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This paper presents SnappView, an open-source software development kit that facilitates end-user review of
graphical user interfaces for mobile applications and streamlines their input into a continuous design life cycle.
SnappView structures this user interface review process into four cumulative stages: (1) a developer creates
a mobile application project with user interface code instrumented by only a few instructions governing
SnappView and deploys the resulting application on an application store; (2) any tester, such as an end-user,
a designer, a reviewer, while interacting with the instrumented user interface, shakes the mobile device to
freeze and capture its screen and to provide insightful multimodal feedback such as textual comments, critics,
suggestions, drawings by stroke gestures, voice or video records, with a level of importance; (3) the screenshot
is captured with the application, browser, and status data and sent with the feedback to SnappView server;
and (4) a designer then reviews collected and aggregated feedback data and passes them to the developer to
address raised usability problems. Another cycle then initiates an iterative design. This paper presents the
motivations and process for performing mobile application review based on SnappView. Based on this process,
we deployed on the AppStore “WeTwo”, a real-world mobile application to find various personal activities over
a one-month period with 420 active users. This application served for a user experience evaluation conducted
with N1=14 developers to reveal the advantages and shortcomings of the toolkit from a development point
of view. The same application was also used in a usability evaluation conducted with N2=22 participants to
reveal the advantages and shortcomings from an end-user viewpoint.
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1 INTRODUCTION

During the last two decades, there has been increasing interest in Application Review (AR) [14,
16, 18, 23, 27, 50, 56], a process that allows any person to provide developers of an interactive
application any form of feedback to foster iterative design, continuous evaluation and improvement
of the application. For example, Begel et al. [4] found that one of the most important questions
interactive application developers ask is “what parts of the interactive application are used/loved
by end users and why?”. Among all components of an interactive application, the Graphical User
Interface (GUI) is the most exposed component, thus being subject to particular reviews. The
application review can be examined from the angle of the various Quintilian questions:

- By who? Reviews can be written and submitted virtually by any interested person, from alpha
and beta testers to end users. Developers themselves are sometimes interested in writing a
review of someone else’s application.

- For who? Designers and developers of an application generally receive reviews to keep track
of the appreciation of their product [56], taken as a whole or for certain features [18], to
continuously maintain and improve the usability of their application [19]. Reviews are also
estimated to be useful to convince new potential users of this application.

- For What? An application review could concern any part of an interactive application, a stand-
alone desktop application, or an application running on a mobile device such as a smartphone
or a tablet: from bugs belonging to the functional core [22], API interface communication
problems [14] to cosmetic problems of visual design [58, 59].

- How? A review could be expressed with different levels of granularity, ranging from simple
“Like” [18] or a rating (* to *****) to a detailed critique [36] written in a special format (e.g.,
using pairs of adjective-noun words [60], structured feedback [58]) or free form comments
[16]. For example, UX-Tips [39] enables end-users to enter their review in terms of textual
usability problems, a form of negative review. A review is said to be individual when it
concerns only one application in itself or comparative when it concerns an A/B testing
method [28] between two or more candidates, usually to position the application under
review [27]. For example, AB4Web [54] supports comparing two GUI design alternatives. The
review is also said to be summative when a quantitative measure is provided in the review
(e.g., a rating, a ranking) or formative when a qualitative comment is formulated instead.
This last format is useful as it can be directly transposed into instructions to improve the
application GUI, while the former is only indicative.

- Why? Application reviews enable developers to continuously improve their application devel-
opment based on end users’ feedback. When positive reviews are posted on the application
profile (e.g., in an application store or on its website), along with positive ratings, potential
users become more akin to download it and to use it. These data influence the position of the
application in the charts and search results, increasing visibility and improving ranking.

- With which method? Numerous Usability Evaluation Methods (UEMs) [55], whose experi-
mental conditions and protocols vary widely, that could become candidates for the review
of applications for interactive applications in general [25] or mobile applications in par-
ticular [20]. Among them are mockup-based evaluation [35], model-based evaluation [7],
measure-based evaluation [62], GUI testing [9, 53], GUI ripping [1], and code instrumentation
[12]. The least demanding UEMs are typically used in application review, such as heuristic
evaluation (when the review is guided by a set of heuristics to be assessed or simply checked)
and free-form evaluation (when the review is left open) [5].

Yet, for both parties – stakeholders involved in the development life cycle and people involved
in the usage–, the review process still poses many challenges. Reviewers do not always know
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how to write reviews, even if a structured format is imposed [58], they are constrained by the
GUI review process, which often contradicts or conflicts with the GUI being reviewed (therefore,
other modalities should be used [56]), they cannot enter their review in the very right context of
use where a usability problem occurs (instead, they are diverted to another separate GUI). This
problem is multiplied by the number of versions of the same user interface (UI), namely, in the
case of multiple UIs [13] for the same mobile application [42] and for UIs for different devices [24].
Several differences exist between reviews and ratings on mobile applications when compared to
web-based systems, in particular in their preference for more concise and aggregated reviews [56].
When a dedicated reviewing system is employed, developers should add several extra lines of code
to instrument their code throughout the application for enabling reviews to be properly collected
and aggregated. Developers who receive these reviews are often overwhelmed by a flood of reviews
with different levels of detail on many aspects of the UI. They do not know how to handle this mass
of data, especially when crowdsourcing [59, 61] is used for reviewing. Only around 35% of reviews
are actually helpful to developers in improving their apps [8].
To bridge this gap, this paper explores both the feasibility and the usefulness of developing

SnappView (Shake ‘n’ review your application), a new Software Development Kit (SDK) specifically
tailored to facilitate the end-user review of graphical user interfaces for mobile applications and
to streamline their input into a continuous development life cycle. This provides the following
original individual contributions, which, taken together, make SnappView unique:

- On the conceptual viewpoint: a domain model capturing UI reviews for any interactive
application, in particular, for mobile devices.

- On the methodological viewpoint: a four-stage process for supporting end-user review of
mobile UIs based on this domain model.

- On the implementation viewpoint: a new software development kit to support this method
and a website to manage reviews collected through a project dashboard.

- On the experimental viewpoint: a longitudinal study reporting the results of applying the
four-stage process supported by SnappView to “WeBoth”, a real-world mobile application
deployed in an application store for personal usage.

The remainder of this paper is structured as follows: Section 2 reports on some selected work
related to application review and discusses the background in which this work is conducted to
draw some lessons for SnappView. Section 3 introduces, motivates, defines, and details the four
stages of the SnappView process based on the underlying models involved in each stage, i.e., a
class diagram for the domain model, and activity diagrams for the stages. Section 4 describes the
implementation of the SnappView SDK. Section 5 presents the results of two evaluation studies,
one aimed at developers and one aimed at end users, based on “WeBoth”, a mobile application for
managing leisure activities for a couple of two people instrumented with SnappView. Section 6
concludes the article and discusses some future avenues of this work by reporting the feedback
obtained with SnappView.

2 RELATEDWORK AND BACKGROUND

This research touches on two research topics: mobile user interface evaluation, where UEMs [55]
for mobile applications are analysed, and application review, a particular UEM inspired by heuristic
or free-form evaluation for mobile devices. We hereby discuss how our work is related to each of
these areas, respectively, in the next two subsections. We give a partial conclusion for each of these
areas and we conclude by covering the intersection of these two areas with the focus on UIs.
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Fig. 1. Examples of rating software: (a) Appirater, (b) iRater, (c) pollJoy.

