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Abstract

Context: In order to ensure usability, it is necessary to schedule activities and methods to be
applied throughout different stages of the development process. There exists a substantial
number of usability methods to be applied in user-centered software development. However,
the application of each usability method largely depends on specific constraints that should be
closely considered. Even so, these constraints are not always known beforehand, remaining
unidentified or under uncertainty at early stages of the project.

Objective: This paper presents an approach to automatically recommend 43 usability methods
depending on the project’s stage and constraints. Our approach deals with uncertainty to
recommend usability methods regardless of the completeness of the information available,
which makes it suitable for enhancing initial scheduling. Besides, a supporting tool intended to
schedule and guide on usability methods is presented in order to systematize the
recommendation mechanism.

Method: To validate our approach, we present two application scenarios demonstrating the
suitability of the mechanism, including also an expert analysis to observe the recommendation
appropriateness in terms of recommendation gap. Also, a user testing was accomplished to
evaluate the usability of the approach with key users.

Results: A low recommendation gap was observed (< 2.5%) and, according to the results
obtained in the user testing, high percentage values for usefulness (82.38%) and satisfaction
(87.89%) were obtained. The user evaluation also reported high values concerning other
dimensions such as ease of use (89.00%) and ease of learning (92.38%).

Conclusions: Results obtained helped answer main research questions, demonstrating that it is
possible to create a mechanism to recommend usability methods according to a software
project’s constraints, even under uncertainty, and also affirm that it is possible to systemize
the recommendations with a scheduling tool being satisfactory for key stakeholders, denoting
acceptable levels of recommendation appropriateness, usefulness, and overall usability.
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1. Introduction

Nowadays, usability and user-centered design have become essential issues in order to
guarantee the quality and success of a software project. A software failing to include usability
aspects may lead to a decrement of productivity and low acceptance from final users. In fact,
the number of studies about these concerns has recently increased, as there are real
difficulties on systematically meeting the users’ usability expectations [1, 2, 3].

Although the development of computer applications has evolved to tackle usability concerns,
most of the existing efforts are mainly oriented to provide acceptable usability measures at the
evaluation stage, focusing on improving efficiency, effectiveness and user satisfaction in a
summative way, thus overlooking a formative vision. In general, usability assurance should be
principally arranged and considered from the early stages of a software project, and hence it
should be scheduled accordingly, proposing specific activities and methods according to the
project’s characteristics and constrains, which is essential to guarantee the usability in every
particular software to develop [4].

In order to provide with a reference framework, there exists the standard ISO/TR 16982 [5],
which provides recommendation for 12 usability methods to be applied in software projects
depending on a set of constraints. This helps project managers decide whether a usability
method can be applied in a certain stage of the development process. However, this standard
is specifically oriented to project managers, which makes it unsuitable for real software
projects today involving agile and multidisciplinary development teams, where members take
on different usability tasks. In addition, the standard is restricted to a small number of usability
methods, also failing to provide detailed explanation about the application of the methods in
each stage of the project. Additionally, the standard requires knowing all the constraints at the
very beginning of the project, which can be difficult in practice as some parameters are initially
unknown or difficult to be estimated early.

1.1 Research Questions

Based on the drawbacks previously described, we define the following general questions to
conduct our research:

e [RQ1] Is it possible to create a mechanism to provide appropriate recommendation on
usability methods according to specific project constraints, even under uncertainty?

e [RQ2] Is it possible to systematize such recommendation mechanism by means of a
supporting tool to schedule and provide additional information about each usability
method, being satisfactory for key stakeholders?

1.2 Contribution

To overcome the aforementioned difficulties and give an answer to the proposed research
questions, we present a mechanism improving the original 1ISO/TR 16982 framework. Our
approach is based on providing recommendations for a much more extensive number of
usability methods (a total of 43) to be applied in different stages of a software project, taking
into account the suitability degree of each method according to the characteristics of the
project. Additionally, our approach deals with uncertainty by providing recommendation even
when a certain constraint is unknown, empowering project scheduling at early stages.



Furthermore, the proposed mechanism has been systematized through the implementation of
a tool called STRUM (Scheduling Tool for Recommending Usability Methods). This tool enables
development team to schedule software projects in terms of the usability methods to apply,
and it allows team members to include comments about the methods applied for tracking
usability along the project. This tool has been conceived to be easy to use and learn, so key
stakeholders, and not only project managers, can use it easily in multidisciplinary project
teams.

This paper is structured as follows. Section 2 presents the related work, describing current
approaches and analyzing their suitability for the problem stated. Section 3 presents a
description of the proposal, including the preliminary research, the developed mechanism, the
supporting tool’s main features, and two application scenarios to validate the approach.
Section 4 includes the evaluation of the approach and the analysis of the results obtained.
Finally, Section 5 reports on conclusions and future work.

2. Related Work

Currently, there is a lack of existing approaches to systematize the recommendation of
usability methods in order to be applied in software project. Most of the related work is
principally based on documents and information repositories rather than systematized
solutions [4, 5, 6, 7, 8, 9].

To cite a few, approaches such as Usability Body of Knowledge [10] aim to gather information
about publications, conferences and professional experience coming from usability experts.
Detailed explanations about some usability methods, as well as useful definitions, can be
found in this approach. In fact, one of the most relevant aspects of this approach is the
number of methods described, also including brief and concise definitions. However, the
information provided is somewhat heterogeneous. A similar approach is Usability Net [11], a
European Union founded project that provides access to reference sources and application
guidelines on usability methods. There are also other projects such as Usability.gov [12],
founded by the U.S. Department of Health & Human Services. This approach provides high
quality information about several usability methods and advice on application. Nevertheless,
the number of described methods is low as well as their findability. Other approaches consist
in explanations about usability methods based on practical experience. This is the case for
Nielsen Norman Group [9] site, which is specialized on user experience and provides
information about the eligibility of different usability methods. However, the explanation
reported for each method is very limited, and it is difficult to distinguish the suitability of the
different methods with respect to the constraints of a specific software project. Other works,
such as the ones described in [4, 13], provide an extensive description of usability methods to
be included in software engineering activities. These works can be considered as an interesting
repository of usability methods that are explained and categorized for integration in different
project stages. However, these approaches lack an explicit reference to specific constraints
that may limit the application of the provided usability methods according to the project’s
characteristics.

A more related approach is Usability Planner [14], which comprises a web tool that provides
recommendation on usability methods driven by risk and cost for specific project stages. This
tool allows the user to modify the selected constraints to see how they impact on the
recommendations made. However, this approach does not provide significant scheduling
facilities based on dates and the current project stage. Also, the stages and constrains utilized



differ from the standard, which makes it difficult to be generalized for a broader application.
Besides, the recommendation system does not deal with uncertainty based on unknown
project characteristics. In addition, this approach utilizes a star rating system to display
recommendation results, being complex to contextualize and providing no specific
explanations of the usability methods for further usage and application during the project.

