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Context: The adoption of agile methods is a trend in global software development (GSD), but may result in many
challenges. One important challenge is architectural knowledge (AK) management, since agile developers pre-
fer sharing knowledge through face-to-face interactions, while in GSD the preferred manner is documents. Agile
knowledge-sharing practices tend to predominate in GSD companies that practice agile development (AGSD),
leading to a lack of documents, such as architectural designs, data models, deployment specifications, etc., re-
sulting in the loss of AK over time, i.e., it vaporizes.

Objective: In a previous study, we found that there is important AK in the log files of unstructured textual electronic
media (UTEM), such as instant messengers, emails, forums, etc., which are the preferred means employed in AGSD
to contact remote teammates. The objective of this paper is to present and evaluate a proposal with which to
recover AK from UTEM logs. We developed and evaluated a prototype that implements our proposal in order to
determine its feasibility.

Method: The evaluation was performed by conducting a study with agile/global developers and students, who
used the prototype and different UTEM to execute tasks that emulate common situations concerning AGSD teams’
lack of documentation during development phases.

Results: Our prototype was considered a useful, usable and unobtrusive tool when retrieving AK from UTEM logs.
The participants also preferred our prototype when searching for AK and found AK faster with the prototype than
with UTEM when the origin of the AK required was unknown.

Conclusion: The participants’ performance and perceptions when using our prototype provided evidence that
our proposal could reduce AK vaporization in AGSD environments. These results encourage us to evaluate our
proposal in a long-term test as future work.

1. Introduction

documentation, leaving the interpretation of the term “comprehensive”
to each agile team [4]. In fact, ASD suggests that most documentation

Agile and global software development (AGSD) is currently an im-
portant trend [1]. In fact, VersionOne of the 11th annual state of agile
report! states that 86% of the respondents had distributed teams practic-
ing agile software development (ASD). AGSD leads to many challenges,
given the inherent nature of both paradigms: ASD and global software
development (GSD). On the one hand, GSD communication is commonly
based on documents, i.e.,explicit knowledge, that decrease the effect of
the four distances of this paradigm (physical, temporal, linguistic and
cultural) [2]. On the other, the agile manifesto [3] states that in ASD,
face-to-face interactions are preferable to following a strict communi-
cation processes, and working software is preferable to comprehensive
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can be replaced by enhancing informal communication, i.e., a stronger
emphasis on tacit knowledge rather than explicit knowledge [5]. How-
ever, prioritizing communication in ASD does not mean disregarding
formal documentation [6]. This shows an internal antagonism within
AGSD, since tacit knowledge is preferred in ASD (face-to-face interac-
tion) and explicit knowledge (based on documents) is preferred in GSD.

In AGSD teams, tacit knowledge tends to predominate over explicit
knowledge [6-8], leading to a lack of documents concerning architec-
tural design, user manuals, data models, updated requirements specifi-
cation, etc., known as documentation debt [9]. AGSD teams are affected
by documentation debt, particularly when there is insufficient explicit
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architectural knowledge (AK). AK is composed of architectural design
(including fundamental system concepts in its environment, embodied
in its elements, relationships, and in the principles of its design and
evolution [10]) and of the design decisions and rationale used to attain
architectural solutions [11].

One of the main problems in GSD is generally the lack of explicit
knowledge (including AK) when stakeholders attempt to resolve pre-
viously presented problems, especially when this occurs in small and
medium companies [12,13]. The most significant causes of a lack of ex-
plicit AK in AGSD teams are: (1) the most popular agile methods,? Scrum
and XP [14,15], specify AK in a very lax manner, leading to documents
with informal notations [4]; (2) the inherent time pressures of ASD cause
the omission of appropriate documentation [16], and (3) agile develop-
ers consider that documentation is a secondary and non-creative activity
[17].

In co-located ASD, the lack of AK documentation is mitigated by
developers’ daily face-to-face interactions. In AGSD teams, however,
the lack of AK documentation is often mitigated by communicating
with remote teammates using unstructured textual electronic media
(UTEM), such as emails, forums, comments boards, instant messenger,
etc., mainly because UTEM reduce the language gap [18]. If remote
teammates are unavailable or are unable to answer their questions, ag-
ile/global developers usually attempt to obtain answers by analyzing
source code [19], which is time consuming. Furthermore, the knowl-
edge obtained is generally unstructured, incomplete and inconsistent
[20], which does not guarantee that the software will evolve as planned
at design time.

Furthermore, literature reports that UTEM logs contain important
AK for agile/global developers [19,21], but that is unstructured, inac-
cessible, dispersed and prone to be lost over time, i.e., prone to be vapor-
ized [22]. Moreover, in AGSD teams, requirements and user stories are
usually the only documented knowledge referring to software develop-
ment tasks [19]; there are also informal diagrams, but they are created
only as an aid to problem understanding and are, therefore, considered
as disposable documents. Furthermore, agile/global developers usually
attempt to obtain AK from UTEM logs to mitigate this lack of documen-
tation [19]. However, the problem is that UTEM are not designed to
search AK, and developers usually use more than one UTEM to share
knowledge, signifying there is no single point at which to find AK. It is,
therefore, important that agile/global developers have efficient means
to access the AK in UTEM logs to reduce AK vaporization.