2.1 Mobile UI Evaluation

Whitefield et al. [57] provided a framework for classifying UEMs according to two axes: UI (real
vs. represented) and end users (real vs. represented). An ideal UEM would be able to evaluate a
real UI with real end-users, but this ideal situation is not always possible nor it is always cost
effective, thereby suggesting to replace the real UI by a representation (e.g., a prototype instead
of the real UI) and the real end users by some representation (e.g., a model or substitutes of end
users). Based on this framework, application review is defined as a UEM performed by real users
on the real application, particularly on its real UI. However, in principle any tester or reviewer,
being a real end-user or not, can provide a UI review, whatever its representation is (e.g., a real
one, a screenshot, a wireframe, a sketch) with different levels of fidelity. Several UEMs have been
considered to evaluate the user interface of an application, either manually [2] or semiautomatically
[1], for example by ripping the GUI [1], evaluating the GUI as a service in GuiCAT [9], guided
testing [10], GUI bug finding [22]. Most of these UEMs do not transpose easily when evaluating
the GUI of a mobile application that is used by thousands of people around the globe. It is not only
difficult to instrument code [12], even with advanced methods such as bootstrapping [6], but the
developer also faces the question of which method to handle the vast amount of data resulting
from this process.

2.2 Application Review

Obtaining application reviews from experts, such as alpha or beta testers, is not only difficult
(they are often involved in many other development tasks and are not always available), but also
expensive (they need to be properly compensated for their participation according to their level of
expertise). For these reasons, non-expert users have increasingly been transformed into application
reviewers [27] to provide various forms of critique until the point of involving a very large number
of such people in crowd-sourcing [61]. This is also partially supported by the observation that
a crowd of users would cover multiple possible usages of the same application, especially when
users have different experiences with the same device or not [42]. The feedback provided by the
expert and nonexpert participants is usually encoded via an online form on a dedicated website,
through requests on social networks, or even by the class peers writing a critique [58]. Novice
feedback is assessed as helpful to developers, but is still perceived as not as valuable as expert
feedback. Although a crowd of non-expert participants may lack relevant experience for reviewing
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[56], by requiring a non-expert crowd to use a rubric to provide feedback, novice feedback was
“rated nearly as valuable as expert feedback”. This deviation is perceived even less significant when
timeliness is the key factor for reviewing, especially when multiple versions of the same UI should
quickly evolve over time.
Several software support the review process of UI [63], such as Applause, Apple’s TestFlight,

EvalComments [16], SpreadingWord [21], RevMiner [23], QuickReview [50] (a data-driven mobile
interface to improve the quality and structure of application reviews), CrowdCrit [36], CrowdUI [44],
AR-Miner [8], Voyant [59], and SplotLight [60], which demonstrates the effectiveness, efficiency,
and usefulness of feedback provided by a non-expert crowd. Such systems usually gather enough
diverse feedback from people, even if subjective, to reach a moderately objective conclusion [20]
when some frequency is observed [21].

However, these systems still suffer from several common shortcomings: they impose some form
of code instrumentation in multiple locations of the application, its UI code is not obvious to
understand and to incorporate, the way reviewers can enter feedback is usually well and precisely
managed, but the locus of control is almost always outside the context of use. Reviewers have to
enter another system to write the review and cannot easily link their review to the contextual
elements where the problem occurs, especially when it is a usability problem [20] or to provide a
design critique [61]. This loss of context damages the quality of the review. When the instrumented
application enables the end user to enter the review without changing the system, it is often
conflicting in terms of interaction with the UI being reviewed. For example, Appirater (Fig. 1-a) is a
software class to be incorporated into a mobile UI to remind users to rate an application after they
used for a given period of time or number of times. However, reviewing an entire application on a
5-point rating scale, independently of its context of use and without linking it to any interaction
history or screen, is a rather limited form of review without any formative feedback. Similarly
to Appirater, iRater asks for a score on a 5-point rating scale depending on several parameters
(Fig. 1-b), such as the number of days until the rating is asked, the required number of sessions, of
events, of prompts, of minimal and maximal time period. PollJoy determine who should receive
review requests and when (Fig. 1-c). For example, players who have completed the tutorial quest
and who have reached level 5 and have played for at least 30 minutes. These rating applications do
not provide any form of formative feedback.
On the evaluation of collected reviews, some approaches have already been proved success-

ful, such as data mining [8], intelligent adaptation [50], crowd aggregation [36], to name a few.
ReviewCollage [27] aims to compare two or more applications in the review by identifying the
comparison criteria and estimating them. When extended to several applications, this process
becomes a benchmarking that is probably not at the level of expertise of any end user, with the risk
of producing fallacious or erroneous reviews. For example, HelpShift opens a chat between the end
user and a bot to discuss an application, thus welcoming any type of textual comment. However,
synthesizing textual comments remains a challenge. Text mining techniques, which are used to
classify and summarize reviews of mobile applications, often produce complex outputs that are
prone to overfitting. Instead, Jha et al. [26] suggested using frame semantics for application review
to generalize textual reviews into more abstract scenarios).
To meet the demand for reliable reviews, researchers have explored technologies to connect

designers with online feedback reviewers. While these systems support submitting some feedback,
most of them do not support an end-to-end cycle. Foong et al. [15] proposed a conceptual framework
to highlight critical processes that affect online feedback exchange.We contribute research questions
for future feedback systems and argue that online feedback systems must be able to support
designers through five activities that occur before, during, and after the feedback exchange, more
from a psychosociological viewpoint.
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The bottom left 
icon of this screen 
does not indicate 
to what part it 
refers, thus causing 
confusion.

Fig. 2. Invoking SnappView on a mobile application, reviewing a particular screen, and a collection of

multimodal feedback for application review.

The Interactive Thread [37] is a design method that collects detailed contextualised data from
a large user population while sharing interaction design methods with professional designers of
different disciplines. Crowdsourcing [45], which allows employing people worldwide to perform
short and simple tasks via online platforms, can be a great tool for filling application reviews in a
time and cost-effective way. On the other hand, the crowdsourcing environment does not allow
for the degree of experimental control, which is necessary to guarantee reliable data. For example,
CrowdUI [44] is a web-based software that supports website review by allowing users to visually
express their positive or negative feedback with their suggestions to fix negative aspects.

In summary, we note that the invocation of the application review should be tightly integrated
with the application under review (R1), with as little and understandable instrumentation as possible
(R2), that the contextual conditions in which a screen is reviewed should be transmitted (R3). The
tester should be able to provide feedback in a multimodal way to expand the expressiveness of
reviews (R4): text entered, drawings performed by stroke gestures, vocal comments, and video
records. Submitting the review should also remain a straightforward activity so that the results can
be properly received, stored, organized, and structured (R5). With respect to R1, SnappView will be
incorporated in the application code instead of calling an external application, like for most other
review applications such as Appirater, iRater, and pollJoy. With respect to R2, SnappView should
be below the workload imposed by similar review applications. In the case of TestFlight, the effort
should remain comparable. Regarding R3, SnappView is expected to be superior in terms of context
coverage to other review applications, but at the same level as TestFlight. SnappView will be the
most distinctive with respect to R4 due to its multimodal ability, allowing the reviewer to prefer
the review according to any preferred modalities. With respect to R5, SnappView offers a website
where reviews are stored and structured, compared to a series of emails or a list of comments in
many review applications. Again, TestFlight is the reference in terms of quality of reviews.