All in all, analyzed approaches have been considered as a useful reference for creating and
documenting our approach, thus helping study the way usability methods can be better
recommended according to the project’s stages and constraints.

3. The Proposal

As explained in previous sections, the aim of this contribution is to systematize the way of
obtaining recommendation about usability methods, taking into account the characteristic of a
software project, even when there is uncertainty on such characteristics.

To carry out this task, we have based on the standard ISO/TR 16892 to initially determine
which usability methods would be more suitable to apply in a certain stage of a project
depending on certain constraints. More specifically, the standard describes the most common
constraints that may arise during the development of a project and how they affect to the
utilization of a specific usability method. To deal with this information, the standard utilizes
qualitative values ranging from “recommended” to “not recommended” to rate each usability
method. These information is codified in tables, so to know the suitability of a usability
method application it is necessary to check the value associated to it according the
corresponding project’s stage and constraints. As in previous works [14] we have scaled these
tables using numeric values, thus creating an algorithm that makes use of these values to
determine which method is suitable in each case.

This way, the mechanism that we propose to automatize the methods recommendation is
based on the interpretation and statistical treatment of constraint tables, also considering
uncertainty values to predict recommendation when some project constraints are undefined
or unknown. The idea is that key stakeholders specify the project constraints, defined in
ISO/TR 16892, by filling in a questionnaire. Additionally, we have increased the number of
usability methods included in the standard from 12 to 43, so we have created a
recommendation algorithm based on larger information and considering uncertainty. This way,
the algorithm calculates a recommendation percentage for each method depending on the
project stage, also providing stakeholders with a ranking of the most important usability
methods to apply in each case.

By using the supporting tool STRUM, input and output information can be easily managed by
key stakeholders, enabling to change input data on demand to obtain different outputs, also
obtaining further information to control the application of each usability method during the
project according to temporal states and scheduling.

In the following subsections, we describe the preliminary research carried out to build our
recommendation mechanism and the formal concepts behind it. Also, we present an overview
of the tool the two application scenarios in order to validate the approach.



3.1 Preliminary Research

In order to systematize the recommendation mechanism, we carried out a preliminary
research focused on answering the following initial research questions, which can be
considered as part of RQ1:

e [RQ1.1] What other usability methods can be also considered, apart from those already
listed in ISO/TR 16892?

¢ [RQ1.2] How can these additional usability methods be integrated into the constraints
framework proposed by ISO/TR 168927

To address RQ1.1, we carried out a Systematic Mapping Study [15] to search for other usability
methods different from those listed in ISO/TR 16892. To achieve this task, we searched the
following digital libraries: ACM DL, IEEEXplore, Springer Link, Scopus and Google Scholar. Also,
we accomplished an additional Internet search to find out online resources, as sometimes the
utilization of usability methods is better detailed from a professional perspective than from an
academic point of view. We utilized the following search string in all cases:

(“usability” OR “user-centered design” OR “user-centred design”)
AND
(“method” OR “technique”)

Retrieved papers were manually checked, applying screening criteria to exclude those
presenting only introductory or superfluous information, functional evaluation issues, and
duplicated or redundant information. The systematic search brought to light interesting works
based on previous studies on usability methods [4, 9, 13, 16], which were specifically useful for
our research. Also, the systematic search helped identify principal practices and the stage of
the project where each method is more suitable to be applied. After the study, we obtained a
total of 31 new usability methods to be considered, which helped give an answer to RQ1.1.

Table 1 shows the final list of all usability methods featured (12+31), together with their most
representative references, indicating for each method whether it was already listed in ISO/TR
16892 (those 12 methods marked with “X”). In addition, the information found helped
document each usability method for our tool, in order to provide the user with useful
information about each method usage (see Section 3.3).

Method Main References Originally Included in ISO/TR 16892
Affinity Diagrams [17, 18]

Automated Evaluation [5, 19] X
Card Sorting [20, 21]

Cognitive Models [13, 16, 22]

Collaborative Design and Evaluation [5, 23] X
Competitor Analysis [16, 24]

Contextual Inquiry [25, 26]

Creativity Methods [5, 27, 28] X
Critical Incident Analysis [5, 29] X
Design Guidelines [13, 30]

Document Based Method [5, 31] X




Essential Use Cases [32, 33]

Ethnographic Studies [34, 35]

Expert Evaluation [5, 16] X
Help Structured as Use Cases [32, 36]

Heuristic Evaluation [13, 16, 24, 37]

HTA (Hierarchical Task Analysis) [38, 39]

Impact Analysis [40, 41, 42]

Inspections [16, 43]

Interface Design Patterns [44, 45]

Interface State Chart Diagrams [46, 37]

Interviews [5, 13, 16, 30] X
JEM (Joint Essential Modeling) [4,32]

Menu Trees [48, 49]

Model Based Methods [5, 50, 51] X
Navigation Map [32,52]

Paper Prototyping [16, 24, 53]

Performance Measurement [5, 13, 54] X
Personas [55, 56]

Pluralistic Walkthrough [16, 43]

Post-Test Information [32,57]

Questionnaires [5, 13, 16, 30] X
Scenarios and Storyboard [16, 24, 58]

Task Scenarios [16, 30]

Thinking Aloud [5, 13, 16, 59, 60] X
Usability Specification [40, 58]

Usability Test in Laboratory [54, 61]

User Feedback [16, 48]

User Monitoring [24, 62]

User Observation [5, 16] X
User Profiles [30, 63]

User Roles Map [32, 36]

Visual Brainstorming [64, 65]

Table 1. List of the 43 usability methods featured, together with their corresponding main
references and indicating the 12 original methods listed in ISO/TR 16892.

To tackle RQ1.2, we carried out an expert inspection to rate each usability method according
to the 17 project constraints included in the standard ISO/TR 16892. In general, and according
to the ISO, the selection of each method is affected by general project constraints mainly
related to issues such as the life-cycle stage, the characteristics of both users and tasks to be
performed, the product or system itself, specific project conditions such as time and cost, the
degree of expertise of the development or evaluation team and so on. These 17 constraints
are detailed in Table 2, followed by a brief description of each one.

Project Constraints Short Description

Time-scale There is a very tight time-scale in the project

Cost/price control The cost of a method is important in the project budget

Quality of the product There is a need for high quality level of the product to be
delivered as a dominant requirement

Information/feed-back/diagnosis There is a need for early information, feedback and diagnosis

Evolving specifications Specifications of the project are highly evolving




User involvement User can or cannot be involved/accessed in the project

User disability Involved users have significant disability to be considered

Task complexity The level of tasks complexity is high

Error implication Errors can lead to severe consequences and should be
specifically considered

Task novelty Tasks are completely new to the users

Task spectrum The range of the task is wide and there are large variations in
functionality

Major changes There are major changes in organization/job/technical

Time and accuracy There are high levels of time and accuracy constraints for
interaction

Adaptation There is a need for adaptation to an already existing
system/product

Simple product There is a need for limited and simple well-understood
product

Customization There is a high degree of adaptability of the product in terms
of customization

Designer abilities The designer/evaluator has access to extensive
ergonomic/human-factors skills/expertise

Table 2. List of the 17 project constraints considered and listed in ISO/TR 16892.

