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UiLab, a Workbench for Conducting and Replicating
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With the continuously increasing number and variety of devices, the study of visual design of their Graphical
User Interfaces grows in importance and scope, particularly for new devices, including smartphones, tablets,
and large screens. Conducting a visual design experiment typically requires defining and building a GUI dataset
with different resolutions for different devices, computing visual designmeasures for the various configurations,
and analyzing their results. This workflow is very time- and resource-consuming, therefore limiting its
reproducibility. To address this problem, we present UiLab, a cloud-based workbench that parameterizes
the settings for conducting an experiment on visual design of Graphical User Interfaces, for facilitating the
design of such experiments by automating some workflow stages, and for fostering their reproduction by
automating their deployment. Based on requirements elicited for UiLab, we define its conceptual model to
delineate the borders of services of the software architecture to support the new workflow. We exemplify
it by demonstrating a system walkthrough and we assess its impact on experiment reproducibility in terms
of design and development time saved with respect to a classical workflow. Finally, we discuss potential
benefits brought by this workbench with respect to reproducing experiments in GUI visual design and existing
shortcomings to initiate future avenues. We publicly release UiLab source code on a GitHub repository.
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1 INTRODUCTION

Visual design [14, 37] is a influencing factor of software quality [40] contributes to the usability
of Graphical User Interfaces (GUI) [1, 55] by manipulating their visual components (e.g., widgets,
menus, contents, pictures, videos, banners), their properties (e.g., size, color, typography), and their
layout by relying on a variety of techniques borrowed from visual design [18], such as Gestalt
properties [37], visual techniques [66], symbolic qualities [26], quantitative measures [49], and
aesthetic properties [70]. Therefore, a significant portion of GUI studies concerns GUI visual
aspects, which is the scope of this paper. Evaluating the visual design of a GUI is an evaluation
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method without any real user and any real GUI, according to Whitefield’s taxonomy [67]. Other
evaluation methods, such as mockup-based design [33], model-based evaluation [13, 36], and formal
analysis [39], are not in the scope of this paper.
Many aspects of Visual Design for GUIs have been investigated, evaluated, and reported in

the literature, as well as their impact on usability and user experience (UX). For example, visual
appreciation is one of the first interaction people have with an interface when they first interact
with it, an effect occurring within the first 500 milliseconds of the interaction [32, 42]. The impact of
visual design on other dimensions such as credibility [72], usefulness [6, 60] or performance [56] has
also been demonstrated. This phenomenon propagates itself to other properties, such as repurchase
intention [45] or establishing the profile of highly-usable rated websites [29].

One particular research direction that grew considerably in the last few years is the experimental
study of GUI visual design [14, 19, 26, 61, 71]. Conducting an experiment in this area roughly
follows the same workflow: defining and building a GUI dataset for different configurations (e.g.,
capturing screenshots in different resolutions on different devices, wireframes, or mockups =[33]),
computing visual design measures for the various configurations, and analyzing their results. These
experiments make heavy use of data to discover any correlation between GUI features, expressed
through metrics or measures1, and UX dimensions or to develop models predicting the user score
for a particular UX facet [29, 50, 63, 73]. A common approach consists of comparing the values
computed for the visual design measures to values attributed by humans to these properties.

Despite the growing interest in the field, the experimental study of GUI visual design encounters
some problems that hinder its development. The difficulty of creating large GUI datasets with
their related user data, or the lack thereof, coupled to the tedious process to build them, limits
the reproducibility and verifiability of experiments [47]. Not only it is vital to support various
experimental methods for studying GUIs [35], but also these methods should be reproducible [46].
This is a major problem because science is a cumulative process, in which facts are confronted with
other facts and new experimental results consolidate theories or, on the contrary, invalidate them.
Reproducibility is the cornerstone of the cumulative science and is a requirement in many research
settings in order to assess the value of scientific claims [53].
This paper presents UiLab, a cloud-based web application for (semi-)automating the workflow

of defining and conducting experiments on GUI visual design. For this purpose, the contributions
of this paper are manifold:

(i) Section 2 conducts a comparative analysis of different software for conducting experiments of
GUI visual design.

(ii) Section 3 defines a framework for reproducing experiments in GUI visual design based on
incremental criteria.

(iii) Section 4 motivates UiLab by describing its underlying conceptual model resulting from a
requirements elicitation.

(iv) Section 5 describes the services-oriented software architecture of UiLab.
(v) Section 6 exemplifies the UiLab workflow by demonstrating a system walkthrough.
(vi) Section 7 assesses the UiLab impact on experiment reproducibility by evaluating its impact

on design and development workflow.
(vii) Finally, Section 8 provides some conclusions of this work, namely by discussing its contribu-

tions, the limitations of the current research work, and the potential improvements for the
future.

1While the terms “metric” and “measure” both express a computational feature of a GUI, from now on, the term “measure”
will be systematically used as it is the commonly adopted term in software testing.
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2 RELATEDWORK AND BACKGROUND

This section discusses the problem of reproducible research first in science and then in Human-
Computer Interaction (HCI). We then review different applications existing in the field of GUI
visual design via a Targeted Literature Review (TLR) [11, 12], including their functionalities and
workflows.

2.1 Reproducibility of Research

2.1.1 Reproducibility in (Computer) Science, HCI, and GUI Evaluation. Reproducibility is the corner-
stone of cumulative knowledge and a requirement to confirm scientific truth [24, 53], where new
results are confronted with prior findings and theories. Reproducibility is supported by clear-cut
description of procedures, methods, experimental designs, and publicly available data. In particular,
the lack of public data hinders the reproducibility and verifiability of experiments, since recollecting
data may be a tedious endeavour [47]. The reproducibility crisis [43] denotes an actual situation in
which scientific experiments are difficult, if not impossible, to reproduce [54].

Many attempts have been made to raise awareness of the importance of reproducibility, to
formalize and structure reproducibility in science [24, 44, 46], including in Computer Science (CS)
[22] and Human-Computer Interaction (HCI) [25, 28, 68, 69]. For example, Peng [46] considered that
a paper is not reproducible unless its artifacts are made available. After that, the next steps require
releasing source code [20], and both code and data to increase the potential for reproducibility.
This continuum defines a gold standard for reproducible papers. Patil et al. [44] suggested a visual
notation for expressing to what extent reproducibility is explicitly addressed in a scientific paper.
In 2020, ACM [2] updated its definitions for “repeatability” (same team, same experimental setup),
“reproducibility” (different team, same experimental setup), and “replicability” (different team,
different experimental setup) to characterize and foster reproducibility in experimental CS, but
without any operationalization.