In this paper, we present the AK Condensation concept, conceived
as a means to reduce AK vaporization in AGSD by taking advantage
of the knowledge stored in UTEM logs, and by giving agile/global
developers the means to search for the AK contained in the afore-
mentioned logs at a single point. This concept was implemented in a
tool evaluated by agile/global developers and students to determine
its feasibility. The remainder of this paper is organized as follows:
Section 2 presents the related works, while the concept of AK Conden-
sation and its implementation are presented in Section 3. Section 4 de-
scribes the evaluation method, while Section 5 presents the evaluation
results and Section 6 shows the threats to validity. Finally, a discus-
sion of the results and our conclusion are presented in Sections 7 and 8,
respectively.

2. Related work

2.1. Architectural knowledge management in agile and global software
development

Knowledge management is currently an important part of any soft-
ware development process. Dalkir [23] proposed that KM consists of cre-

2 https://explore.versionone.com/state-of-agile/versionone-11th-annual-
state-of-agile-report-2.
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ating/capturing, sharing/disseminating and acquiring/applying knowl-
edge assets, where: creating/capturing refers to developing new knowl-
edge from experience and/or explicit knowledge, and then coding the
knowledge in an agreed format; sharing/disseminating refers to storing
knowledge in a common repository, sending it to the appropriate peo-
ple or sharing it during a training session, and acquiring/applying refers
to the learning process and using new knowledge in practice, with the
possibility of creating knowledge to start the cycle again. This defini-
tion could, therefore, be adapted to define AKM as the discipline of cre-
ating/capturing, sharing/disseminating and acquiring/applying a soft-
ware process’s AK assets. This adaptation is very close to Farenhorst and
de Boer [24] AKM’s definition, which states that the aim of AKM is to
codify software architects’ tacit knowledge explicitly in either structured
or semi-structured knowledge bases.

KM is a challenge in AGSD [25-27], signifying that AKM is also a
challenge. A critical part of AKM is the process of knowledge capturing,
because the AGSD environment [16] and the agile developers’ attitudes
[17] cause documentation debt [9]. Since an AGSD environment leads
to a lack of captured AK, then the AKM phases of sharing/disseminating
and acquiring/applying are also affected, because AK is shared and ac-
quired on the basis of inappropriate documentation or even tacit knowl-
edge.

Several works address AKM in software engineering [28-32], in
GSD [33-37], and even in ASD [6,38,39]; however, these works do
not cover AGSD environments. We, therefore, conducted a systematic
mapping review (reported elsewhere [40]), in which we identified nine
approaches used to manage AK that were grouped into three areas: (1)
artifact-based, (2) communication-based, and (3) methodology-based.
The artifact-based documentation area refers to the use of software de-
velopment support (repositories, wikis and groupware) to share AK,
auto-generated documentation based on communication analysis (re-
lating to emails and code repositories), and lightweight approaches
to register architecture designs and decisions. The communication-
based area refers to the use of videoconference and UTEM to dis-
cuss and share knowledge, and the use of smartboards or elec-
tronic displays to show information about project architecture. The
methodology-based area refers to agile method modification by intro-
ducing an architecting phase or an architect role to manage projects’
AK.

We additionally observed that the papers reviewed evenly support
the three phases of the integrated KM cycle [23] (Capture/Creation
- 35%, Sharing/Dissemination — 33%, and Acquisition/Application —
32%). We analyzed the cases of the Capture/Creation phase using
the states of knowledge [41]: tacit knowledge, which is in the stake-
holders’ minds; documented knowledge, which is codified in an in-
formal/ad hoc manner, and formalized knowledge, which is codified
in a standardized structure. We observed that only 7% of all the pa-
pers report a formalized means of coding AK, 11% report a docu-
mented means, 4% report a tacit means, and 13% do not specify how
AK is captured. Most of the papers reporting a way in which to cap-
ture AK employ a volatile means to do so, since AK remains tacit or
is informally codified. AK could, therefore, lose meaning over time
or in another context, and there is consequently a lack of adequate
means to capture AK in AGSD environments that ensure the duration of
AK.

2.2. Architectural knowledge management solutions based on social tagging

As stated previously, this paper proposes the concept of AK Con-
densation (see Section 3), implemented using a prototype based on tag-
ging personal interactions using UTEM in real time, as a means to clas-
sify AK so as to ease its subsequent retrieval. Researchers and software
companies have chosen social tagging as a lightweight and unobtrusive
manner to organize unstructured or dispersed data or to add meaning
and metadata to software development environments, to recover knowl-
edge that is generally hard to find. To the best of our knowledge, seven
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Information and Software Technology 112 (2019) 68-82

Tools that use social tagging in software development reported in literature (A=Analysis, D=Design, I=Implementation, T=Testing, M=Maintenance, Full=Cover all
the phases). ArchiKCo refers to the prototype presented in this paper, which was designed for AGSD to cover any development phase and was focused on tagging
UTEM interactions, where valuable AK is located. ArchiKCo tags are linked to base tags and include an auto-complete mechanism to ease the tagging action during
the developers’ interactions in order to avoid tag explosion. Finally, ArchiKCo has different parameters to perform AK retrieval, which other tools do not consider.
See Section 3.2 for more ArchiKco details. *Parsed by TagSEA.