Inspired by the rating criteria detailed in ISO/TR 16892 for the original 12 methods, we used
similar punctuation values, but codified in a numerical 6-point Likert scale to facilitate the
computation, where 5 indicates highly recommended, 4 indicates recommended, 3 indicates
appropriate, 2 indicates neutral, 1 indicates not recommended and 0 indicates not applicable.

This rating provides advice about method usage under specific constraints. For instance, when
users cannot be involved in the project, it is highly recommended to utilize methods based on
indirect user involvement such as model and document based methods, or expert and
automated evaluation, to cite a few. However, methods based on user observation,
guestionnaires, card sorting, thinking aloud, etc., are not applicable in this case.

Although 12 out of 43 methods were already rated in the ISO document, we asked usability
experts to rate all the 43 methods in order to homogenize the results and reduce the criteria
bias. In addition, we wanted to improve ISO recommendations including uncertainty, so we
also wanted to know the recommendation of usability methods against constraints initially
unknown.

This way, we asked to 10 usability experts (7 men and 3 women) to carry out an inspection.
The sample included 6 university lecturers specialized in human-computer interaction and
software engineering, as well as 4 professionals from IT companies specialized in user
experience and usability projects, all recruited from both our institution and partner
companies. Experts rated each method appearing in Table 1 according to the ISO constraints
appearing in Table 2 for the three situations pursued: when the constraint fulfills, when the
constraint does not fulfill, and when the constraint fulfillment is unknown. Experts carried out
their evaluation individually, in order to minimize evaluation bias. The process was similar to a
heuristic evaluation [66], where a template, including the methods and the constraints, was
provided to each evaluator.

Once received, the results were in-depth analyzed. This way, an inter-rater reliability analysis
using kappa statistic was performed to determine consistency among experts. More
specifically, a Fleiss’ kappa for multi-rater was applied to evaluate the agreement with the
ratings obtained from the 10 experts. The kappa value comprises a real number between 0 to



1, where 1 means agreement and 0 means disagreement, and a value between 0.81-1.00
implies almost perfect agreement. A kappa-value = 0.85 was obtained, showing an acceptable
level of agreement among experts.

Additionally, low statistical values were obtained for standard deviation, confidence interval
95% and coefficient of variation, respectively, in all cases: SD < 0.3, Cl (95%) < 0.3, Cv < 10%.
This way, the arithmetic mean of the experts’ scores was considered as an accurate indicator
to populate the knowledge base.

As for the quality of this initial research, the risk of bias was also considered. On the one hand,
issues related to the systematic study affects to publication and selection biases [13].
Admittedly, the positive results problem is always inherent in every systematic study, as well
as the risk of selecting a thinner spectrum of papers uncovering the initial objectives pursued
by the research question. We have mitigated these risks by considering also grey literature
(online professional reports). On the other hand, the solution for the recommendation
mechanism has been designed as scalable as possible, allowing the possibility to include new
usability methods not initially included in the considered set. Also, we have mitigated the
evaluation bias by considering a convenient number of experts [66, 67] that worked
individually. This allowed to maximize homogeneous, independent and unbiased evaluations
from each evaluator, as it has been corroborated by statistical evidence.

All these findings helped answer research question RQ1.2, and provided the information
needed to systematize the recommendation mechanism.

3.2 Recommendation Mechanism

Taking into account all the information gathered in the preliminary research, the inference
engine was developed by generating first a key knowledge base consisting in three 43x17
tables to codify the 43 usability methods against the 17 project constraints, divided into the
aforementioned 5 project stages. These tables contain, for each cell, application-suitability
values for each usability method depending on whether a project constraint is fulfilled or not,
calculated as the arithmetic mean of the experts’ ratings. The information contained in each
table is explained down below:

e Table Y (yes table): This table contains the suitability values for each usability method
when a constraint fulfills the project restriction, i.e. — when the situation described by
the constraint is applicable to the project.

e Table N (no table): This table contains the suitability values for each usability method
when a constraint is not present or does not fulfill a project restriction, i.e. — the
situation described by the constraint is not applicable to the project.

e Table DK (do not know or uncertainty table): This table contains the suitability values
for each usability method when a constraint is unspecified or uncertain according to a
project restriction, i.e. — when the situation described by the constraint is uncertainly
applicable to the project. This table enables key stakeholders to work with unsure
project constraints, obtaining recommendations anyway.

The algorithm in charge of calculating the recommendation elaborates a final ranking using the
input constraints specified by stakeholders or development-team members in terms of yes, no,
or do not know (undefined) for each constraint, and the three tables described above. This
way, the input constrains are arranged in a table of 1x17 that can be defined as K =
{kq,ky,...,k17}, i.e. — a finite collection of input constraints, where k; € {0, 1, 2}, such that [



represents each of the 17 constrains for a given project. This way, if k; = 1 then table Yis used
to calculate the ranking, else if k; = 0 then table N is applied; otherwise, if k; = 2 then table
DK is used.

In order to calculate the final raking, an accumulator variable acc; is defined to calculate the
weight for a specific usability method i considering the input K:

{acci + Tablef]l., if Tablef]l- *0,1;
acc; = J 0, if Table;* = 0; (1)
acc; — a, if Tablei’fjl. =

Where Tablef]l- represents the suitability value of the usability method i according to the
project constraint j in table Y (k; = 1), N (k; =0)or DK (k; = 2), k; € K, Vi =1...43,Vj,l =
1..17.

The algorithm applies penalization for lower values, subtracting the value @ = max(Table®)
when Tablef]l- = 1. In case of having Tablef]l- = 0, the recommendation percentage value is

0%, as this means that the method cannot be applied when the constraint fulfills. Otherwise,
the accumulated valued is added with the existing weigh (a value between 2 and 5) of the
corresponding table (Y, N or DK):

Once acc; is calculated Vi =1...43, we obtain the RecommendationValue; for each
usability method, multiplying acc by a coefficient called Stage,. This coefficient represents
the weight of the usability method i for a specific stage of the project q, Vg = 1...5. This
operation is achieved according to the information appearing in ISO/TR 16982 and the
preliminary research carried out, and it confers special importance to the current stage of the
project (initial, analysis, design and implementation, testing and maintenance) when
determining the suitability of a method:

RecommendationValue; = acc; - Stage, (2)
After this calculation, we proceed to sort the resulting 43x1 table, Vi = 1 ...43:
SortedRecommendations = {Sort(RecommendationValue;)} (3)

In addition, sorted values are transformed into percentage values by applying normalization, in
order to obtain a list with sorted percentages including all usability methods. Besides, to
improve classification and presentation of results, usability methods are classified into the
following groups: recommended, neutral and not recommended. To carry out this task, we use
terciles to classify the resulting methods, calculating corresponding percentiles 66.6% and
33.3% to categorize the presentation of results. The idea is to obtain groups with a quite
similar number of methods classified, except in the case where recommendation percentage is
0; in this case the methods are directly classified as not recommended. This way,
recommended usability methods are clearly presented to key stakeholders, and thus they are
able to differentiate which are the most suitable usability methods to apply for a specific
project and stage, and which are neutral or not directly applicable.



