoring user feedback in SECO, especially as the thesis found
that SECO reviews are dramatically increasing in number. As such, this study offers
valuable implications for future research, as well as for practitioners and software

ecosystem platform companies seeking to optimize the user experience.
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5.2 Classifying SECO vs Non-SECO reviews

In order to classify Software Ecosystem (SECO) reviews from non-SECO reviews,
a novel classification approach was developed, contributing methodologically to the
field. The methodology involved employing pair coding with Cohen Kappa’s coef-
ficient as a measure of inter-rater agreement, which exceeded a threshold of 0.81,
indicating robust agreement. Within a dataset of 6000 reviews, 500 reviews were
randomly selected for manual assessment. These reviews were evaluated in pairs,
with 500 SECO-related reviews being identified over five iterations, progressively in-
creasing the agreement score. In total, 848 SECO-related reviews were successfully
identified through this pair coding process.

The classification was further refined by utilizing SECO-related keywords such as

% M

"platforms,” ”integration,”, ” API”, ”ecosystems,

% N ?

plugins,” and ”sync.” These key-
words were instrumental in distinguishing SECO reviews from non-SECO reviews and
were manually validated based on contextual understanding. For instance, reviews
containing contextual clues such as ”integration issues,” ”third-party app name,” and
"plugin name” were classified as SECO-related. Conversely, reviews that lacked ex-
plicit SECO-related terminology, such as those discussing poor app performance or
usability issues, were classified as non-SECO reviews. This nuanced approach effec-
tively separated SECO reviews from non-SECO reviews, offering a valuable method-
ological contribution to review classification.

This classification methodology holds significant implications for recommender
systems and future research endeavors. The ability to accurately distinguish SECO
reviews from non-SECO reviews provides a robust foundation for developing tools and
recommender systems in platforms, such that keystones get to prioritize and focus
on important feedback from the crowd of user voices. By channeling SECO-related
reviews to users interested in software ecosystem aspects and directing non-SECO
reviews to those seeking general usability insights, the overall user experience can
be greatly improved. Furthermore, this methodological innovation make the way
for advanced research in sentiment analysis, user experience, and software ecosystem
dynamics. Researchers can leverage and build on this approach to analyze trends
and patterns specific to SECO-related discussions, thereby gaining deeper insights

into user preferences and contributing to the evolution of software ecosystems.
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5.3 Implications for SECO Researchers

More effective integration techniques and tools should be developed, and new ap-
proaches to API design, testing, and documentation should be explored by future
research to help users avoid common errors and achieve successful integrations more
quickly and easily. Customer support techniques and strategies should be focused on
developing more effectively, and the use of reliable technologies for chatbots or Al-
powered systems that can help customers resolve issues more quickly and easily should
be explored. At the same time, the tradeoff between having a human conversation
over a chatbot, and identifying the underlying causes of dissatisfaction with customer
support should be examined to help software providers improve their support services.
Factors that contribute to a ”bad user interface” in a software ecosystem and how
they can be improved should be identified by studies, and the relationship between vi-
sual design, usability, and user experience should be explored. How different types of
interfaces affect user experience and satisfaction, and the impact of software interface
design on productivity and user engagement in SECOs should also be investigated.
Specific security and privacy concerns that users have when interacting with software
ecosystems should be explored, ways that platforms can build trust with their users
should be examined, and the best practices for user authentication and security mea-
sures that balance user convenience and security should be determined. The reasons
behind the pricing structures of SECOs should be verified and validated, the costs
associated with developing and maintaining a software ecosystem platform should be
examined, the pricing strategies employed by successful SECOs should be analyzed,
and the relationship between cost and value, and how users perceive the value they
receive in exchange for the fees they pay should be explored by researchers. Finally,
the role of different device types and operating systems that cause issues within soft-
ware ecosystems should be understood by more studies. Solutions that address these
pain points from the findings and improve the overall user experience can be devel-
oped by practitioners and platform companies. The specific factors that contribute
to performance issues such as crashes, and loading times, as well as ways to optimize
the user interface for desktop and mobile devices should be identified by these studies
in the future. Standardized frameworks and tools for platforms in order to monitor,
manage, and address end-user concerns in software ecosystems should be proposed

by further research.
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5.4 Implications for Platform Organizations