Tool name Coverage Tagging Knowledge retrieval Tool type
Environment Phases Items to tag Mechanism Type
IBM® Rational® Agile distributed Full Artifacts and Auto-completed Free Free text and tags Commercial
Jazz® [44] workitems
TagSEA [45] Distributed I Sourcecode Auto-completed Free Based on waypoints Research open
and tags source
Trac [69] Distributed LT Version control Free Free Free text Open source
and Tickets (bugs)
eMoose [65] Not defined 1 Source code Auto-completed* Free Contextual “Push” Research
CodeSnippets [70] Not defined I Code Snippets in Free Free Based on tags Open source
Source code
Paul et al. tool Open source D, 1 Software Free Free Free text associated Research
[71] components with tags
TAGGER [42] Distributed A UTEM interactions Free Linked to base tags Not reported Research
ArchiKCo Agile distributed Full UTEM interactions Auto-completed Linked to base tags Free text, tags, dates, Research
remittent, recipient, prototype

UTEM source

tools use social tagging (see Table 1). Most of these tagging tools are
designed to support the implementation phase and are focused on tag-
ging source code, software components or version control entries, i.e.,
they help manage AK. Only TAGGER [42] was designed to tag personal
interactions in UTEM, but is focused on capturing domain knowledge
during the analysis phase. Moreover, most of these tools are oriented
toward a distributed development environment, and only IBM® Ratio-
nal® Jazz® was evaluated in ASD. Our prototype, ArchiKCo (explained
in Section 3.2), is shown in Table 1 in order to contrast its characteris-
tics.

Regarding the implementation of tagging, only three tools have an
auto-complete mechanism to aid during tag assignment. Moreover, most
of them use free tags, i.e., there are no fixed or predefined tags to as-
sign, and users are, therefore, free to write or compose any tag. Free
tagging and unassisted tag assignment could lead to tagging difficulties
and information retrieval problems caused by: (1) a huge number of
tags, known as tag explosion; (2) differences in the interpretation of a
tag’s meaning; (3) an incomplete context in which to understand a tag;
(4) the locality of tags, i.e., tags based on a team’s jargon; (5) tags that
only make sense when used together, known as composite tags, and (6)
tags with the same meaning but written differently, known as obscure
similarity [43].

Despite the above problems, literature reports that developers pre-
fer using free tags because of their low cognitive load for everyday
work [44,45]. Some efforts have been made to develop auto-tagging
mechanisms [46] or tag-based recommender systems [43,47] to re-
duce developers’ cognitive loads to an even greater extent. Sohan et al.
[46] auto-tagging mechanism relates email messages to user stories in
ASD projects with an accuracy of 70%; however, the remaining 30% of
error could cause knowledge retrieval problems. Moreover, the tag rec-
ommender systems TagRec [47] and LS3AutoTagger [43] are promis-
ing means to complement tag assignment and enhance the basic auto-
complete mechanism.

Most of the knowledge retrieval mechanisms shown in Table 1 are
based on tags and/or free text, except eMoose, which “pushes” AK to
the users depending on the coding context. No tools except ArchiKCo
base their knowledge retrieval mechanisms on dates, people and origins
(i.e., a ticket, source code, or any other artifact). This is relevant, since
agile/global developers struggle to find AK because they do not usually
remember who originally provided it, or where and when a certain piece
of AK was posted [19].
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2.3. Architectural knowledge vaporization consequences in agile and global
software development

The major challenges in AGSD are related to communication, cul-
ture, trusted relationships and KM [1,48]. A key success factor in any
software development project is the correct appliance of KM [49], and
consequently of AKM. As stated in Section 2.1, AKM is still a challenge in
AGSD because most AK remains tacit or documented and could, there-
fore, lose meaning over time or in another context, i.e., it is prone to va-
porization. It could be argued that AK vaporization in ASD is mitigated
by practicing shared source code ownership [50], thus making devel-
opers aware of the project’s AK. However, the four distances inherent
in GSD cause inefficient AK sharing, since there are less opportunities
for casual interaction [51] and informal awareness [52]. Shared source
code ownership does not, therefore, have the same effect in AGSD.

AK vaporization could cause the following problems in AGSD
[53,54]: (1) poorly understood requirements and technical solutions;
(2) a lack of knowledge transfer between teams; (3) defects in software
evolution and maintenance, i.e., architectural technical debt [55]; (4) a
lack of visibility in project monitoring, and (5) time wasted by experts
answering the same questions on certain issues and attempting to find
solutions to problems that have already been solved. A consequence of
the last point is that team members could annoy experts: constant ques-
tions could lead to an erosion in interpersonal relationships, which could
affect the knowledge flow [56]. Interpersonal relationship erosion could
be critical when building trusting relationships, which is important for
any agile team. All the aforementioned problems and situations show
the importance of addressing AK vaporization in AGSD. Our approach
to mitigate this phenomenon is presented as follows.

