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Abstract
Progressive Web App (PWA) is a new approach to the development of mobile applications
(apps) which was proposed by Google in 2015. It combines technology resources of both
web and native apps. Meta-design is an End-User Development (EUD) approach from
which end-users participate actively of a system’s design process. Yet PWAs are a recent
technology and the impacts of associating EUD and PWAs has been little explored. In this
research, we present an investigation about end-users interactions when they act as co-
designers on PWA apps. As the traditional PWA approach is limited regarding users acting
as co-designers, we propose the PWA-EU approach, an extension of the traditional PWA
architecture that includes meta-design concepts. We evaluated our approach concerning
both end-users and developers perspectives. With regards to the end-users, we built a
mobile app based on the PWA-EU approach and conducted a study in which a group
of participants acted as co-designers of the app, and another group with participants
interacting as non-designers. On the study with developers, we grouped 23 participants
according to their professional background. Moreover, each developer had to implement the
three architectural parts from the PWA-EU proposal and one from the traditional PWA
approach. The findings suggested PWA-EU is a useful architecture for developers with
some experience and for end-user empowerment on mobile apps, which brought significant
contributions to the PWA and EUD fields.

Key-words: Progressive Web Apps, Interface Adaptation, Meta-design, End-user Devel-
opment, Mobile Apps
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1 Introduction

The challenges of designing interfaces and interactions for di�erent applications

platforms are not a new topic and have been discussed in many works (BUENO; ZAINA,

2016; GHIANI et al., 2014; MANCA et al., 2013; NEBELING; SPEICHER; NORRIE,

2013; PROENÇA; NERIS, 2017; GULLÀ et al., 2015; BUENO; ZAINA, 2017). The interest

has been boosted by the increase in the number of di�erent devices for user interaction.

The number of individuals using web applications on mobile devices has increased when

compared with native applications. According to a Comscore research (COMSCORE,

2017), mobile internet access has already overtaken desktop internet around the globe.

More than half of the minutes spent on the internet comes from mobile access. In countries

such as Brazil, India, and Spain this number reaches over 70% (COMSCORE, 2017).

The user interface (UI) is the part of a software that allows people to see, hear,

touch, talk to, and interact with. The design of a suitable interface should provide a mix of

well-designed input and output mechanisms that satisfy the user's needs, capabilities, and

limitations in the most e�ective way (GALITZ, 2007). UI elements are used to provide a

communication channel between user and system.

Web mobile apps are popular and their coverage goes from smaller devices such

as smartphones to bigger ones, smart tv for instance. Additionally, browsers and devices

have their own constraints that should be analyzed by developers and designers. This

wide range of means to access apps brings the need to adapt interfaces on di�erent

resources, dimensions and contexts of use (BUENO; ZAINA, 2016; GHIANI et al., 2014;

MANCA et al., 2013). The �rst solution for developing applications that run on di�erent

devices and platforms were hybrid mobile apps. In this approach, apps are created with

a combination of web technologies, such as HTML, Cascading Style Sheets (CSS), and

JavaScript (JS) codes. After some transformations, the code is hosted inside a native app

that uses a kind of mobile browser to run them (CHARLAND; LEROUX, 2011). In a

di�erent approach, Responsive Web Design (RWD) uses the original web app. However, it

presumes application development and design should adapt its behavior to the user and

environment. Adaptation is automatically made from the device screen width, orientation

and platform using CSS media queries (BRYANT; JONES, 2012).

Having RWD as a foundation, Progressive Web App (PWA) is a recent approach

proposed by Google that combines both web and native apps technology resources, still in

a di�erent way from the hybrid mobile approach. PWAs are initially presented as web

mobile apps with RWD which after the �rst user interaction, progressively, become more

complete and similar to native apps (PETELE, 2016). This progressive feature provides an
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adaptive nature to PWAs since their UIs become more complete according to the growth

of user interactions. As PWAs is a recent approach, not many empirical investigations

have been carried out, especially focusing on the perspective of User Experience (UX).

Conversely, Google conducted a series of case studies with companies that adopted this

approach such as Twitter, Forbes, OLX and Aliexpress (Google Developers, 2018a).

The technologies previously described have its focus on automatic adaptations that

do not consider end-users' perspective. End-user development (EUD) focuses on allowing

users who are not primarily interested in software to create, modify and extend a system

according to their needs. Meta-design is a EUD approach in which the end-user is an

active participant in a system's design process. Its main goal is to create an environment

that empowers end-users to do their choices. Users can participate actively in application

development and are not restricted to using them (FISCHER, 2009). In this scenario, user

preferences and needs are addressed by user's intervention modifying and evolving the

system (PROENÇA; NERIS, 2017).

The �rst EUD tools focused only on desktop applications (PATERNÒ, 2013). Yet,

in recent years a considerable amount of EUD related studies have taken into account

web and mobile apps as their platform (PROENÇA; NERIS, 2017; COSTABILE et al.,

2008; PROENÇA; NERIS, 2017; DANADO; PATERNÒ, 2014; BOSETTI et al., 2017;

NAMOUN et al., 2016). Still, most studies focus only on the process of understanding

software development based on EUD. With that in mind, we can point out a gap related to

end-users' opinion on how they adopt EUD tools to build and modify apps. Even though

Namoun et al. (NAMOUN et al., 2016) investigated factors that in�uence end-users

participation on mobile app EUD activities, the impact PWAs have on these aspects was

not taken into account.

1.1 Research Goals

The main goal of this master's research project was to propose an approach

that allows end-user empowerment on PWA apps, named PWA-EU. The motivation for

conducting this research was linked to PWA's adaptive nature and its great potential to

be associated with meta-design. Both approaches allow apps to become more complete

while the user builds a relationship with it. Nonetheless, the traditional PWA approach

does not empower users and takes their preferences into account. This limitation led to the

proposal of the PWA-EU approach, an extension of the traditional PWA architecture that

includes meta-design in a way that users can include their preferences to adapt interfaces

during run-time. With that in mind, this master's project aimed to answer the following

research question:

How can we join PWA and meta-design in a way that users become co-
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designers of a PWA app?

As the speci�c goals of this research project, we can point out:

� Review of bibliographic including PWA, EUD, meta-design and mobile adaptation;

� Analysis of a study in which users interact on web, native and PWA platforms;

� Evaluation of PWA-EU proposal on end-users and developers viewpoint.

We can also point out the limitations of this work, which includes points we did

not set as goals:

� Evaluate the traditional PWA architecture;

� Create an approach that simpli�es PWA development;

� Propose a new application platform for mobile development.

1.2 Methodology

The methodology proposed to achieve this project's goal consisted of a six-step

cycle, illustrated by Figure 1 and detailed as follows.

S1 - Literature Review: review of relevant studies based on this project's

fundamentals, with the aims of �nding trends, limitations and new �ndings on this �eld;

S2 - Experimental Study I: conduction of an experimental study with end-users

in order to compare user interactions on three distinct mobile platforms, web, native and

PWA;

S3 - Outline Approach: elaboration of the PWA-EU proposal based on a litera-

ture review and lessons learned from Experimental Study I;

S4 - Experimental Study II: conduction of an experimental study to validate

our approach by an end-user perspective;

S5 - Experimental Study III: conduction of an experimental study to validate

our approach on a developers perspective;

S6 - Publication of Results: writing of scienti�c papers and technical reports.

1.3 Contributions

The main contributions of this master's project were:
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Figure 1 � Research cycle overview

� To provide a discussion comparing PWA, web and native mobile apps on user and

specialist perspectives;

� To propose the PWA-EU approach, a PWA architecture extension that considers users'

preferences by including meta-design aspects into the traditional PWA architecture;

� Validate the PWA-EU approach by the means of a study in which end-users with

distinct technical pro�les acted as co-designers on a PWA. This validation showed

that users who act as co-designers may achieve a more satisfying experience. Still,

playing this role is easier to end-users who are familiar with technology;

� To validate the PWA-EU approach by the means of a study on developers perspective,

which pointed out that developers found the approach useful. Yet, novice developers

might have di�culties with architecture and implementation.

1.4 Organization

This work consists of seven chapters that are described as follows. In Chapter

1, an introduction regarding this study's domain are presented, as well as the research

goals, methodology, and contributions. In Chapter 2, we discuss fundamental concepts and

related works to this research. Chapter 3 presents all steps of the experimental study about

UX on three mobile platforms, besides discussing its results. In Chapter 4, a proposal to a

PWA architecture extension with the aims of including meta-design concepts is featured.

In Chapter 5, we analyze Chapter's 4 proposal on an experimental study that focused on

analyzing end-users acting as co-designers on PWAs. Chapter 6 presents an experimental

study evaluating Chapter's 4 proposal on a developers' perspective. At last, Chapter 7

concludes this work by discussing the �ndings of this project.
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2 Fundamentals and Related Work

The search and gathering process of the related studies reported in this chapter were

based on two main strategies: keywords-based search and snowballing strategy (WOHLIN

et al., 2012). The keywords-based search was performed on bases such as Scopus1, Google

Scholar2, ACM Digital Library 3 IEEE Xplore4 and Web of Knowledge5. The following

keywords were used in the process of searching for related works: Interface Adaptation,

Interface Elements Adaptation, UI Elements, Interface Elements, End-User Development,

Meta-design, Progressive Web Applications, Mobile Applications and Native Applications.

Additionally, we searched for studies that combined more than one keyword. We re�ned

our searching by examining their references and looking for new ones by applying the

snowballing strategy.

2.1 UI Elements and Interface Adaptation

UI elements are interface object collections tied to a feature, which allow user

interactions with an application (TIDWELL, 2011). All elements must be meaningful to

users and have a purpose in performing tasks or ful�lling needs, otherwise, a given element

is only noise and should not be included on the UI (GALITZ, 2007). These elements are

reusable, optimized and organized solutions to recurring UI problems. Designers must

apply and adapt these patterns according to each project's context (Interaction Design

Foundation, 2017).

Some examples of UI elements in a system are windows (primary, secondary, or

dialog boxes), menus (menu bar, tabs, pop-up, cascading), icons that represent objects,

assorted screen-based controls (text boxes, list boxes, combination boxes, settings, scroll

bars, and buttons), a mouse or other pointing device, and the cursor. The main goal of

these elements is to represent the real world on the most realistic, meaningful, simple and

clear way as possible to the user (GALITZ, 2007).

The concept of user interface adaptation on a system is not new. The literature

describes many approaches that can be used to create a design able to adapt itself

depending on requirements and/or user needs. These approaches can be classi�ed into two

distinct categories, adaptable and adaptive (GULLÀ et al., 2015).

1 Link: www.scopus.com/home.uri
2 Link: scholar.google.com
3 Link: dl.acm.org/
4 Link: ieeexplore.ieee.org/
5 Link: www.webofknowledge.com/
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An adaptive UI is based on the principle that a system should be capable of

identifying the circumstances that require an adaptation and apply the appropriate actions

according to the adopted strategy. Therefore, the adaptive technique requires that both

user and system status be constantly monitored. On the other hand, an adaptable UI

o�ers to the end-users a chance to choose between alternative presentation and interaction

characteristics already built into the system, similar to selecting a user pro�le from a

prede�ned list. Nonetheless, the line that separates these two categories is very thin. Even

though adaptable systems allow users to have total control of the individual appearance

and UI, adaptive systems can facilitate user interactions, minimizing the need to request

help and helping users to deal with complex systems. At last, an adaptive UI with user

control is a good arrangement between adaptive and adaptable interfaces approaches. In

doing so, the system is responsible for the adaptation process under user's supervision

(GULLÀ et al., 2015; BUENO; ZAINA, 2017).

2.2 Responsive Web Design, Native and Hybrid Applications

One of the most known proposals in interface adaptation area is Responsive Web

Design (RWD) (MARCOTTE, 2011). This approach assumes website adaptation according

to the characteristics of a mobile device, instead of developing multiple versions of a website

to support a large number of devices (BRYANT; JONES, 2012). RWD is based on three

technical bases: �exible grid layouts with relative dimensions, �exible images adjusted

according to screen size, and CSS3 media queries that automatically adapts layout behavior

to screen sizes and orientations (MARCOTTE, 2011; BRYANT; JONES, 2012). Ghiani

et al. (2014) state that even though RWD has been recently adopted by many designers

and developers, it has limitations that can a�ect the user experience, such as lack of

multimodality support on certain situations.

Native applications are developed with a programming language from a certain

platform, such as Java on Android. The code is already compiled when the application

is installed on a device, which makes it faster when compared to web apps. Hybrid

applications require tools as the framework PhoneGap6. Its purpose is to create native

apps converting code from web technologies such as HTML, CSS, and JS to a compiled code

to a certain platform. These applications have access to features that native applications

have. However, an API accessed via JS is still required (CHARLAND; LEROUX, 2011).

Usually, web mobile apps are known for having performance issues when compared

to native apps. However, according to Charland & Leroux (2011) there are two problems

on this line of reasoning: (i) high cost to develop applications written in platform-speci�c

programming languages and (ii) lack of striking di�erences on web mobile apps performance

6 Link: https://phonegap.com/
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Figure 2 � PWA features. Source: created by the author

when compared to their native counterparts, except for applications on 3D games or image

processing �elds (CHARLAND; LEROUX, 2011).

2.3 Progressive Web Apps

PWA is a new approach to develop applications by joining resources from web and

native applications. This approach mixes a set of strategies, techniques, and APIs in order

to deliver a native mobile-like experience (SHEPPARD, 2017). This term was de�ned in

2015 by Alex Russell, a software engineer at Google, and Frances Berriman, a designer

(RUSSELL, 2015). These applications are initially presented as web mobile apps using

RWD, however, as the user progressively builds a relationship with the application over

time, they become more complete and similar to native apps. Besides progressive, a PWA

is (i) responsive, adapting its interface with RWD, (ii) connectivity independent, working

o�ine or in low-quality networks, (iii) similar to native applications, regarding interactions,

navigation and appearance, (iv)re-engageable, allowing features as push noti�cations

to recover user involvement with the app, (v)installable, allowing users to add apps to

their home screen, and (vi)fresh, checking for new updates when online (PETELE, 2016).

Figure 2 illustrates these features.

Since PWAs are a recent technology, not many empirical investigations have been

carried out focusing on the perspective of user experience (UX). Still, Google has conducted
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case studies with companies such as Twitter, OLX, and Jumia with the aims of analyzing

the impact PWA brought on apps that migrated from the web approach. Jumia is the

leading e-commerce in Africa, in which many users have intermittent connectivity and

devices with data limitations. In this scenario, it is di�cult to induce users to download

a native app. By replacing their web app to a PWA, the company perceived that their

tra�c migrated from their native app by more than 12 times and is still growing (Google

Developers, 2017a).