The HCI community has equally acknowledged the need for reproducible research. For example,
RepliCHI [28, 68, 69] defined replication as the “attempt to confirm, expand, or generalize an earlier
study’s findings” (p. 3525). HCI also welcomes replication studies, e.g., Claes et al. [16] replicated an
in-the-wild study to evaluate the potential impact on ecological validity of a high fidelity prototype
against the final user interface to find out that the prototype was very close to the final interface in
terms of appreciation. However, according to the findings of Hornbæk et al. [28] on an outlet of 891
HCI papers, a replication rate of just 3% was found (28 studies). Most of the studies (22) replicated
the work of other researchers, while the others replicated their own work (2) or did both (6 studies).
By analyzing the nature of replications, Hornbæk et al. [28] revealed that earlier findings were
confirmed, and that comparisons to prior work were often simple. In a follow-up, Hornbæk [27]
encouraged the HCI community to embrace replication, especially when the outcomes are likely to
question previous results, e.g., “we must be more wrong in HCI research”.
Following RepliCHI [68, 69], the term “replicability” has been widely adopted in HCI where

“reproducibility” has been used for the same purpose in general science [24]. Although different
terminologies co-exist in HCI and other fields to designate reproducible research, this confusion is
generalized across the entire science spectrum. Gomez et al. [22] reported 27 different frameworks
to classify reproducibility.

For example, Hornbæk et al. [28] distinguish three replication types (p. 3526): a strict replication
reuses the same variables as the original study to repeat it; a partial replication introduces any
possible variation in these variables to investigate how the original results still hold or vary in
a different setup (e.g., such as in a different context of use); and a conceptual replication applies
other measurement methods to the original data to detect any effect. Goodman [24] specifies that
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“reproducibility” refers to the ability of a researcher to duplicate the results of a prior experiment
using the same materials as were used by the original investigator. Reproducibility is a minimum
necessary condition for a finding to be believable and informative.’

Tsang & Kwan [62] classify replications into seven types along two dimensions: sources of data
(same data set, same population, and different population change in method same measurement
and analysis, different measurement and/or analysis). From this perspective, we are considering the
same measurement and analysis. The second dimension is about the sources of data, e.g., reanalyze
the data (checking of analysis), collect data again from the same population, or from a different
population. While the aforementioned classifications are useful, they do not specify which artefact
should vary in order to fulfill the needs of a particular replication type.
In the ACM definitions [2], the “same experimental setup” does not specify whether the same

participants should be involved. If it is the case, a participant involved in the original study will
never be the same in any further replication because of carry-over effects. In addition, the ACM
definitions do not cover the case “same team, different setup”. The dimensions are not independent.
To be consistent with RepliCHI, from now on, we will use “replication” as an umbrella term to refer
to any form of reproducible research in HCI, although the two terms could be used alternatively.

2.2 Evaluation vs. Experimental Research

Evaluation and experimental research processes are quite different in many aspects [7] (Table 1)
and the tools suitable for one process may not be suitable for the other.
Evaluation process usually aims at solving practical problems and its goal is motivated by the

will to improve the current state of a given situation. The area of interest of the evaluation process
is determined by decision-makers or stakeholders that may be external to the group of persons
carrying the evaluation. Given that evaluation is targeted at solving problems in a specific context,
the generalization of its outcome is limited. The outcome is also transmitted to a limited audience,
usually the decision-makers and stakeholders that initiated the evaluation process. The evaluation
process is assessed in terms of its relevance to decision-makers and its impact on the improvement
of the current situation.

Experimental research is usually dedicated to the development of new knowledge and motivated
by the will to improve the current understanding of a given topic. As opposed to the evaluation
process, the decision-making process in experimental research is highly researcher-centric and
the area of interest is defined by the team carrying the research process. As its results are meant
to be published, the targeted audience of the process is larger than in the evaluation process. The
assessment of the quality of the research process is often expressed in terms of external validity
and reproducibility of results.
More specifically for GUI visual design, an evaluation consists of applying any evaluation

method to a single GUI or a small set to determine their quality and choose the best design. It is not
particularly intended to contribute to the body of experimental research. Software existing in this
field has been implemented mostly for evaluation purposes and less for conducting experimental
research with replicability in mind. Of course, any software that can be used for conducting an
evaluation could be repeatedly used to conduct some experiment.

2.3 Software for Experimental Study and Evaluation in GUI Visual Design

Replicability is a matter of habits and good practices on the part of the researcher, but it is also
related to the tools and technologies that makes the processes efficient and realistic. Considering the
experimental study of GUIs visual design, there exists several tools allowing to partially automate
of the dataset construction process. These tools mainly focus on either computing measures on
GUIs or gathering data about users evaluation of GUIs and a lot of tedious tasks such as building
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Criteria Evaluation Experimental Research

Aim Solving practical problems Knowledge development
Area of interest Defined by decision-makers Defined by researchers
Motivations Improve current state of a situation Improve understanding & develop theories
Generalisation Limited, oriented towards specific

situations
High, interest in generalisation to different
situations

Output Transmission of findings to
decision-makers; limited audience

Publication of results; large audience

Assessment Relevance to the decision-makers,
impact of results on the current sit-
uation

External validity, reproducibility, test of hy-
potheses

Table 1. Differences between Evaluation & Experimental Research processes.

Fig. 1. Questim: (a) introductory screen; (b) evaluation screen.

experiments or capturing screenshots are left to the experimenter. Most of the tools available in
the field of GUI visual design have been built with evaluation in mind, which makes them not fully
suitable for experimental purposes.
We provide an analysis of of the different tools in the field of GUI visual design and their

characteristics. We evaluate the functionalities of these tools regarding a list of features provided
in Section 2.4 and we summarize this evaluation in Table 2.

2.3.1 Questim. Questim [70] is a web-based application for evaluating GUI measures. The tool is
implemented in Java and is compiled for Javascript using Google Web Toolkit. In order to provide
designers with an objective feedback regarding the visual design of their GUIs, such as for web
pages, Questim enables the end user to specify a website URL or upload a file containing any GUI
artefact, such as a screenshot, a wireframe, a sketch, a picture, a prototype (Fig. 1). After defining
graphical regions of interest (e.g., a widget, a group box, a menu, an image) by direct manipulation,
visual design measures are automatically computed (Figure 1b). Any change in the location, sizing,
and arrangement of a region triggers the re-computation of the measures displayed on a color
gradient formatted depending on the distribution of the measure. For example, the density measure
will orient to red when the value is low or high, but becomes green slight above the middle.
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Fig. 2. Aalto Interface Metrics (AIM): (a) Measure selection; (b) Summary of computed measures.