Platforms should consider implementing the proposed strategies from this research in
their organizations. Serious consideration must be given to an API-first mentality, as
it seems to be one of the few viable strategies for platform growth and sustainability.
The overall integration experience for users should be improved by platform organi-
zations, standardized integration frameworks or best practices for integration should
be established in collaboration with software providers, and tools and resources that
can help users troubleshoot integration issues and resolve them quickly should be
invested in. The overall customer support experience for users should be improved,
standardized support frameworks that can be used by software providers to ensure
consistent and high-quality support services should be developed, and resources and
training programs to help software providers improve their customer support capabil-
ities should be provided. The usability and performance of their software interfaces
should be improved by Keystone organizations, usability testing should be conducted,
feedback should be gathered from users, iterative improvements based on this feed-
back should be made, and software developers should be encouraged to prioritize
user interface design and consider user feedback when making improvements to their
software. The findings of this study should be used by organizations to improve their
overall platform security and privacy measures, robust security measures that protect
user data from unauthorized access and use should be developed, policies and proce-
dures that promote user trust should be implemented, and users should be provided
with more control over their data by implementing tools such as privacy settings and
data deletion options. Flexible pricing models that allow users to choose the features
they need and pay only for what they use can be considered by companies, pricing
and costs-related information policies should be improved to ensure that users can
make payments with trust, obtain refunds without hassle, and user feedback should
be analyzed to identify areas where costs can be reduced or pricing can be made more
transparent and user-friendly to avoid losing clients to competitors. Finally, platform
organizations should improve their software’s reliability and functionality to address
quality-related issues from the findings. Compatibility with different operating sys-
tems and devices should be ensured, a mobile-first approach [44] should be opted for
where applicable, robust security and privacy measures should be implemented, reg-
ular updates and bug fixes should be provided, and reliable customer support should
be offered, all of which boost platform health [53].
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5.5 Threats to Validity

5.5.1 Internal Validity

Threats to internal validity in this study include potential biases in the data collec-
tion and data analysis processes. The data was collected from various sources, and
the quality and accuracy of the data may vary depending on the source. Moreover,
the sample of user feedback reviews analyzed may not be representative of the entire
population of software ecosystem users, that is web-based and desktop-based plat-
forms, potentially leading to sampling bias as the majority of the reviews considered

in the study were mobile application reviews.

5.5.2 External Validity

The external validity of this study may be limited due to the use of data scraped
from various sources such as the Play Store, App Store, Shopify Store, and Trustpilot.
Although the data is extensive, it may not represent all areas of software ecosystem
platforms and mobile applications such as open-source software (OSS) [74]. Therefore,
the findings may not be generalized to all types of software ecosystems. Similarly,
the semi-structured interviews with six keystone platform developers and owners may
not be representative of all platform organizations. Additionally, the findings may
not apply to users who do not leave feedback or those who have different experiences

with software ecosystems.

5.5.3 Construct Validity

The identification of software ecosystem-related issues was crucial to the analysis
which is a potential threat to the construct validity. However, I took several steps to
mitigate it. The pair-coding approach with inter-rater agreement was the most ideal
way of initially classifying what a SECO review is as it contained a blend of analysis
of context and looking for specific keywords. Also, manually investigating the results
of the automated classification to ensured accuracy alongside an optimal evaluation

results of the classifier.
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Chapter 6
Conclusions

The thesis presents a comprehensive analysis of user reviews across a range of software
ecosystem platforms with the goal of enhancing the user experience. By answering
four research questions, I identified six broad categories and problems in software
ecosystems, analyzed the sentiment of developer responses to user feedback, observed
the change in the number of SECO reviews over time, and investigated how keystone
organizations address software ecosystem-related user feedback so that generalizable
strategies in mitigating those challenges can be recommended. The thesis focused on
analyzing user feedback to help platforms improve their overall user experience. The
study examined a range of discussion topics and evaluated the response from develop-
ers to understand how they addressed the identified issues. By tracking the number
of SECO reviews over time, the study revealed the growing importance of studying
user feedback. It emphasized the need to address it for the sustainability of software
ecosystems. Interviews with key platform developers and owners provided valuable
insights into their strategies for handling user feedback, leading to the identification
of best practices that other organizations can implement.