Besides the characteristics described above, authors claim that PWA's main char-

acteristics are being reliable, fast and engaging. They are considered reliable since they

use Service Workers, loading instantaneously detached from network connection state.

These apps are fast because they have a fast response with smooth animation to user

interactions. Engaging since they have an application manifest, that enables similarities

to native applications, providing an immersive user experience with full screen and push

noti�cations (Google Developers, 2018c; SHEPPARD, 2017).

Service workers (SW) are JS scripts run by the browser in the background. This

technology uses resources that are independent of a web page or user interactions, such

as push noti�cations and o�ine mode. These scripts have a life cycle detached from the

web page and should follow three steps (see Fig (SHEPPARD, 2017)), (i) registration: the

JS code registers the SW and requires the browser to start installation as a background

process, (ii) installation: when static �les are stored on cache, and (iii) activation: where

old cache �les are handled. However, an extra step is required when the Service Worker

needs to be updated with new data from the app (SHEPPARD, 2017).

In order to implement a PWA that is reliable and fast, its architecture must be

arranged using an application shell architecture. This architecture consists of loading only

the shell containing the application's UI, usually formed by HTML, CSS and JS �les,

besides static content such as images and fonts (see Fig 4). The speci�c dynamic content

from each web page is not initially loaded. Because of that, in a shell architecture, it is

important to separate page layout content from navigation, and to load as little data as

possible and to load static resources from the local cache. Furthermore, there is no need to

download new versions of the application, as the most recent release will be automatically

displayed when the online server sends the most recent �les (SHEPPARD, 2017).

Google Developers (2017b) claim that PWAs bring radically better web experiences.

In order to make web experiences pleasant to users, three key principles can be followed

during PWA application development. These principles are known as Feel Good Principles

and are based on the fundamentals that applications should be (i) reactive, (ii) predictable

and (iii) in control.

A reactive app is based on perceived performance as the app reacts to each

user interaction. By assuring users had the impression of short loading time, it avoided
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Figure 3 � Service Worker Life cycle. Source: adapted from (SHEPPARD, 2017)

Figure 4 � PWA Application Shell. Source: (Google Developers, 2018b)
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frustrations. Yet, this perception is achieved by relying on an app shell architecture in

which part of the UI loads instantly and another waits for the server's response time.

Moreover, it is important that every user action (i.e. touch or swipe movements) have an

observable response.

A predictable app o�ers a UX in which users know what to expect to lead to a

better comprehension of their experience. For instance, the side menu UI element, popularly

known as the hamburger menu usually allows swipe and touch gestures. However, if one of

these movements is missing on a menu, users might be frustrated as their expected an

answer by performing this action.

When an application allows users to always be in control, it is developed focusing

on the display of information, noti�cations or permissions in a subtle and stable manner,

not by surprising the user. In this case, users can interpret the meaning of these actions,

which avoids mis-clicks or the performance of an unwanted action.

2.4 End-User Development and Meta-design

End-user development (EUD) can be de�ned as a set of methods, techniques, and

tools that allow users of software systems to create, modify, or extend a software artifact

according to their needs and preferences. These users act as non-professional software

developers and are not primarily interested in software development (LIEBERMAN et al.,

2006; FISCHER, 2009). EUD's main goal is empowering end-users to develop and adapt

the systems by themselves. Nonetheless, recent studies point out the previous de�nition is

too restrictive, as there are currently many possibilities provided by technology, brought

by web 2.0 and 3.0, Internet of Things and smart devices. A new de�nition of EUD can

include methods, situations, and socio-technical environments that allow and empower

end-users to express themselves. Moreover, users can be independent of developers while

performing EUD activities (FISCHER; FOGLI; PICCINNO, 2017). On meta-design, users

are in charge of solving their own problems, instead of relying on technology experts

(FISCHER; NAKAKOJI; YE, 2009).

EUD appeals to distinct audiences by considering them when creating a design and

building artifacts, besides developing tools to democratize knowledge creation (FISCHER;

FOGLI; PICCINNO, 2017). Some examples of widely used applications in commercial

software systems that have EUD concepts are recording macros in word processors,

setting up spreadsheets for calculations, and de�ning e-mail �lters. Yet, even though these

applications have �aws and are only a fraction of EUD's potential, they can still set

good examples of why empowering end-users to modify the systems they use is a relevant

contribution to the society (LIEBERMAN et al., 2006).

An in�uential EUD approach is Meta-design, in which the end-user acts actively in
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a system's design process. Its main goal is to create a user empowered environment, where

all stakeholders can actively participate in application development and are not restricted

to its use (FISCHER, 2009; FISCHER; FOGLI; PICCINNO, 2017). In this scenario, user

preferences and needs are addressed by users' intervention who are able to modify and

evolve the system (PROENÇA; NERIS, 2017). This approach contributes to the creation

of cultures in which humans can express themselves and engage in personally meaningful

activities. During these activities, the partial control is shifted from designers to users,

who can contribute with their own visions and objectives. A meta-design approach is not

an option, it is a necessity in order to match user's needs with a system (FISCHER, 2007).

Meta-design is a"design for after design", which indicates that this approach

allows users to modify and evolve the system at use time, creating an open system. While

user-centered design and participatory design promotes"design for use before use"with

the aims of forcing all design intelligence on the beginning of the design process when

there is little information about what is really needed (FISCHER; FOGLI; PICCINNO,

2017; FISCHER et al., 2007).

The Meta-design framework proposes a set of guidelines to support domain expert

to adopt the EUD approach, described as follows (FISCHER; NAKAKOJI; YE, 2009;

FISCHER; FOGLI; PICCINNO, 2017):

1. Support Human-problem Interaction . Domain experts want to focus on solving

their own problems, not on interacting with computers or software development.

Therefore, the design must support human-problem interaction and not human-

computer interaction. In order to achieve this, the software domain and their problems

must be de�ned by users.

2. Underdesign for Emergent Behavior . Meta-design systems should be underde-

signed because users should not treat them as �nished products, but view them as

a continuous beta version that can incorporate emerging design behaviors during

use. However, underdesign does not mean that design responsibilities should be

transferred to end-users.

3. Enable Legitimate Peripheral Participation . Newcomers to a community must

be able to participate with contributions. Transparent procedures are required to

incorporate user contributions into the systems, which should be visible and have a

recognizable in�uence.

4. Share Control . The original metadesigners must �nd a way to transfer partial

control to the end-users. These users can play di�erent roles, with their own respon-

sibility and authority, depending on their involvement. This assists in sustaining

user participation and system evolution, since the users that become stakeholders

and acquire ownership in the system will probably continue to contribute.
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5. Promote Mutual Learning and Support . Users do not have the same skill

and knowledge levels as their peers. In order to get involved and to contribute to

the system, they need to learn many things. A metadesigned system should have

knowledge-sharing mechanisms associated with it to encourage users to learn from

each other.

6. Reward and Recognize Contributions . Humans are not motivated only for

material gain, but also for several reasons such as psychological well-being, social

integration, recognition and improving reputation. Because of that, paying attention

to users' motivation is essential for the continuous user participation and conse-

quently evolution of the metadesigned system. Users' motivation is derived from

their satisfaction from getting involved in shaping the software system to solve their

problems.

7. Foster Re�ective Communities . The knowledge required to solve a complex

design issue is likely distributed among many domain experts. Due to that, it is

important to create a mechanism for collaboration between these experts, in which

they can share often controversial viewpoints which can lead to new insights, ideas,

and artifacts.

2.5 Related Work

This section aims to present related work regarding the topics of the master's

project. Table 1 shows the most relevant studies categorizing them into (i) topics the

studies are related to (i.e. interface adaption (IA), and EUD), and (ii) platform they focus

on (desktop, web, mobile web, PWA, and native). Each study is described in the following

paragraphs.

UIFlex (PROENÇA; NERIS, 2017) is a web-browser extension that performs

adaptations the UI from existing websites. It adapts considering users' pro�les using meta-

design principles. There are two steps on the adaptation: the �rst step takes information

from a questionnaire answered by users and suggestions from authorities such as the W3C

and Mozilla Developer Network to create an interaction pro�le. The second step adapts

UIs from the visited web pages considering each user interaction pro�le and using JS, CSS

and HTML code injections.

HyMobWeb (BUENO; ZAINA, 2017) is a hybrid approach that adapts UIs from

web applications on mobile devices. It is based on context sensibility and multimodality.

The proposal extends front-end frameworks by which developers are able to include

adaptation points on the code. A hybrid strategy was adopted to combine both static when

modi�cations occur during implementation (i.e. during coding), and dynamic adaptations
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Table 1 � Related work comparison

Work Topic Platform

UIFlex (PROENÇA; NERIS, 2017) IAM, EUD Web

HyMobWeb (BUENO; ZAINA, 2017) IAM Mobile web

Bueno (BUENO; ZAINA, 2016) IAM Mobile web

Adaptive Management Interface (GULLÀ et al.,
2015)

IAM Unde�ned

Tukuchiy (BARRERA-LEON et al., 2016) IAM Desktop

Ghiani (GHIANI et al., 2014) IAM Mobile web

Manca (MANCA et al., 2013) IAM Mobile web

W3Touch (NEBELING; SPEICHER; NORRIE,
2013)

IAM Mobile web

Biørn-Hansen (BIØRN-HANSEN; MA-
JCHRZAK; GRØNLI, 2017)

None PWA

Fortunato & Bernardino (FORTUNATO;
BERNARDINO, 2018)

None PWA

Puzzle (DANADO; PATERNÒ, 2014) EUD Native

Costabile (COSTABILE et al., 2008) EUD Desktop

Bosetti (BOSETTI et al., 2017) EUD Desktop, Mobile Web

Namoun (NAMOUN et al., 2016) EUD Native

PWA-EU IAM, EUD PWA

when the web app changes its behavior according to the adaptation points during run

time.

Bueno & Zaina (2016) conducted an exploratory study comparing two web mobile

applications using RWD focusing on UI elements, modalities, and usage contexts. The

�rst application had automatic adaptations from Bootstrap framework7, and the second

used adaptations de�ned by the authors with the aim of solving possible interaction

issues. The results of an evaluation with end-users demonstrated that the addition of

multimodality and new adaptations brought positive changes in users' interactions e�ciency

and satisfaction. Besides, the outcomes pointed out gaps in adaptation resources in the

front-end frameworks.

Gullà et al. (2015) proposed the Adaptive Management Interface, a method to

develop adaptive UIs. This method follows a "design for all" paradigm, in which the UI

attempts to provide an easy and friendly interaction for di�erent users, including elderly

users. Besides that, the UIs should be able to de�ne and represent user behavioral models

according to an identi�ed scenario. This method is based on three information models:

the user model (i), the environment model (ii) and the interaction model (iii). The user

7 Link: https://getbootstrap.com/
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model (i) provides a description of the user's pro�le pattern including his/her cognitive

and physical structure, status and preferences. The environment model (ii) supplies the

information pattern and includes the functionalities, physical and local characteristics of

the HCI environment. The interaction model (iii) is the core of the adaptive process and

controls both user and environment models. Moreover, this model must recognize the user

and store his/her preferences, extract HCI interaction information, provide logical and

task interpretation, allow suitable environmental usability and de�ne the event activation

schedule.

Tukuchiy (BARRERA-LEON et al., 2016) is a framework that generates adaptive

UIs based on the Runa-Kamachiy model. This model combines a set of HCI standards (i.e.

Usability components), information gathered from the user and use contexts to develop UIs

for user-centered desktop applications. Adaptations are dynamic since they occur during

the application's execution time. Tukuchiy was validated through two prototype evaluations

by specialists. The results indicate that this framework can improve applications' usability.

However, there are still features that can be enhanced.

The studies from Manca (2013) and Ghiani (2014) on mobile web present solutions

in which the interfaces are self-adapted automatically considering distinct modalities and

context of use, and are based on rules and HTML, CSS and JS code injections. Positive

results indicating that users can bene�t from adaptations were obtained on both solutions.

The proposal of Ghiani (2014) also demonstrated that is more �exible and provides wider

support when compared to RWD.

W3touch (NEBELING; SPEICHER; NORRIE, 2013) presented an automatic

adaptation solution of mobile devices web pages. This study introduced a toolkit that

produces analytics from user interactions aiming to assist designers to �nd issues related

to the touch movement. The adopted metrics are mis-clicked links ratio and zoom levels

necessary to visualize page components. From the metrics and rules, the toolkit can detect

the need to make modi�cations using CSS and JS code injection.

Biørn-Hansen et al. (BIØRN-HANSEN; MAJCHRZAK; GRØNLI, 2017) proposed

a technical comparison between PWA, Native, Hybrid, and Interpreted applications,

besides describing concepts from PWAs and their technologies. They concluded there

is potential for PWAs to unify web and native development without the need for cross-

platform frameworks. Fortunato & Bernardino (2018) presented PWA's characteristics

and a comparison between development frameworks. Their conclusion, the authors pointed

out that it was possible to achieve a high-quality software using PWA approach.

Danado & Paternó (2014) proposed Puzzle, a framework in which end-users with

no previous experience on programming can develop or customize mobile apps. Puzzle

has an architecture that enables apps to connect to web services, native functions from

the mobile device and smart devices. Additionally, Puzzle provides an environment UI
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that allows users to create complex apps through a simple process. It is developed with

JS, HTML, CSS.

Costabile et al. (2008) proposed a EUD desktop application based on the software

shaping workshop (SSW) method. SSW adopts a meta-design participatory approach that

continues throughout a whole software life cycle. Their application considers four types of

end-users and de�nes that only the power users can modify and delete content. The other

three types of end-users are limited to visualizing content.

Bosetti et al. (2017) presented a tool based on mobile web augmentation (MoWA)

in which end-users can develop apps from desktop and mobile devices even when they

have no programming skills. Web augmentation is a technique to manipulate and enhance

web apps with new features. MoWA is a framework to extend web desktop applications

to the mobile �eld taking the app's environment context into account. To evaluate their

approach, an experiment with 21 participants was conducted. In this study, users had

to implement an app on the tourism domain using the MoWA authoring tool developed

by the authors. In the end, most participants were able to create their own mobile web

experience without having programming knowledge.

Namoun et al. (2016) proposed a model linking the features of performing EUD in

mobile devices to end-users' attitudes towards and intent of doing this. The proposal arose

from di�erent studies carried out with participants about the motivations and activities

they played on EUD �eld. The studies considered participants with experience or not on

EUD in mobile. The results show that rather than creating apps the end-users have more

interest in customizing apps to improve their experience.