3. A proposal of architectural knowledge condensation

As stated above, AK vaporization hinders the KM cycle because there
is documentation debt. In a previous study [19], we found that UTEM
logs contain valuable documented AK, and that developers attempt to
recover it from those sources. Finding AK in UTEM logs is difficult be-
cause these media are not designed to find knowledge and because AK
storage is unstructured. Moreover, it is difficult to retrieve AK because
it is dispersed among different UTEM, which developers use to commu-
nicate. In this section, we present our contribution to AKM in AGSD,
proposing a means of structuring and retrieving the AK shared using
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Fig. 1. UML state diagram representing SECI model with documented and formalized sub-states, and extended with the vaporization and condensation concepts.

States and transitions in bold are product of our SECI model extension.

UTEM, in which AK structuring is based on a lightweight classification
mechanism. This proposal is called AK Condensation - the opposite of
AK vaporization. We additionally present a prototype that implements
AK Condensation in order to evaluate the proposal’s feasibility.

3.1. Conceptual definition

Explaining the AK Condensation concept implies exploring the va-
porization concept in greater depth. Various authors define AK va-
porization as the disappearance of AK owing to documentation debt
[22,57,58]. However, we propose that vaporization could be a state just
before AK disappears. In AGSD, developers attempt to find AK in UTEM
logs when AK has evaporated from their minds. AK is, therefore, still re-
coverable because UTEM logs contain AK traces [19], which could help
them infer/remember AK. In order to show our concept of AK vapor-
ization and condensation, we extend the SECI model [41]. Fig. 1 shows
the AK vaporized state, which may occur when developers forget tacit
AK or cannot find AK in any kind of unstructured repository (e.g. UTEM
logs). We propose that vaporized AK can be recovered when teammates
help developers remember a piece of AK, or when unstructured AK or
vaporized AK are gathered and structured to ease their retrieval (AK
Condensation). Fig. 1 also shows that condensation is not a means to
convert vaporized AK into AK in formal notation, but simply a step for-
ward to ease AK formalization and reduce AK loss; we consider there
still is a big gap between documented AK in UTEM and formalized AK.
AK Condensation could, therefore, be implemented by considering the
following elements:

1. Accessible UTEM logs. All stakeholders must be able to access
all information from UTEM logs and thus be able to access all the
AK being shared among them.

. UTEM log classification mechanism. There must be a classifi-
cation mechanism to structure the UTEM log information in order
to ease AK retrieval. UTEM include features to find information
in their logs. However, these features do not find AK efficiently
[19]. In addition, developers do not usually remember the ex-
act terms/concepts in which AK was shared and consequently
need a semantic structure associated with the UTEM log to help
them find AK without knowing the exact term to search for. In
addition, this semantic structure would ease the transition from
documented AK and formalized AK in later stages.

. AK searching mechanism. All stakeholders could use the classi-
fication scheme to find valuable AK with less effort in the struc-
tured UTEM logs. The searching mechanism could include any
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other search parameter to ease AK retrieval, e.g., date period,
message sender or message author.

Since AK Condensation is an abstract definition, there could be dif-
ferent ways to develop concrete instances. The following sub-section
explains how we implemented a technological solution based on this
concept.

3.2. Prototype of architectural knowledge condenser

In order to prove the feasibility of AK Condensation, we instantiated
this concept using a technological solution called ArchiKCo, evaluated
by professional developers and students (see Section 4). We based the
ArchiKCo classification mechanism on social tagging, which can be ap-
plied during UTEM interactions. Social tagging is a lightweight and pop-
ular means to classify knowledge, which has been successfully used by
other authors (see Section 2.2). Furthermore, in [59] we observed that
social tagging is not a great effort for agile/distributed developers, and
that they are interested in tagging UTEM messages in order to retrieve
AK in the future.

We based ArchiKCo on Windows and Skype® (as the UTEM log
source), since most of the subjects that were able to evaluate it use them
both in their daily work. Fig. 2 depicts the ArchiKCo operation, show-
ing the activities that implement the three elements of AK Condensation,
along with the common situations described by agile/global developers
(depicted as dialog clouds in Fig. 2); we explain how ArchiKCo imple-
ments each element below.

3.2.1. Accessible UTEM log information

We implemented this part using a Gatherer Service (see Fig. 2, part
A) to periodically extract and send the Skype interaction logs to a
shared repository in the cloud (depicted as a UTEM Messages database
in Fig. 2). We used Algolia* server as a shared repository, since it pro-
vides robust indexing functions that ease the development of a searcher.