3.3 The tool

In order to verify and implement the proposed recommendation mechanism, we have created
STRUM, which draws upon the recommendation algorithm described above to feature an easy
to use usability-scheduling tool.

The main features of STRUM are the following:

e Create, set up and remove usability projects, making it possible the management of
several projects simultaneously. Key stakeholders have access to a general view of all
their projects, including basic information, current stage and progress percentage (see
Fig.1).

o Tl

Logout

My Projects @

Accounting Software Project

Description:Improvement of the accounting software system of Acc SL

Stage:@

Qualification testing

Phone Company Project

Description:Development of  new system for managing international phone calk.
Stage: @

Maintenance

New Project

Fig. 1. Projects list and status in STRUM.

e Establish a planning for a specific project and automatically obtain recommendations
for the current project stage. Key stakeholders are able to select the stage to get
recommendations, allowing to go forward and backward when necessary.

¢ Get recommendations about which usability methods are more suitable to apply in a
certain stage of a project, taking into account the constrains previously introduced.
Constraints are introduced by key stakeholders through an easy-to-complete
guestionnaire. The tool provides recommendation even when key stakeholders are
not sure about a certain constraint. In fact, constraints can be modified at any time,
which means that the tool applies the recommendation mechanism and automatically
updates the information accordingly. Fig.2 shows the method recommendation panel,
where each usability method is classified into the three aforementioned categories
(recommended, neutral and not recommended) together with a recommendation
percentage. The checked methods represent those that have already been applied in
the project.



° TEE
Phone Company Project - Tracking

Logout Profect List  Project Data

Recommendations are shown for stage: Maintenance Change the stage

Percentage of stage completed

Methods to apply @
Recommended leutrs Not recommended
-~ User feedback (87%) Heuristic Evaluation (54%) Usability Specifications (41%)
- Paper Prototyping (68%) - User Profiles (53%) Creativity Methods (41%)
Card Sorting (68%) Competitor analysis (52%) Personas (40%)
- Contextual Inquiry (67%) Affinity Diagramming (50%) Interface Transition State Diagrams (39%)
User Observation (66%) Visual Brainstorming (50%) Task Scenarios (37%)
-/ Questionnaires (62%) Performance Measurement (46%) Model Based Methods (37%)
Expert Evaluation (60%) Document Based Methods (45%) User Roles Map (37%)
Post-Test Information (60%) Interface Design Patterns (45%) Ethnographic Studies (36%)
Collaborative design and evaluation (59%) Cognitive Models (44%) Automated Evaluation (36%)
Menu trees (56%) Scenarios and Storyboard (44%) Help Structuring as Cases of Use (36%)
Essential Use Cases (56%) Impact Analysis (43%) Navigation Map (32%)
JEM (56%) Critical Incident Analysis (43%) Thinking Aloud (32%)
Pluralistic Walkthrough (56%) Inspections (42%) Usability tests in laboratory (26%)
Use Monitoring (55%) Design Guidelines (14%)
Interviews (55%) HTA (0%)

List of applied methods on the project »

Questionnaires
Paper Prototyping
User feedback
User Profiles
Contextual Inquiry

Fig. 2. Project and methods tracking in STRUM.

e Consult further information about the application of each usability method and insert
comments. Different functionalities enable stakeholders to consult how to apply a
specific usability method according to the current project stage. In addition,
stakeholder can insert comments about already applied methods, and access this
information at any time. Fig.3 shows the method panel where key stakeholders can
consult information about user feedback method and can insert application
comments. This way, when key stakeholders want to know more about a usability
method, a brief description of it and an explanation about how to apply it is presented
just clicking on the name of the method.

Technique:

User feedback

Technique Documentation

DESCRIPTION

When an online service or support is tion d about the user queries is useful
when identifying and prioritizing usability problems to deal more quickly. You can count on user feedback
in all types of projects.

HOW TO APPLY
Feedback should be used at the time the user has had an interaction with the system and have an opinion o

Hanranf Tha mrasenms mivias am An s ke e e il sed Haie A o nnbon o

Insert any comments about the application of this technique:

Fig. 3. Method information and comment insertion in STRUM.



Advanced wusers can modify the inference tables used to calculate the methods
recommendation if necessary. Furthermore, STRUM has been conceived as an easy to use and
learn CASE tool. Multiple help tips have been included, and the user interface has been
designed in order to be appealing to key stakeholders, ensuring full control and allowing to
navigate easily. Moreover, accessibility aspects have been also considered, highlighting a
responsive design that successfully adapt to different platforms, which allows to use the tool in
any kind of device.

3.4 Application Scenarios

We present two different application scenarios to verify the supporting tool and validate the
recommendation mechanism with experts. These scenarios consist of different software
projects to develop, and they are inspired by those included in the ISO /TR 16892. However,
some aspects of the original scenarios have been modified in order to make them more
complex, complete, and highlight specific features of the recommendation mechanism and the
tool presented. In fact, we have added new constraints to each scenario, including uncertainty
in some of them.

We proceeded to introduce each scenario’s constraints in STRUM, and then we selected the
project phase for which recommendations are required. Explanations of the different scenarios
are provided down below, as well as the output obtained from STRUM that consists of the
method-recommendation ranking and the corresponding ratings for each application scenario.

3.4.1 Scenario 1

This is a project where the client represents a small consulting company. The project, proposed
by the company’s manager, consists of developing an internal tool to be used even by
employees who are not expert in computers. The company considers the usability of the
software as essential, due to the complexity of the tasks to develop. Several prototypes are
likely to be required because of the changing specifications of the project. Because of this, the
number of tasks to develop is not clear. The interaction requirements have not been specified
either. As a constraint, the company informs that they cannot afford a big budget. The
prospective users of the tool include a variety of roles, such as director, director of production,
and so on. Those people are not used to computers, being the tasks new for them. Moreover,
they can only use the software once a month, so they are not likely to be available for testing.
To supply this problem, the company has hired usability experts to collaborate and determine
the usability degree of the tool. The user interface should be conceived to guarantee a high
usability degree. The stage required to have recommendations for the methods to apply is
Design and Implementation.

Taking into account this information, the corresponding constraints were introduced in
STRUM, including uncertainty such as unclear number of tasks or interaction requirements.
The output provided by the tool is shown in Fig.4. This figure depicts, for the Design and
Implementation stage, the recommended methods, which are classified into Recommended,
Neutral and Not Recommended. Following each method, a percentage representing its relative
degree of suitability is shown.