Even though the studies presented in this section have multiple ways to solve

interface adaptation issues, they have limitations. Most of the authors' proposed techniques,

frameworks and intelligent algorithms that automatically generate adapted interfaces

(BARRERA-LEON et al., 2016; BUENO; ZAINA, 2016; BUENO; ZAINA, 2017; GHIANI

et al., 2014; MANCA et al., 2013; NEBELING; SPEICHER; NORRIE, 2013). Others

consider only technological aspects and contexts of use on their adaptations (BUENO;

ZAINA, 2016; BUENO; ZAINA, 2017; GHIANI et al., 2014; NEBELING; SPEICHER;

NORRIE, 2013; MANCA et al., 2013; GULLÀ et al., 2015). Furthermore, these ones

leave native mobile apps dimension uncovered. In some cases user preferences are taken

into account as a foundation of the adaptation process (BARRERA-LEON et al., 2016;

GULLÀ et al., 2015). However, these studies did not target at providing freedom to

users to take the role of the active agent of their adaptation choices. UIFlex (PROENÇA;

NERIS, 2017) proposal contemplates user preferences and user active participation to

change adaptations automatically made by the system. Nonetheless, it is limited to a web

environment. Furthermore, UIFlex does not enable users to change UI elements appearance,

content display format, and interaction methods.
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Even though Puzzle (DANADO; PATERNÒ, 2014), Bosetti's (BOSETTI et al.,

2017) and Namoun's (NAMOUN et al., 2016) studies take the user empowerment in setting

the mobile apps, PWA-EU has a di�erent focus. While PWA-EU aims to empower users

by combining their preferences into interface adaptation on a PWA UI, Puzzle focuses on

allowing end-users to create complex mobile applications that connect to smart devices

from scratch. Furthermore, Bosetti's (BOSETTI et al., 2017) tool extends an existing web

desktop app. The application presented by Costabile (COSTABILE et al., 2008) do not

take into account mobile environments and/or interface adaptation on their proposal. At

last, Namoun et al. (NAMOUN et al., 2016) do not consider PWAs into their research.

Still, the works related to PWA do not take interface adaption and/or EUD into account.

An unexploited gap is joining the adaptive nature from the EUD approach, such as

meta-design, and PWAs concepts. On the proposal presented in this master's dissertation,

end-users would actively take part in all UI adaptations, by progressively modifying

their preferences such as UI elements appearance, content display format, and interaction

methods.
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3 Analyzing user experience on mobile web,

native and PWA applications

We conducted an experimental study with 8 participants aiming to identify aspects

of user experience on three di�erent platforms: PWA, web mobile (with RWD) and native

Android. We considered only the Android operating system since both PWA and Android

are technologies proposed by Google. This experimental study was motivated by two

aspects. First, there had not been reports of academic studies that investigated the use

of PWA in the perspective of user experience. In addition, although Bueno & Zaina's

study (BUENO; ZAINA, 2016) had explored the end-user perspective, the present study

conducted a quantitative analysis regarding some UI elements on web mobile application.

Our current study di�ers from others by conducting a qualitative analysis comparing the

user experience during users' interactions with distinct application platforms, considering

both user and HCI specialist perspectives. Guidelines proposed by Lazar et al. (2017) were

addressed in this experiment organization, following planning, conduction and analysis

phases. In the next sections, we present all of the steps.

3.1 Planning

Before starting the planning of the experimental study, we carried out an inves-

tigation with the aims of setting which UI elements will be explored in this study. A

literature review was conducted looking for studies that reported UI elements issues in

web and native applications. The review was based on two strategies. First, we conducted

a keywords-based search on the following bases: Scopus1, Google Scholar2, ACM Digital

Library 3 IEEE Xplore4 and Web of Knowledge5. Keywords such asinterface elements,

interaction elements, interface elements patternand user interface patternswere searched.

Taking into account the set of works found out, we re�ned our searching by examining

their references and looking for new ones by applying the snowballing strategy (WOHLIN

et al., 2012). Table 2 shows the selected UI elements.

UI elements are interface object collections tied to a feature, allowing user inter-

actions with the web page (TIDWELL, 2011). These patterns are reusable, optimized

and organized solutions to recurring UI problems. Designers must apply and adapt these

1 Link: www.scopus.com/home.uri
2 Link: scholar.google.com
3 Link: dl.acm.org/
4 Link: ieeexplore.ieee.org/
5 Link: www.webofknowledge.com/
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Table 2 � Selected UI elements and general issues regarding each

UI element Description Issues

Search input Most common search interface. A search
term is entered in an input. (MEIER; HEI-
DMANN; THOM, 2014)

Lack of e�ciency when typing search
terms, however, voice modality can be
added in order to increase e�ciency
(BUENO; ZAINA, 2016).

Calendar One of the most e�cient ways to avoid for-
mat errors on date insertions. Commonly
used on travel websites to book hotels and
�ights due to its easiness observing the ex-
act day of the week and month (BARGAS-
AVILA et al., 2011).

Possibility to enter the date manually in
the �eld, which may lead to an incorrect
date (BARGAS-AVILA et al., 2011).

Select Used when only one option must be chosen
(BARGAS-AVILA et al., 2011). Easy to
recognize as something that can be selected
(RIBEIRO, 2012).

An extensive menu can �ll the entire
page, being ine�ective on mobile de-
vices. Di�cult to achieve a consistent
look across platforms (RIBEIRO, 2012).

Map Commonly used in mobile applications
to �nd speci�c places and get directions
(HARLEY, 2014). Can also be used to se-
lect results from a search query (MEIER;
HEIDMANN; THOM, 2014).

Icons are too close for selection through
touch movements on mobile devices. Fur-
thermore, the map may appear unre-
sponsive to user interactions on slow
network connections (HARLEY, 2014).

Tab menu Content is separated into sections with clear
indications of user current location (UIPAT-
TERNS, 2017).

Section names must be short. Menu op-
tion number must be between 2 to 9
(UIPATTERNS, 2017).

Table Allow users to analyze, observe and ma-
nipulate data. Distinct design structures,
techniques and patterns, such as horizontal
scroll and pagination, should be combined
on mobile devices (COYLE, 2017).

Data visualization may be damaged
if a table design is poorly structured
(COYLE, 2017).

patterns according to each project's context (Interaction Design Foundation, 2017). We

selected these elements since they are commonly used to provide a communication channel

between a user and a system (GALITZ, 2007).

In the next step, we browsed the web and Google Play to choose which PWA,

web and Android native applications would be used. We considered two requirements for

this search. First, the applications should belong to the same category (business, news,

game, shopping and so on) and preferably to the same organization either on Google

Play or the web. The search for PWA applications was performed on websites that report

these applications, such as PWA Rocks6, awesome-pwa GitHub repository7 and Google

Developers case studies showcase8. Second, the presence of a UI element (see Table 2) in

at least two of three approaches (PWA, web and Android native). We checked a group

of 17 applications of 6 categories. However, we could not �nd applications in the same

category for all three platforms. We observed that most organizations that have a PWA

application replaced its web application on mobile devices for this new technology.

6 Link: https://pwa.rocks/
7 Link: https://github.com/hemanth/awesome-pwa
8 Link: https://developers.google.com/web/showcase/
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Figure 5 � User interface from PWA and Native applications - Trivago

Therefore, we set our study by comparing the application approach in pairs. For

ease of reference,PWA-native will be used to reference the comparison between PWA and

native application. For this comparison, we chose PWA and Android native applications

from Trivago9, a tourism category. By adopting applications from the same organization

we ensure that a similar visual identity will be present in both UI elements. Figure

5 show examples of UIs from the chosen application. However, we could not �nd the

same UI element matching all approaches and application category. In order to keep the

same category, TripAdvisor web mobile and Android native applications were selected for

web-nativecomparison. Figure 6 shows an example of TripAdvisor's interfaces.

A questionnaire to collect participants' pro�le was elaborated. Data such as gender,

age, level of education, application download frequency, relevant factors to download an

application, the frequency of internet access through mobile devices and the frequency of

accessing some types of websites (see Appendix B).

Based on the rationale for the use of the applications, we speci�ed tasks related to

the UI elements (see Table 2) considered in this study. The aim is that the tasks guide

users' interactions with the application, and hence, we could explore their user experience.

Participants' had access to the list of tasks using Google Forms10.

For PWA-native comparison, �ve tasks were elaborated. For some tasks, we proposed

9 Link: http://trivago.com/
10 Link: https://www.google.com/forms/about/
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Figure 6 � User interface from Web and Native applications - TripAdvisor

more than one interaction modality such as voice and touch, and for others, we put together

di�erent UI elements. The tasks were speci�ed as follow: (T1 - search input) �ll the input

�eld with a pre-de�ned term; ( T2 - calendar) select a pre-de�ned date to his/her booking

and try to insert an invalid date where the check-out date occurs before the check-in; (T3

- select) choose one option on a drop-down element; (T4 - map) select a hotel on the map

using pinch movement; and (T5 - tab menu and table) select one of thetab menuoptions

and browse on the table content.

For Web-nativecomparison, the same �ve tasks were conducted following same

de�nitions from PWA-native comparison. However, onlysearch inputand datepicker tasks

were available on both approaches. Elementsmap and select were present on the web

mobile application, although not available on native application. Whiletab menu and table

was exclusively analyzed on the native application.

Aiming to analyze two di�erent perspectives, user and HCI specialist, we selected

two instruments for analyzing user experience aspects. First, focusing on obtaining users'

feedback, we chose SAM - Self Assessment Manikin (BRADLEY; LANG, 1994) to collect

and explore the participants' emotional feedback when interacting with the applications.

Our choice was based on Hassenzahl's (2010) study that de�ned UX as a user's holistic

perception of the software's functionality and quality characteristics. Moreover, the author

a�rms the perception of UX on an academic context concentrates on hedonic aspects and

emotions. SAM is a pictographic evaluation method to measure emotional responses from
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some sort of stimulus. Three dimensions are considered by this technique: pleasure (if the

participant had a positive or negative reaction), arousal (body stimulation level from an

event or object) and dominance (feeling in control of the situation or controlled by it).

The user chooses a value on a scale of 1 to 9 on each dimension, using images. We opted

to use a di�erent set of images than the original approach, similar to Hayashi et al. (2016)

(see Figure 7), to represent emotions in his/her perspective. We added questions about

pleasure, arousal, and dominance to the participants' questionnaires, associated with an

open question allowing participants to remark their impressions and possible issues on

each task.

In addition, the ten emotion heuristics proposed by De Lera & Garreta-Domingo

(2007) were adopted aiming to gather data regarding an HCI specialist viewpoint (see

Table 3). The authors proposed to analyze user experience by evaluating facial emotional

signs. The ten heuristics were created by analyzing and identifying the most common

facial and body expressions during user evaluation. Its goal was providing a positive (P),

neutral or negative (N) value about general user experience. Therefore, such heuristics

allowed us to gather data regarding HCI specialist perspective and complement the user's

viewpoint represented by SAM evaluation. In order to identify speci�c interaction issues

and participants' facial expressions, both participants' face and interactions with the

applications were recorded during the experiment conduction.

Emotion heuristics are commonly used in the HCI �eld in di�erent conferences

and journals. Xavier et al. (2012) presented a proposal that associated human emotional

feedback to UI elements. Its fundamentals relied on identifying emotions using the ten

emotion heuristics (LERA; GARRETA-DOMINGO, 2007) and Scherer's semantic space

for emotions structure. Alegria et al. (2013) created a proposal for the analysis and

identi�cation of behavioral characteristics from users while evaluating the usability of a web

application. The ten emotion heuristics (LERA; GARRETA-DOMINGO, 2007) supported

the evaluation of emotions associated with facial expressions, which were identi�ed using

the Behavioral Coding System (BCS). Marques et al. (2014) evaluated di�erent aspects

of user experience in a serious game. The ten emotion heuristics (LERA; GARRETA-

DOMINGO, 2007) and game experience questionnaire were selected as evaluation methods.

Sanchéz et al. (2012) stated that traditional techniques for measuring user experience are

not su�cient to analyze a gaming system. The ten emotion heuristics (LERA; GARRETA-

DOMINGO, 2007) was one of the selected methods to acquire information about the

emotional interaction process, revealing emotional feedback during their interactions with

the system.

A pilot test with �ve participants was conducted to verify if guide instructions

were su�ciently clear and objective, and in addition, we observed possible improvements

regarding tasks execution and data collection. From each participant's result, we could
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Figure 7 � SAM indexes scale

Table 3 � Emotion heuristics

Heuristic Description

H1 - Frowning (N) Possible need of concentration, displeasure or perceived lack of
clarity.

H2 - Brow raising (N) Sign of uncertainty, surprise, disbelief and exasperation.

H3 - Gazing away (N) Might be a sign of deception.

H4 - Smiling (P) Sign of satisfaction. The user might have found a moment of
joy during the evaluation process.

H5 - Compressing the lip (N) Sign of frustration or confusion.

H6 - Moving the mouth (N) If the user is moving his/her mouth or speaking to himself/her-
self might be a sign of uncertainty or being lost.

H7 - Expressing vocally (N) Vocal expressions such as sighs, gasps, coughs and the volume
of these expressions might be signs of frustration or deception.

H8 - Hand touching the face (N) Elevating one of his/her hands to the face might indicate the
user is lost or tired.

H9 - Drawing back on the chair (N) Indicate that user has negative emotions, showing a desire to
get away from the current situation.

H10 - Forward leaning the trunk (N) Might indicate frustration and depression, however, user ap-
proximation might indicate a rise in his/her attention.

simplify interactions for each task in order to decrease experiment conduction time if

needed.

After the pilot test, we de�ned the approach to conducting the experiment. Initially,

tasks would be done, in which each user should accomplish a pre-determined set of tasks

(see Appendix C and D). At the end of each task, the user should �ll a questionnaire

with SAM and an open question to report possible di�culties or remarks about their

interaction with the element. Users' face and interactions also will be recorded on video

during the whole experiment process in order to conduct a detailed analysis and emotion

heuristics evaluation afterward.
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3.2 Conduction

The study was conducted over three days in di�erent locations. Participants were

invited to take part in the study voluntarily. They were undergraduate students in three

di�erent universities in Sorocaba-SP and Itapetininga-SP. All 10 participants accepted

the term of consent about the use of data and images for academic ends. Participants

were randomly sorted into two groups with the purpose of balancing the comparison order.

One group started by using PWA and web mobile applications and the other used native

applications before PWA and web.

The participants undertook the tasks individually. Initially, each participant received

instructions about the applications and how to perform tasks. The di�erences among the

three approaches were not introduced to participants since it could a�ect their interactions

evaluation. This avoids that participants with previous knowledge about the limitations

and advantages of each approach evaluated di�erently when compared to those who were

unaware of those characteristics.

Tasks were exhibited on a computer screen in text format, where only instructions

from the current task were available. All participants did not have a time limit to accomplish

all tasks and used the same mobile device, a Motorola Moto G4 Play, connected to the

local wi-� network. It avoided that di�erences in Android operating system versions could

introduce bias on interaction data. The participants' interactions with the applications

were recorded by using DU Recorder11, installed on the mobile device. In addition, the

participants' facial expressions were captured by a laptop camera placed in front of the

participant. After �nishing each task, the participant answered SAM questionnaire and an

open question related to the accomplished task.