2.3.2 Aalto Interface Metrics (AIM). AIM [41] is an online web application for the computational
evaluation of GUIs. The goal of the application is to facilitate the use and appropriation of com-
putational methods in design practices. After specifying the screenshot or an URL (Fig. 2a), the
end user can choose the measures to be computed automatically on designated elements. The
screen resulting from the computational evaluation (Fig. 2b) appears with the values of the selected
measures in real-time.

2.3.3 Web UI Visual Analyzer (WUI). WUI [8] consists of an online web application integrating
measures computed from different providers for evaluating GUI visual design. The application is
composed of a front-end and a back-end, as for AIM and Questim. For this purpose, WUI is able to
work with different remote services such as AIM as major providers for visual design measures.
WUI allows capturing screenshots automatically by specifying the URL or GUI screenshot, but only
one sample can be captured and analyzed at a time. As for AIM and Questim, WUI only considers
the computation of measures. To conduct the experiment they report in the the original paper,
authors had to run WUI a significant amount of time with different parameters. End users can add
a new measure to the application by registering it in the system according to a specified procedure.
The measures can be self-implemented or provided by a remote service. However, the whole system
must be redeployed in order for changes to take place.

2.3.4 LabInTheWild. LabInTheWild is a platform hosting various types of experiments. It has
been used, among other experiments, to collect user data about perceived visual aesthetics and
to model several GUI features [50]. This platform provides some support for building the GUI
dataset and the user data collection. Participants can take part to any experiment deployed on
the platform and are instructed to fill in a pre-test survey about their socio-demographical profile
before taking part to the experiment. Given the variety of experiments available on the platform,
the existence of a template-based experiment generation engine behind the platform seems unlikely.
Such capability would reduce the variety of the experiments that can be deployed, but would
increase the reproducibility of their setup and reduce their development and deployment time.

2.3.5 BaLOReS. BaLOReS [23, 34] is a framework composed of five structural principles and
their associated measures. These principles help designers to structure their mockups and produce
well-designed, pleasing GUIs to improve user’s subjective satisfaction. The framework comes with
a prototyping tool, BGLayout, that allows assessing the quality of interfaces design through metrics.
BGLayout has been developed in Java and is a desktop application, as opposed toQuestim, AIM,
and WUI that are web-based applications. BaLOReS builds a layout based on several “screen areas”,
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Fig. 3. Screenshot of the BGLayout interface.

which can be of different types (e.g., text, image, form). The layout can be designed from scratch
or based on a screenshot (Fig. 3). BGLayout allows computing five visual measures (i.e., balance,
regularity, linearity, sequentiality, and orthogonality) on the layout in order to quantify different
aspects and improving its design by putting it in correspondence with users’ perceptions about the
visual appearance. However, this comparison with users’ perception must be done externally as
the application does not support collecting user-related data. Hence, the number of measures is
fixed and the software does not accommodate any new measure in its current form.

2.3.6 PLAIN. PLAIN [57] is an Eclipse-based plugin that automatically computes eight measures,
called defects, used to predict the usability of a mobile GUI: incorrect layout of widgets, overloaded
GUI, complicated GUI, incorrect data presentation, incohesive GUI, difficult navigation, ineffective
appearance of widgets, and imbalance. The measures are transposed from desktop GUIs to mobile
GUIs based on Ngo’s measures [38]. The source code for computing these measures is embedded in
the plugin, thus requiring code modification and re-compilation if any measure should be added,
deleted, or modified. PLAIN is based on the genetic algorithm technique used for the generation
of evaluation rules. PLAIN uses the GUI source code to perform the computation of the measures
and the evaluation of the interface, contrarily toQuestim, AIM, and WUI which use a graphical
representation of the GUI to compute the measures. Any user data collection has to be performed
outside of the application. PLAIN later on proceeded to ADDET [10], which consists of two modules:
a first module that statically computes thirteen visual design metrics and a second module that
analyzes deviations from reference measures to detect defects in GUIs for mobile devices.
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2.3.7 GUIEvaluator. GUIEvaluator [5] is a desktop application for evaluating the GUI complexity
based on its structure. The application automatically computes five structural measures. The tool,
developed in Visual Basic 2012, extracts the interface layout information using reflection techniques
supported in the language. The tool can be used at design- or at run-time. The application does not
allow collecting user-related data.

2.3.8 GUIExaminer. GUIExaminer [4] automatically computes the Screen Layout Cohesion (SLC)
measure to predict its usability based on different aspects of the GUI to measure its quality. As for
GUIEvaluator, the tool is developed in Visual Basic and is only applicable to Visual Basic GUIs since
the source code of the interface is required to extract the widget properties and the layout type.

2.3.9 UI-CAT. UI-CAT [51] is a background service developed for the Android OS that allows
computing automatically complexity metrics for Android mobile applications. The tool records
users’ touch events and take screenshots of the opened application upon interaction without the
need to modify the application’s source code. Aside the user touch events, the application does not
allow the collection of user data and is focused on measures computation.

2.4 Comparative Analysis of Software

Table 2 compares the aforementioned tools and applications on the basis of a set of selected common
functionalities and we qualify the extent to which eight comparison criteria are supported in the
different tools via Harvey’s balls [30]. The bottom line represents UiLab’s coverage of these criteria,
highlighting the differences between the functionalities of the systems “as-is” and the system
“to-be”. When a criterion is not applicable for comparison for a specific tool (e.g., the corresponding
feature is not implemented), “NA” will be mentioned in the corresponding cell.

From Table 2, we identify several shortcomings from the existing tools and application in the field
of GUI visual design. All of them process only a single type of input at a time manually provided,
be it a screenshot or a piece of source code, thus repeating the same process for conducting an
experiment where a large number of GUIs need to be measured. Not all aspects of GUI visual design
can be evaluated or measured at once using a single type of representation of the interface. Such a
restriction could be considered as an important limitation when studying GUI visual design. These
applications do not process inputs concurrently or in batches (e.g., via a parallel computation of
measures over a dataset of GUIs), thus lengthening the preparation phase. Perhaps this feature
was not required for these applications as soon as they were primarily designed for evaluation and
not for experimental research (see Section 2.2). If we consider experimental research of GUI visual
design as a target, such applications are not suitable because they do not automatically process
large datasets.
(1) Inputs
(a) Diversity: refers to the input types recognized by the application.

• - Low: the application only recognizes one type of input.
• - High: the application recognizes several types of input.

(b) Scalability: refers the the ability to process inputs concurrently.
• - Low: the application only allows processing one input at a time.
• - High: the application allows processing multiples inputs concurrently.