Methods to apply @

Menu trees (80%) Design Guidelines (51%) Thinking Aloud (0%)

Document Based Methods (80%) Inspections (50%) Performance Measurement (0%)

Interface Design Patterns (68%) Competitor analysis (47%) Critical Incident Analysis (0%)

Expert Evaluation (63%) Essential Use Cases (46%) Questionnaires (0%)

Interface Transition State Diagrams (63%) User Roles Map (40%) Collaborative design and evaluation (0%)

Personas (63%) Paper Prototyping (0%)

Heuristic Evaluation (61%) User Observation (0%)

Usability Specifications (60%) Creativity Methods (0%)

User Profiles (60%) Card Sorting (0%)

Help Structuring as Cases of Use (58%) Scenarios and Storyboard (0%)

Model Based Methods (58%) Interviews (0%)

Use Monitoring (55%) User feedback (0%)

Navigation Map (54%) Ethnographic Studies (0%)

Automated Evaluation (53%) HTA (0%)

Impact Analysis (53%) Affinity Diagramming (0%)
Contextual Inquiry (0%)
Visual Brainstorming (0%)
Usability tests in laboratory (0%)
Task Scenarios (0%)
Cognitive Models (0%)
Pluralistic Walkthrough (0%)
Post-Test Information (0%)

JEM (0%)

Fig. 4. STRUM Recommendation for scenario 1.

As shown in Fig. 4, recommended methods include those not requiring the final user to be
available for testing, as this is one of the constraints of this scenario. This way, methods
involving usability experts are recommended. Menu Trees (80%) is one of the methods having
a higher percentage of recommendation, as it is easy to apply and is not very costly
considering the constrain related to the budget. This method makes it possible to model the
user interface and tasks, which are meant to be complex in this scenario. With a same
recommendation percentage, Document Based Methods (80%) would be also a good option, as
they allow to determine the degree of usability avoiding user testing. In order to apply these
methods, it is necessary to count on usability experts (as required in this scenario). Interface
Design Patterns (68%) would be also useful to increase the degree of usability of the system
through graphical representations that can be tested through the different prototypes to
develop. This would improve the interaction design and the final user interface. In addition,
Personas (63%) would help obtain information about users in order to analyze their
characteristics. Additionally, as neutral methods we can find recommendations such as
Inspections (50%), which allow to improve the degree of usability, validating the prototypes
and preventing them to have errors at reduced cost. However, the number of tasks to develop
is very important in this method and its application is not clear in this case, so the
recommendation percentage is not especially high. Finally, and considering the not
recommended methods, here we can find those requiring the presence of final users, which
are limited according to the scenario’s constraints. Furthermore, applying these not
recommended methods would increase the project budget. This is why the recommendation
percentage for these methods is 0%. Among them, we can see Observation of Users, Card
Sorting or Interviews, where final users have an essential and participatory role. Besides, as the
tasks are new for the employees, methods like Critical Incident Analysis or Cognitive Models
are not recommended, as they are based on previous knowledge about the tasks to evaluate.

3.4.2 Scenario 2

In this project, the client represents a telecom company. The project, proposed by the
marketing service of the company, is aimed at designing a telephone software product for
small companies that cannot afford to set up a phone standard. The users are members of such
small companies that manage the communications on their own. A technical improvement is
required to automatize the process, although there is uncertainty about the degree of



complexity of the tasks and the final software product. The users, which are available during
the development process, should be able to test a great variety of tasks concerning this new
software. It is not an urgent project, but a functional version is expected to be finished by the
end of this year, as it is expected to be presented in a conference. Because of this, it would be
positive to get some feedback from users as soon as possible. The company carried out a
viability study and it expects to be able to afford to the costs without difficulties. However,
there are still some unclear aspects such as the specification of the product, the severity of
possible errors, or the participation of users with disabilities. Also, the participation of usability
experts remains unclear. It is expected that users carry out an effective interaction with the
software, leading to an important improvement on the development of user tasks. As the
project is in an early state, it is required to have methods recommendation for this initial phase.

Considering the above information, the corresponding constraints were introduced in STRUM,
including uncertainty about the specification of the product, the severity of possible errors, the
participation of users with disabilities to test the product, and the participation of usability
experts. The output recommendation provided by the tool is shown in Fig. 5.

Methods to apply @
Card Sorting (85%) Scenarios and Storyboard (56%) Model Based Methods (40%)
User Observation (84%) Competitor analysis (56%) User feedback (32%)
Paper Prototyping (80%) Menu trees (55%) Automated Evaluation (32%)
Document Based Methods (74%) Expert Evaluation (54%) Post-Test Information (29%)
Pluralistic Walkthrough (72%) Usability Specifications (54%) Thinking Aloud (27%)
Collaborative design and evaluation (72%) Inspections (54%) Usability tests in laboratory (24%)
User Profiles (69%) User Roles Map (53%) Use Monitoring (24%)
Personas (68%) Essential Use Cases (52%) Help Structuring as Cases of Use (23%)
Visual Brainstorming (66%) Heuristic Evaluation (52%) Impact Analysis (23%)
Contextual Inquiry (66%) Task Scenarios (48%) Interface Design Patterns (23%)
Affinity Diagramming (65%) Ethnographic Studies (48%) Design Guidelines (21%)
Interviews (64%) Navigation Map (46%) Cognitive Models (0%)
Questionnaires (63%) Performance Measurement (44%) Critical Incident Analysis (0%)
JEM (57%) Interface Transition State Diagrams (42%) HTA (0%)

Creativity Methods (57%)

Fig. 5. STRUM Recommendation for scenario 2.

As there is uncertainty about many aspects in this project, the methods that generally result
more useful and lead to good results in most circumstances obtained the highest
recommendation values, varying depending on the kind of constraint. Card Sorting (85%), with
the highest percentage, is considered especially useful on early stages. Also, it results easy to
apply when experts are not available, producing notable benefits in terms of usability when it
is applied from the very beginning. Using this method, it would be possible to better analyze
information and the tasks for future users, despite the technical change to accomplish.
Observation of Users (84%) is also recommended, as there are no important time or cost
constraints. Using this method, it would be possible to examine how employees work, what
tasks are the most complex and therefore achieve a more efficient interaction. Paper
Prototyping (80%) is also recommended as it helps validate context with users in early stages,
thus improving specifications gradually. Among neutral methods, Menu Trees (55%) results
easy to apply, and it provides good contributions in terms of usability. As there is a variety of
user tasks, this method can be helpful when designing intuitive menus. However, it has been
conservatively rated since other methods involving users are more suitable in this scenario.
Expert Evaluation (54%) is also considered as neutral because, despite the fact that it adapts
properly to early stages when determining user needs, it requires the presence of usability
experts, which is one of the uncertain constraints of this project. Moreover, Inspections (54%)
provide important contributions to usability, especially when there is not a time constraint.
However, in this scenario the number of tasks is high, and Inspections require a high level of



familiarity with the system, whereas in this scenario the users are unfamiliar with the product.
As for the not recommended methods, User Feedback (32%) is not considered a good choice as
there is no previous version of the product and users cannot contribute with their opinion.
Thinking Aloud (27%) is also not recommended as it requires a functional prototype of the
product to be tested and, as we are in an early stage of the project, this is not applicable.
Critical Incident Analysis (0%) is even less recommended, as this is a new product that has not
been used before in the company, and therefore it is not possible to provide previous
performance measures.