3.2.2. UTEM log classification mechanism

In order to avoid the problems related to free tagging [43], we im-
plemented a semi-fixed tagging mechanism (successfully evaluated in
[59]) that allows developers to add user tags with a web application
called Tags Administrator (see Fig. 2, part B). We propose that develop-
ers perform this activity during a development cycle planning meeting,

3 https://www.skype.com/.
4 https://www.algolia.com/.
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Fig. 3. Conceptual model based on UML, representing the aspects involved in AK articulation through use of UTEM by AGSD teams (reproduced from [19]).

since they would already know the key terms to be used during the next
cycle. Every custom tag must be related to a meta-tag from an AK Model,
which represents the AK that developers share; this model was empir-
ically obtained in [19] (see Fig. 3). The aim of relating user tags and
meta-tags is to provide an abstract means to store and find AK, signifying
that when developers wish to recover AK and they do not remember the
exact name of a tag, they can use a meta-tag to conduct an initial search.
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Once the development cycle has started, remote and local developers
could interact using UTEM, tagging messages that contain important AK.
We are aware that developers sometimes make typing errors, or forget
the exact way in which each tag was registered, or even the existence of
certain tags, and have, therefore, developed a tagging helper component
(see Fig. 2, part B) that auto-completes tags while developers are typing
in conversations, whose source was the tag repository (depicted as a



G. Borrego, A.L. Mordn and R.R. Palacio et al.

Tags database in Fig. 2), which was updated using Tags Administrator.
We thus aim to reduce the number of typing errors, ensure that users
are using the exact tag writing and reduce tagging problems [43].

3.2.3. Architectural knowledge searching mechanism

We developed a web-based searcher, called AK searcher (see Fig. 2,
part C), which has three search parameters: (1) free text, in which users
can input any text to be searched for in the message content, along with
the names of the author and recipient of the message; (2) Date range,
from which users can select the period when the knowledge was shared;
and (3) Tag filter, from which users can select the tags from a tag tree, on
which meta-tags and user tags are hierarchically organized. This enables
users to remember which tags are available and then add any number
of them to the tag filter.

Having executed a search, a list of the coincident messages is shown,
along with four panels (see Fig. 2, part C), which show all the related au-
thors, recipients, sources (UTEM from which the messages originated)
and tags of the resulting messages. Developers could apply extra fil-
ters to narrow the results, by clicking onto the panels’ elements. The
tag panel also shows each tag’s parents; for example, if there is a tag
called #nodeMongoDB, which is related to the #Code meta-tag, the tag
panel shows both. We are aware that obtaining AK from a single tagged
message could be difficult. AK searcher includes a feature to obtain the
interaction context of a selected message, in which developers can read
messages that were sent five minutes before and five minutes after a
certain message (see Fig. 2, part C); they can even load messages from
an additional five minutes before or after, if necessary.

3.3. Architectural knowledge condensation in agile and global software
development

Instantiating the AK Condensation concept would give agile/global
developers a lightweight means to structure AK (with a low cognitive
load) while they are interacting with UTEM (maintaining agility), and
an easier means to retrieve dispersed AK from UTEM logs. Our pro-
posal could consequently reduce AK vaporization in AGSD environ-
ments. However, before implementing AK Condensation in a real sce-
nario, we must first determine its concept feasibility in a controlled en-
vironment. We determined this concept feasibility by observing two key
phases: AK structuring and AK retrieval. The following research ques-
tions arose from the latter:

RQ1. Is an assisted semi-fixed tagging mechanism suitable to struc-
ture AK and avoid tagging explosion during UTEM interactions
in AGSD environments?

RQ2. Is it better to search for AK using the ArchiKCo searcher than
by directly using the AK sources (UTEM) in AGSD environments?

RQ2.1. Is ArchiKCo searcher trustworthy as regards finding correct
AK?

RQ2.2. Do developers find the correct knowledge faster using the
ArchiKCo searcher than directly using the AK sources (UTEM)?

RQ2.3. Is the ArchiKCo searcher preferable when searching for AK
rather than directly searching in the UTEM source in AGSD envi-
ronments?

The method employed to determine the feasibility of the AK Con-
densation concept using the ArchiKCo prototype is presented below.

4. Method to evaluate architectural knowledge condensation
feasibility

4.1. Scoping

As stated above, AK structuring and AK retrieval are the key phases of
the AK Condensation concept. We, therefore, designed a two-part eval-
uation to determine the feasibility of the concept presented. We define
these parts below.
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In [59], we observed that social tagging could be a lightweight man-
ner to structure AK, using a semi-fixed and assisted tagging mechanism.
In that study, we added a tagging helper to a web-based messenger,
developed ex-professo, thus giving us full control over the tagging en-
vironment, allowing us to ensure that participants only used registered
tags. The ArchiKCo tagging helper has now been added to Skype, signi-
fying that we do not have sufficient control to avoid unregistered tags.
In order to answer RQ1, the first part of evaluating AK Condensation
comprised an observation study focused on tagging behavior in terms
of registered (valid) tags and obtaining participants’ perceived usability
of the tagging mechanism.

We believe AK Condensation could enhance AK searching in UTEM
logs during AK retrieval. We, therefore, designed the second part as a
quasi-experiment to compare participants’ searching performance when
using ArchiKCo and two UTEM: Skype and Trello (RQ2). This section
presents the method employed to determine the feasibility of AK Con-
densation, which was structured following Wohlin et al. [60] specifica-
tion.

The objective of the whole study is to Analyze the use of the imple-
mentation of the concept of AK Condensation, for the purpose of deter-
mining its feasibility with respect to tagging behavior and AK retrieval,
from the point of view of professional developers and students, in the con-
text of AGSD.