3.3 Analysis

Data were collected through forms, recording of user interactions on mobile device

and recording of user's facial expressions. In order to discard invalid samples, a pre-analysis

of 6 hours approximately of the users' facial expressions recordings was conducted. Two of

the ten participants were removed from the analysis due to their faces not being completely

visible on the recordings. In the end, eight participants were considered in our analysis.

First, we conducted an analysis of facial expressions. The original proposal of ten

emotion heuristics was made in 2007 when mobile devices interactions were not popular.

Hence, the �nal results of the evaluation were considered negative when �ve negative

heuristics occurred in an event. Recently, interactions on a device might take only a few

seconds and a few numbers of facial expression can be caught. Thus, we focused on the

11 Link: http://www.duapps.com/product/du-recorder.html
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qualitative analysis of each facial expression rather than considering the absolute number

of negative and positive heuristics found in each interaction. For each facial expression

identi�ed, we assigned the correspondent heuristics.

We mapped each user facial expression to an emotion heuristic. To do this, an

HCI specialist examined in parallel, side-by-side, the videos that show the user face and

his/her interaction with the apps. This examination was repeated three times by the same

specialist to assure a precise identi�cation of the heuristics was conducted since a previous

training was not executed. Each examination took about 45 minutes for each participant

since all interactions with tasks and UI elements were analyzed. Besides pointing out the

occurrence of a heuristic, the expert also made notes of when (the moment) and where

(in the apps and related to which UI element) it happened. After that, the specialist

associated his/her remarks with users' notes about their interactions with UI elements.

This association allowed the researcher to identify the emotion or set of emotions linked

to each heuristic occurrence. The goal of this mapping was to de�ne the reason a certain

heuristic occurred if it was a participants' interaction issue, an external factor and so on.

We used the open coding technique to analyze the qualitative data obtained with

heuristics' mapping. Open coding consists of examining data and labeling the chunks

with codes that give meaning to them. It does not use a pre-de�ned set of codes, on the

contrary, the codes emerge from the data (STRAUSS; CORBIN, 1998).

We followed four steps to de�ne the codes from this technique. First, we grouped the

heuristics, SAM values and participants' notes from the open question in order to analyze

the impact both perspectives had on each participant's interaction. Second, we gathered

data obtained from the �rst step and grouped them by the same application platform

(PWA, web or native) UI element. In doing so, we could compare if a UI element issue

occurred multiple times on a platform. After that, we grouped issues by the participant,

with the aims of identifying if the same issue occurred on multiple platforms for the

same participant. Finally, we gathered data from step one and added codes that represent

situations, reported by users and/or observed by the specialist, that triggered a set of

emotions. As a result of these steps, we de�ned 13 di�erent codes, as Table 4 presents.

Description represents details of why such emotion happens.

Tables 5 and 6 presents summaries regarding which emotions and codes were

identi�ed, and medians obtained using SAM questionnaire in both comparisons for each

UI element. The trigger of the emotions column refers to the open coding technique, as

Table 4 presents.
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Table 4 � Results obtained with open coding technique

Trigger of emotions Description

C1 - Instructions misinterpreta-
tion

The participant misinterpreted task instructions and interacted
with another element, not connected to the task.

C2 - Slow feedback after interac-
tion

The response after interaction takes more time than expected.

C3 - Elements' slow loading The UI element takes time to load while other page elements are
already visible.

C4 - Satisfaction after interaction The participant exhibits satisfaction after his/her interaction with
the UI element.

C5 - User not sensing control of
an element

The participant sensed the application was not being controlled
exclusively by his/her actions.

C6 - User's inattention regarding
element feedback

The participant got confused observing element's feedback, and
mis-concluded an error occurred.

C7 - User's surprise with interac-
tion response

The participant is positively or negatively surprised with an inter-
action's feedback.

C8 - Searching element on list or
page

Di�culties searching for a speci�c element in an in�nite or pagi-
nated list.

C9 - Movement/modality repeti-
tion

Repeating pinch movement or voice modality usage until the task
is ful�lled.

C10 - Previous task in�uence The participant was in�uenced by a negative interaction with the
same UI element on a previous task or another UI element before
the current task.

C11 - Participants' input error The participant had typing errors.

C12 - Design �aw The UI element's design caused an issue during participant's inter-
actions.

C13 - Other External factors such as participants' sickness and environment
noises.

3.4 Results and discussion

A total of 8 users were considered in the results. Their ages ranged from 18 to

27 years old, 70% were undergraduate students, 80% used the Android operating system

and 90% used the Google Chrome browser. All participants accessed the internet from a

mobile device on their homes on a daily basis; from those, 90% browse social networks

and search engines every day.

The presentation of results was split into subsections focusing on thePWA-native

comparison andWeb-nativecomparisons. We provided a presentation-oriented by the tasks

which were linked to UI elements.

3.4.1 PWA-native comparison

Regardingsearch input on PWA application, three of eight participants faced from

slow feedback after interaction (C2) that consequently caused frustration and uncertainty.

One of these participants was frustrated with typing errors (C11). However, another one

showed positive surprise and stated:"Despite taking more time to open the app, it has
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Table 5 � PWA-native evaluation - positive emotions in bold; PI (Pleasure index); AI
(Arousal index); DI (Dominance index) median results

UI ele-
ment

Platform Modality Emotions Trigger of
emotions

PI AI DI

Search in-
put

PWA - Frustration, positive sur-
prise , uncertainty

C2, C4, C11 8 8 8.5

Search in-
put

Native Voice Confusion, deception, nega-
tive surprise, satisfaction ,
uncertainty

C2, C4, C5 7.5 8 8

Datepicker PWA - Confusion, frustration, neg-
ative surprise, satisfaction ,
uncertainty

C4, C5, C7 8 7 7

Datepicker Native - Confusion, frustration, neg-
ative, satisfaction , uncer-
tainty

C2, C4, C5,
C6, C7

8 8.5 7.5

Select PWA - Positive surprise , satisfac-
tion

C7, C10 8 8 8

Select Native - Attentiveness, confusion, de-
ception, frustration, negative,
satisfaction , tired, uncer-
tainty

C2, C4, C5,
C7, C10, C12

7.5 7.5 9

Map PWA Pinch Confusion, negative surprise,
tired, uncertainty

C3, C4, C7,
C9, C12

7 8 8

Map Native Pinch Attentiveness, confusion, frus-
tration, positive surprise ,
uncertainty

C3, C4, C5,
C9, C12

7 7 7

Tab menu
and table

PWA - Confusion, negative, negative
surprise, tired, uncertainty

C3, C4, C5,
C8, C12

7 7 8

Tab menu
and table

Native - Confusion, disbelief, negative,
satisfaction , tired, uncer-
tainty

C1, C3, C4,
C10

8.5 8 9

a better, more �uid, sequence for each step". On the other hand, the third participant

showed low satisfaction and motivation after the interaction. S/he selected values 4, 5 and

4 for SAM's pleasure, arousal, and dominance indexes (see Figure 7), respectively. The

other �ve participants did not exhibit emotions related to their interactions with this UI

element.

The use of the voice modality on native application'ssearch inputwas controversial.

Only two participants successfully used voice on thesearch inputon their �rst try, and

both demonstrated satisfaction after interaction (C4). A third participant also faced

C4, after s/he accomplished the task on his/her the second try and stated that voice

modality allows faster searching than typing. However, success using voice modality was

achieved only on the second or third try for the other �ve participants. Uncertainty and

confusion associated with the slow feedback of the voice modality (C2) were reported by

one participant: "The only problem I had was speaking into the microphone because it had

a lag and I had to click again over it". Participants did not sense they were controlling

the element after an unsuccessfully try of using voice modality, which caused uncertainty,
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deception, and negative surprise. One of the �ve participants points that s/he would not

use voice modality again since it did not work at �rst and selected value 4 for SAM's

dominance index (see Figure 7).

Regarding PWA's datepicker, three participants had rich experiences, and showed

satisfaction after interaction (C4) and provided values over 7 for all SAM dimensions

(see Figure 7). A participant reported that the check-in date limitation ful�lled his/her

expectations and another one stated that s/he was happy because the invalid check-out

date could not be inserted. Still, another two participants reported they had a poor

experience. The �rst stated"What a confusing datepicker!"and the other reported this

element seemed slower and less intuitive when compared with the nativedatepicker.

Observing these participants videos, we concluded both were confused regarding how

the datepicker distinguishes check-in from check-out date, also, because the element was

hidden by the application when a check-out date was manually included. Both sensed

negative emotions like confusion, negative surprise, and frustration, and provided values

lower than 6 for all SAM dimensions. This indicates they were not sensing control during

their interactions (C5). Automatically hiding the datepicker produced a positive surprise

on a participant (C7) after his/her interactions. S/he selected values over 7 for pleasure

and arousal indexes on SAM, however, s/he attributed 6 to the dominance index on SAM,

indicating s/he also was not sensing control during his/her interactions (C5). This was

reinforced by the comment:"Number selection is relatively small". Two participants did

not express emotions during their interactions with the PWAdatepicker.

The native datepicker had only one positive emotion occurrence, which was satis-

faction after interaction (C4). The participant was satis�ed because an invalid check-out

date could not be inserted since the element automatically modi�ed the check-in date

to a day before the newly selected check-out date. The same automatic feedback was a

negative experience to four participants, they showed confusion (C5, C7) and uncertainty

(C7). Participants stated "An inattentive user might not notice the change on check-in

date", "This element assumes that I want a check-in date one day before the check-out"

and "System changes check-in date when I use it for the �rst time, which may cause

di�culties when choosing dates". Another two participants misunderstood the element's

response (C6), sensing uncertainty and frustration. Both commented that thedatepicker

allows users to choose a check-out date that occurs before the check-in, which did not

happen according to the videos. A participant sensed confusion (C7) after �nishing his/her

interactions. However, this did not a�ect his/her overall experience since 9 was selected

for all of SAM's dimensions (see Figure 7).

The PWA's selectdid not cause di�culties among participants. One participant

was satis�ed and positive surprised when theselect response was fast regarding updating

the hotels' list (C7). Another participant was satis�ed after his/her interactions with the
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element (C10). All the other six participants did not show emotions while interacting with

the select.

The only positive emotion identi�ed during participants' interactions with the

native select was satisfaction (C4). The participant stated,"I found interesting how the

layout gets cleaner and straightforward when the select is on the inferior part". However,

another participant reported a di�erent opinion (C12) on the same issue and stated:

"Select is not grouped together with other search controls, which may not bring users'

attention". While waiting for the hotels' list update with the new values, four participants

felt slow feedback after interaction (C2), which caused attentiveness, uncertainty, confusion,

deception and tired. One of these three also felt surprised by interaction response (C7)

and sensed frustration. One participant accidentally chose the wrong option on theselect.

The selectoption did not have a border, which might be considered a design �aw (C12).

This incident made the participant choose a lower value (5) on both pleasure index and

dominance SAM dimensions (see Figure 7). Another participant did not sense emotions

related to his/her interactions with this UI element during this task's execution.

The main issue reported during participants' interaction with themap on PWA

application was the slow loading of elements (C3). Overlapping elements were instantly

displayed, however, themap took seconds to load. This extra loading time caused six

participants' confusion, negative surprise, and uncertainty. One of these participants

reported that "Pinch's response time might have some lag". Repetition of pinch movement

(C9) was observed on two participants, including one of the six that also sensed C3, both

felt uncertainty and negative surprise. One participant displayed uncertainty related to

a large number of hotels on themap, a design �aw (C12). S/he reported,"Map use gets

complicated due to a large number of results". In the opposite direction, a participant

stated that the PWA map is cleaner when compared to the native applicationmap. Even

with this positive comment and showing satisfaction after interaction (C4), the participant

felt tired during his/her interactions. Surprise with the interaction response (C7) was

identi�ed with one participant, who also experienced C3. S/he expected the selected hotel

on the map would be prioritized on the hotels' list, which caused uncertainty.

Elements' slow loading (C3) was also an issue on the native applicationmap. Two

participants sensed uncertainty when overlapping elements displayed while themap was

still loading. Nonetheless, the major issue observed with this element was how overlapping

elements, such as icons representing hotels, interfered on participants' interactions. Another

four participants faced this design �aw (C12), sensed frustration and confusion, and

reported this issue on the open question. Some statements are"The information box for

the �rst hotel on the list was unnecessary, it hampers how the map is displayed", "Map has

a square that hampers navigation", "Information block hampers the task execution"and

"The pop-up element on the map is too big". One participant had issues with repetition
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of pinch movement (C9), s/he stated that the pinch movement was needed many times

in order to �nd the searched hotel, which caused uncertainty. Di�erences in the hotel

position are connected to the experiment's conduction being held on di�erent days, that

caused the hotel guests' evaluation numbers to change. Also regarding pinch movement,

one participant who also experienced C3, felt frustrated and uncertain due to the feeling

that s/he was not controlling the element (C5). S/he stated that the pinch movement

was not very precise. Despite all the negative interactions, one participant sensed positive

surprise and attentiveness during his/her interactions with themap. S/he reported that

navigation was easier when compared to the PWA and, because of that, s/he found the

searched hotel faster. S/he was satis�ed (C4) with the interaction and selected 9 to all

SAM dimensions (see Figure 7).

Searching elements on a list (C8) was the most common issue ontab menu and

table task regarding PWA. Three participants sensed negative surprise and confusion while

trying to �nd a hotel on the list when the hotel was located on the end of the list or on

the second page. These di�erences in the hotel position might occur since the experiment

was held on di�erent days. One of the same three participants was unsatis�ed due to

table and list elements' slow loading (C3), s/he selected value 4 on SAM's pleasure index

(see Figure 7), and felt confused and tired. S/he stated his/her preference totab menus

when compared to in�nite lists or tables. One participant consideredtable content was

located too close to each other and felt tired because of this design �aw (C12). Another

participant sensed s/he was not controlling the element (C5) and pointed out the issue

was connected to thetable content format that has no �lters. During interactions, s/he

felt tired, uncertain, confused and wanting to get away from that situation. Still, the

participant select values above 7 on all SAM dimensions, which indicates this issue did not

impact on his/her overall experience. Satisfaction after interaction (C4) was experienced

by one participant. However, two participants did not show emotions related to this task

during their interactions.