The next section presents how the four cumulative stages of SnappView fulfill these requirements.
Fig. 2 shows a review invoking SnappView, taking a screenshot with textual comments and drawings
using stroke gestures, and browsing the feedback in decreasing order of importance and frequency,
with various configurations, such as smartphone vs. tablet, landscape vs. portrait mode.
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3 THE FOUR STAGES OF THE SNAPPVIEW PROCESS

To leverage the capabilities of UI review while minimizing the code instrumentation from the
developer’s point of view and facilitating the UI review from the tester’s point of view, SnappView
provides an open source software development kit that facilitates end-user review of GUIs for
mobile applications and streamlines their input into a continuous design life cycle. Fig. 3 overviews
the SnappView process, which is decomposed into four cumulative stages, each step being described
in the next subsections.

3.1 Stage 1. Account Management and Project/SDK Preparation

SnappView distinguishes stakeholders into four types of users (top of Fig. 4):

(1) The Creator, or Conceptor, is the stakeholder responsible for developing the application to be
reviewed and willing to gather formative feedback while developing, such as a developer, a
programmer, or a practitioner.

(2) The Tester is any stakeholder who is going to install and use the application developed
by the creator and provide the creator with formative feedback while interacting with the
application. A tester could be in principle any person: ideally any end user, any marketing
person, but also a designer, a graphic artist, a reviewer, an experimenter or a researcher.
Sometimes, a tester could even be the creator of the application or the creators of other
applications, in the case of cross-application reviews.

(3) TheWriter is a stakeholder writing an article about the application under review or providing
any form of feedback that should be captured outside the SnappView scope. For example,
the Store Reviewer is a writer checking that the application developed by the creator is
compliant with design, development, and style guidelines promoted by the vendor of the
application store. For instance, it could be an Apple reviewer for Apple’s App Store, an
Android reviewer for Google Play, or a person working at TestFlight, an external party
serving as an intermediary between the creator and the store reviewer to collect preliminary
feedback before releasing the application to the application store.

(4) The Administrator is the stakeholder responsible for managing the entire SnappView ecosys-
tem and its projects introduced by creators.

After subscribing to the SnappView website with credentials and logging in, the creator who is
willing to create a new project downloads and installs the SnappView SDK (if not already done).
For creating a project, the creator fills in the corresponding form located on the dashboard (e.g., an
application name and various geographical data) and validates it, which makes the system create
an effective project in the database, store its corresponding information, and produce a Universally
Unique Identifier (UUID), a 128-bit label used for identifying any information in computer systems
worldwide [29]. This UUID will serve as an identifier for the future application. To instrument
any application with SnappView, some technical steps are required (Appendix A). Once this code
instrumentation is completed, the source code of the whole project should be compiled and linked
to build an archive file ready to be delivered to the testers.

3.2 Stage 2. Application Distribution and Preparation

The creator, after building a distributable archive, has two options: the archive is submitted to an
application store to be reviewed by the corresponding store reviewer (e.g., an Apple Reviewer will
check whether the application is compliant with the Apple’s code and usability guidelines) or to
TestFlight for an intermediary check before submitting it to the application store. Both cases result
into an article stored with the application under review.
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Fig. 3. SnappView process structured into four cumulative stages.
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Fig. 4. Software and real worlds in SnappView.

3.3 Stage 3. Feedback Creation

After downloading, installing, and using the application, the tester can decide to follow a random
plan (the GUI screens are browsed randomly) or a particular scenario (e.g., according to a certain
task defined) to perform the test. When the tester initiates the testing, e.g., when something is wrong
or when a comment should be left, the tester simply shakes the mobile device to invoke the pop-up
SnappView (Fig. 2, left) to take a screenshot or leave a comment. In both cases, the tester is asked
to specify the level of importance: low (depicted in green), medium/neutral (depicted in yellow)
and high (depicted in red). For example, Fig. 2, right, reproduces a set of four severe screenshots
with annotations, six medium screenshots with annotations, and one low-importance comment, all
being captured on a smartphone in portrait mode, except one captured on a tablet in landscape
mode. For any test of an application (see “real-world” upper part of Fig. 4), the tester is free to add
a drawing performed by touch gestures (e.g., digits, letters, symbols, text), a voice comment or a
video if allowed by the device camera. The screenshot is stored as an image. SnappView creates the
complete feedback by adding data related to the device (e.g., which brand, make, model, operating
system and version, which resolution), to the context if permitted (e.g., which orientation) and
sends it to the project website through the use of specific web services (left of Fig. 4).

3.4 Stage 4. Feedback Handling

To handle feedback received from testers for an application, the creator logs on the SnappView
platform to display the dashboard of ongoing projects: Fig. 5 depicts a dashboard where projects
have different status (i.e., idea, under development, and deployed) and kinds of feedback (e.g., text,
screenshot with or without drawing, vocal comment, or video). Feedbacks are sorted in decreasing
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Fig. 5. Dashboard of SnappView projects.

Received

InLowPriority

InNeutralPriority

InHighPriority

Closed

Removed

StatusSpecified

project has been removed

Fig. 6. State-transition diagram of a feedback.

order of their level of importance. Depending on the progress of the project, the creator can adapt the
level of importance of any feedback received according to the state transition diagram represented
in Fig. 6 until its closure.
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4 SNAPPVIEW IMPLEMENTATION

SnappView has been implemented in Objective-C, which targets any Apple iOS compatible ap-
plication that must be executed on a smartphone or tablet. SnappView is an Objective-C library
that can be embedded in a mobile application. An APK beta version is also produced. SnappView
relies on AFNetworking, which is a networking library developed on top of the Foundation URL
Loading System to extend Cocoa’s networking abstractions built into Cocoa, on Reachability to
probe the current status of the network and its accessibility, and on UIDevice-with-UniqueIdentifier

to identify any user playing the four roles defined. Fig. 4 represents a simplified version of the
SnappView domain model as a UML V2.5 class diagram. This figure is decomposed into two parts
as follows:

• The real world, where the mobile application under review is subject to a series of tests
that involve the four types of user defined in Section 3.1. Each test can be made up of text,
touch-based stroke gestures on the screen, voice records, video records, or an article by a
writer. This information is transferred to the SnappView repository thanks to Web services
and is attached to a project.

• The software world, which stores and manages information related to any project related to
an application. A project involves users playing various roles and is attached to any recorded
session. For example, a screenshot is stored as an image record, composed of different zones
of interest, depending on how many gestures have been produced on the screenshot. Each
zone can be assigned to an evaluation criterion, such as a heuristic, an ergonomic criteria [3],
a usability guideline, or freeform comment.

In general, SnappView supports four scenarios represented as UML V2.5 activity diagrams:
• The complete scenario (Fig. 21) represents the most common scenario of an application review.
The shake of the mobile device triggers SnappView thanks to its “application delegate”, which
allows one to listen to its accelerometer. If this movement is recognized by SnappView, the
listener is deactivated to freeze the context of use and to automatically capture a screenshot
of the application with related contextual data, such as screen orientation, resolution, device,
screen size (in AppviewUtils). AFNetworking will be activated to probe and manage the
connection between the mobile device and the SnappView repository, depending on the
network status and accessibility. Depending on what the end user is providing for the review,
a text, a series of stroke gestures, a vocal comment, or a video record activated via the device’s
camera, these data are sent to SnappView and stored in the repository. When the complete
review is submitted, SnappView returns to its normal functioning.