4.2. Planning

4.2.1. Context selection

We had two experimental contexts: industrial AGSD and academia
(replica). The participants in the industrial context were professional de-
velopers from seven Mexican companies: four small® (<100 employees)
and three medium® (100-999 employees). The participant companies
develop software for diverse areas (transportation, health care, internet
of things, administration in general, etc.), have worked in a distributed
or global environment, and all work in an agile manner. The main ob-
jective of working in an industrial context was to attain richer qualita-
tive feedback about the AK Condensation concept. The academia replica
took place at Castilla-La Mancha University in Spain (Spanish acronym,
UCLM) with undergraduate and graduate students from the Superior
School of Computer Science, all of whom had knowledge of AGSD.

4.2.2. Selection of subjects

The subjects of both contexts were chosen for convenience. The
academia subjects were 3rd year undergraduate students, who had al-
ready studied subjects regarding agile methods, programming and soft-
ware design. There were also graduates researching topics related to
software development, who consequently also know about agile meth-
ods and software design. The industry subjects were professionals who
have worked on AGSD projects.

4.2.3. Study design

This study had a within-subject design, since all the treatments were
applied to all the participants. It consisted of two parts: AK structur-
ing and AK retrieval. The first part was an observational study during
which all the participants were mentally situated in a context scenario
to interact in pairs using Skype and the ArchiKCo tagging helper (with
predefined user tags) and following a chatting script containing seven
marks suggesting what to tag. Since the participants did not register the
user tags in the catalog, they were free to assign unregistered tags if they
did not find one that fitted a certain message.

In the AK retrieval part, the participants had to answer a 12-question
survey concerning the context scenario in an attempt to emulate AK
needs. The survey answers were stored in the Skype log generated in
the previous part, and on a Trello board that contains user stories and

5 https://www.gartner.com/it-glossary/smbs-small-and-midsize-businesses/.
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comments related to the same context scenario. We chose Trello as a
second UTEM because it is easy to use and commonly used by the par-
ticipants. Eight survey questions indicated which media to use to search
for the answer: Skype, Trello or AK Searcher, which contains the logs of
both UTEM. The participants were free to choose the media they pre-
ferred to search for answers to the last four questions, which were de-
signed so that the answers to questions 9 and 10 could be found using
Skype or AK Searcher, and the answers to questions 11 and 12 could
be found using Trello or AK Searcher. We consider that this part was
a crossover quasi-experiment with one factor and three treatments, in
which only two comparisons are relevant: AK Searcher/Skype and AK
Searcher/Trello.

4.2.4. Variables selection

In the AK retrieval part, the independent variable was represented
by the different media used to search for AK. There is no independent
variable for the AK structuring part, since it is an observational study.
The dependent variables were: tag validity, i.e., number of registered
and unregistered tag instances used by participants during the chatting
session; media preference, i.e., percentage of time a participant used a
certain media to search for AK; correctness of answers, percentage of
correct AK found per media; and time required to find correct knowl-
edge.

4.2.5. Hypotheses formulation
In this part, we present the four study hypotheses, which are directly
related to the dependent variables defined above.

* Horagsvalidity: There is no difference between the number of valid
and invalid tag instances used during the UTEM interaction.

* Hopreference: There is no difference as regards to the preference
to search for knowledge using any of the media provided.

* Hycorrecteness: There is no difference in the percentage of correct
answers found using any of the media provided.

* Hyrime: There is no difference in the time required to find correct
answers using any of the media provided.

4.2.6. Instrumentation
Below, we present the instruments developed in order to conduct
this study as it was designed.

.

Context scenario. This scenario concerned two agile develop-
ers from different companies and locations working on the same
project (medical appointments system), one of whom required in-
formation about a RESTful service that the other was developing.
They had documentation debt, and consequently had to acquire
the project AK by asking each other questions.

Chatting scripts. Each pair of participants had to follow 2 scripts
(one per scenario role) to simulate a technical conversation tak-
ing place using Skype regarding the context scenario.

SUS questionnaire. We prepared a questionnaire based on the
System Usability Scale [61] (SUS)using a Likert-7 scale and fo-
cused on the Tagging Helper. We added two SUS-style questions
(one positive and the other negative) to explore the participants’
perceptions of the helper’s unobtrusiveness. This questionnaire
also included an open-ended question to request suggestions re-
garding the Tagging Helper.

Extended TAM questionnaire. We prepared a questionnaire
based on the Technology Acceptance Model [62] (TAM) using
a Likert-7 scale and focused on the AK Searcher. We added ques-
tions concerning reductions in interruptions (one question), find-
ing relevant AK easily and in a timely manner (three questions)
and the participants’ overall impression of the whole ArchiKCo
prototype (two questions).
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* 12-questions survey. This survey was uploaded onto LimeSur-
vey.® To compare the participants’ performance using AK
Searcher versus Skype and Trello, we created two survey versions
(one for each pair member), in which we varied the indicated
media per question. For instance, while one pair member was re-
quired to answer a question using Trello, the other pair member
was required to answer the same question using AK Searcher; and
the same between Skype and AK Searcher.