3.4.3 Joint Analysis

Fig. 6 depicts a graphical representation of the joint results obtained from both application
scenarios, where the variability of the recommendations for the 43 usability methods is clearly
visible. As shown in Fig. 6, substantial differences can be seen in each scenario among certain
values for methods such as Card Sorting, which is rated with 0% in scenario 1 and with a higher
percentage value in scenario 2. This is due to the fact that this method is principally
recommended for initial stages of the project as long as users are available to participate,
allowing to elicit content requirements for certain kinds of software products. In general,
methods that can be applied in early stages, and where the participation of users is highly
appreciate, result better rated in scenario 2. This is also the case for usability methods such as
Contextual Inquiry, Creativity Methods, Interviews, Paper Prototyping, Pluralistic Walkthrough
or User Observation, to cite a few. In addition, methods such as Design Guidelines, Interface
Design Patterns or Menu Trees, are principally recommended for advanced project stages,
such as design and implementation, where the participation of final users is not strictly
necessary, as it occurs in scenario 2. In addition, there are methods that can be applied to both
scenarios with similar rates of recommendation. This is the case for methods such as
Competitor Analysis, Document Based Methods, Essential Use Cases, Inspections, Navigation
Map, Personas or User Profiles, to cite a few. These methods show diverse ratings depending
on the project’s stage and constraints, or can be reduced due to uncertain conditions, such as
project budget, number of tasks, the participation (or not) of final users, etc.

Fig. 6. Variability of the percentage value in the recommendation of usability methods for the
two application scenarios.




3.4.4 Analysis of Recommendation Appropriateness

We wanted to know the recommendation appropriateness by analyzing the recommendation
gap —i.e., the discrepancy between the recommendations stated by experts and those
generated by the proposed mechanism, hoping to have a low difference (gap) to ensure the
appropriateness of the recommendation obtained with STRUM. This way, we propose the
following research question that can be considered as part of RQ1:

e [RQ1.3] Can the recommendations generated by the proposed mechanism be
considered as appropriate?

To carry out this task, we asked 10 new experts from our institution to participate in the
analysis. They were 8 men and 2 women who did not participate in previous evaluations. As
for their background, they are lecturers having advanced skills in software engineering and
human-computer interaction.

To carry out the analysis, we asked experts to classify each usability method into 3 different
categories: recommended, neutral and not recommended, according to the specifications of
each scenario described in Section 3.4.1 and 3.4.2. Once finished, we obtained the following

information for each scenario:

- The inter-rater reliability (kappa-value).

- Expert classification sets (one for each category) as a result of assigning each method to
the category with highest rating (i.e., the category that obtained the highest number of
matches between experts).

Then, we compared the expert classification sets with those obtained as output from STRUM
and described in sections 3.4.1 (Fig. 4) and 3.4.2 (Fig. 5) for scenario 1 and 2, respectively.

In general, results obtained provided similar recommendation and agreement among experts,
obtaining kappa-values of 0.83 and 0.81 for scenario 1 and 2, respectively, and so indicating a
high degree of agreement among expert classifications.

Expert vs. STRUM Recommendations Expert vs. STRUM Recommendations
o (Scenario 1) . (Scenario 2)
o -4
g 25 -.:% 25
z 2 o
§ 15 % 15
3 ]
'§ 10 | ‘g 10
3 3
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= z

Recommended Neutral Not Recommended Recommended Neutral Not Recommended

M Experts 14 6 23 | Experts 15 15 13
 STRUM 15 5 23 u STRUM 15 14 14

Fig. 8. Expert vs. STRUM recommendations for scenario 1 (left) and scenario 2 (right).

Comparing the expert classification sets with those obtained with STRUM, a small number of
misclassified items were detected, according to the percentiles division calculated by the tool.
As shown in Fig. 8, the number of classified methods by experts and the system is quite similar
for each scenario. Only a 2.33% classification difference (1 out of 43 methods) was detected in
each scenario. This classification gap was calculated as the difference between the amount of



correctly classified methods in each category, taking as a reference the classification
accomplished by experts.

As for scenario 1, there was 1 misclassified method (Impact Analysis), which was considered as
neutral by experts but as recommended by the system. This was due to the proximity to the
percentile classification borderline that may lead to consider this method as recommended or
neutral depending on the expert criteria. In fact, Impact Analysis method is useful for
prioritizing the fixing of usability problems in a redesign or even for analyzing usability
problems in advance. Besides, this method is usually independent of the final user
involvement, but it can be useful when usability experts are available. This also may vary
depending on the project budget, according to the scenario’s specifications.

As for scenario 2, we found 1 misclassified method (Model Based Methods). This method was
considered as not recommended by the system but as neutral by experts. Similarly, this is a
method closer to the borderline between neutral and not recommended methods.
Additionally, and in contrast to scenario 1, scenario 2 involved higher uncertainty about many
aspects of the project. In general, Model Based Methods are useful to create user interface
specifications for modeling user behavior and data, but also for considering formal approaches
to predict user performance. Considering that this scenario contains uncertainty about the
specification of the product and the complexity degree of the tasks, Model Based Methods
could be certainly considered as neutral or even not recommended.

As analyzed, there was a low percentage difference, mostly due to the completeness of the
constraints introduced in STRUM. Besides, these differences were found in the borderline, so
we think that they are not significant, as most relevant methods were successfully
recommended according to the principal specifications. In addition, the gap can be reduced
depending on the level of completeness of the constraints. In general, the more complete the
constraints are, the less percentage differences occur in the recommendation. All in all, and as
previously commented, advanced STRUM users can modify the inference tables used to
calculate the methods recommendation in order to tune them if necessary.

These findings provide an affirmative answer to RQ1.3, concluding that the recommendations
obtained are appropriate according to the analysis carried out by experts, obtaining a low and
insignificant gap to support the evidence.

In summary, the recommendation mechanism presented and the results obtained from the
application scenarios helped answer affirmatively RQ1, and thus affirm that it is possible to
create a mechanism to provide appropriate recommendation on usability methods according
to specific project constraints, even under uncertainty.

4, Evaluation and Results

In order to have an understanding of the usability in STRUM, a user test was performed. The
objective was to observe whether users consider our approach useful and satisfactory.