• The comment only scenario (Fig. 22) represents the scenario of a review consisting of a textual
review submitted by a writer. It is a simplified version of the previous scenario.

• The normal scenario (Fig. 23) represents the scenario that occurs when no disconnection
from the Internet occurs, thus allowing SnappView to immediately store the review in the
repository.

• Text worse scenario (Fig. 24) represents the same scenario when the mobile device is dis-
connected from the Internet for any reason, thus making its web services unavailable. In
this case, the end user still performs the review by providing the multimodal content as de-
sired, SnappView stores this information locally, periodically probes the Internet connection
through AFNetworking, and sends this information as soon as the connection is restored.

Table 1 summarizes the requests received by the SnappView web services, which are responsible
for managing and storing the various elements of the multimodal review. After its execution, the
web service returns an HTTP code, such as 200, 404, 500, to notify AFNetworking if the data transfer
was successful.
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Request Definition
K Returns the project UUDI, which enables the mobile device to send any related

information to the corresponding SnappView project
C Returns the text related to a review (test), which could be a text associated to a

screenshot explaining the comment or a textual comment in the case of a global
review by a writer

L Returns the level of importance, i.e., low, medium, or large, of a review
I Returns the universal date and time of a review
O Returns the orientation of a screenshot submitted in a review
U Returns the feedback type, “C” for a textual comment, “S” for a screenshot,...
DM Returns the brand and model of the mobile device used
DN Returns the device type, e.g., a mobile phone, a smartphone, a tablet
IL Returns the location where the review was submitted
IV Returns the version of the operating system used on the mobile device
SV Returns the SnappView version used on the mobile device for creating the review

Table 1. Definition of requests supported by SnappView web services.

Individual instances
Novel examples
Replicated examples

Collections
Case studies
Design spaces

Going beyond descriptions
How to scenarios

TYPE 1 - DEMONSTRATION TYPE 2 - USAGE

Ways to conduct usage studies
Usability studies
A/B comparison
Walkthrough
Observation
Take-home studies

Eliciting user feedback
Likert scales
Interviews

TYPE 3 - PERFORMANCE

Benchmark threshold
Benchmark comparison

TYPE 4 - HEURISTICS

Checklists
Discussions
Targeting

Fig. 7. Ledo et al. [30] evaluation strategies applied to SnappView are highlighted in black.

5 EVALUATION

Ledo et al. [30] surveyed 68 toolkit papers to classify their evaluation strategies into four types:
demonstration, usage, performance, and heuristics. We evaluated SnappView based on two types
and multiple strategies as follows (Fig. 7): strategies belonging to “Type 1-Demonstration” and
“Type 2-Usage” evaluate what a toolkit can and who could use that toolkit. Individual instances
refer to any example going throughout the process of the toolkit. Instead of creating a novel
application, we create a replicated example of a mobile application intended for the general public
(Section 5.1). This individual instance is then deployed and used in a how to scenario to illustrate the
four stages of the SnappView process (Section 3) and to allow a system walkthrough, which consists
of showing SnappView to a pool of potential developers to go beyond simple description and
eliciting their user feedback and overall impressions using Likert scales [34]. A first study evaluates
the user experience of SnappView process with N1=14 developers (Section 5.2) while a second
study evaluates the usability of the application resulting from SnappView as perceived by N2=22
real end-users (Section 5.3). In the light of these evaluation strategies, our five requirements stated
in Section 2 are then revisited in Section 5.4.

5.1 Individual Instance: the “WeTwo” Application

To evaluate the feasibility of SnappView, we conducted a one-month longitudinal study (from April
18 to May 18) on “WeBoth”, a mobile application for managing personal activities (Fig. 8) between
two people, such as members of a couple or a relationship. These activities include (Fig. 2, left part):
evening activities (e.g., restaurant, dinner, gala events), leisure activities (e.g., exhibitions, museums),
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Fig. 8. Activities of “WeTwo” mobile application.

well-being activities (e.g., sauna, massage), sport (e.g., outdoor vs. indoor sports), extreme activities
(e.g., benji, skydiving), learning (e.g., online courses), romance (e.g., jewelry, bouquet), travel (e.g.,
by train, by plane, all-in-one stays), and gifts. Once developed and instrumented according to the
instructions reported during Stage 2 (Section 3.2), the application was published on the Application
Store (Fig. 9) and was highly promoted on social networks (e.g., FaceBook and Instagram) and by
word of mouth. During this period, 420 new users registered with 8.04 average sessions per user,
totalizing 1,278 sessions for an average time of 41 sec (Fig. 26). During this period, an average
of 28.79 new users registered per day, all together producing 10,272 screen views. 295 reviews
were collected. Fig. 25 shows the evolution of new users of “WeBoth” during the review period,
as recorded by Google Analytics. Fig. 26 provides an overview of all users logging in/out of the
“WeBoth” application during the reviewing period.

Proc. ACM Hum.-Comput. Interact., Vol. 6, No. EICS, Article 173. Publication date: June 2022.



173:14 Xavier de Ryckel, Arthur Sluÿters, & Jean Vanderdonckt

Fig. 9. How to install the test application from the application store?

5.2 User Experience Study with Developers

5.2.1 Recruitment. Participants were recruited from a mailing list of about 200 volunteers main-
tained at Anonymous. An email was sent to the mailing list asking for developers willing to assess
SnappView. No compensation was offered to volunteers. To select volunteers with representative
coverage and enough experience, each volunteer was asked to:

• Fill in a GDPR-compliant demographic questionnaire, which also includes statements about
the frequency of use of a computer, a smartphone, a tablet, a game console, and a MS Kinect
(expressed on a 7-point rating scale, 1=minimum, 7=maximum), as well as the number of years
of experience in application development in general and in mobile application development
in particular.
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• Position herself/himself on Costabile et al.’s [11] continuum of development expertise, which
consists of nine levels (Fig. 10): on the left side is Internet surfing, where no genuine develop-
ment actually occurs; on the right side is professional application development. Each level
defines both the activities a developer is able to perform and the corresponding development
skills required to reach this level.

• Express her/his digital skills on Rose et al.’s [46] empirically validated questionnaire for
assessing somebody’s skills in exploiting digital technologies, such as the Internet, mo-
bile applications, etc. This questionnaire was administered mainly to confirm the previous
position.

The nine levels are defined as follows:

Level
Customizing
components

WISYWIG
editing

Visual
editing

Markup
authoring

Snippet
programming

Single
language

programming

Unified
language

programming

Multiple
language

programming

Multiple
language

and paradigm
programming

Activity

Experience

1 2 3 4 5 6 7 8 9

Beginner Intermediate Expert
Fig. 10. The nine expertise levels [11].

(1) Customizing components: developers adjust existing GUIs by setting values to parameters,
such as customizing service preferences, adaptation, and display.

(2) WYSIWYG editing: developers edit the GUI presentation in a WYSIWYG editor.
(3) Visual editing: developers create GUIs visually by adding, customizing, and connecting

components, such as in mashup editors and component-based editors. Visual editing is
possible without having learned programming, but requires a basic understanding of the
programming paradigms.