Overall, this thesis provides a contribution to the existing knowledge of end-user
concerns and the industrial perspective on software ecosystems. By identifying key
issues and providing recommendations in several aspects of a SECO platform, the
findings can guide platforms in designing and fostering better ecosystems. The rec-
ommendations can inform industry standards and improve the overall quality of soft-
ware ecosystems. Lastly, the methodology and techniques used in this study can
serve as a blueprint for future research in this space. Future work should focus on
empirically validating and adding to the identified challenges and implementing the

proposed strategies to validate the recommendations and formalize the strategies.
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Additionally, future work could include expanding the scope of the study to include
more ecosystem platforms and user reviews. The two machine learning classifiers
could be further refined to improve its accuracy in first identifying what kind of
feedback is a SECO-related feedback, and secondly in categorizing SECO reviews
according to the proposed problem areas. Additional problem categories could be
identified and analyzed. The effectiveness of the mitigation strategies suggested could
be evaluated through implementation and user feedback. Longitudinal studies could
be conducted to track the changes in user challenges and developer responses over
time. Finally, the impact of external factors such as the COVID-19 pandemic on
SECOs could be further explored.
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Appendix A

Reviews Analyzed: Platform List

Table A.1: Platform Categories
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Platform

Category

Shopify - Your Ecommerce Store
WordPress — Website Builder
Slack

Microsoft SharePoint

HubSpot CRM: Grow better
Zendesk Support

Salesforce

Wix Owner - Website Builder
Ecwid Ecommerce

Shopify Point of Sale (POS)

Etsy Seller: Manage Your Shop
DHgate-online wholesale stores
Etsy: Custom & Creative Goods
Share Products and Make Money
Shopify Inbox

WooCommerce

KWIKBOX SELLER: Create online
Amazon Seller

WED2C

E-commerce

Website Development
Communication Platform
Integration Platform
CRM Platform

CRM Platform

CRM Platform

Website Development
E-commerce

Payment Platform
E-commerce

E-commerce

E-commerce

E-commerce
Communication Platform
Website Development
E-commerce

E-commerce

E-commerce

Continued on the next page



Table A.1 (continued): Platform Categories
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Platform

Category

windo - create ecommerce store
Yelp for Business

eBay - Shop at the Marketplace
Temu

Redbubble

Wish: Shop And Save

POS System and Stock by Kyte
Banggood - Online Shopping
Premise - Earn Money for Tasks
Fiverr - Freelance Service
Mercari: Your Marketplace
PayPal Business

OurShopee - Online Shopping
Myne Sales & Inventory Manager
Depop - Buy & Sell Clothes App
CJdropshipping

Hive Work

LetyShops cashback service
Wholee - Online Shopping App
Toluna Influencers

Flipp - Weekly Shopping

Learn Digital Marketing
Alibaba.com - B2B marketplace
Vipon - Amazon Deals & Coupons
FARFETCH — Designer Shopping
MinilnTheBox Online Shopping
Truelancer: Freelance Work App
ShopBack - Shop, Earn & Pay
Mailchimp: Marketing & CRM to

Square Point of Sale: Payment

E-commerce
Integration Platform
E-commerce
E-commerce
Integration Platform
E-commerce
Payment Platform
E-commerce
E-commerce
CRM Platform
E-commerce
Payment Platform
E-commerce
E-commerce
E-commerce
E-commerce
CRM Platform
E-commerce
E-commerce
E-commerce
E-commerce
CRM Platform
E-commerce
E-commerce
E-commerce
E-commerce

CRM Platform
E-commerce

CRM Platform
Payment Platform

Continued on the next page



Table A.1 (continued): Platform Categories
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Platform

Category

COIN: Always Be Earning
SalesPlay POS - Point of Sale
Squarespace: Run your business
Nudge - Your Workplace App
Zoho CRM - Sales & Marketing
Zoho Social

Microsoft 365 Admin

BambooHR
Chime — Mobile Banking
Wise

ServiceDesk Plus SaaS HelpDesk
SAAS Digital Live
Made-in-China B2B Trade Online
B2B Trade

Dial4Trade: B2B Marketplace -
Tradelndia: B2B Marketplace
JdMart India’s B2B Marketplace
ExportersIndia - B2B Directory
Global Sources - online market
Pakat - B2B Wholesale Market
Dukandar 24 : B2B Online Store
Wholesale Box - B2B Latest Fas
Onsight B2B Sales App

Just Business: B2B Network, Gr
Zyapaar - B2B Networking App
Konnectbox: B2B Marketplace
VyaparBharat : B2B Marketplace
Moglix - B2B Marketplace

Buy and sell - Marketplace

CRM by DealerSocket

E-commerce

Payment Platform
Website Development
Communication Platform
CRM Platform

CRM Platform
Integration Platform
CRM Platform

Payment Platform
Payment Platform

Integration Platform

E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce
E-commerce

E-commerce

CRM Platform

Continued on the next page



Table A.1 (continued): Platform Categories
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Platform