4.1 Evaluation method

The test consisted of a set of recruited users individually obtaining recommendations for the
scenario 1 previously described in Section 3.4.1. This was a controlled evaluation, where users
were briefly introduced to the objective of the test, the scenario and the tasks to perform. To



have specific measures, 7 representative tasks were evaluated using STRUM. We utilized the
thinking aloud [16] protocol, where users were asked to express their opinions and thoughts
while performing the tasks. During the interaction, we obtained different measures such as
time elapsed and the degree of effectiveness and efficiency in performing each task. After
performing the tasks and obtaining the resulting recommendations from the system, users
were asked to fill in the USE questionnaire [67, 68], which helps measure usability through 4
variables (usefulness, ease of use, ease of learning and overall satisfaction) [69, 70]. USE
guestionnaire includes 30 questions grouped into 4 different categories: 8 questions for
measuring usefulness, 11 questions devoted to measure ease of use, 4 questions used to
measure ease of learning, and 7 questions for measuring satisfaction. Responses are assessed
in a Likert scale ranging from 1 to 7, where 1 means “strongly disagree” and 7 “strongly agree”.
Results were normalized in order to obtain percentage values.

4.2 Variables and Research Questions

Taking into consideration the method previously described, the following research variables
were measured during the evaluation, all those corresponding to dependent variables:

- Quantitative variables:
0 Effectiveness: average percentage of tasks successfully accomplished by users.
0 Efficiency: average time spent (seconds) by users to complete each task.

0 Usefulness, satisfaction, ease of use and ease of learning: normalized average
percentage obtained from the USE questionnaire.

- Qualitative variable:
0 User behavior and observations obtained from the thinking aloud sessions.

We also considered specific research questions, which are related to RQ2 described in Section
1.1:

e [RQ2.1] Do the users perceive the approach as useful?

e [RQ2.2] Does the solution proposed feature an acceptable cognitive load?

e [RQ2.3] Can the overall usability of the system be considered as acceptable?

These research questions were will be validated with the results obtained from the evaluation.
Specifically, to answer RQ2.1 we hope to achieve percentage values over 75% for usefulness
and satisfaction variables. Additionally, to answer RQ2.2, we hope to achieve acceptable
efficiency values and effectiveness percentages closer to 100%, as well as percentage values
over 75% for ease of use and learning variables. In addition, to answer RQ2.3, we hope to
achieve percentage values over 75% for usefulness, satisfaction, ease of use and ease of
learning variables. Besides, qualitative information from the thinking aloud sessions was
analyzed in order to obtain further information or problems found in order to enhance the
knowledge obtained from direct measures and answer previous research questions in the
affirmative.

As stated, we established 75% as a final acceptance benchmark for most usability values. This
is a positive benchmark level, higher than others used in usability measurement [69, 71], to



indicate agreement with respect to user satisfaction when responding to the different
questions in a Likert scale; 1-7 for the case of the USE questionnaire. A normalized average
measure of 75% represents a number between 5 and 6 (i.e., between agree and very agree),
which can be considered as an acceptable value for most usability dimensions.

4.3 Recruited Participants and Sample Size Discussion

We recruited 15 users for the test. They were 9 men and 6 women, with ages ranging between
21 and 23 (M=22; SD=0.85). Users who participated in the evaluation were software engineers
—i.e., the key stakeholders of our systems, being familiar with usability methods and user-
centered practices.

According to reviewed literature, most authors agree that there is not a fixed number of users
to test an interactive software, as it principally depends on the objective of the evaluation [71,
72]. One key concern is to understand the nature of the users involved [72], as well as the kind
of usability evaluation to carry out. Whereas formative evaluations may be accomplished with
a more reduced set of users, summative evaluation demands a broader range. In addition, the
comparative nature of the evaluation and the distinct groups of users involved in the software
usage is also relevant to consider a higher number of users to test [73].

Besides, previous studies point out that the fewer users that a problem impacts, the larger the
sample size is needed to have a good chance of finding it in an evaluation [72]. In fact, the
binomial probability (or Poisson equivalent) is often used to estimate the number of users
needed to detect an approximate percentage of usability problems given a certain probability
that a user would encounter a problem [71, 73, 74]. Thus, the main concern is to state the
problem occurrence probability in the interactive software.

Also, the combination of usability techniques applied to evaluate the interactive software is
also related with the sample size. Based on predictions using observed data, a general rule for
optimal sample size using thinking aloud protocol and other expert evaluations would be 10+2
to reach 80% overall discovery rate. This can be applied to general or basic evaluation
situations [75].

According to these arguments, the main aim of the evaluation presented in this paper is to
detect important usability problems that would benefit from improvements in pursuit of a new
release. More specifically, we expect to identify main problems that users have and test major
functionalities related to the recommendation mechanism using different usability evaluation
techniques to have a broader perspective. In addition, the user interface of our tool does not
feature a complex font-end functionality, as it can be considered as a CASE tool for the specific
purpose of recommending and reporting information about usability methods in a
straightforward and very simple way.

According to that, and using the binomial probability, we expect to identify problems that
impact 18% or more users with a 95% chance of observing them in the evaluation. This way,
the number of users to test can be calculated as Log (1-0.95) / Log (1-0.18) = 15 users. It is
worth noting that the discovery rate can be considered as high (95%), and an impact
percentage of 18% enables to find complex problems. In fact, a problem impact percentage
among 30%-60% implies problems affecting a great deal of users (i.e., coarse-grain errors),
whereas reducing this figure to a more restrictive percentage (10%-20%) helps find a higher
number of problems, and more specifically those being more difficult to find (i.e., less obvious



problems). This tradeoff would help find most important usability problems, so we think that a
sample size of 15 is adequate for this evaluation.

4.4 Tasks Performed

Users were asked to create a project corresponding to the application scenario 1 previously
described in Section 3.4.1. We provided users with the scenario and a list with the 7 tasks to
perform in order to control the evaluation and have specific measures to assess the dependent
variables defined. The tasks were the following:

e Register a user in the system and log in (T1): the user was asked to log in to STRUM,
after creating a user account and introducing her/his corresponding personal data.

e Create a project and insert basic data and planning (T2): the user was requested to
create a new project, introducing id, name and description. He was also requested to
establish a planning for three different project stages (initial, analysis and design and
implementation).

e Define the constraints for the project (T3): the user was requested to enter the
settings screen and determine the constraints for the project of scenario 1 by
answering the corresponding constraints questionnaire.

e Modify project data and planning (T4): the user was asked to update the description
of the project and modify the planning with new dates.

e Obtain recommendations for a specific stage (Ts): the user was requested to enter the
tracking screen and obtain recommendations for a specific stage (design and
implementation).

* Obtain information of a method, insert a comment and check it (Ts): the user was
asked to select a specific usability method (user feedback), analyze the available
documentation for it, insert a comment and see the result.

e Remove the project and log out (T7): the user was requested to remove the project
created and log out of the system.

4.5 Analysis of Usability Results

The analysis of the interaction carried out by users provided adequate results in terms of
effectiveness and efficiency.