(4) Markup authoring: developers produce GUIs using plain markup languages. This code editing
uses a markup language, which a minimal understanding of declarative programming.

(5) Snippet programming: developers copy, paste, manually edit existing source code for templates
called snippets. This is performed in a dedicated editor which automatically generates code.

(6) Single language programming: developers have a sufficient knowledge of a single program-
ming language and they are able to develop a piece of functionality from scratch.

(7) Unified language programming: developers have sufficient knowledge of a single programming
language, for creating all components of an interactive application.

(8) Multiple language programming: developers have a thorough command of several program-
ming languages and combine them.

(9) Multiple language and paradigm programming: developers are professional programmers
as they combine several different technologies to entirely build an interactive application.
Programming paradigms can be declarative, imperative, or multi-paradigm.

A sample of N1=14 participants (5 women, 9 men) was derived from this selection, aged 22 to
57 years (M=39.64, SD=10.24). All reported very frequent usage of computers (M=7.0, SD=0) and
smartphones (M=6.43, SD=1.18), but to a lesser extent for tablets (M=3.86, SD=2.10), game consoles
(M=2.57, SD=1.92), and Microsoft Kinect (M=1.36, SD=0.72). They occupy diverse responsibilities
such as, but not limited to: consultant, project manager, assistant, employee in an Internet Service
Provider, finance advisor, manager, and developer.
Their Costabile et al.’s level of development expertise (M=7.79, SD=1.57, MD=8) matches a

profile of highly experienced developers, as well as their position on Rose et al.’s questionnaire [46]:
‘I consider myself knowledgeable about the Internet and digital practices (M=6.43, SD=0.62), ‘I
am extremely skilled at using the Internet (M=6.14, SD=0.91), ‘I am an expert in the internet and
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digital technologies’ (M=5.71, SD=1.28), and ‘I know somewhat more than my friends about the
internet and digital practices’ (M=5.93, SD=1.03) all received very high average ratings. Participants
reported a high average number of years in application development (M=13.50, SD=8.98,MD=11)
and in mobile development (M=4.86, SD=4.10,MD=4).

5.2.2 Stimuli and Material. To provide the participants with a uniform methodological support that
guarantees experimental consistency, a Microsoft PowerPoint was created to explain in general the
four SnappView stages (Fig. 3), as described in Section 3, and to illustrate the actions corresponding
to each stage that the participants will be required to perform on the “WeTwo” application:
(1) Stage 1. Account Management and Project Preparation: the participant, playing the role of

a creator/conceptor, creates an account on the SnappView web site, logs into the system,
creates a sample project entitled “WeTwo” to obtain a corresponding UUID. In the meanwhile,
the SnappView SDK should be downloaded and installed. The development instructions (see
Appendix A), the most important part, were illustrated one by one in the presentation.

(2) Stage 2. Application Distribution and Preparation. The participant is instructed to build an
archive file containing the instrumented project and to post it in the SnappView project
displayed on the dashboard (Fig. 5). The participant was not required to post the application
to any application store in order to shorten the process. Indeed, such a submission would
create multiple entries of the same project, which will be immediately rejected.

(3) Stage 3. Feedback Creation. In order to shortcut this stage, an imaginary project was made
available with various reviews created by reviewers of the same application.

(4) Stage 4. Feedback Handling. The participant is instructed to browse the reviews of this project.
An archive file containing the entire source code of “WeTwo” was communicated, but without

any instrumentation.

5.2.3 Task and Procedure. The aforementioned presentation with the application code was commu-
nicated to each participant who performed the experiment in their own development environment
to preserve ecological validity. Each developer is instructed to follow the instructions contained in
the presentation as if they were on their own in a real development context of use, but without
imposing any time constraint to avoid any pressure. After going through the four stages, each
developer is asked to perform a UEQ+ evaluation [49], a questionnaire to assess user experience
with a product composed of several scales (e.g., Attractiveness, Efficiency, Perspicuity, De-
pendability, Stimulation, Novelty), each scale being assigned a weight for its importance (on a
7-point rating scale) and decomposed into four subscales to be evaluated (e.g., Attractiveness is
decomposed into four subscales: annoying vs. pleasant, bad vs. good, unpleasant vs. pleasant and
unfriendly vs. friendly).
UEQ+ was selected as an evaluation method because it is a modular and modern interface

evaluation method where scales can be decided based on the interface to evaluate and covers the
user experience (UX), not just usability, as assessed by questionnaires such as IBM PSSUQ [32] and
SUS [47]. UEQ+ is also easy to administer to participants and remains valid even with a limited
number of participants. For some scales, but not all unfortunately, a benchmarking of their values
lead to an interpretation into five effect sizes [48]: bad, below average, above average, good, and
excellent.

5.2.4 Results and Discussion. First of all, all scales benefit from a very high value of Cronbach’s
alpha coefficient, ranging from α=0.82 for Dependability to α=0.95 for Trust, suggesting that
the scales are sufficiently consistent among participants. Developer answers were interpreted with
the UEQ data analysis tool and are reported in Fig. 11, which depicts the means for the UEQ+
scales resulting from the evaluation. UEQ+ uses 7-point rating scales to measure each scale, e.g.,
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Fig. 11. Scale means for UEQ+ questionnaire (Horrible bad: -3.0 to -.8, Neutral: -0.8 to 0.8, Extremely good:

0.8 to 3.0). Error bars show a confidence interval of 95%.

Attractiveness (overall impression of the system), Perspicuity (how easy is to get familiar
with the product), Efficiency (can users solve their tasks with the product without unnecessary
effort), Dependability (does the user feel in control of the interaction), Stimulation (how exciting
and motivating is to use the system), and Novelty (how innovating and creative is the system).
According to Schrepp et al. [49], “it is extremely unlikely to observe values above +2 or below
-2,..., the standard interpretation of the scale means is that values between -0.8 and 0.8 represent
a neutral evaluation of the corresponding scale, values > 0.8 represent a positive evaluation and
values < -.8 represent a negative evaluation“.

Only Adaptability returned an average scale value below 1 (SM=0.91), but still above +0.8,
which reveals a moderately sufficient consideration of this criteria. The mean scores of all other
scales ranged from 1.25 for Efficiency to 2.05 for Perspicuity (M=2.05 is interpreted as ’excellent’
in the benchmarking [48]), thereby demonstrating a sufficient consideration of all the other criteria
and that, overall, the developers belonging to the sample were satisfied with SnappView. After

1.57 1.86 2.50 2.14 1.71 1.79 2.00 1.57 2.29 1.57

-3
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Importance Ratings

Fig. 12. Importance ratings for the UEQ+ scales. Error bars show a confidence interval of 95%
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Fig. 13. Difference between expected and observed importances. Error bars show a confid. interval of 95%.

Perspicuity, the subsequent scales are: Novelty (SM=1.86, interpreted as ’excellent’ in the bench-
marking [48]), Usefulness (SM=1.77), Dependability (SM=1.66, interpreted as ’excellent’ in the
benchmarking [48]), Attractiveness (SM=1.52, interpreted as ’good’ in the benchmarking [48]),
Value (SM=1.30), Stimulation (SM=1.36, interpreted as ’good’ in the benchmarking [48]), Trust
(SM=1.30), Efficiency (SM=1.25, interpreted as ’above average’ in the benchmarking [48]).