Category

LEADer CRM Leads Sales Tracker
Pocket CRM - Customers & Leads
Personal CRM by Covve

Bigin by Zoho CRM

Pipedrive — Sales CRM

Dex - Rolodex and Personal CRM
HoneyBook - Small Business CRM
Salesmate - Sales CRM

3Sigma Mobile CRM App
Bitrix24 CRM And Projects
HelloLeads CRM - Sales Tracker
Zendesk Sell - CRM, Leads and
LeadSquared CRM

CRM Analytics

API Tester - REST HTTP Client
Restler - REST API Client
Android Device Policy

GitHub

Termux:API

Google Admin

APK Installer

Termux

AIDE- IDE for Android Java C++
monday.com - Work Management
Microsoft Teams

alibaba

etsy

fiverr

hubspot

mailchimp

CRM Platform
CRM Platform
CRM Platform
CRM Platform
CRM Platform
CRM Platform
CRM Platform
CRM Platform
CRM Platform
CRM Platform
CRM Platform
CRM Platform
CRM Platform
CRM Platform

Integration Platform
Integration Platform
Integration Platform
Integration Platform
Integration Platform
Integration Platform
Integration Platform
Integration Platform
Integration Platform
Integration Platform

Communication Platform

E-commerce
E-commerce
E-commerce
CRM Platform
CRM Platform

Continued on the next page



Table A.1 (continued): Platform Categories
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Platform Category

salesforce CRM Platform
shopify E-commerce
squareup Payment Platform
wix Website Development
wordpress Website Development
Xero Integration Platform
zapier Integration Platform
zendesk CRM Platform

zoho CRM Platform

slack Communication Platform

microsoft-sharepoint
shopify-your-ecommerce-store
wordpress-website-builder
wix-owner-website-builder
microsoft-teams
square-point-of-sale-pos
mailchimp-marketing-crm
github
zoho-crm-sales-marketing
glassdoor-jobs-salary-talk
hubspot-crm-grow-better
alibaba-com-b2b-trade-app
woocommerce
fiverr-freelance-services
redbubble-shop-original-art
bamboohr
squarespace-run-your-business
zendesk-support
wise-ex-transferwise

etsy-custom-creative-goods

Integration Platform
E-commerce

Website Development
Website Development

Communication Platform

Payment Platform
CRM Platform
Integration Platform
CRM Platform
Integration Platform
CRM Platform
E-commerce

Website Development
E-commerce
E-commerce
Integration Platform
Website Development
CRM Platform
Payment Platform

E-commerce
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Appendix B

Multilabel Classifier Pseudocode

Algorithm 1 Classifier Pseudocode

[ S e

14:

15:
16:
17:
18:

19:
20:
21:

Import XGBClassifier from xgboost
Set english_words as a set of English words
Set stop_words as a set of English stopwords
Initialize a stemmer using PorterStemmer()
Function PREPROCESS_TEXT(text)
Convert text to lowercase
Split text into words and filter out words not in english_words
Filter out words that are in stop_words
Stem each word using the stemmer
Join the stemmed words back into a single string
Return the preprocessed text

: End Function
: Read the dataset from the CSV file located at

.. /dataset /seco_labeling_keyword.csv’
Split the data into training and testing sets: X _train, X test,y_train,y_test =
train_test_split(data['review_description’], data[’label id’], test_size=0.2)
Create a pipeline with the following steps:

Step 1: 'vect’ - Initialize CountVectorizer with ngram_range = (1, 2)

Step 2: 'tfidf’ - Initialize TfidfTransformer with use_idf = True

Step 3: ’clf’ - Initialize XGBClassifier with learning rate = 0.4 and
max_depth = 5
Fit the pipeline on the training data: pipeline. fit(X train,y_train)
Predict the labels for the test data: y_pred = pipeline.predict(X _test)
Print the classification report comparing the predicted labels (y_pred) with the
true labels (y_test)
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Appendix C

Feature Extraction Pseudocode

Algorithm 2 Pseudocode for Sentiment and Filtering

1: Set secoreviews as a DataFrame read from the CSV file located at
.. /dataset /seco_reviews_labeled.csv’

2: Initialize a sentiment analyzer: analyser = SentimentIntensity Analyzer()

3: Add a new column 'negative_prob’ to seco_reviews using the 'review_description’
column: STATE Apply a lambda function to calculate the negative polarity
score using analyser.polarity_scores(body)[ neg”|