With respect to effectiveness, users performed all the tasks without requiring help or
assistance. This implies 100% effectiveness reached.

T. T, T3 Ty Ts Ts T,
Geometric Mean 56.03 86.25 | 103.69 | 55.21 20.22 62.47 11.83
Min 34.00 | 60.00 | 87.00 | 43.00 14.00 | 40.00 7.00
Max 69.00 | 103.00 | 147.00 | 71.00 | 32.00 | 78.00 17.00
Median 58.00 | 90.00 | 97.00 | 54.00 | 20.00 | 61.00 13.00
Faster Time (SL) 50.00 | 80.00 | 93.00 | 43.00 19.00 | 40.00 7.00
Cl (95%) 4.35 6.48 8.59 5.12 2.15 5.05 1.53

Table 3. Statistics corresponding to efficiency on task performance in seconds.

As for efficiency, we measured the average time on task during the thinking aloud sessions. As
recommended in [71], we used the geometric mean instead of the arithmetic mean, since time
values may be skewed by a few outliers in small sample sizes (<25). In addition, the geometric
standard deviation is a misleading value in this case, so we reported the confidence intervals



(95%) instead. Additionally, as task time can be meant as a relative value, we included the
faster task time according to the bootstrapped specification limit [71] to identify the maximum
acceptable time for each task.

Table 3 depicts the statistical results in seconds. As shown, users accomplished all the tasks in
less than 2 minutes on average. Only tasks T, and Ts have higher averages, as they are related
to heavier actions such as project creation (T,) and constraints introduction (Ts). Acceptable
times for tasks T, and T3 are 80 and 93 seconds, respectively. On the contrary, Ts and T
required less time to be performed, as users easily identified the appropriate actions to
achieve them. Acceptable times for tasks Ts and T; are 19 and 7 seconds, respectively. In
addition, the 95% confidence intervals can be also considered as acceptable, being smaller
than 9 seconds in all cases, which demonstrates the reliability of average time values.

With respect to user behavior and observations obtained from the thinking aloud protocol, in
general we perceived an easy interaction. However, we observed improvements to take into
consideration for future releases. For instance, the completion time of T4 could have been
reduced if the date-picker plugin had not been included, due to the time spent by some users
to search the right date in an interactive way; users confirmed this fact throughout the test. In
addition, users missed some tips in specific user interface locations to clearly understand the
meaning of the information shown. All in all, users agreed that the tool is intuitive and does
not pose major difficulties when performing the tasks. Moreover, users highlighted the user-
friendly interaction, the user interface design and the bilingual functionalities available.
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Fig. 7. Average percentage values for each USE dimension including error bars (£ 0).

In general, an acceptable reliability value was obtained for the USE questionnaire measures
(a=0.784). Fig. 7 depicts the average values for each usability dimension, were high rates were
obtained for usefulness: 82.38% (M=5.77 and SD=0.24 in 1-7 Likert scale), ease of use: 89.00%
(M=6.23 and SD=0.25 in 1-7 Likert scale), ease of learning: 92.38% (M=6.47 and SD=0.09 in 1-7
Likert scale) and perceived satisfaction: 87.89% (M=6.15 and SD=0.30 in 1-7 Likert scale). The
average value for the 4 dimensions is 87.86% (M=6.15 and SD=0.29 in 1-7 Likert scale), which
can be considered as an acceptable overall result.

Results obtained helped answer the proposed research questions. Thus, RQ2.1 can be
answered in the affirmative, as users considered useful and satisfying the approach. Average
values obtained for usefulness and satisfaction were 82.38% and 87.89%, respectively, while



the minimum value to validate this claim was 75%. In addition, RQ2.2 can also be answered in
the affirmative, as users perceived a low cognitive load supported by acceptable values for
effectiveness and efficiency, featuring also high values for ease of use (the average value
obtained in the evaluation was 89.00%) and ease of learning (the average value obtained in
the evaluation was 92.38%. The minimum value to validate this claim was 75%. Finally, the
average value obtained for the 4 USE dimensions represents a good estimation of the overall
usability of the approach. According to that, average value resulted in 87.86%. Besides, no
serious problems were found during the user interaction and, as average usability value is over
75% (minimum value to validate the claim), RQ2.3 can be also answered in the affirmative.

In general, all results obtained helped answer affirmatively RQ2, and thus affirm that it is
possible to systematize the recommendation mechanism by means of a supporting tool to
schedule and provide additional information about each usability method, also being
satisfactory for key stakeholders.

5. Conclusions

The number of interactive software products increases every day more. Usability should be
considered in all stages of a software project in order to avoid misunderstandings and increase
user satisfaction [1, 3]. In this sense, it is necessary to schedule usability methods during all the
stages of the project, and this should be considered and arranged at early stages. In addition,
there is a high number of existing usability methods. Although there exist different standards
and a considerable amount of documentation available, there is a necessity for tools that
automatically help recommend the suitable usability methods to use in each project stage
according to its characteristics and constraints. This should be systematized through an easy to
use mechanism for key stakeholders in multidisciplinary development teams, which include
heterogeneous people with different background.

To overcome such drawbacks, we have presented a recommendation mechanism inspired by
ISO/TR 16892. In contrast to the 12 usability methods provided by the standard, our approach
features recommendations for a total of 43 usability methods to be applied in different stages
of a software project, taking into account the suitability degree of each method according to
the characteristics of the project. Additionally, our approach deals with uncertainty by
providing recommendation even when a certain project constraint is unknown, empowering
project scheduling at early stages. The proposed mechanism has been implemented through a
tool called STRUM (Scheduling Tool for Recommending Usability Methods). STRUM goes
beyond the mere description of the suitability of the usability methods, as it happens in ISO/TR
16892, and it includes new features for project management, allowing key stakeholders to
have a general view of their work and update it easily. Besides, it is possible to add a planning
and automatically obtain usability methods recommendation for the current stage of the
project.

The application scenarios, the expert analysis for the recommendation appropriateness and
the controlled evaluation with users helped answer main research questions. Thus, RQ1 has
been answered in the affirmative, as it is possible to create a mechanism to provide
appropriate recommendation of usability methods according to a project’s constraints, even
under uncertainty. Besides, results obtained from the user testing also helped answer RQ2 in
the affirmative, and thus affirm that it is possible to systemize the recommendation of



usability methods with a scheduling tool being satisfactory for key stakeholders and showing
high levels of usefulness, satisfaction and overall usability.

As for future work, we expect to improve the issues reported during the evaluation sessions. In
addition, new possibilities will be proposed, as dealing with specific user-centered process and
intermediate products, roles, or customizable features. Also, as the recommendation
mechanism and tool have been designed in a scalable way, it would be interesting to include
new methods and provide exportation mechanisms in the form of reports, which would be
useful for project documentation. A further extension would consist in comparing different
usability attributes [76] from the application of methods recommendation.
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