On the native application tab menu and table, two participants misinterpreted the

instructions (C1) and sensed confusion and uncertainty. The instructions clearly stated

the hotel's name should be touched and both participants initially touched on the hotel's

photo, the action that opened a photo gallery instead of the hotel's details. One of these

two participants also sensed element's slow loading (C3). Images did not load on the

hotel's details page for a few seconds, which caused disbelief and uncertainty. These two

issues a�ected this participant's satisfaction and motivation. S/he selected values 4 and

5, respectively, on SAM's pleasure and arousal indexes (see Figure 7). The same issue

related to C3 a�ected another participant's satisfaction. S/he also sensed uncertainty and

selected the value 3 on SAM's pleasure index. On the other hand, one participant felt

satisfaction after interaction (C4) and stated s/he was motivated because the information

is more organized and complete when compared to the PWA application. Besides that,
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one participant had a positive experience and sensed satisfaction and tiredness. S/he

experienced previous task in�uence (C10) and stated that information was easier to

understand when compared to the PWA application. Three participants did not express

emotions during this task.

Comparing interactions on both platforms, we observed that either slow feedback

after interaction (C2) or elements' slow loading (C3) provoked negative emotions in all

native UI elements. This is a surprise since web applications are known for a slower

performance when compared to native (CHARLAND; LEROUX, 2011). However, we also

observed this �nding did not impact the positive perspective regarding applications under

users' viewpoint, since SAM results were mainly high values (see Table 5 and Figure 7). On

the other hand, we identi�ed a large number of positive occurrences of satisfaction after

interaction (C4), which appeared in almost all UI elements excluding only PWA'sselect,

that demonstrates the applications brought a pleasant experience to the user. This brings

an important result to PWA applications since its premise is to bring the user experience

as close as possible to the native app experience. Even though web applications are known

for providing less pleasant user experience when compared to native apps (GAZDECKI,

2015).

3.4.2 Web-native comparison

Unlike applications from the PWA-Native comparison, web'ssearch input had an

auto-complete feature that displayed possible search terms after the user typed, at least,

four characters. Typing errors (C11) occurred with one participant, who felt frustrated

due to the auto-complete. This feature also caused a surprise with the interaction response

(C7), which triggered confusion in one participant who selected the value 6 for SAM's

dominance index and stated:"The app is very suggestive regarding the auto-complete". C7

and confusion were also identi�ed with another participant. However, this occurrence is

linked with the datepicker automatically opening after interactions with thesearch input

were �nished. Two participants sensed frustration, negative surprise, and tiredness related

to a design �aw (C12) on the application's initial screen. As reported by one participant,

the initial screen had too many actions, which caused this participant to select value 6 for

all SAM's dimensions (see Figure 7). The second participant opened a secondarysearch

input by touching a search input icon. S/he interacted with the wrongsearch inputand

navigated to a page with touristic information for about a minute, and then �gured out

how to return to the previous page and interact with the requiredsearch input. Despite

this frustrating experience, the participant felt satis�ed and selected values 7, 6 and 8

for SAM's pleasure, arousal and dominance indexes, respectively. One participant sensed

elements' slow loading (C3) before starting the task. Nonetheless, two participants did not

feel emotions related to their interactions with thesearch input.
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Table 6 � Web-native coding summary - positive emotions in bold; PI (Pleasure index);
AI (Arousal index); DI (Dominance index) median results

UI element Platform Modality Emotion Trigger of
emotions

PI AI DI

Search input Web - Confusion, frustration,
negative, negative surprise,
tired, uncertainty

C3, C7, C11,
C12

8.5 8 9

Search input Native - Confusion, deception, neg-
ative, negative surprise,
positive surprise , satis-
faction , tired

C1, C2, C3,
C4, C7

8 8.5 7.5

Datepicker Web - Confusion, frustration,
negative surprise, posi-
tive surprise , satisfac-
tion , uncertainty

C4, C5, C7,
C10, C12

7 8 8

Datepicker Native - Confusion, deception, dis-
belief, negative surprise,
positive surprise , satis-
faction , uncertainty

C1, C2, C4,
C5, C6, C7

8.5 8.5 6.5

Select Web - Frustration, tired, uncer-
tainty

C2, C4, C7,
C12

8 8 7

Map Web Pinch Confusion, deception, frus-
tration, negative, negative
surprise, satisfaction ,
tired, uncertainty

C3, C4, C7,
C8, C12

7 7 7

Tab menu
and table

Native - Attentiveness, confusion,
positive surprise , tired,
uncertainty

C3, C4, C8 8.5 8.5 9

Native application search input also had an auto-complete function, which caused

a surprise with the interaction response (C7) on three participants who sensed confusion,

deception, and negative surprise. Still, all participants felt satis�ed according to SAM

(see Figure 7). Other two participants felt satisfaction and positive surprise after their

interaction (C4). They stated "I enjoyed more this app search experience when compared to

the other ones"and "This application organizes better its search items, making easier to use

them". Slow element's loading (C3) occurred with one participant, who felt tired and had to

wait some seconds for the application initial load. Slow feedback after interaction (C2) was

identi�ed in one participant's interaction and caused a negative feeling on the participant

while s/he waited for the hotel's list to load. However, both C3 and C2 occurrences did

not a�ect SAM dimensions. One participant did not express emotions during his/her

interactions with the native search input.

Uncertainty, frustration, negative surprise, and confusion were identi�ed on the

web's datepicker and relates to users not sensing control of an element (C5) and users'

surprise with interaction response (C7). Two main aspects caused emotions among four

participants, three who faced C5 and C7, the other two had C5 or C7. First, when a

participant tried to insert an invalid check-out date, the application automatically changed
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the check-in date to one day before the check-out. Second, one participant stated there is

no easy way to close thedatepicker since it closes automatically when a check-out date is

selected. Still, only one of the four participants selected a low (5) value on SAM's pleasure

index, and another one chose value 6 for the arousal index (see Figure 7). One participant

stated that using other applications'datepicker made him have a poor experience (C10).

Satisfaction after interaction (C4) occurred with one participant. Initially, the participant

was confused about how thedatepicker worked, however, after a few seconds s/he sensed

positive surprise and satisfaction when accomplished the task. Emotions related to the

datepicker were not identi�ed in two participants.

Unlike other datepickers, the most common emotions were positive surprise and

satisfaction. C4 was identi�ed on four participants, who reported"What a wonderful

datepicker!", "Regarding all tested datepickers, I'm more satis�ed with this one"and "This

app allows to visualize more dates with the scroll, which makes it easier to the user". One of

the four participants was confused sense s/he was not in control of interactions with the UI

element (C5). Scrolling movements caused confusion, negative surprise, and uncertainty on

three participants' initial interactions. Participants' surprise with the interaction response

(C7) a�ected two of the three participants dominance index, with values between 4-5 (see

Figure 7). Another participant mistakenly stated that a check-out date that occurred

earlier than the check-in date was allowed on the application. His/her inattention regarding

element feedback (C6) is linked to value 5 for SAM's dominance index. One of the three

participants that experienced C7 initially had the same wrong impression and sensed

deception, disbelief, and uncertainty. After a few seconds, s/he realized that the check-in

date was automatically changed to one day before the check-out. However, this created

an impression the element was not being controlled by his/her actions (C5), which is

connected to values 4, 5 and 4 for SAM's dimensions pleasure, arousal, and dominance

indexes, respectively. Another participant complained about slow feedback after interaction

(C2) and stated that response time was longer than other applications, and selected values

6 for all SAM dimensions. Observing SAM's medians in Table 6, we can conclude 6,5 is

the lowest value on the table. This lower value may be associated with a di�erent kind of

navigation adopted on thisdatepicker. Even causing satisfaction and positive surprise in

half of the participants, it provoked confusion and uncertainty in most participants.

Regarding web application's select feature, one participant felt tired with the

large number (12) of options on theselect, a design �aw (C12). Another was tired from

slow feedback after interaction (C2) since the hotels' list took some seconds to reload. A

participant was surprised with the interaction response (C7) and felt uncertain looking for

altered values with the newselectoption. This selectoptions did not have borders, similar

to the PWA-native comparison's nativeselect. A participant who had previous issues with

this design �aw felt frustrated and uncertain thinking the same issue would occur (C10),

which did not happen. The only positive experience was satisfaction after interaction (C4),
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experienced by one participant. S/he reported,"This app o�ers a cleaner version that

makes easier to choose an item". Other three participants did not show emotions regarding

their interactions with the select.

In order to open themap on the web application, users had to click on a button

located on the hotel's details page. Four participants had issues trying to locate this

button (C8, C12) and experienced deception, frustration, negative surprise, tiredness,

and uncertainty. Five participants, including two that already experienced C8, sensed

confusion, frustration, and uncertainty while facing slow elements' loading (C3). This

occurred due to overlapping elements were displayed prior to the map's loading. Two of the

�ve participants were also surprised with interaction response (C7) and sensed confusion,

deception, and negative surprise. One participant had an issue with the web platform,

s/he was confused when a new browser tab opened with themap. The second participant

was surprised and not satis�ed because s/he could not compare hotels on the map since it

had only one hotel. S/he selected values 6 for both pleasure and dominance SAM indexes

(see Figure 7). However, one participant felt satisfaction after interacting with themap

(C4). S/he stated the map shows less content, which makes selecting an item easier.

Regarding nativetab menu and table, three participants felt confused and tired due

to slow loading of images and table contents (C3) on the hotel's details page. However,

it did not a�ect the overall experience, since participants selected values above 7 in all

SAM dimensions. One participant felt confused and uncertain searching for the hotel on

a list (C8). Still, three participants were satis�ed (C4) and reported attentiveness and

positive surprise during their interactions. They stated"Everything was easier and more

practical" and "Unlike other apps, this shows users' evaluation in a direct way. On the

other apps this information was not available in such a direct way (on the hotel's �rst

page)". Emotions related to this UI element were not identi�ed in one participant.

Observing results obtain on both platforms, elements' slow loading (C3) was

a common trigger for negative emotions in native UI elements. Even being di�erent

platforms and applications, both occurrences reinforce the results obtained on the PWA-

native comparison, disagreeing with the previous information stating web applications

are usually slower than native (CHARLAND; LEROUX, 2011). Nonetheless, this �nding

did not a�ect users' perspective, since the results obtained with SAM have high medians

(see Table 6 and Figure 7). However, satisfaction after interaction (C4) was identi�ed on

almost all UI elements, except the web's search input. This �nding points participants

had an overall rich user experience during their interactions.
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3.5 Threats to validity

Four validity threats: internal, external, construction and conclusion, determined

by Wohlin et al. (WOHLIN et al., 2012), were discussed.

For mitigating the internal threats, we had two actions. The identi�cation of the

platform where interaction has happened can a�ect participants' perception. In order to

avoid this threat, participants were not informed which platform each application was

developed with. All four applications were saved as home screen icons on the mobile device

aiming to hamper the identi�cation of the technology used to develop each application.

Besides that, we took care of planning a reduced number of tasks in order to avoid

participants fatigue.

We ensured that the selected participants were familiar with browsing the internet

using mobile devices in order to avoid barriers to using this platform. Therefore, we could

generalize the results to a portion of the population that commonly interact with native

and web mobile applications.

Participants were randomly divided into two groups to shu�e the comparison

order. Participants from the �rst group initially tested PWA and web applications in

their respective comparisons. Group native �rst tested native applications and PWA and

web afterward. This strategy was adopted aiming to avoid the in�uence of positive or

negative interaction on the following application, and hence, a�ect the construction of the

conclusions. Besides that, in order to obtain an accurate qualitative analysis, we crossed

collected data from both the ten emotion heuristics and SAM instruments.

Three di�erent data sources were used to mitigate the conclusion threats. An

online application form and two recording applications were used for data gathering. One

application was on the mobile device, recording the participant's interactions on the screen,

and the other one was on an auxiliary laptop, recording the participant's face. With that,

we could associate both recordings and gathered feedback from application forms, allowing

data triangulation, adding reliability to the collected data and consequently to the analysis.

3.6 Conclusion

This section presented a qualitative analysis of user experience in PWA, web

mobile and native applications investigating user and HCI specialist perspectives. User

perspective pointed out that participants had an overall good experience, even with

issues on di�erent UI elements. HCI specialist angle allowed us to identify common issues

on di�erent platforms related to users' interaction and their causes. Associating both

platforms, we concluded that even with interaction issues, participants can achieve a rich

experience interacting with UI elements on di�erent platforms. There is no bias indicating
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that either a speci�c platform or UI element o�ers more enjoyable interactions.

We could not �nd speci�c studies evaluating user experience in PWA applications.

Based on that, interaction comparison in a PWA with native and web applications is

important to open discussions about user experience improvements this new approach

can deliver. Analyzing the HCI specialist perspective was relevant, since PWA is a recent

technology, and acknowledging the feedback obtained from users' allow this approach

to become more mature. One of the main contributions of this study is a comparison

between PWA and native applications and as far as we know this is the �rst analysis of

its kind. Besides that, by identifying emotions and their triggers using both users' and

specialist perspectives, we collected insights that bring improvements on the use of certain

UI elements use.

This chapter was published as a full paper named"Analyzing User Experience

in Mobile Web, Native and Progressive Web Applications: A User and HCI Specialist

Perspectives"on the Proceedings of the 17th Brazilian Symposium on Human Factors in

Computing Systems (CARDIERI; ZAINA, 2018).
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4 The PWA-EU Approach

The discussion of related works on Section 2.5 presented studies that proposed

solutions for interface adaptation on mobile web (BUENO; ZAINA, 2016; BUENO; ZAINA,

2017; GHIANI et al., 2014; MANCA et al., 2013; NEBELING; SPEICHER; NORRIE,

2013; PROENÇA; NERIS, 2017). These studies are relevant due to their contribution

to the mobile web app �eld. Still, none of the authors exploited PWA apps or EUD.

Conversely, some authors investigated PWA apps but left out any regards to end-users

(BIØRN-HANSEN; MAJCHRZAK; GRØNLI, 2017; FORTUNATO; BERNARDINO,

2018). Based on these studies, we proposed our initial experimental study to compare

end-user interaction on native, web and PWA apps (see Chapter 3). This study pointed out

that there are no di�erences between users interactions on these three mobile platforms.

Our related work section also brought discussions about works on EUD �eld. These

works propose frameworks, tools, and models that allow user empowerment on mobile and

desktop applications (DANADO; PATERNÒ, 2014; COSTABILE et al., 2008; BOSETTI

et al., 2017; NAMOUN et al., 2016). After combining the �ndings of the �rst experimental

study, related works, and concepts of EUD and Meta-Design (see Section 2.4), we noticed

the potential in the association of PWAs and meta-design. This potential occurs as both

approaches have an adaptive nature by becoming more complete when users interactions

increase. Yet, the traditional PWA approach does not empower users and does not take

their preferences into account.

Finally, by combining the �ndings of the �rst experimental study and the discussion

of the related work, we propose PWA-EU. Our proposal is an extension of the PWA

architecture in which users' preferences are considered to adapt the interface during run

time. During their interactions, users can access and modify options such as appearance,

interaction methods, and the content that is displayed. These options support users on

ful�lling preferences that were not previously identi�ed by designers and developers. The

PWA-EU approach empowers users to take their own decisions about what they want in

that interaction.