4.3. Operation

4.3.1. Preparation

We deployed an ArchiKCo instance for each pair of participants and
registered 10 user tags linked to different meta-tags related to the con-
text scenario. The user tags were: IPService, TestsREST (related to Tech-
nologicalSupport meta-tag); RestApikey, RestSecurity, Encryption, Test-
Data, RESTResource, RESTResponse (related to Code meta-tag); Angu-
larEncryption (related to Component meta-tag); and UserStory (related
to Documentation). We pre-defined tags because each participant pair
could define a different set of tags, which hindered the tagging behav-
ior analysis. We additionally carried out a pilot test, which showed that
the pre-defined tags really accorded with the context scenario. We also
added five cards to a Trello public board on which fictitious members
of the development team provided user story clarifications. Finally, we
activated the two versions of the 12-question survey.

4.3.2. Execution

We first carried out the study in the industrial context with 30 pro-
fessionals (average age = 28, SD = 3.9), 10 from the medium-sized com-
panies, and the rest from the small ones. The industry participants had
experience in ASD (average of 3.1 years’ experience, SD = 1.9) and in
GSD (average of 2 years’ experience, SD = 1.4). The study in UCLM was
carried out three months after the industry study, with 30 students (av-
erage age = 24.1, SD = 3.5): four graduates and 26 undergraduates. The
experiment took place in three sessions per week for both contexts, so
not all participant began on the same day. These sessions are explained
below.

« Installation session (duration ~ 10 min). The participants were
given an overall explanation of the study sessions along with
their objectives. We organized the participants into pairs and then
helped them configure the tagging helper (to work with Skype)
and the Skype extractor (to send each pair’s conversations to a
shared server).

Solving scenario session (duration ~ 25 min). We gave the par-
ticipants a short training session regarding how to use the tagging
helper (three minutes, approx.), and they quickly explored the
available tags (two minutes, approx.). We then described the sce-
nario in which they would be located to carry out the tasks, and
assigned a role to each pair member: either the developer work-
ing on the RESTful service or the developer who wished to use
it. Each member of each pair sat in a different part of the session
room, ensuring they had no visual contact, as if they were geo-
graphically distributed. We asked them to avoid talking to each
other to better emulate an environment of geographic distribu-
tion. They then used Skype to chat, following the corresponding
script, and tagging aided by the Tagging helper. We also told
them that they could tag any message as they considered neces-
sary, and that they could write a new tag (unregistered/invalid
tag) if they could not find one that fitted a certain message on
the options shown by Tagging helper. After the participants had
finished following the chat script, they answered the SUS-based
questionnaire.

6 https://www.limesurvey.org/.
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+ Searching session (duration ~ 20 min). This session took place
two days after the chatting session to prevent the participants
from being able to remember the chat topics, thus mitigating the
learning effect. The participants were required to answer the 12-
question survey easily. The version of the electronic survey was
assigned to each pair member randomly. The participants were
trained to search in the three different media, after which we
explained that each question indicated where to search for the
answer, along with the fact that they could answer “I don’t know”
if they were unable to find any information. They then responded
to the corresponding electronic survey and finally to the extended
TAM questionnaire.

4.3.3. Data collection

The tags’ validity was determined by obtaining all the tagged mes-
sages and comparing them with the tags catalog (user tags and meta-
tags) to obtain the number of valid and invalid tags per participant. Re-
garding media preference, each 12-question survey had a field for the
last four questions in which the participants indicated the media used
to obtain the answer. We, therefore, counted only the number of an-
swers for each media. Correctness of answers was obtaining by manually
checking each one. The time required to find the correct knowledge was
measured using LimeSurvey, which registers the time that has elapsed
between the presentation of a question and that at which the participant
clicks onto the next button to pass to the next question. Finally, we ob-
tained the qualitative perception about Tagging Helper and AK Searcher
using the results of the SUS and TAM questionnaires, respectively.

4.3.4. Data validation

The AK retrieval part of the industry context was conducted in the
respective participant companies. We could not avoid interruptions dur-
ing the session and the time required to find the correct knowledge was
consequently affected. We, therefore, take into account only the time
data from the academic context.

5. Results

The results obtained are presented in three parts: (1) the results of the
AK retrieval part including the Tagging helper usability perception; (2)
those of the AK retrieval part including the participants’ perceptions of
AK Searcher; and (3) the participants’ overall perceptions of ArchiKCo.

5.1. AK structuring part

In this section, we analyze how the participants tagged messages us-
ing the tagging helper and its usability perception. During the tag anal-
ysis, we also identified tag instances that were used correctly in terms
of their semantics. The results are consequently presented in terms of
tag validity, tag correctness and Tagging Helper usability and unobtru-
siveness.

5.1.1. Tags validity

Fig. 4 shows that most of the professionals (80% approx.) used be-
tween six and nine tag instances during the chatting session, while the
UCLM students (80% approx.) used between three and eight tag in-
stances. A considerable percentage of the participants (50% approx.),
therefore, used valid tags as required, or more, i.e., at least seven tagged
messages. Moreover, some participants used 12 or more valid tag in-
stances (13% approx.), i.e., at least five instances more than expected.
We can, therefore, interpret that they had the initiative to tag messages
when this was not suggested in the script.