(2) User Data Collection

(a) Diversity: refers to the variety of data types that can be collected.
• - Nonexistent: the application does not allow the collection of user-related data.
• - Low: the application allows collecting only one type of user-related data
• - High: the application allows the collection of a variety of user-related data
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Inputs User data collection Measures computation
Diversity Scalability Diversity Customisation Automation Diversity Extensibility Automation

QUESTIM NA NA
AIM NA NA
WUI NA NA
LabInTheWild NA NA NA NA NA
BaLOReS NA NA
PLAIN NA NA
GUIEvaluator NA NA
GUIExaminer NA NA
UI-CAT
UiLab

Table 2. Level of support of visual variables expressed according to Harvey’s Balls.

(b) Customization: refers to the extent to which the data collection process is customizable.
• - Low: the data collection process accepts little or no parametrization.
• - High: the data collection process is highly parametrizable.

(c) Automation: refers to the ease of deployment of the data collection process.
• - Low: the data collection process has to be deployed manually.
• - Medium: the deployment of the data collection process is partially automated.
• - High: the deployment of the data collection process is automated.

(3) Measures computation

(a) Diversity: refers to the variety of programming languages supported by the application for
measures implementation.
• - Low: the application only supports one programming languages for the implementa-
tion of measures

• - High: the application supports multiple languages for measures implementation.
(b) Extensibility: refers to the ease of extensibility of the application with new measures.

• - Low: the addition of new measures is time-consuming / difficult. The application
must be rebuilt / redeployed.

• - High: The addition of newmeasures can be donewithout any change in the application
nor rebuild / redeployment.

(c) Automation: refers to the level of automation of measures computation.
• - Low: the computation of measures is partially automated but still requires human
intervention.

• - High: the computation of measures is completely automated.

Only one application enables collecting user-related data with a high degree of diversity. Again,
this may not be part of requirements of application built for evaluation purpose but experimental
studies on GUI visual design require user-related data to analyze any potential correlation between
these data and values of measures. Most applications implement their measures by hard-coding
them in the application via a single programming language. Consequently, the set of languages
for implementing the computation of measures is de facto limited to the language used to develop
the application itself. In some cases, it also limits the type of GUIs to be analyzed, such as for
Visual Basic GUIs. Any modification of existing measures, any addition of a new measure, or any
combination of existing measures imply direct manual programming of the source code of the
application and the need to re-compile, re-build, and re-deploy it in order for changes to take place.
In the next sections, we explain how UiLab aims at solving these issues by describing its

underlying model, its flexible software architecture and by illustrating the system via a walkthrough
of its functionalities.
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Fig. 4. Our framework for experiment replicability.

3 OUR FRAMEWORK FOR EXPERIMENT REPLICABILITY

Since the ACM definitions are not independent, we define four properties (see Figure 4, brown
lane): “repeatability” (same team, same experimental setup), “replicability” (different team, different
experimental setup), “reproducibility” (different team, same experimental setup), and “repurpos-
ability” (same team, different setup). Three original types of replication are recommended (see
Figure 4, bottom part in brown): method reproducibility strives for making the raw data and the
experimental setup totally explicit and accessible to repeat the same experiment; if the same results
would be obtained by matching this setup, results reproducibility would be satisfied; and inferential
reproducibility would reach to the same conclusion resulting from an independent replication or a
reanalysis of the obtained results.

Finally, the upper blue part of Figure 4 depicts seven levels of possible replications by revisiting
Peng’s continuum for fully replicable research [46]. Similarly, we argue that six types of experiment
artefacts should become explicit and accessible to enable progressively more elaborated levels of
replication, similarly to the three levels of W3C accessibility2. For this purpose, we introduce the
testable replicability criteria:

• Level A: the complete experimental setup should be made explicit and accessible. Various
techniques exist for this purpose, such as templates for research questions and hypotheses
development, such as the FINER criteria in PICOT format [21] and preregistration of CHI
experiments [17].

• Level B: equals “Level A” plus the explicit definition of the population sampling, demographic
data, the context of use, and the stimuli. All these data should be made available through
electronic documents in commonly used formats [15]. Instead of capturing data by picture or
video (e.g., taking a manual screenshot), it is advisable to actually record GUIs on the very
device used, which may require a common, shareable format. In absence of a commonly used
format, log files and raw data should be made available in any repository or in an accessible
database.

• Level C: equals “Level B” plus the publicly available definition of any decyphering or clas-
sification scheme used for clustering GUIs into groups. The classification criteria and their

2See https://www.w3.org/WAI/standards-guidelines/wcag/
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potential values should be clearly defined without any overlapping. Again, a common soft-
ware platform for managing GUIs and their evaluation would be welcome, like Galaxy for
biomedical engineering [3], allowing the designer to semi-automatically explore and test
alternate decyphering schemes, without the need to perform this classification manually.

• Level D: equals “Level C” plus the definition of the measurement and analysis methods used
for analyzing data, e.g. through the formalization of measurement methods, tools, formula,
and units, a common practice in software quality assurance [9].

• Level E: equals “Level D” plus the accessibility of any manual or software tool for applying the
measurement methods. For instance, a software could automatically compute all the required
GUI measures and provide the designer with some interpretation, like in WebTango [29].

• Level F: equals “Level E” plus the interpretation scheme followed to derive the conclusion
from analytical data. Note that a same measurement method, perhaps through different
formula, may reach to comparable conclusions (confirmation) or not (disconfirmation).

A fully replicated experiment is obtained when “Level F” is reached, which is quite demanding
but rewarding. We note that most experiments in GUI visual design reach only levels A or B, but
not further away. While recommendations for replications in HCI [28] are still valid and applicable,
our replicability criteria are aimed at establishing criteria that are located at a higher level of
methodological abstraction than these guidelines. Greiffenhagen & Reeves [25] observed that CHI
privileges novelty over consolidation. In our context, this means that merely performing “yet
another GUI visual design evaluation” would not be considered as a new contribution [48]. For
these reasons, the replicability criteria are cumulative to foster incremental experimentation instead
of a large pool of separate, independent experiments, which are poorly related to each other. This is
indeed the case for experiments based on GUI visual design measures: a significant body of papers
exists that compute various sets of GUI measures, but they are rarely, if ever, put in perspective
with another paper, thus making them hard to compare. All these initiatives are commendable, but
they do not support any replication.

4 THE UILAB WORKBENCH

4.1 Introduction and Motivations

Existing softwares described in section 2.3 mainly focus either on the computation of measures on
user interfaces or on the collection of data about users perceptions of different facets of GUIs visual
design. These tools fit well in the GUI evaluation process but when it comes to the construction
of datasets for experimental studies, a lot of time-consuming tasks such as experiment design
and deployment or screenshot collection still have to be performed manually. In this section, we
describe UiLab, a software aimed at facilitating the workflow for experimental studies in GUI
visual design, by automating feasible stages, such as the construction of datasets, and supporting
explicitly the stages which cannot be automated.