4.1 Architecture Proposal

Figure 8 shows the PWA-EU architectural scheme. The PWA-EU architecture is

displayed on the right side, while on the left side the traditional PWA is shown. In our

approach, the architecture was designed to enable end-user empowerment. We de�ned three

architectural elements into The PWA-EU architecture, theUser Design Model (UDM)(A),

Management Layer(B) and Connection Layer(C)(see Figure 8). Our architecture is an
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adaptation of the event-driven and the layered architectures for software development

(RICHARDS, 2015). The event-driven part is relevant since the PWA-EU architecture

depends on events triggered by users, such as modifying theUDM(A) or loading a new

UI. The layered part relates to the separation of components with distinct functionalities.

On the PWA-EU scenario, these components are responsible for connecting the app

with storage systems (Connection Layer(C)) and de�ning user preferences (Management

Layer(B) and UDM(A) ). Moreover, the connection with the traditional PWA approach

occurs by adapting the UI (Adaptation Engine(F)). These three elements and the connection

with the Adaptation Engine(F) are discussed in the following subsections.

The interface adaptation on the PWA-EU proposal was outlined considering the

de�nition of adaptable and adaptive interfaces proposed by Gullà et al. (2015). The authors

of that study emphasize the line between these two categories is very thin and each one

has advantages and disadvantages. Hence, we selected a combined approach between these

two categories. PWA-EU's UI adaptation is based on adaptive UIs regarding the way the

system performs the adaptation. Still, it is also adaptable as the adaptation process is

monitored by end-users who select their user app preferences on the UDM.

With regards to EUD, PWA-EU is based on the meta-design framework as it follows

most of the guidelines proposed by Fisher, Nakakoji & Ye (FISCHER; NAKAKOJI; YE,

2009) (see Section 2.4). Following, we describe how PWA-EU meets these guidelines:

1. Support Human-problem Interaction - Designers and developers should analyze

the app domain and its end-users in order to specify their problems. After this analysis,

the user app preferences are de�ned and included as part of PWA-EU's UDM.

2. Underdesign for Emergent Behaviour - A PWA developed with PWA-EU has

default options that can be modi�ed by end-users via the UDM. Moreover, a new

design behavior is generated by architectural elements every time the user changes

their user app preferences on the app. Yet, end-users are not in charge of design

responsibilities as the preferences were previously de�ned by designers and developers.

3. Enable Legitimate Peripheral Participation - New users can contribute to the

app by selecting their user app preferences. The Management and Connection Layers

assure these preferences will be visible during users' interaction.

4. Share Control - Designers and developers are the original metadesigners who de�ne

multiple user app preferences during development. During run time, the control of

these preferences, that a�ect the app's functionalities and appearance, is transferred

to end-users who are acting as co-designers.

Three of the guidelines proposed by Fisher, Nakakoji & Ye (2009) were not followed

on PWA-EU: 5. Promote Mutual Learning and Support, 6. Reward and Recognize Contri-
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Figure 8 � PWA-EU architectural scheme

butions and 7. Foster Re�ective Communities. These guidelines are related to knowledge

sharing features and the �rst version of PWA-EU do not contemplate these one. However,

PWA-EU architecture is �exible and new elements can be added to implement such

features.

4.1.1 PWA-EU Architectural Scheme

The main goal of theUser Design Model (UDM)shown in Figure 8(A) is to establish

and combine di�erent User App Preferences(see Fig 8(E)). This model was based on the

user model proposed by Benyon & Murray (1993). On this proposal, end-users' preferences

and characteristics are stored on this model and may be altered by the end-user. We

adapted Benyon & Murray's (1993) model into theUDM(A) , as the user preferences are

de�ned on runtime by end-users and stored on the app. Still, during design/development

time, it is the designers' and developers' role to analyze the app's domain and the targeted

end-users to de�ne the set of preferences that will be available to end-users on runtime.

Some examples of theUser App Preferences(E)are UI elements appearance, interaction

methods, and content display formats such as data and images. While planning the

UDM(A) , the designers and developers should include, at least, a default and a secondary

option for eachUser App Preference(E), such as lists and cards to display content. Finally,

the User App Preferences(E)must have default settings and follow meta-design principles,

in which users can change their preferences.

Developers must select a technology to store these preferences and be the foundation

of the UDM(A) , such as the JavaScript Object Notation (JSON) format. JSON is a widely

adopted approach on web development for both sending and receiving requests that can be

easily transformed into a JS object (FINK; FLATOW, 2014). An example of aUDM(A)

implemented with JSON is detailed in Figure 9.

The Management Layeron Figure 8(B) is responsible for including, editing and

deleting theUser App Preferences(E)on the UDM(A) . It can receive two di�erent requests
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Figure 9 � UDM Example in JSON

from the PWA: (i) receiving and sending modi�cations to theUDM(A) , and (ii) sending

an updatedUDM(A) to the Connection Layer(C). This layer is requested only when users

modi�ed their design preferences into theUDM(A) . Moreover, this layer is responsible

for all algorithms needed to edit theUDM(A) structure to modify, include and delete

new User App Preferences(E). The UDM's(A) structure should not be modi�ed by other

elements and no connections toStorage Systems(D)should be created.

The Connection Layer on Figure 8(C) has three functions: (i) sending theUDM(A)

to the Storage System(D), such as LocalStorage1, (ii) retrieving the UDM(A) from the

Storage System(D), and (iii) sending the latestUDM(A) to the Adaptation Engine(F). The

�rst scenario only occurs when theUDM(A) was updated by the user on theManagement

Layer(B). The other scenarios happen when it is necessary to load a new UI on the PWA,

which can occur when a newUDM(A) User App Preference(E) is set or when the user is

browsing through the app. Further, theConnection Layer's(C) code should include only

functions that connect to the de�nedStorage System(D). This element should not modify

the UDM(A) structure, only transport it.

Both Management(B) and Connection Layers(C)were created by two reasons:

(i) as a way to create a software architecture that can be replicated and more easily

understood by software developers; and (ii) keep the traditional architecture of a PWA on

the Adaptation Engine(F) to clearly separate it from the PWA-EU architecture.

The Adaptation Engine(see Fig 8 (F)) represents the combination of the traditional

architecture of a PWA with the PWA-EU approach. On the traditional architecture,

proposed by Google (2018b), the PWA must have an application shell that stores the

UI (i.e. HTML, CSS and JS �les) and is instantly loaded when an end-user opens the

app. The combination with PWA-EU comes as this engine takes into account theUser

App Preferences(E)de�ned on the UDM(A) and combines these preferences with the

application shell in order to alter the app's UI. With that in mind, all CSS and JS �les

that somehow modify the PWA UI can be considered part of this engine. Another task

performed by this element is obtaining new �les from theWeb Host(G) if an internet

1 https://www.w3schools.com/html/html5_webstorage.asp
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connection is available. Further, this engine should store the app UI onCache(H) memory

and recover it when necessary.

We decided to de�ne anAdaptation Engine(F) based on the studies from Manca et

al. (2013) and Ghiani et al. (2014). Both studies de�ne proposals in which anAdaptation

Engine(F) is part of the UI adaptation process. More speci�cally, this engine is responsible

for deciding how the adaptation will occur in these studies. As PWA-EU adaptation

requires end-user participation and is based on PWAs, we adapted how this element works

considering our proposal's fundamentals.

4.1.2 Privacy

As pointed out by Proença & Neris (2017) and Gullà et al. (2015), privacy is one

of the main concerns of users. Individuals feel insecure about sharing their personal data

in an application. Due to that, this approach recommends storing data from UDM locally

on the browser using HTML5's localStorage2 instead of a relational database located in a

remote web server. Hence, users' personal information will not be sent to a web server,

anticipating possible security issues.

4.1.3 Single-page Application Frameworks

One possible approach to developing an app shell architecture is using Single-page

Applications (SPAs). This approach proposes that one HTML page is used as a shell for

all other web pages and that all end-user interactions are implemented using HTML, CSS,

and JS. A SPA enables apps to be less dependent on web server interactions, not needing

to reload a page on each navigation. SPAs are similar to native apps regarding behavior,

nonetheless, they run inside a browser (FINK; FLATOW, 2014).

SPA is an approach recommended by Google to develop PWA applications' ar-

chitecture (Google Developers, 2018b). Recently, a high amount of SPA frameworks are

available to the front-end development of a web, hybrid or PWA application. Some of the

most popular SPA frameworks are Angular3, React.js4, and Vue.js5.

4.2 Proof of Concept

Calendar is a PWA app that allows users to manage events and their time (i.e.

event name, date, start time, end time, location and a category). Calendar was chosen

because it represents a common sense domain avoiding the need for users learning about

2 https://www.w3schools.com/html/html5_webstorage.asp
3 https://angular.io/
4 https://reactjs.org/
5 https://vuejs.org/
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the application domain. Moreover, we were interested in exploring a set of UI elements in

the same app to provide a diversity of interaction with users.

To build the Calendar, we considered the most popular frameworks in web mobile

app design, such as Bootstrap6, Foundation7 and Materialize8. As PWA is a Google proposal

based on Material Design, we chose Materialize as the default design for Calendar's UI

elements. Material Design consists of guidelines, components, and tools that support the

best practices of UI design available as open-source code (CLIFTON, 2015).

At the start we set up the user app preferences. After conducting an investigation

on Material Design guide and considering the nature of the app (i.e. Calendar), we decided

to cover �ve UI elements: calendar, checkbox, input, select and timepicker. We also

introduced a second option in which users acting as co-designers could select. For each

element, users acting as co-designers could choose between a Material Design element

and a browser-default appearance as part of theuser app preferencesof the UDM. A

browser-default look changes according to the device and browser the user is accessing. For

instance, the input from Safari Mobile for iOS shows a vertical scroll for the day, month

and year, while on Chrome Mobile for Android it displays a pop-up calendar.

Gestures and voice (interaction methods - see Fig 8) were available. The swipe

gesture was selected due to some Material Design components recommending its use, such

as lists and cards. The voice synthesis and speech recognition were included considering they

became a standard feature on smartphones (CORBETT; WEBER, 2016). Complementing

the user app preferences,content display formatswere selected to provide users with

distinct ways to read the information on the app. Following Material Design guidelines,

we de�ned that users can choose between list and cards formats to display data, besides

showing or hiding images on the cards.

Recently, many JS frameworks became available to develop the front-end part of

a web app (i.e. Angular9, React.js10, and Vue.js11). Still, we chose Vue.js due to three

factors: (i) it has a fast learning curve (Tech Magic, 2018; NEUHAUS, 2017; TARNOWSKI,

2017), (ii) its applications are smaller to store when compared to the other frameworks

(TARNOWSKI, 2017; VUE.JS, 2018), and (iii) availability of an o�cial Vue.js PWA

template12 (SHEPPARD, 2017).

Each architectural element from PWA-EU and theAdaptation Engine are repre-

sented on the Calendar app. All three PWA-EU architectural elements (UDM, Management,

6 https://getbootstrap.com/
7 https://foundation.zurb.com/
8 http://materializecss.com
9 https://angular.io/
10 https://reactjs.org/
11 https://vuejs.org/
12 https://github.com/vuejs-templates/pwa
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Figure 10 � UDM in Calendar App

Figure 11 � Adaptation Engine in Calendar App as Content Display Formats
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Figure 12 � Adaptation Engine in Calendar App as UI elements

and Connection Layers) are de�ned in the My Design section, which is shown in Figure

10. On this section, participants could select and edit theiruser app preferences. While

the UDM's values were visually represented by My Design's UI, theConnection and

Management Layerswere built as sets of JS functions.Connection Layer's functions store

and retrieve data from LocalStorage and theManagement Layer'scode changes the values

of user app preferenceson the UDM. On the other hand, theAdaptation Engine is formed

by multiple CSS and JS �les that modify user app preferenceson Home and Include New

Event sections. Figure 11 shows di�erences on the Home section regarding content display

formats, i.e. lists (Screen B on Fig 11) and cards (Screen A on Fig 11). Figure 12 shows

distinct UI elements preferences on the Include New Event section.

4.3 Final Considerations

There are no technologies tied to developing applications applying PWA-EU. This

approach is extensible and may integrate technologies chosen by the developers. We opted

for this extensible nature since new technologies rise frequently on mobile app �eld. Still,

we suggest both Connection and Management layers be composed by JS functions, the

use of LocalStorage as storing system and JSON as the basis for the UDM structure.
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In the next chapters, we describe the evaluation of PWA-EU architecture, which

includes the results from both end-user and developers perspectives. This proposal was

presented with the title "PWA-EU: uma abordagem para o desenvolvimento de aplicações

PWA baseadas em EUD"at the 3rd Thesis and Dissertations Workshop at the Proceedings

of the 17th Brazilian Symposium on Human Factors in Computing Systems.
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5 Analyzing PWA-EU from an End-User per-

spective

This chapter presents an experimental study conducted in order to analyze end-

users' experience when they act as co-designers using the PWA-EU proposal. We based

our study on the guidelines proposed by Lazar (2017), the following sections present the

planning, conduction, and analysis of the study.

5.1 Planning

PWA's adaptive nature brings great potential to be associated with meta-design

since both approaches allow apps to become more complete while the user builds a

relationship with it. Due to that, we wanted to investigate issues and the UX of end-users

acting as co-designers on PWAs. To conduct our investigation, we de�ned two research

questions (RQs):(i) What communication breakdowns come up when users play the role

of co-designers in a PWA?and (ii) How are users' perception of UX when interacting as

co-designers?.

Participants were invited to take part in the study voluntarily via social networks

like Twitter, Facebook, and Instagram. Nonetheless, in order to obtain a more diverse

sample, half of the recruited participants were professionals or students who act in a

technological area and the other half was not from that area and both groups were selected

by convenience. We did not introduce any age limitation for participation in the study.

A questionnaire to collect participants' pro�le was elaborated (See Appendix F).

We collected data such as gender, age, level of education, mobile operating system and

browser they use, their professional area or course they study, the reason to download

native apps, the frequency of use of voice synthesis on mobile devices, internet access from

mobile devices and accessing speci�c websites.

Three tasks related to the Calendar were established with the aim of supporting

users' interactions with the PWA. The initial task allowed co-designersto select their

preferences. In the second and third tasks, all participants had to include, cancel and �nish

events. Participants' had access to the list of tasks via an o�ine-based web application

developed by the authors (Available at https://lgt6snm.dlvr.cloud).