Fig. 12 shows the importance ratings assigned by participants to each UEQ+ scale. All importance
ratings ranged from 1.57 (for Attractiveness, Adaptability, and Value) to 2.50 for Perspicuity
(for all scales:M=1.90, SD=0.23). To evaluate to what extent these importance ratings were effec-
tively addressed by SnappView, Fig. 13 highlights the deviation between the averaged importance
rating for each scale (Expected) and the averaged rating obtained for all subscales of the correspond-
ing scale (Observed). Fig. 13, left, presents the averages and the standard deviations between the
Expected and the Observed, while Fig. 13, right, depicts the deviation between them. All scales were
expected to be essential (M=5.94, SD=0.90), ranging from Personalization (M=5.57, SD=1.29)
to Perspicuity (M=6.50, SD=0.63). Only Novelty surpassed its expectations, but with a small
deviation though (∆=0.07). All other scales saw their expected means exceeding their observed
means. Although these dark orange negative deviations in Fig. 13 are relatively small in magnitude
(M=0.51), they suggest that some improvements are requested to match the expected level for these
scales. Attractiveness obtained the smallest negative deviation of all scales (∆=0.77), thus sug-
gesting that this scale was best addressed. However, Intuitiveness obtained the largest deviation
(∆=1.11), thus suggesting that this scale is the first to improve. From the optional comments, we
observed that the participants repeated three main comments:
(1) Perspicuity is highly appreciated as it enable testers to freely express their reviews according

to the format they prefer instead of imposing any of them or reducing the review to a few
scores. The flip side of this medal is that it requires a comprehensive interpretation of the
reviews by looking at them one by one. This is why Efficiency is classified so low.

(2) SnappView is written in Objective-C and distributed as a manually bundl-able library, which
induces some worries about SnappView not being kept up-to-date, resorting to manually
updating/rewriting the bundled libraries or drop the framework altogether in a not-so-distant
future. Instead, SnappView should be distributed either through Cocoapods or SwiftPackage-
Manager, which are estimated as the quickest and easiest way for developers to integrate
new libraries into their application.
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Fig. 14. Metrics computed for the IBM CSUQ. Error bars show a confidence interval of 95%.

(3) Integrating SnappView as a library into a mobile application should not increase its size too
much and should not impact its startup time. Some developer recommend that a low startup
time should be < 100 ms and that an acceptable application size increase should be around 2
MB or maximum 10% of the application size.

5.3 Usability Study with Real End-Users

This section reports the results of a qualitative evaluation conducted with real end users who used
the “WeTwo” application and reviewed it with SnappView.

5.3.1 Participants. A random sample of 35 participants was created from an internal mailing list
of volunteers maintained in our organisation. They were contacted first by email with a summary
of the usability study and then by phone for further explanation, for collecting their agreement
if positive, and for planning the experiment. This resulted into a subset of N2=22 respondants
(5 females, 17 males, with a response rate of 62%), having different backgrounds (i.e., restaurant,
administration, social security, economy, and law). The participants were then sent an email with
the instructions to follow for the experiment, which consists basically of three steps: a link to
download the “WeTwo” application from the application store and to install this application on
their smartphone, an invitation to use this application for a period of one month, with a deadline
to create reviews before the end of the trial period.

5.3.2 Task and Procedure. Participants were instructed to sign a GDPR-compliant consent form,
complete a sociodemographic form, and, after the 1-month trial period, return by email an IBM
Computer Satisfaction Usability Questionnaire (CSUQ) [31], a 19-item questionnaire that aims to
evaluate the perceived usability of a system in terms of System Usefulness (SysUse), Information
quality (InfoQual), Interface Quality (InterQual), and subjective satisfaction (Satisfaction) on
a 7-point Likert scale [34]. This questionnaire is highly correlated with the real usability of the
interface being tested (ρ≥0.89 for all metrics with α=0.03 according to [33]), its statements are
generic enough to be applied to any user interface [32], it is used in a wide variety of contexts of
use, even beyond simple user interfaces [17]. Two optional fields ended this questionnaire, one for
writing up to three positive comments and one for up to three negative comments.

5.3.3 Results and Discussion. Participants used their own iPhone (41%), iPad (32%), iPod Touch
(14%), or an unspecified smartphone (14%). 18% of participants completed their secondary school,
68% completed a university degree (e.g., bachelor or master), 9% have more than a university degree
(e.g., a master after a master), and 5% came from a high school. Since the distribution of the answers
to the 19 questions does not follow a normal distribution (all Kolmogorov-Smirnov normality
tests did not pass with α=0.05), we computed for each question a Wilcoxon signed rank test for a
simple sample with ties and continuity correction (with 10,000 iterations) to determine whether the
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Fig. 15. Distribution of answers to the IBM CSUQ questionnaire.

answers are significantly departing from the median valueMD=4, either above or below. Indeed, a
question could receive an average answer above the median value, but not significantly. In the case
of the IBM CSUQ, it is usually admitted that the average should be above the medianMD=4, but
better to be above 5.
Overall, the CSUQ results give the following metrics (Fig. 14): SysUse (items 1-8, M=5.09,

SD=1.09), InfoQual (items 9-15,M=5.27, SD=1.27), InterQual (items 16-18,M=5.67, SD=0.84),
Satisfaction (item 19,M=5.91, SD=0.79), and Overall (items 1-19,M=5.29, SD=1.14) all return
an average value above 5, which denotes a very good appreciation of the various aspects. Apart
for the interface quality and the satisfaction, answers are dispersed (standard deviations exceed 1).
The internal consistency is moderately reliable (Cronbach’s α=0.56, which is interpreted as ’poor’,
but Guttman’s λ4=0.90, which is interpreted as ’good’). The interrater reliability is estimated as
moderate (Kendall’W=0.20, df =18, p≤0.001∗∗∗) with a small effect size (r=0.16).

Question Q1=“Overall, I am satisfied with how easy it is to use this system” (M=5.47, SD=1.87)
and Question Q2=“It was simple to use this system” (M=5.47, SD=1.31) are significantly above the
median value of 4 (p=0.0016∗∗) with a large effect size (r=0.62). However, 5% of the participants
expressed some confusion after shaking their smartphone: “Once the screen is frozen, it looks like I

can do everything on the screen, but I actually do not know how to express my review and how this

review will be effectively transferred to a developer who should correctly interpret it and take it into

account”. The rest of the participants did not express any confusion and directly went to their
review by gesture.
Question Q3=“I can effectively complete my work using this system” (M=5.00, SD=0.87) is

significantly above the median (p≤0.0001∗∗∗∗) with a very large effect size (r=0.81). No participant
expressed any concern about this question since all answers are above the median, thus suggesting
that SnappView is effective enough but perhaps not efficient enough, as revealed by question Q4=“I
am able to complete my work quickly using this system” (M=5.21, SD=0.92), which is significantly
above the median (p=0.0054∗∗) with a large effect size (r=0.54). 9% of participants were negative
and 41% were mitigated about this aspect, the largest percentage of all mitigated answers.