4.2 Definition of UiLab Conceptual Model

The application is designed based on a conceptual model, expressed as an Extended Entity-
Relationship (EER) diagram [59], composed of seventeen concepts as follows:

Gallery: A gallery is a set of screenshots that are logically grouped together. A gallery can be
associated to 0, 1 or more experiments. Screenshots contained in the gallery will be subject
to user evaluation in the experiments based on that gallery. Galleries can also be associated
to workflows by the intermediate of “Run” entities.
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Fig. 5. UiLab- Extended Entity-Relationship (EER) conceptual model.
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Screenshot: A screenshot is the captured graphical representation of an user interface. A
gallery is composed of screenshots captured from different URLs and of various resolutions
and densities.

Experiment: The experiment encompasses the elements that are required to design and deploy
an online experiment allowing users to evaluate screenshots of the associated gallery. An
experiment is characterized by a title and a description and can be associated with different
sections, surveys, and variables. An experiment must be associated to one and only one
gallery.

Section: A section is a paragraph of text displayed to the user during an experiment. It can be
used to introduce the experiment, explain the objectives of the experiment to the participant,
etc. A section must be part of an experiment or a survey and is described by a title and
contents.

Survey: A survey is an optional step of an experiment used to gather information about
participants. For example, it can be used to collect socio-demographical information such as
age, gender, etc. Experiments have usually 2 optional surveys (a pre-test survey occurring
before the experiment and a post-test survey occurring after the experiment). A survey is
characterized a set of sections and a set of questions to be asked to the participants.

Question: A question is asked to the participant in the context of a survey. The question is
characterized by a title, a content describing the object of the question, its order among all
the other questions asked in the survey and the type of response displayed by the question
(text, number, drop-down list, radio buttons, etc.).

Response Choice: A choice represents the different items proposed to the user as a potential
response in the context of a question displayed the different possible responses as a drop-
down list of radio buttons. A typical example would be the possible answers to a particular
question.

Response: A response corresponds to a participant’s answer to a specific question of a survey.
It is characterized by the question and participant it is related to and the actual value of the
response given by the participant.

Variable: This entity represents a variable that an experimenter wants to be evaluated by
participants in the context of an experiment. Several variables may be evaluated for each
screenshot during an experiment. For example, an experimenter could ask participants to
evaluate both the complexity and the beauty of a user interface, both being represented by
a variable during the configuration of the experiment by the experimenter. Variables are
characterized by a display name which will be displayed to the participant at evaluation
time (e.g. “Complexity”) and a name, which will refer to the variable in datasets (e.g. “com-
plexity_variable”). They are also characterized by the minimum and maximum values they
can take in the context of an evaluation by an user. Variables will typically be displayed
to participants as a Likert scale [31] with minimum and maximum values enforced by the
application.

Participant: A participant represents an individual taking part to experiments in the applica-
tion.

Evaluation: An evaluation represents the evaluation of a specific screenshot by a participant
regarding a specific variable in the context of an experiment. As experimenters can ask
participants to evaluate several variables for each screenshot during an experiment, it can
lead to several evaluations per screenshot, one for each variable evaluated. An evaluation
is characterized by the participant, the screenshot and the variable it is related to and the
actual value given by the participant for the screenshot and the variable considered.
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Run: A run corresponds to the request of an user to compute a given workflow on a gallery.
Each time an user asks the application to compute a workflow on a gallery, a run entity is
created.

Computation: A computation represents the actual computation of a computable instance
on a specific screenshot. This entity is characterized by the screenshot and the computable
instance it is related to and the result of the actual computation.

Workflow: A workflow represents a set of computable instances grouped together that can be
computed on screenshots belonging to a gallery. The computation of a workflow on a given
gallery implies the computation of all the computable instances contained in the workflow
on all screenshots contained in the gallery. For each screenshot, the order of execution of
computable instances is determined by the dependency graph associated to the workflow.

Dependency Graph: A dependency graph is an entity containing the dependencies between
the computable instances of a workflow. A dependency graph indicates which functions are
to be computed on a given gallery and in which order these functions must be computed.

Computable: A computable represents an object that can be computed on screenshots or
derived results. A computable can be associated to workflows by the intermediate of their
dependency graph. A given workflow can be associated multiple times with the same com-
putable by adding several computable instances of the computable to the dependency graph.
A computable can take several parameters as input and returns a result. This result will
be passed to subsequent computable instances according to the dependency graph of the
workflow. Not all computables are computed directly on screenshots as some may require
intermediate computations in order to be executed with the rights parameters.

Computable Instance: A computable instance is an entity representing the actual integration
of a computable into a workflow. A computable instance is represented by the dependency
graph and the computable it is associated to and the computable instances it depends on.
A dependency graph can have multiple computable instances . Computables can be related
to multiple computable instances, in different dependency graphs but also inside the same
dependency graph.

4.3 Requirements Elicitation

UiLab has been built to meet most of the criteria of the replicability framework described in section
3. Each level of replicability is supported in UiLab by a series of requirements elicited hereafter and
represented graphically using goal-oriented requirement specification [64, 65]. A detailed listing of
the requirements [52] can be found in the appendix.

4.3.1 Level A requirements. The level A of the replicability framework we propose in section 3
is related to the explicit definition and accessibility of the experimental setup. The application
UiLab supports this level of replicability by allowing the user to create experimental setups. The
application also allows the user to download the meta-data of the setup in JSON format to make
it easily accessible and replicable by other users. The creation of experimental setup implies the
ability for the user to specify the content for the different entities composing an experiment in
UiLab, namely the experiment, section, survey, question, and response choice entities depicted in
Figure 5. The requirements for level A are depicted in Figure 6.

4.3.2 Level B requirements. The level B of the replicability framework is related to the explicit
definition of population sampling, demographic data about experiment participants, the stimuli,
etc. These sources of information can be though of in UiLab as the data used by and generated by
an experiment. UiLab supports the level B of the proposed framework by making accessible to the
user the captured screenshots with their resolution (i.e the stimuli), the responses of participants to
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surveys’ questions (i.e. the demographic data / population sampling) and the evaluation of partici-
pants recorded in the context of experiments. The access to these sources of information implies
that users must be able to participate to experiments for generating data. This also implies that
the platform must be able to capture screenshots in order for them to be evaluated by participants
in the context of experiments. Another requirement is the ability for the user to download the
responses and evaluations of the participants through the application. Finally, the support by UiLab
of level B of the replicability framework implies the application supports the level B of replicability
in the first place. The requirements for level A are depicted in Figure 7.