We selected the Communicability Evaluation Method (CEM) (LEITÃO; FARIA,

2009) to guide our analysis of communication breakdowns (RQ1). We used the method to

separate into codes the recurring issues and interactions regarding users' communication
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breakdown's situations. CEM is a semiotic engineering-based method that aims to explore

communication breakdowns between the designed system and the user through the ob-

servation of how a group of users interacts with a particular system. Considering that in

our study part of the users are also the designers (i.e. co-designers), these breakdowns

can point out whether these individuals' roles as co-designers lead to more satisfying

interactions, and understand if even acting as co-designers users still have communication

breakdowns. Moreover, we took the Self Assessment Manikin (SAM) (BRADLEY; LANG,

1994) to collect the participants' experience after their interactions with the application

(RQ2). SAM is a pictograph evaluation method to measure emotional responses from

some sort of stimulus. Three dimensions are considered by this technique: pleasure (if

the participant had a positive or negative reaction), arousal (body stimulation level from

an event or object) and dominance (feeling in control of the situation or controlled by

it). The user chooses a value on a scale of one to nine on each dimension, using images,

to represent their emotions after interactions. Participants answered questions regarding

the three dimensions after each task. Furthermore, when all tasks were accomplished

we conducted an interview with four questions to have a broader comprehension of the

end-users' perspective.

A pilot test was carried out with two participants with the aim of verifying

whether instructions and tasks were su�ciently clear to the users or whether they needed

improvements. We also checked if the mechanisms applied to gathered data (i.e. video

collecting application, interface recording app, o�ine SAM questionnaire app) working

acceptably. We concluded that no changes were necessary and the study could be run with

the participants.

5.2 Conduction

The study was conducted over four days in October 2018 in di�erent public locations

in Sorocaba-SP. We decided to run the study in public locations such as shopping malls to

simulate a more realistic environment of the use of smartphones. We had a total of 20

participants who were between 18 and 59 years old, median 23 years old. Most participants

were undergraduate students or had a degree. All participants accepted the term of consent

about the use of data and images for academic ends (See Appendix E).

The participants' observation took place individually and the researcher made notes

regarding each communication breakdown. Initially, each participant received instructions

about Calendar and the conduction of the study. Only the description of the current task

was displayed in text format on a laptop screen. We did not introduce a time limit to the

participants accomplished the tasks. All the participants used the same mobile device, a

Motorola Moto G4 Play running Android 8.1. This avoided that di�erences in Android
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operating system versions could introduce bias on interaction data. The participants'

interactions with the PWA were recorded by using DU Recorder1, installed on the mobile

device. In addition, the participants' facial expressions and voice were captured by a

laptop camera placed in front of the participant. After �nishing each task, the participant

answered a SAM questionnaire related to the task they attempted to undertake. After

�nishing all the tasks each participant was interviewed by the researcher.

We obtained two distinct groups of participants who were separated based on their

academic and professional experience. One group had participants from the technology

�eld (developers and designers) and the other had participants from other professional

and academic �elds. For ease of reference, we will refer to the technology �eld participants

as tech and non-tech for the group from other areas. This separation is similar to what

was done in by Namoun et al. (2016) and it: (i) avoids that only individuals with previous

knowledge on UI design or development acted as co-designers, (ii) provides a more diverse

group of participants, and (iii) indicates whether or not a di�erence stands between

end-usersco-designerswho have a technical pro�le and those who do not have.

Besides the technical pro�le separation, half of the participants were randomly

selected and namedco-designersdue to having active participation in the setting of the

UI design. The other ten participants interacted only with features that did not make

changes on the UI and were namednon-designers.

For the co-designers, three tasks were proposed. The tasks were speci�ed as follow:

Task 0 - Co-designers - participants could set the UDM by selecting their preferences

regarding UI elements (See Screen A - Fig 13), interaction methods, and display format

options (See Screen B - Fig 13);Task 1 - Include events - participants included two

new events on the app (See Fig 14); andTask 2 - Browse events - Participants canceled

(See Screen A Fig 15) and marked as �nished (See Screen B Fig 15) the previous included

events.Non-designersrun only Task 1 and Task2.

The think-aloud protocol (PREECE; SHARP; ROGERS, 2015) was adopted to

provide a better understanding of users interaction and to assist the application of CEM

method. This protocol requires users to speak their thoughts during their interactions.

Following the CEM method, we prepared a semi-structured interview that had four initial

questions:(i) Do you think that the choices you made regarding UI elements, interactions

methods and content display format contributed for a better UX during your interactions

with the app? (ii) Did you have di�culties while selecting design options? (iii) Did you have

di�culties while adding events on the app? (iv) Did you have di�culties while browsing

through events on the app?.

1 http:www.duapps.comproductdu-recorder.html
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Figure 13 � Task 0 - Co-designers

5.3 Analysis

The analysis was conducted by crossing-over four data sources (i.e. web app question-

naire, video recordings, screen recordings, and the main researcher's notes). Approximately

�ve hours of video recordings from user interactions on the mobile device and recordings of

user's faces were collected. On top of that, around two hours of audio from the interviews

were collected. To discard invalid samples, a pre-analysis of all video and audio recordings

was conducted. During this step, two samples were discarded. These participants were

co-designers, from both tech and non-tech groups, who did not complete Task 0, which

resulted in an incomplete selection of user app preferences. Considering part of our analysis

is based on the communication breakdowns, these participants were removed from our

analysis. In the end, we had 18 participants, from which eight acted asco-designersand

the others asnon-designers.
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Figure 14 � Task 1 - Include events

First, the videos containing the interaction on apps and the users' facial expressions

were put together on the same video aiming to enable easier and more precise identi�cation

of each evidence of a communication breakdown. For this, we used the iMovie Software2.

Regarding the interview, we transcribed to text all conversations recorded on audio between

the users and the researcher.

After all the videos were combined, we started CEM's tagging step. The main

researcher watched all video recordings and assigned a tag when a communication break-

down was identi�ed. We used the 13 tags proposed by the CEM method (PRATES R. O.;

BARBOSA, 2000). These tags are natural language expressions commonly found in human

communications, which the participants might utter during the thinking aloud process.

With the aim of identifying the breakdowns, the researcher watched all videos twice

and took note of when, why and where it occurred. This information was saved into

spreadsheets.

In the second round, the chunks that were tagged were revisited for the identi-

�cation of the main communication breakdowns. Each tag was listed and analyzed in

two perspectives: (i) the frequency and context of occurrence which was identi�ed by

2 https://www.apple.com/imovie/
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Figure 15 � Task 2 - Browse events

listing when, where and the probable reason each tag occurred, and (ii) the existence

of pattern in sequences of tag types, such as grouping tags connected to the similar

communication breakdowns on multiple or single participants. This analysis was conducted

creating spreadsheets and associating tags connected to the same breakdown. In each step

of tagging, the main researcher conducted a double-checking of the results.

In the third round, we cross-over the issues that have caused the observed break-

downs, with the participants' pro�le, SAM answers, recordings and interview data.

5.4 Findings

We organized our �ndings in three subsections. In the �rst one, we present the

participants' pro�le and in the others, we answer the RQs.

5.4.1 Pro�le

Table 7 shows participants' pro�le. Overall, most participants were under 30 years

old and had, at least, two years of professional or academic experience. Moreover, all

participants from the tech group had at least one year of experience.
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Table 7 � Participants pro�le - group, technical pro�le (T. Pro�le), age, education and
professional/academic (P/A) experience.

Participant Group T.Pro�le Age Education Level P/A Experience

P1 Co-designer Non-tech 23 Undergraduate Student 2-4 years

P2 Co-designer Non-tech 18 High School N/A

P3 Co-designer Tech 22 Graduated 5 years or more

P4 Co-designer Non-tech 25 Graduated 1-2 years

P5 Co-designer Non-tech 25 Graduated Less than a year

P6 Co-designer Tech 21 Undergraduate Student 2-4 years

P7 Co-designer Tech 25 Graduated 2-4 years

P8 Co-designer Tech 22 Graduated 5 years or more

P9 Non-designer Non-tech 59 Graduated 5 years or more

P10 Non-designer Non-tech 23 High School 2-4 years

P11 Non-designer Non-tech 25 Undergraduate Student 5 years or more

P12 Non-designer Tech 32 Specialization 5 years or more

P13 Non-designer Non-tech 22 Undergraduate Student 1-2 years

P14 Non-designer Tech 23 Undergraduate Student 5 years or more

P15 Non-designer Tech 25 Graduated 1-2 years

P16 Non-designer Non-tech 21 High School 1-2 years

P17 Non-designer Tech 23 Undergraduate Student 5 years or more

P18 Non-designer Tech 23 Undergraduate Student 5 years or more

5.4.2 Communication Breakdowns

We analyzed the communication breakdowns that were caused by theco-designers

choices because only these participants interfered on the app's design. These are problems

in�uenced by the user preferences selected when participants were acting as co-designers.

Moreover, we counted seven communication breakdowns which came up from �ve partici-

pants on a total of eightco-designers. The breakdowns were categorized into four of the 13

tags provided by CEM. Figure 16 shows the tags that represent the breakdowns which arose

when the users were interacting with the Calendar app. The rightmost diagram indicates

which breakdowns also occurred as a consequence of co-designer actions. Following we

concentrated on discussing the tags from the third diagram. The other breakdowns are

out of the scope of this work due to they are related exclusively to UI elements and

technological expertise issues.

T6 - What happened? is identi�ed when users repeat an operation because

they could not see or understand the e�ects of their actions. We saw evidence of T6

from [P4] interaction on Task 2. Playing the role of co-designer (i.e. performing Task

0), [P4] changed the default design ofcontent display format (see Fig 8) from card to

list. Explaining the preference after the execution of Task 0, [P4] said:"I prefer the list

rather than card viewing...it shows the same data but allows me to see more data at

the same time". Additionally, the list format changed how the cancel and �nish buttons

were displayed in a way the buttons contained only symbols (i.e. an X and a checkmark,
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Figure 16 � Participants communication breakdown tags divided by co-designers/non-
designers, tech/non-tech and co-designers from both tech/non-tech.

Figure 17 � The cancel event modal window

respectively) representing the actions instead of the text format from when the card format

was selected (see Fig 18). While performing Task 2 [P4] was not sure which button canceled

an event. After a time of hesitation, [P4] pressed the cancel button and the app displayed

a modal window requesting the participant to con�rm the action (see Fig 17). Rather than

con�rming the cancellation, [P4] closed the modal and reopened it right away, this time

con�rming the action. On the interview [P4] stated "That was very practical, I just tested

it once to be sure I was clicking on the correct button".

T8 - Where am I tag represents the communication breakdown when a user

did not �nd a particular feature by pausing and searching it. T8 was identi�ed on [P8]'s
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Figure 18 � The main screen when the list option was selected

interactions on Task 2, who likewise [P4] selected the list as defaultcontent display format.

Commenting on the selection, [P8] said:"It's an advantage as is faster to check events

using the list format". Nonetheless, [P8] was insecure about which button would perform

the action to mark an event as �nished, as the buttons had only symbols and not text (see

Fig 18). S/he stated:"Mark the event as �nished? ... Let me click here ... oh, ok! .. Yay!".

By analyzing this snippet, we noticed that initially s/he was not sure which UI element

would perform this action. Yet, [P8] �gured it out in a few seconds and explained this

breakdown over interview"I didn't realize the �nalize button was there, I initially tried to

click over the list". However, a couple of minutes after this statement [P8] recalled this

issue a�rming "Finalizing an event was easy.".

The T9 - Oops tag occurs when a user momentarily makes a mistake and im-

mediately corrects it. S/he sees that s/he has made a wrong step and usually activates

the �undo� function immediately. This breakdown was identi�ed on [P7]'s interactions on

Task 2, atech co-designer. Resembling [P4] and [P8], [P7] selected the list as the preferred

content display formaton Task 0. S/he stated:"I prefer the list because it �ts more data

into the screen, it's very clear and not cramped.". Yet, s/he had issues to understand the

di�erence between cancel and mark as �nished buttons (see Fig 18). While trying to �nish

an event, [P7] spoke"The button is asking me if I want to �nish an event... I don't want

to �nish .. wait? Is it the same thing?... �nish an event, ok.". By [P7]'s speech, we observe
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Figure 19 � The mark as �nalized modal window

a misunderstanding regarding the verbs cancel and �nish (see Fig 19). Over the interview,

s/he explained:"The action buttons were not clear, I understand one of them is positive

and the other is negative. Stil l, the message was very similar in both actions".

On the T13 - Why doesn't it? tag, the user is trying to make sense of the

designer message by repeating the steps of previous unsuccessful communication in order

to �nd out what went wrong. The issue experienced by [P7] in the previous paragraph

is also connected to T13. On Task 2, [P7] repeated the 'mark as �nished task' until

s/he understood the di�erence between this and the cancel action. Additionally, T13 also

occurred with two other participants on Task 1, in which participants had to include

an event. [P1] and [P2],co-designersfrom the non-tech group, selected the Materialize's

datepicker instead of the browser-default. The default behavior of Materialize'sdatepicker

displays the current day with a distinct font color that led participants to believe a date

was selected (see Fig 20(A)). Still, in order to choose a date, users had to touch over a

day and it would acquire a di�erent background color (see Fig 20(B)). This behavior is

a feature from Materialize, which is not considered a design error by the library. Both

participants did not comment on why they selected thisdatepicker instead of the second

option, which did not present this behavior. Yet, [P1] explained"I did not enjoy the

datepicker because instead of performing two commands I wish I could complete it in one.".

Conversely, [P2] did not state di�culties. Other three participants selected thisdatepicker,
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Figure 20 � Materialize's Datepicker - the default option

[P3] from the tech and [P4], [P5] from thenon-tech group. However, [P4] had the same

breakdown with the Materialize UI element on Task 0, which lead him/her to select the

other datepicker option.

As Materialize's datepicker was the default on the Calendar app, we can make a

comparison of the T13 breakdown with thenon-designers. For non-designers, four (P11,

P13, P15, and P17) of the ten participants experienced a similar issue. Two (P15 and P17)

of these four were from thetech group. This comparison points out that even people who

are acquainted with technology may have issues understanding Materialize'sdatepicker

behavior. Mostco-designersfrom the tech group selected the second option, which displays

a UI element associated to the browser.

Even though three participants (P4, P8, and P7) had distinct issues related to the

list and action buttons on Task 2, two othertech participants, [P3] and [P6], also selected

the list as their content display formatpreference. Both [P3] and [P6] did not experience

breakdowns, instead, both stated in the interview that the action buttons were very clear.

As the list was not available ascontent display formatfor participants who did not act as

co-designers, we could not make a relation with thenon-designersparticipants.

Further, we looked at the results of the interview. One question asked whether the
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co-designersfelt they had better interactions due to their design choices. Six from eight

participants felt positive about this question, [P8] felt neutral and [P2] disagreed. [P2]

stated "The choices don't change a lot of things". Yet, s/he was anon-tech participant

who initially had di�culties understanding how the design options would be later applied.