Question Q5=“I am able to efficiently complete my work using this system” (M=5.79, SD=0.71)
somewhat moderates this perceived lack of efficiency: while it is significantly above the median
(p≤0.0001∗∗∗∗) with a very large effect size (r=0.71), no negative responses were received but still
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with 38% of participants being mitigated. A participant reported: “I can quickly draw the region of

concern, but it is very slow to write the comment, especially by gestures on screen and I do not know

when to stop”.
Question Q6=“I feel comfortable using this system” (M=4.95, SD=0.52) is significantly above the

median (p≤0.0001∗∗∗∗) with a large effect size (r=0.62), as well as question Q7=“It was easy to learn
to use this system” (M=4.74, SD=0.87), which is also significantly above the median (p=0.00079∗∗∗)
with a large effect size (r=0.63). A participant clearly summarizes this: “It is straightforward to use
the reviewing system, but this freedom induces the other side of the coin: its lack examples on how to

adequately review”.
Question Q8=“I believe I became productive quickly using this system” (M=5.21, SD=1.03) is

significantly above the median (p=0.00013∗∗∗) with a large effect size (r=0.72). This question was
considered rather irrelevant because reviewing does not usually require a maximum task completion
time and there is no productivity goal.

Question Q9=“The system gives error messages that clearly tell me how to fix problems” (M=6.05,
SD=1.13) and question Q10=“Whenever I make a mistake using the system, I recover easily and
quickly” (M=5.47, SD=1.50) are the two most concerned questions: they are not significantly above
the median (p=0.24, n.s.) and 36% of participants criticized that the system does not offer any form
of guidance and does not tell when an error could occur since no error management is offered. A
participants reported “When entering my review, I see that the system records everything but does not

tell me whether when I am right in what I did”.
Question Q11=“The information (such as online help, screen messages, and other documen-

tation) provided with this system is clear” (M=5.32, SD=1.16) is significantly above the median
(p≤0.0001∗∗∗∗) with a very large effect size (r=0.86). However, the most frequent negative comment
received in the free field is its lack of content and its lack of personalization. We recognize that the
application was delivered with too few activities per category and that they were all generic, but
this problem is mainly due to the contents of the application, not to SnappView.
Question Q12=“It is easy to find the information I needed” (M=5.47, SD=0.84) is significantly

above the median (p≤0.0001∗∗∗∗) with a very large effect size (r=0.86). Question Q13=“The infor-
mation provided for the system is easy to understand” (M=5.53, SD=0.84) is significantly above
the median (p≤0.0001∗∗∗∗) with a very large effect size (r=0.88). Question Q14=“The information is
effective in helping me complete tasks and scenarios” (M=5.26, SD=1.10) is significantly above the
median (p≤0.0001∗∗∗∗) with a large effect size (r=0.82).
Question Q15=“The organization of information on the system screens is clear” (M=5.21,

SD=1.08) is significantly above the median (p≤0.0001∗∗∗∗) with a very large effect size (r=0.82).
Question Q16=“The interface of this system is pleasant” (M=5.68, SD=0.89) is the question which
received the most positive answers, being significantly above the median (p≤0.0001∗∗∗∗) with a very
large effect size (r=0.89) but also no negative or mitigated answer. Only two questions fall into this
category: Q13 and Q16. This suggests that shaking the smartphone and gesturing the review “looks
like a cool feature and does not give the feeling of entering a critique”. Question Q17=“I like using the
interface of this system” (M=5.21, SD=0.79) is significantly above the median (p≤0.0001∗∗∗∗) with
a very large effect size (r=0.86). Although question Q18=“This system has all the functions and
capabilities I expect it to have” (M=5.11, SD=1.33) is significantly above the median (p≤0.0001∗∗∗∗)
with a very large effect size (r=0.80), it also received some negative comments, such as the lack of
geolocalization, the lack of automatic recognition of the review input.
Question Q19=“Overall, I am satisfied with this system” (M=5.16, SD=1.21) is significantly

above the median (p≤0.0001∗∗∗∗) with a large effect size (r=0.86). This question assesses the overall
perceived usability of SnappView with only 5% of participants being mitigated, 23% being positive,
and 72% of them being very positive, which concurs with the metrics reported in Fig. 14.
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Gesture Intention
Simple arrow, circle, ellipsis, rectangle or
closed freeform

Designate a UI element or a zone

"Minus" symbol, cross symbol or equiva-
lent (e.g., α )

Delete a UI element

Double arrow, arrow with horizontal basis,
arrow linked to another part

Move the UI element or zone towards the pointed
position

Exclamation point, "Attention" sign Attract attention to an important UI element or
zone, often negatively

Question mark Express a misunderstanding about a UI element or
question the presence or absence of a UI element

Smiling emoticon Express a positive statement
Sad emoticon Express a negative statement about a UI element
Curve, line, often repeated Underline the importance or the annoyance about

a UI element
Table 2. Mapping between a touch stroke gesture and its intention.

    

Fig. 16. Various types of annotations by stroke gestures.

5.3.4 Usage Analysis. Freeform stroke annotations are important and frequent in digital docu-
ments [52] and there are many different ways to capture and interpret them [51]. Table 2 summarizes
the main annotation types collected in the 295 reviews received. While a deictic gesture, represented
by a simple arrow, a circle, an ellipsis, or a rectangle, is the most common type for designing any
UI element, we observe that two types or more are also often combined in a single review. Testers
also extensively used various colors to convey a message associated with the review. For example,
a blue arrow often, but not always, indicates a UI element that was satisfying, while a red arrow or
a red symbol is used to designate a usability problem. For example, Fig. 16, 1-4, expresses the same
review intent but are inconsistently represented by four different testers. The common ground is
that the ellipsis, sometimes close to a rectangle, sometimes close to a circle, is used to designate a UI
element of concern and that the red colour conveys dissatisfaction. Fig. 16-5 reveals an example in
which the tester was a real end-user who used a finger to write a comment with a gesture instead
of writing the comment with the virtual keyboard.

Although the gestures, the symbols, and the colors produced by the testers do not always share
the same meaning, some trends could still be observed as summarized in Table 2, whose left column
lists gestures on a screenshot and right column denotes the most frequent meaning.
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5.4 Lessons Learnt and Limitations

Our five requirements resulting from Section 2 have been addressed as follows:
• Integration of SnappView in the application (R1- see Section 3.1): to guarantee a seamless
transition from interaction mode to reviewing mode, the tester should only shake the mobile
device to freeze the interaction and switch to the reviewing mode. Submitting a review
frees the device. From the tester’s viewpoint, this integration is transparent and appreciated
(Section 5.3.3), but from the creator/conceptor’s viewpoint (Section 5.3.3), the integration
of SnappView into a released application requires several steps, which burdens the prac-
titioner. Some developers also question the use of SnappView insofar as they are already
using TestFlight, Apple’s reviewing system, which risks causing duplication. Therefore, the
requirement is considered to be 70% fulfilled.

• Minimal instrumentation (R2- see Section 3.1): precise instructions are given to perform code
instrumentation of the target application, a stage that usually lasts less than ten minutes,
which was expressed as a reasonable time (Section 5.3.3). Therefore, the requirement is
considered to be 90% fulfilled

• Automated transfer of contextual conditions (R3- see Fig. 4 and Table 1): SnappView requests
supported by the web services cover a wide range of contextual conditions which could be
captured at review time and transferred to the repository, such as data related to the device,
the environment, and the user if permitted. However, previous actions and interaction history
are not captured at review time. Therefore, the requirement is considered to be 60% fulfilled

• Multimodal feedback (R4- see Fig. 4 and Section 3.3): the tester can submit feedback in various
modalities, such as the text entered in an article, drawings performed by stroke gestures, vocal
comments, and video records, all with a level of importance that can be controlled by the
creator. Four scenarios are supported, as explained in Section 4. Therefore, the requirement
is considered to be 100% fulfilled.