4: Create a subset seco_reviews_neg from seco_reviews containing rows where neg-
ative_prob’ is greater than or equal to 0.4
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Algorithm 3 Pseudocode for Feature Extraction using TF-IDF and Chi-squared

1: Import necessary libraries: numpy, pandas, plotly, and
sklearn. feature_extraction.text
2: Set label_list as a dictionary with "label” and "label_id’ keys and their correspond-
ing values
3: Convert label_list to a DataFrame named label id_df and sort by the ’label” col-
umn
4: Merge seco_reviews_neg DataFrame with label id_df using ’label id” column and
store the result in seco_reviews_neg
5: Create two dictionaries: label to_itd and id_to_label from label id_df to map be-
tween labels and label ids
6: Create a T fidfVectorizer object named tfidf with sublinear term frequency,
minimum document frequency of 3, L2 normalization, n-gram range of 2 to 5,
and English stop words
7. Fit the tfidf object to the ’review_description’ column of seco_reviews_neg
DataFrame and transform the data to an array named features
8: Assign the ’label_id’ column of seco_reviews_neg DataFrame to labels
9: Set NV as 10 or 100
10: Create an empty list named label_signi ficant_terms_list
11: for each row in label 2d_df do
12:  Get the label and label id from the current row
13:  Compute chi-squared scores for all features in features that belong to the
current label using chi2 function from sklearn. feature_selection
14:  Sort the features by their chi-squared scores and get the top N significant terms
for the current label
15:  Create a DataFrame named label_signi ficant terms with 'term’; ’score’, and
'label’” columns and the top N significant terms
16:  if label _significant_terms is not empty then

17: Append label_signi ficant_terms to label_significant terms_list
18:  end if
19: end for

20: Concatenate all DataFrames in label_significant_terms_list into a single
DataFrame named signi ficant_terms_df

21: Write signi ficant_terms_df to a CSV file named "features_per_label2.csv’ located
in the ’../analysis/’ directory

22: Create a Plotly table object named table using signi ficant_terms_df

23: Display the table object using Plotly’s offline mode
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Appendix D

Developer Response Pseudocode

Algorithm 4 Pseudocode for Calculating Developer Response Percentage by Cate-
gory

1:
2:

10:

11:

Import the necessary library: pandas

Load the wuser reviews dataset from the CSV file located at
’../dataset /seco_reviews_labeled.csv’ and store it in a DataFrame named
reviews

Create a dictionary named label_dict with label ids as keys and category names
as values

: Add a new column ’category’ to reviews DataFrame by mapping the ’label id’

column with label dict

Group the reviews in reviews DataFrame by ’category’ and count the number of
reviews with developer responses, storing the result in dev_responses_by_category
Group the reviews in reviews DataFrame by 'category’ and count the total num-
ber of reviews per category, storing the result in total_reviews_by_category
Calculate the percentage of reviews with developer responses per category by di-
viding dev_responses_by_category by total_reviews_by_category and multiplying
by 100, storing the result in dev_response_percentage

Calculate the overall developer response percentage in the entire dataset by sum-
ming up the values in dev_responses_by_category, dividing by the sum of val-
ues in total_reviews_by_category, and multiplying by 100. Store the result in
overall_dev_response_percentage

Create a new DataFrame named df overall_dev_response_percentage with a sin-
gle row containing the overall developer response percentage value, using the
index ” Overall”

Concatenate dev_response_percentage DataFrame and
df _overall_dev_response_percentage DataFrame along the rows, and store
the result in df _dev_response_percentage

Print df _dev_response_percentage
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Algorithm 5 Pseudocode for Sentiment Analysis and Calculation of Sentiment Per-
centages

1:
2:

10:

11:

Import the necessary libraries: TextBlob from textblob, pandas

Load the wuser reviews dataset from the CSV file located at
’../dataset /seco_reviews_labeled.csv’ and store it in a DataFrame named
df

Remove rows with missing values in the 'developer_response’ column from df
Define a function named get_sentiment_type that takes a text as input and cal-
culates the sentiment using TextBlob. If the sentiment is greater than 0, return
‘positive’. If the sentiment is less than 0, return 'negative’. Otherwise, return
‘neutral’.