The tech participant [P8] said the choices did not interfere with posterior interactions.

The other six participants explained the preferences selection made the navigation easier

and more pleasant to interact."The app was more pleasant as it identi�es with your

choices."[P3]. "The app gets easier to interact"[P4].

5.4.3 UX Perception

Our discussion on UX perception is performed on a holistic overview throughout

the interpretation of the users' feedback from SAM dimensions. Furthermore, we answer

the RQ2 "How are users' perception of UX when interacting as co-designers?". Table 8

summarizes the SAM dimensions and the responses of the participants per task. When

we look at participants' results divided by their technical pro�le, we notice a contrast

between them. Hence, Figure 21 presents a comparison of both groups on theco-designers'

feedback on Task 0. Further, all the SAM medians forco-designersare higher on Task 1 in

which interactions with UI elements are linked to user app preferences. Yet, there were no

di�erences in the SAM values for Task 2, as users' choices were not as visible as Task 1.

Table 8 � SAM results. PI - Pleasure Index, AI - Arousal Index, DI - Dominance Index

Participant Group Technical Pro�le
Task 0 Task 1 Task 2
PI AI DI PI AI DI PI AI DI

P1 Co-designer Non-tech 8 7 9 9 9 9 9 9 9

P2 Co-designer Non-tech 7 6 8 9 8 8,5 9 9 9

P3 Co-designer Tech 8 9 9 7,5 7,5 8,5 9 9 9

P4 Co-designer Non-tech 6 6 3 8 8,5 8,5 8 8 7,5

P5 Co-designer Non-tech 8 9 7 9 9 9 9 9 9

P6 Co-designer Tech 7 9 8 8 9 8 8 9 7

P7 Co-designer Tech 6 8 8 5,5 5,5 6,5 5,5 4 5,5

P8 Co-designer Tech 7 5 9 9 9 7,5 9 9 9

P9 Non-designer Non-tech - - - 9 9 9 9 9 9

P10 Non-designer Non-tech - - - 8,5 9 8,5 9 9 9

P11 Non-designer Non-tech - - - 7,5 7,5 7,5 9 8 9

P12 Non-designer Tech - - - 7,5 8,5 9 9 9 9

P13 Non-designer Non-tech - - - 7 7,5 6,5 7 9 6

P14 Non-designer Tech - - - 7,5 9 9 8 9 9

P15 Non-designer Tech - - - 7 8,5 7,5 7,5 8,5 7,5

P16 Non-designer Non-tech - - - 7,5 7,5 8 9 9 9

P17 Non-designer Tech - - - 7 8 5 5 7,5 3,5

P18 Non-designer Tech - - - 8 9 8 8,5 8 9

By associating the results of Table 8, Figure 21 and taking into account all the
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Figure 21 � UX perception of with Task 0

co-designers(i.e. tech and non-tech), we see an outlier regarding dominance index. This is

a consequence of [P4] having selected value 3 for the index. Considering the videos of the

participants' interactions, we noticed that threenon-tech users, [P2], [P4] and [P5], had

di�culties in understanding how to initiate Task 0 and were confused about their role as

co-designers. Yet, they were having doubts about why and how their preferences would

a�ect their interactions. [P4], for instance, was browsing through the design options for

a minute and asked the researcher for help:"I can't understand what I should do here".

On top of that, [P2] had questions about the consequences of the changes:"Where can

I see this element if I choose it?". Moreover, [P5] said:"But how do I know what is the

di�erence between this or that checkbox?". Brie�y, the researcher answered all the questions

and the participants had no further issues regarding their initial di�culties. Even though

[P4]'s SAM values appear as outliers when we take allco-designersinto account, his/her

dominance index value is not an outlier when we focus only onnon-tech participants. As

pointed out on Figure 21,non-tech individuals who took the role asco-designersselected

lower values on arousal and dominance SAM dimensions, which might be the cause of this

remark.

[P2], [P5] and [P7] had di�culties as co-designers. However they struggle more on

choices ofinteraction methods(see 8). Both from thenon-tech group, [P2] and [P5] asked

the researcher for help, and [P2] stated:"This speech recognition, what does it speci�cally

do?". Still, [P2] was confused about other design choices such asswipe movementand the

datepicker. In both situations, the researcher gave a brief explanation about what the

design choices meant and participants continued their tasks. Yet, thetech group participant

[P7] stated that "I don't like to use voice, I don't like voice synthesis or speech recognition
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Figure 22 � The selection of User Preferences on Task 0 - Interaction Methods

... I don't understand why both methods are separated, but it's �ne"(see Fig 22). This

issue could also be one of the causes of [P2] having attributed lower values for pleasure

and arousal indexes. On the other hand, [P5] selected high values for both pleasure and

arousal indexes. As the only representative of thetech group, [P7] selected 6 for pleasure

index. However, [P7] chose high values for the other SAM indexes pointing out that the

issue did not a�ect the experience.

By observing Figures 25 and 24, we see the homogeneous feedback of the participants

independently of the task and the group they took part. Task 1 boxplots show outliers

linked to [P7] and [P16]. Both participants are from thetech group, yet, [P7] was a

co-designer and [P16] was not. Comparing the data from both CEM and SAM methods,

we found out that [P7] and [P16] had a common issue that was also experienced by [P1],

[P2], and [P3]. The issue came up during the use oftimepicker element, in which they had

to include an event with a speci�c time slot (see Fig 23). Actually, all the participants had

some kind of di�culties while selecting a precise time slot. We noticed this issue on both

timepicker options, materialize and web pattern. During the interview, [P16] related issues

regarding thetimepicker's accuracy:"It's nice to have a timepicker that spins to a precise

time, but I had many di�culties trying to select both zeros from 15:00. I'm not sure if

it is too accurate or not accurate at all". No other participants commented on this issue.
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Figure 23 � Materialize's Timepicker - the default option

Taking a look at SAM indexes of [P1], [P2] and [P3], we notice that this issue did not

a�ect their UX. Nonetheless, [P3] had lower values when compared to [P1] and [P2]. The

results showed that this barrier has a�ected only the SAM indexes of thetech participants.

The issue related to thedatepickerdescribed in the previous subsection a�ected

only part of the participants. When we observe [P1] and [P2] SAM results, we notice they

did not select lower indexes on Task 1. Thenon-designers(P11, P13, P15, and P17) who

had this issue selected lower values on SAM indexes for Task 1. This points out that the

co-designers' experience was not a�ected by this breakdown, yet, thenon-designershad a

less satisfactory experience.

Also connected to the communication breakdowns, the issue regarding the list UI

element did a�ect co-designersUX. In Figure 24 and 25, we see the outliers in the boxplots

of co-designers(pleasure and arousal indexes) and of techs (arousal index) group from

Task 2. Besides that, all of SAM indexes of [P4] are pointed out as outliers on thenon-tech

boxplot. Yet, the values from [P4] did not come as outliers on theco-designersboxplot.

The experience reported by [P8] showed the communication breakdown s/he has faced did

not bring consequences to his/her experience due to SAM values are high.

Other two outliers on Task 2 for pleasure and dominance indexes were found

from [P12] feedback when seeing as thenon-tech participant. His/her issues are related
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Figure 24 � Boxplots with SAM results categorized by participants role

Figure 25 � Boxplots with SAM results categorized by participants experience

to his/her own expectations regarding the app (i.e. s/he wished a speci�c functionality

existed), not their UI elements or the PWA-EU approach. Instead, the lower values arose

when the participant wanted extra functionality on the app in which the �nished and

canceled events could be restored. [P12] stated:"Wow, the event I marked as �nished just

vanishes? I'm sad". Likewise, [P12] and [P16] outliers presented in Task 2 for pleasure

and dominance indexes on both non-designers andtech boxplots are linked to the same

expectation.

5.5 Discussion

Taking into account the communication breakdowns results, we answer the RQ1

"What communication breakdowns come up when users play the role of co-designers

in a PWA?". Even when users acted asco-designersthey experienced communication

breakdowns. This remark is a�ected by users' technical background, such as programmers

and designers who are used to building and designing applications. Tech participants had
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fewer breakdowns as they had more expertise in the behavior and functionality of di�erent

UI elements thannon-techones. Although EUD brings interest and motivation tonon-tech

end-users, their lack of technical skills makes them not engage asco-designers(NAMOUN

et al., 2016).

Supporting by SAM results we can answer RQ2"How are users perception of UX

when interacting as co-designers?". By playing the role of co-designersthe participants

had a more positive perception as their active participation in the app design could

improve their experience. This remark could be noticed especially in pleasure index. When

considering the technical pro�le, thetech group demonstrate less satisfaction than the

non-tech. However, while playing the role ofco-designersthe non-tech individuals felt

less dominant and aroused comparing to thetech ones. Technical issues can introduce

situational limitations to non-tech end-users (CASADEI; GRANOLLERS; ZAINA, 2017).

These limitations are any kind of problem that comes up from environmental characteristics

and may jeopardize the UX (HENRY; ABOU-ZAHRA; BREWER, 2014). One important

motivation for end-users engaging in EUD actions is the improvements that it can bring to

their experience (FISCHER; FOGLI; PICCINNO, 2017). Yet, one of the biggest challenges

to overcome is to simultaneously give end-users the empowerment on designing apps and

provide ways to support them with how to do EUD (NAMOUN et al., 2016). In order to

provide a more guided interaction, we could establish guidelines for the development of the

PWA-EU. For instance, only after the user interacts with a speci�c user app preference

(i.e. a UI element) the di�erent preference options are displayed. Before the user's initial

interaction, an element or functionality is not visible as a user app preference. Further, the

app section in which the user can select their preferences is progressively built according

to user interactions.

We notice that most issues pointed out in the results section are related to three

UI elements: datepicker, timepicker, and list. With that in mind, we can discuss if the

identi�ed breakdowns and issues that a�ected the user's experience is connected to the

interaction with UI elements. First, despite bringing satisfaction to users, datepickers can

cause confusion and frustration on PWA users. As we pointed out on Chapter 3. Moreover,

many users have issues while including data using forms on the mobile app as these

elements have not changed much since their �rst design. Finally, lists seem like a practical

design for users, yet it raises serious accessibility concerns (CASADEI; GRANOLLERS;

ZAINA, 2017). Still, likewise to our initial experimental study (See Chapter 3) participants

achieved a satisfying UX even with issues when interacting with the UI elements.
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5.6 Limitations of the study

As the sample of our work can be considered a limitation (i.e. 18 participants)

we took di�erent actions to mitigate this as discussed below. First, we adopted four

distinct data sources, an online questionnaire application, researcher' notes, and two

recording applications. A recording application was on the mobile device and recorded the

participants' interactions with the PWA. The second was a desktop app on an auxiliary

laptop that recorded the participants' faces. Therefore, we associated both recordings and

gathered data from the questionnaire, which allowed us to triangulate data that provides

reliability to the analysis. Yet, about the data gathered we assured all participants used the

same mobile device, a Motorola Moto G4, avoiding bias which can be caused by di�erent

Android versions. By adopting di�erent methods to conduct the data analysis (i.e. SAM

and CEM), we could explore the data on di�erent lenses and perspectives and consequently

getting rich discussions of the results.

Besides, we divided participants into two di�erent conduction groups. The �rst

completed all three tasks and acted asco-designerson the app. The second group was

the non-designers and they did not actively participate in the application's design choices.

All selected participants were familiar with mobile devices and apps. We ensured they

were frequent users in order to avoid problems related to the interaction with the mobile

platform. Still, our work is limited to the use of certain UI elements. These elements were

part of the user app preferences and are connected to the user's experience, as pointed out

in the discussion.

5.7 Conclusion and future work

This chapter presented an investigation about end-users acting as co-designers on

PWAs. The �ndings reveal that people with technology background were less satis�ed,

but felt more dominant when acting as co-designers. Conversely, grouping participants as

those who acted as co-designers and the ones who did not, we noticed the co-designers

group had more satisfying interactions on the posterior task when compared to the ones

who did not include their preferences into the PWA app.

The discussion about PWA apps and EUD are an important contribution to

our work. The �ndings of our study provide insights for new investigations in di�erent

perspectives. First, it opens the discussion of how end-users could be e�ectively empow-

ered on mobile apps and whether meta-design is an easier approach to implement with

technology-related people. The results show that there are some di�culties in playing the

role of co-designers and these can have a direct impact on the overall UX. Working on

more guided mobile apps could be a start point to achieving an inclusive environment to

end-users. Second, our work presents an important discussion regarding the potential of
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combining PWAs and EUD. PWA-EU is an approach that can be extended to explore

other perspectives of EUD. It could be seen a contribution for developers of apps in the

sense it arranges the responsibilities of the application.

As future work, we intend to continue our analysis of the PWA-EU approach. we

plan to analyze the end-user perspective from a more diverse group of users taking into

account di�erent end-users pro�le and increase our sample.
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6 Analyzing PWA-EU from the perspective

of developers

After evaluating the proposal from end-users' point of view, we conducted an

experimental study with 23 participants focusing on the evaluation from the perspective of

developers. The study aimed to analyze the acceptance and di�culties that the PWA-EU

elements can bring to the developers. We selected participants from undergraduate and

graduate computer science courses. We made this choice considering that Salman et al.

(SALMAN; MISIRLI; JURISTO, 2015) provided pieces of evidence of a small di�erence

between students and professionals when they perform new activities. Even though

professional developers have more experience, they are not familiar with new knowledge

such as PWAs, which enables them to be compared to students. The motivations for this

study were to understand if developers can understand the PWA-EU architecture and

whether they �nd it useful. In order to conduct our investigation, we de�ned two research

questions:RQ1 - What do the developers acceptance when using PWA-EU approach?and

RQ2 - How is developers' feedback regarding the usefulness of the PWA-EU approach?.

This study was organized into planning, conduction and analysis steps.

6.1 Planning

The �rst step in planning was the elaboration of a pre-study questionnaire to

understand the participants' pro�le (see Appendix G). This questionnaire was necessary

in order to conduct an analysis to prepare the supporting materials to our study (i.e.

the technologies needed to build a PWA). We asked about their knowledge in front-end

technologies and which programming technologies they were familiar with. For the front-

end technologies, we collected their experience using a �ve-item Likert scale. Regarding

programming technologies knowledge, the questionnaire inquired if their experience was

restricted to academic works or if they had acted as developers in companies. Additionally,

the participants' experience with web, mobile, hybrid, and PWA development was collected.

This questionnaire was �lled by all participants 17 days prior to the study conduction via

Google Forms. Moreover, participants were selected by convenience and with no restriction

of age.

After analyzing the participants' pro�le, we prepared a training session to be

conducted a week before the study with the participation of all individuals. The session

encompassed all the technologies that were required to use PWA-EU. Aside from the

training, we conducted a warm-up session on the same day as the experiment's conduction.
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