• Structured management of feedback (R5 - see Fig. 5). For each project, the creator is able to
manage the feedback received depending on the level of importance, status, and the type of
feedback (Fig. 4). New reviews are notified directly on the dashboard. But there are no data
mining or machine learning techniques applied in reviews to better classify them. Therefore,
the requirement is considered to be 70% fulfilled.

Although these requirements were mostly met, SnappView has some limitations revealed by the
two aforementioned studies conducted with developers and end users:

• No stroke gesture recognition: numerous efficient recognizers exist [38] to accurately recognize
stroke gestures on mobile devices. Recognizing these gestures and their color does not
represent an elusive problem, even on mobile devices, but their interpretation is subject
to too many variations depending on the testers. A solution would be to ask confirmation
from the end user, but this would lengthen the stage. Another solution would be to offer a
palette of symbols or shapes with different colors, thus eliminating ambiguity and allowing
automated sorting of reviews by shape (e.g., only triangles indicating a danger) or by color
(e.g., red reviews first). This palette should be displayable on demand. For example, frequently
observed gestures, such as a cross, a ’plus’ sign, a ’minus’ sign, a deletion stroke, and a circle,
could become predefined icons.

• No predefined types of reviews: on the one hand, developers and users appreciate freely
annotating a frozen screen; on the other hand, both are requesting a kind of “review template”,
a predefined type of review which could be applied directly on a portion of the screen. Instead
of annotating, the end user would drag a predefined “review template” from a palette and
drop it into the interface region of concern. For example, a comment “I do not understand
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this region” could be dropped in a region, a template “this region should be moved there”
could be offered by designating the source and target regions. In this way, developers would
be able to easily aggregate comments by template or by type, instead of having them all at
once in an unstructured way.

• No text recognition: writing a textual comment with fingers on the screenshot is painful,
writing down a comment in an edit field is preferable. In addition, performing gesture-to-text
translation is challenging as many writers express the same text differently. For the textual
comments written as an article in plain text, the job should be straightforward by automated
sentiment analysis [43]. Martens et al. [40] analyzed more than seven million application
reviews on the Apple AppStore with respect to their emotional feelings to gain insight
into the nature of feelings in application reviews. In this way, positive comments could be
distinguished from negative comments sorted by UI element and recognized. We did not
apply text mining as in [8]. Automatic text recognition would also enable differentiating fake
reviews from genuine reviews, a crucial problem [41].

• No interface region designation: while the end user could designate any region, any object
on the interface by gesture on the screenshot, developers would appreciate incorporating a
system that automatically detects the interface region and its corresponding code to speed up
maintenance. For example, all reviews received for the “Hamburger” menu could be classified
into this category by automatic detection of its icon.

• No version management for software evolution: while SnappView captures the version of the
application under review, nothing shows the evolution of the application between versions.
For example, a series of negative reviews for a given version should be linked to an area of a
new version of the application that solves the negative reviews. In this way, testers should be
able to follow the evolution of the software and appreciate whether their reviews have been
effectively taken into account.

6 CONCLUSION AND FUTUREWORK

This paper presents SnappView, an open-source software development kit facilitating the end-user
review of graphical user interfaces for mobile applications and streamlining their input into a
continuous design life cycle. SnappView structures this user interface review process into four
cumulative stages: (1) account management and project preparation, (2) application distribution
and preparation, (3) feedback creation, and (4) feedback handling. The evaluation of this process on
“WeBoth”, a real application developed for personal use on mobile devices, suggests that end users
are keen to adhere to this review process, internally and externally, as SnappView supports four
roles. Any user can switch from one role to another, being the creator of one application and the
reviewer for another. A potentially interesting avenue to this work would be to perform a scalable
bootstrapping [6], a process consisting of developing complex software systems by using simpler
software, namely, by automatic self-improvement or by manually using the software itself. In our
case, SnappView could be used to evaluate itself and see how does it evolve over time: based on
feedback collected on SnappView by using SnappView itself, we could come up with a series of
recommendations issued by SnappView users themselves. Our next step is to make SnappView
evolving towards supporting more dynamic aspects throughout the reviewing process. For now, a
single screenshot is reviewed at a time; several screenshots could be also captured, but are treated
as individual elements. Instead, a suite of screenshots representing a part of an interactive session
could be captured, either as a series of screenshots taken one after another, or as an animated image
or a video, and reviewed as a whole. In this way, testes could better review the dynamic aspects
across screenshots in the same series instead of reviewing individual ones.
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A DEVELOPMENT INSTRUCTIONS

To incorporate SnappView into the Xcode of a mobile iOS application, the following steps are
required, which can be partially automated via a script:

• Save the files libSnappview.a, snappview.h, and snappviewRe-sources.bundle in the Xcode
project

• Add the libraries libSnappview.a in the Xcode build phases: “link binary with libraries” and
snappviewResources.bundle in the Xcode build phases: “copy bundle resources”

• Add the required frameworks in the Xcode build phases: “link binary with libraries”: Foun-
dation.framework, CoreGraphics.framework, UIKit.framework, CoreData.framework,Mo-

bileCoreServices.framework, SystemConfiguration.framework, and libz.dylib

• Include in the main application delegate file the public API header file of snappview:

#import "snappview.h" // Insert SnappView header

• In the application delegate file, find the function application didFin-ishLaunchingWithOptions

and call SnappView to enable the SnappView agent to listen to shake (UIAcceleration) events:

(BOOL) application:(UIApplication *)application
didFinishLaunchingWithOptions:(NSDictionary *)launchOptions

{
[[snappview sharedInstance] startWithAppKey:@"YOURKEY"
trigger:@"shake"]; // Mandatory
// Replace YOURKEY with the project’s key generated in the dashboard
// Example of key: u9p1.5120609547f790.46918612
// If you need to separate the feedback of the different versions of your app,
// use a different key for each version
// If you need to disable the shake recognition, set trigger to @"none"
// See below to find out how to manually trigger SnappView without using
// shakes recognition

}

• Optional: to instantly display the SnappView menu wherever needed in the application or
for testing it in Apple’s simulator, call the facultative trigger function, which requires to
import snappview.h in the corresponding file:

[[snappview sharedInstance] trigger]; // Facultative
// Will be working only if([[snappview sharedInstance]isTriggerable]==TRUE)
// (use setTriggerable function if you previously set it to FALSE)
// You should have previously called
// [[snappview sharedInstance]startWithAppKey: @"YOURKEY"
// trigger:@"shake"]; // or trigger:@"none"];

Proc. ACM Hum.-Comput. Interact., Vol. 6, No. EICS, Article 173. Publication date: June 2022.
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Fig. 17. SnappView dashboard of tested applications.

B SNAPPVIEW SOFTWARE ARCHITECTURE
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Fig. 18. Package architecture of SnappView.
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Fig. 20. Architectural view of SnappView.
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Fig. 22. "Comment only" activity diagram.
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Fig. 23. "Normal scenario" activity diagram.
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Fig. 24. "Worse scenario" activity diagram.
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Fig. 25. New users of the tested application during reviewing period.

Fig. 26. Overview of users of the tested application during reviewing period.
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