4.3.3 Level C requirements. The level C of replicability framework concerns the definition of classi-
fication schemes for GUI clustering. The clustering of GUI screenshots in UiLab is implemented by
the use of galleries. Gallery entities aggregate screenshots with common properties into collections.
UiLab allows CRUD operations on galleries and for the download of the data related to a given
gallery. The requirements for level C are depicted in Figure 8.

4.3.4 Level D requirements. Level D of replicability framework is related to the definition of
measurements and analysis methods. UiLab is only concerned by the definition of measures as the
purpose of the application is not to provide analysis tools to the user but rather to easily collect data
to be analyzed in an external application. UiLab meets the requirements of level D by providing the
user with the possibility to compute measures on screenshots. Meeting the requirements for level
D implies that the requirements for level C are fulfilled and that the user is allowed to perform
SCRUD operations on entities related to measures computation (workflow, computable, computable
instance, and run). The requirements for level D are depicted in Figure 9.

MeetLevelA

AllowExperimentalSetupCRUDOperations

AllowExperimentCRUDOperations

AllowSectionCRUDOperations

AllowSurveyCRUDOperationsAllowQuestionCRUDOperations

AllowResponseChoiceCRUDOperations

AllowVariableCRUDOperations

AllowDownloadExperimentMetadata

AND

AND

Fig. 6. Requirements for level A of replicability framework.
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4.3.5 Level E requirements. The level E of replicability framework is related to the documenta-
tion of the tool and procedures. Regarding this, UiLab meets the requirements by providing its
documentation and source code on the following GitHub repository : https://github.com/uilab-app.

4.3.6 Level F requirements. The level F of replicability framework is related to the interpretation
of results and the scheme followed to derive conclusions from analytical data. UiLab is not meant
to be an analytical platform and thus does not implement the requirements to reach level F of
replicability. Reaching this level of replicability is the responsability of the researcher using the
platform, as she must clearly document the reasoning scheme and its conclusions in a scientific
document.

MeetLevelB

AllowScreenshotCapture

AllowScreenshotDownload

AllowParticipationToExperiment

ReqAllowAnswerToQuestions

ReqAllowScreenshotEvaluation

AllowResponseCRUDOperations

MeetLevelAAND

AND

AND

AllowParticipantDataCRUDOperations

AllowEvaluationCRUDOperations

Fig. 7. Requirements for level B of replicability framework.

MeetLevelC

MeetLevelB

AllowGalleryCRUDOperations

AND

AllowScreenshotGroupingInGallery

AllowGalleryMetadataDownload

Fig. 8. Requirements for level C of replicability framework.
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5 WORKBENCH IMPLEMENTATION

We have considered several architectures and technological stacks during the conception of UiLab.
We retained the MERN stack (MongoDB-Express-React-Node.js) [58]. The back-end side of our
application UiLab is built according to a service-oriented architecture. The computation of measures
is outsourced to the Amazon cloud3 by using the AWS Elastic Container Service (ECS)4. This service
allows for the creation of container-based computational instances. We use custom Docker images
for measure computation and screenshot capture. The front-end side of UiLab is divided in two
different applications. The first application allows experimenters to administrate their galleries of
screenshots, experiments, and workflows. The second application allows participants to take part
to deployed experiments. Each experiment possesses its own URL shared among participants. We
give a detailed explanation of each of the services composing the back-end of UiLab.

Gallery service: this service is in charge of managing galleries and screenshots. Upon request
coming from the gateway, it will create or delete galleries and will take screenshots according
to the URL and resolution specified in the request. The captured screenshots are stored in
AWS S3.

Experiment service: this service is in charge of managing the creation of experiments by
experimenters and is also in charge of allowing participants to take part to deployed experi-
ments.

Workflow service: the workflow service is in charge of managing workflows, dependency
graphs, computables and computable instances. It is also responsible for the communication
with AWS ECS for the delegation of measure computations.

3See https://aws.amazon.com/ec2/
4See https://aws.amazon.com/ecs/features/

MeetLevelD

MeetLevelC

AllowMeasureComputation

AllowWorkflowCRUDOperations

AllowComputableCRUDOperations

AllowComputableInstanceCRUDOperations

AllowRunCRUDOperations

AND

AND

Fig. 9. Requirements for level D of replicability framework.
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Fig. 10. UiLab- Services-oriented Architecture Diagram.

Figure 5 describes the partition of the data model among the different services.

6 SYSTEMWALKTHROUGH

6.1 Construction of Galleries: Automation of the Capture Process of Screenshots

In UiLab, experimenters have to create a gallery prior to any experiment design. Experimenters
have to specify a title and a description for the gallery before validation (Figure 11). Once the gallery
is created, experimenters have the possibility to add web sites and new resolutions to the gallery
by specifying the URL and width, height, pixel density and if the screenshot has to be taken on an
emulated mobile device or not respectively (Figure 12a). Upon validation, the back-end services
will take care of capturing the screenshots with the specified parameters. Once the screenshots
captured, the experimenter manages them in the corresponding gallery page (Figure 12b).
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a b

Fig. 11. UiLab: (a) Gallery creation screen, (b) Galleries overview screen.

a b

Fig. 12. UiLab: (a) Screenshots form screen, (b) Screenshots overview screen.

6.2 Design and Deployment of Experiments

UiLab implements a workflow that enables experiments to design their experiments according to
a generic template and deploy them easily. Experiments deployed are readily available for users
and data collection does not require long design and development phases. In addition to that,
experimental setups can be saved for further reuse in experiments of similar configuration. The
experimenter has to provide all the details of the experiment, namely the title, the description, and
the gallery of the experiment, the different sections of the experiment, the optional information
related to surveys including sections and questions and finally the variables to be measured during
the experiment (Figures 13a to 13g). Upon validation, the experiment data are sent to the services for
creation by the mean of the API gateway. After creation by the back-end services, the experiment
is deployed and ready to be shared with participants. A link to each experiment is provided to the
experimenter on the experiments summary page (Figure 13h).

6.3 Participation to Deployed Experiments

UiLab allows for users to participate to experiments that have been designed and deployed by
experimenters. Aside of the web application available for experimenters, there is an application ded-
icated to participants that allows them to take part in these experiments. Each deployed experiment
has its own URL and users only need to know the URL to participate to the specific experiment.
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Fig. 13. UiLab: Experiment creation process.