Apply the get_sentiment_type function to the 'review_description’ column of df
and store the result in a new column 'review_sentiment’

Apply the get_sentiment_type function to the ’developer_response’ column of df
and store the result in a new column 'response_sentiment’

Define a function named calculate_sentiment_percentages that takes a group as
input. Within the function, count the number of each sentiment type in the group
and calculate the percentage of each sentiment type. Convert the resulting Series
to a dictionary and return the dictionary.

Group df by ’label_.id” and apply the calculate_sentiment_percentages function
to the 'review_sentiment’ column, unstack the resulting Series, fill missing values
with 0, and store the result in review_sentiment _percentages

Group df by 'label_id” and apply the calculate_sentiment_percentages function to
the 'response_sentiment’ column, unstack the resulting Series, fill missing values
with 0, and store the result in response_sentiment_percentages

Print  ”"Percentage of review_sentiment by category:” followed by
review_sentiment_percentages
Print ”Percentage of response_sentiment by category:” followed by

response_sentiment_percentages
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Appendix E

Review Trend Pseudocode

Algorithm 6 Pseudocode for Plotting the Number of Reviews per SECO Issue Type

over Time
1: Import the required libraries: pandas, matplotlib.pyplot as plt
2: Load  the reviews dataset from the CSV  file located at
’../dataset /seco_reviews_labeled.csv’ and store it in a DataFrame named
reviews
3: Create a dictionary named label_dict with label ids as keys and category names
as values
4: Add a new column ’category’ to reviews DataFrame by mapping the 'label_id’
column with label _dict
5: Convert the 'review_date’ column of reviews DataFrame to datetime format using
the format ”
6: Remove rows with missing values in the 'review_date’ column from reviews
7. Filter reviews to keep only rows where the year of review_date’ is less than 2022
and greater than or equal to 2013
8: Group the reviews in reviews DataFrame by 'review_date’ and ’category’, and
count the number of reviews in each group. Reset the index and store the result
in reviews_by_label
9: Pivot reviews_by_label DataFrame, using 'review_date’ as the index, ’category’
as the columns, and ’review_description’ as the values. Store the result in
reviews_by _label _pivot
10: Plot a line graph of the number of reviews per SECO issue type over time using
reviews_by_label_pivot. Set the figure size to (12, 6)
11: Set the title of the plot as "Number of Reviews per SECO Issue Type over Time”
12: Set the x-axis label as ”"Date”
13: Set the y-axis label as " Number of Reviews”
14: Show the plot
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Appendix F

Interview Questions

e Category: Integration

1. How does your company ensure seamless integration with other platforms?
2. What tools or methods do you use to identify issues related to integration?

3. What are the common integration problems you've experienced in plat-

forms?

4. How does your company address the issues related to API errors and lack

of integration?

5. How do you handle cross-platform issues and ensure compatibility?

e Category: Performance & Compatibility

1. How does your company ensure optimal performance across multiple de-

vices?

2. What steps do you take to ensure the compatibility of your software with
mobile websites?
3. How does your company resolve compatibility issues with different oper-

ating systems (i0S, Android)?

4. Can you elaborate on the steps you take to resolve app crashes and slow

performance issues?
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e Category: Privacy & Security

1. How does your company ensure the security of user data and prevent

scams”?

2. What measures do you have in place to address fake apps and impossible

login issues?

3. How do you ensure the authenticity of reviews on your platform?

4. Can you elaborate on the steps you take to address data mining and an-
noying notifications?

e Category: Design & Complexity

1. How does your company ensure a user-friendly interface for your software?
2. What measures do you take to improve your app and web interface?

3. How do you handle issues related to confusing and unintuitive interface

design?

4. Can you share how your company addresses the difficulties in navigating

your software?
5. How do you improve your desktop interface and reduce lags?

6. What steps do you take to avoid ads and make your interface less complex?
e Category: Customer Support

1. Can you share your company’s approach to customer support and how you

ensure customer satisfaction?

2. What measures do you have in place to address customer complaints and

queries?
3. How do you ensure that your customer support is easily reachable?

4. Can you share how your company resolves seller support and chat support

issues?
5. How do you handle complaints related to rude customer service?

6. What steps do you take to ensure that your customer support team can

communicate effectively with customers?
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e Category: Cost & Pricing

1. How does your company ensure that your pricing is fair and transparent?

2. What measures do you have in place to address issues related to loss of

money and credit card problems?
3. Can you share how your company handles refund and shipping cost issues?
4. How do you address complaints related to expensive prices and fees?

5. Can you share how your company ensures trust and builds trust with

customers?

6. How does your company ensure smooth payment processing and avoid

bank account issues?