When visiting the URL of an experiment, participants are provided with the introductory sections
as specified by experimenter at design time (Figures 14a and b). Then, participants will have the
opportunity to answer the pre-test survey if the experimenter specified any question during the
conception of the experiment (Figures 14c to e). After answering the questions of the pre-test
survey, participants will be invited to take part in the experiment by evaluating the screenshots
of the gallery specified by the experimenter (Figure 14f). Finally, once all screenshots have been
evaluated, participants are invited to answer questions of the post-test survey (if a post-test survey
was defined at design time).
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Fig. 14. UiLab- Experiment participation process.
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a

b

Fig. 15. UiLab: Measure creation process.

6.4 Incremental Development of New Measures

UiLab allows users to define measures that can be computed over GUIs. Measures such as balance
or equilibrium [38] require intermediate computations (e.g. the segmentation of a UI into zones) that
are not themselves considered as measures. For this reason, UiLab defines the concept of computable
which is broader than the concept of measure (see section 4.2). Users can create computables in
UiLab by providing the source code and dependencies file (Figures 15a and 15b). These measures
must implement a uniform interface (such as measures in AIM [41]).
Once created, a computable can be associated to a workflow for later computation on galleries

of screenshots. However, computables are not directly added to workflows. Instead, UiLab uses
the concept of computable instance (see section 4.2 for the definition). Computable instances are
organized in a workflow by the intermediate of a dependency graph (also see section 4.2), which is
a Directed Acyclic Graph (DAG) indicating the dependencies between the computable instances
inside a workflow.
When creating a computable instance, the user has to specify the underlying computable, the

name of the output (under which it should appear in a data set), and the list of dependencies
with, for each dependency, the related parameter name in the source code of the computation
instance being created. This parameter mapping is required due to the fact that several computables
instances may have a particular computable instance as common dependency, while expecting the
output of that dependency under different parameter names.

6.5 Computation of Workflows on Galleries

The computation of measures on GUIs in UiLab is performed through the creation of runs (see
section 4.2). When creating a run, the user has to specify the underlying workflow and gallery
the run is based on. The backend of UiLab will then create a computation entity for each pair of
computable instance and screenshot that will contain the computation result.

The lifecycle of each computation can be described by a finite state machine such as illustrated
in figure 16 (A). Figure 16 also illustrates the flow between computations as their state changes.
The different states are as follows:

Idle : When a run is first created, all the associated computations are set in the idle state.
After creating all the required computations, the backend set all of computations without
dependencies to the check state.

Check : When a computation enters the check state, the UiLab backend verifies that all of its
dependencies are in the completed state, if any. If so, the backend put the computation in
the launchable state, otherwise it put the computation back in the idle state.
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Fig. 16. UiLab computations: Execution flow.

Launchable : When a computation enters the launchable state, the backend aggregates
the result of the computation of its dependencies in a file that is made available online on
AWS S3. The backend then triggers the creation of an AWS ECS task. This task will run a
Docker container that will gather all the required information for the computation (i.e the
parameters previously aggregated, the considered materials of the considered screenshot and
computable). When the computation finishes or if an error occurs, the backend will put the
computation in either completed or error state respectively, along with the result of the
computation if applicable.

Completed : When a computation is marked as completed, the backend of UiLab will put
all of the computations depending on it in the check state. This is illustrated by the green
arrows of Figure 16.

Error : When a computation is marked as error, the backend of UiLab will put all of the com-
putations depending on it in the error state, leading to a chain reaction of error propagation
across computations. This is illustrated by the red arrows of Figure 16.

6.6 Datasets as Unions of Data Sources

UiLab’s datasets must be seen as the union of different data sources with a pivot entity (e.g., the
screenshot being the pivot entity between user-related data and measures-related data). Each data
source (e.g., measures computed on screenshots, user-related data gathered through experiments)
can be downloaded separately in UiLab. The purpose of the application is not to provide the
experimenter a full-fledged, ready-to-use dataset. The goal of the application is rather to provide
experimenters with a quick and easy way to collect the different data sources, allowing them
to compose their dataset easily. Moreover, with the development of new modules inside of the
application, the number of data sources will potentially increase. This reinforces the need for
experimenters to be able to easily gather the different data sources they are interested in in order
to compose a dataset tailored to their needs.
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7 IMPACT ON EXPERIMENT DESIGN TIME: EVALUATION OF THE APPLICATION

In order to evaluate the impact of the UiLab application on the time taken to build an experiment,
we performed an evaluation consisting of building an experiment, both manually and with UiLab.
The experiment designed has to meet several requirements:

• The experiment should evaluate 50 e-commerce websites.
• The screenshots of the selected websites should be taken with various resolutions due to the
variety of devices participants can use to take part in the experiment.

• The screenshots displayed to a given participant should have the largest width smaller than
the participant device’s width.

• The variables evaluated by the participants regarding the displayed screenshots are the visual
appeal and complexity of the GUIs represented in the screenshots. They should be evaluated
on a 7-items Likert scale.

• For each participant, screenshots should be displayed in a random order and each screenshot
should be evaluated only once by each participant.

• The experiment should allow to collect socio-demographical information about the user.
• The experiment process should also include the computation of measures on the captured
screenshots and should gather them in a separate dataset.

In order to ensure the feasibility of the manual experiment design, we limited the number of
captured resolutions to 3, the number of computer measures to 3 and the socio-demographical
information about users collected through the experiment to age and gender.

The goal of these requirements was to ensure that the experiments built would allow to collect
the same kind of data with the same kind of stimuli. The performance indicator through this
evaluation is the “time to deployment”, i.e. the delay between the beginning of the experiment
inception phase and the end of the deployment phase as well as the time to compute measures on
collected screenshots. The data collection process was not relevant for the evaluation of the UiLab
application as the purpose is to design and deploy experiments faster and more easily. For this
reason, no data were collected during this evaluation.

7.1 Methodology

We asked two developers to develop independently an application implementing such kind of
experimental setup as described by the requirements hereabove. The applications could be developed
by using any technological stack. We divided the development process in several steps and we asked
each developer to record the time he/she took to complete the step. We then asked the developers
to build the same experimental setup by using the application UiLab and again to measure the time
taken to complete each step. The experiment design process was decomposed into several steps:

Web sites selection & screenshot capture: this step concerns the selection of the web sites
to be evaluated in the context of the experiment and the capture of the screenshots of these
websites with different resolutions. The capture process can be manual or automated through
a script.

Experiment design: this step is related to the conception of the experimental setup and the
development of the application that will implement this setup.

Experiment deployment: this concerns the deployment of the application implementing the
experimental setup designed previously. The deployment is required to make it available to
participants.

Measures computation: this step concerns the computation of measures, manually by users
or automatically by a platform.
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Experiment 1 Experiment 2
Manual UiLab Manual UiLab

Screenshots capture 8h 45min 6h 45min
Experiment design 80h 45min 100h 1h
Experiment deployment 8h 0 4h 0
Measures computation 6h 30min 8h 45min
Total 102h 2h 118h 2h30

Table 3. Recorded time for each configuration and step of the UiLab evaluation process.

We integrated the measure computation as a step in the design process because this is a feature
of the application UiLab that needs to be tested. This part about measure computation is rather
related to the dataset construction process and is not related to the design of experimental setup
strictly speaking.

7.2 Results

The recorded times for each step and for each configuration (manual and with UiLab) are displayed
in Table 3 and illustrated in Figure 17.

We can see that the time required to design and build a complete experimental setup drastically
decreases with the use of the application UiLab. The main bottleneck in the manual process of ex-
periment design is the development of the application hosting the experiment. This process involves
a lot of different tasks such as front-end application development, back-end server development,
database design and deployment, etc. All these tasks may require different technologies which use
may be tedious if one are not familiar with them. Measure computation is also time-consuming as
computing measures with the help of tools such as AIM [41] does not allow processing multiple
screenshots simultaneously (Table 2). The application UiLab abstracts all these tasks by providing a
high-level, template-based, service for experiment building and a computation service for measures
computation. Experimenters can easily interact with these engines through the application GUI.
This explains the decrease in design and conception time in both cases. We also observe the absence
of deployment time with the use of UiLab as experiments are automatically deployed.

The applications built manually had some differences in their internal working but also in the way
information was presented to the user. This may introduce variability in the results obtained for a
data collection process using these applications. The template engine of UiLab allows standardizing
the presentation layer of experimental setups which reduces potential variability in data due to
this factor.

8 CONCLUSION

In this document, we presented UiLab, our contribution to the domain of experimental studies
on GUI visual design. UiLab is a service-oriented web application that aims at facilitating the
collection of data and the construction of datasets related to the study of GUI visual design. We
discussed the reproducibility issues encountered in the domain of Human-Computer Interactions
and more specifically in the field of GUIs evaluation. We listed the different tools available allowing
users to compute measures on UIs or to conduct experiments related to GUIs evaluation. We
discussed their functionalities and we summarized the comparison of these tools into a comparative
table. We provided an in-depth description of the model underlying UiLab with a definition of all
relevant concepts and their relationships. We then provided an overview of UiLab by describing
each of the principal functionalities illustrated with captures of the related application screens.
Finally, we presented the evaluation of the application by comparing the conception time of several
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Fig. 17. Evaluation of UiLab.

experiments built manually and by using UiLab. We noticed a important decrease in design and
development time of experiments, which is the main bottleneck of such process.
We hope that UiLab will allow researchers to build datasets more easily and will contribute in

this way to improve the reproducibility of experimental results in the field of GUI visual design.

9 FUTUREWORK

Although UiLab is complete enough to meet the requirements elicited earlier in this document,
there are situations that the application is not currently able to manage. For example, it is currently
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not possible to evaluate websites or web applications through real interactions between users and
the web sites or to measure real-time usage metrics to evaluate usability. We are currently limited
to the evaluation of static screenshots of websites and web applications. However, the service-based
architecture of UiLab enables anybody to contribute to the development of the application. In this
way, we hope the platform will continue to develop with each person developing new services or
modifying the existing services to meet their particular needs.
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A FUNCTIONAL REQUIREMENTS OF UILAB

Id Name Description Dependencies
1 MeetLevelA The application must meet the level A of replicability framework 2, 8
2 AllowExperimentalSetupCRUDOperations The application must allow the user to create experimental setups 3, 4, 5, 6, 7
3 AllowSectionCRUDOperations The application must allow the user to perform CRUD operations on sections /
4 AllowSurveyCRUDOperations The application must allow the user to perform CRUD operations on surveys /
5 AllowQuestionCRUDOperations The application must allow the user to perform CRUD operations on questions /
6 AllowResponseChoiceCRUDOperations The application must allow the user to perform CRUD operations on response choices /
7 AllowVariableCRUDOperations The application must allow the user to perform CRUD operations on response choices /
8 AllowDownloadExperimentMetadata The application must allow the user to download the meta-data related to an experiment /

Table 4. Requirements for level A of replicability framework.

Id Name Description Dependencies
9 MeetLevelB The application must meet the level B of replicability framework 1; 10; 11; 12; 15
10 AllowScreenshotCapture The application must be able to capture screenshots of different websites and resolutions in an automatic fashion /
11 AllowScreenshotDownload The application must be able to download the captured screenshots /
12 AllowParticipationToExperiment The application must be allow the participants to take part into deployed experiments 13; 14
13 AllowAnswerToQuestions The application must be allow the participants to answer to survey questions in the context of an experiment /
14 AllowScreenshotEvaluation The application must be allow the participants to evaluate screenshots regarding given variables in the context of an experiment /
15 AllowParticipantDataCRUDOperations The application must be allow the experimenter to download participant-related data for a given experiment 16; 17
16 AllowResponseCRUDOperations The application must be allow the experimenter to download data related to responses provided by participants /
17 AllowEvaluationCRUDOperations The application must be allow the experimenter to download data related to evaluation of screenshots /

Table 5. Requirements for level B of replicability framework.

Id Name Description Dependencies
18 MeetLevelC The application must meet the level C of replicability framework 9; 19; 20; 21
19 AllowGalleryCRUDOperations The application must be allow the experimenter to perform CRUD operations on gallery entities /
20 AllowScreenshotGroupingInGallery The application must be allow the experimenter to group captured screenshots into galleries /
21 AllowGalleryMetadataDownload The application must be allow the experimenter to download the metadata related to a gallery /

Table 6. Requirements for level C of replicability framework.

Id Name Description Dependencies
22 MeetLevelD The application must meet the level D of replicability framework 18; 23
23 AllowMeasureComputation The application must allow the experiment to compute measures on galleries of screenshots 24; 25; 26; 27
24 AllowWorkflowCRUDOperations The application must allow the experiment to create workflow entities /
25 ReqAllowComputableCRUDOperations The application must allow the experiment to create computable entities /
26 ReqAllowComputableInstanceCRUDOperations The application must allow the experiment to create computable instance entities /
27 ReqAllowRunCRUDOperations The application must allow the experiment to create run entities /

Table 7. Requirements for level D of replicability framework.

Id Name Description Dependencies
28 MeetLevelE The application must meet the level E of replicability framework 22; 29; 30
29 ReqProvideDocumentation The documentation related to the application must be publicly accessible /
30 ReqProvideSourceCode The source code of the application must be publicly accessible /

Table 8. Requirements for level E of replicability framework.
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