Upon considering invalid tag instances, 23% of the professionals did
not use invalid tags, while only 6% of UCLM students did not do so (see
Fig. 4). Furthermore, around 73% of the professionals used between one
and three invalid tag instances, while 83% of the UCLM students used
between one and six invalid tag instances. Invalid tags also represent
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new tags, and in this respect, 53% of the UCLM students used between
one and three instances of new tags, while only 23% of the profession-
als used one new tag instance (see Fig. 4). However, 33% of the UCLM
students used between four and eight new tag instances, indicating their
disposition to tag messages or their inexperience with the script topics,
signifying that they had to create new tags that would fit their knowl-
edge. Fig. 4 also shows that around 50% of all the participants made no
typing errors in the tag instances, and that 46% of the participants had
only one or two “typos”. This could mean that the Tagging Helper really
helped them obtain a low error rate.

5.1.2. Tagging correctness

Around 13% of all the participants had no semantic errors when
using tag instances, and 40% used only one or two tag instances er-
roneously (see Fig. 4). This is significant, because the participants did
not know the exact semantics of the tags beforehand. However, 50%
of the professionals had between three and five instances of incorrect
use, while only 23% of the UCLM students did so in the same range. Re-
garding the correctly used tag instances, 78% of all the participants had
between two and six correct instances, and the professionals registered
more variability than the UCLM students (see Fig. 4). Finally, around
13% of the participants registered between eight and ten correctly used
instances, again highlighting that they did not know the tags in advance.

5.1.3. Overall tagging behavior

To summarize the tagging behavior (see Fig. 5), the participants used
more valid tag instances (75%) than invalid ones (25%), and more tag
instances were used correctly (47%) than incorrectly (28%). Both differ-
ences were confirmed statistically using the Wilcoxon Signed-Rank Test
(a = 0.05): valid vs. invalid instances — p-value = 0; correct vs. incorrect
instances — p-value = 0.000008. Moreover, there were 18% of new tag
instances and only 7% of typing errors, which was also statistically sig-
nificant using the same test (p-value = 0.0056). This signifies that the
invalid instances resulted more from the need for new tags than from
errors caused by the tagging mechanism.

We also noticed that 38% of the correct tag instances were unex-
pected (see Fig. 5), i.e., tag instances that fitted the message’s semantics
but that the participants were not expected to use, or that instances were
even used in messages in which we did not suggest tagging. Unexpected
tags comprise 26% of user tags and 12% of meta-tags. These meta-tags
were: Technological Support, Component, Software, Code, and Neces-
sity. These meta-tags would, therefore, appear to be intuitive, since we
did not explain their meaning.

5.1.4. Tagging helper usability and unobtrusiveness

We obtained the scores from all the SUS questionnaires and trans-
formed them according to the curved grading scale [63], including the
two questions regarding unobtrusiveness. Tagging helper obtained an
averaged SUS score of 77 (SD = 13, med. = 78 = B+), correspond-
ing to a B grade, and represents a good usability perception [64]. Both
sets of participants had similar usability perceptions. However, around
20% of the professionals had lower usability perceptions (grades D and
F). This was mainly owing to the mechanism employed to select a tag
and navigate through the suggestion list; it was necessary to press the
<Alt> + arrows to navigate, and the <Alt>+ <Enter> to select a tag.
Moreover, both sets of participants had similar unobtrusiveness percep-
tions; we obtained an average unobtrusiveness score of 72 (SD = 20,
med. = 83 = A), which corresponds to a C+ grade. In this case, 30% of
the UCLM students and 17% of the professionals considered that Tag-
ging Helper would be obtrusive in their daily work. Upon analyzing the
participants’ comments, we concluded that this was caused by the navi-
gation and selection mechanism and also by the low availability of tags,
since the participants did not create/register the tags.

In summary, we observed a significant rate of valid tag instances
used correctly during the chat session, with a low rate of typing er-
rors. This behavior could lead to a reduction in tag explosion and its
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Fig. 5. A=Distribution of all tag instances (valid and invalid), detailing valid tags. B = Distribution of all tag instances (valid and invalid), detailing invalid tags.
C=Distribution of correct tag instances (expected and unexpected), detailing unexpected.

related problems. Moreover, Tagging Helper has a great chance of being
adopted to structure AK, since it is perceived as usable and unobtrusive.

5.2. AK retrieval

5.2.1. Media preference results

The participants preferred AK Searcher to Skype and Trello when
answering all the questions (see Fig. 6, part A). There were ques-
tions to which the participants could not find the answers and did
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not, therefore, register a preferred media. Focusing only on the an-
swered questions, and considering both participant profiles (profes-
sionals and students), AK Searcher and Skype obtained preferences of
69% and 31%, respectively, by joining the preferences attained for
questions 9 and 10. AK Searcher and Trello similarly obtained pref-
erences of 71% and 29%, respectively, when joining the preferences
attained for questions 11 and 12. Since using the data obtained for
each question was insufficient for the use of a paired test such as
the Wilcoxon Signed-Rank Test, we applied goodness of fit tests based
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AK Searcher and Skype. C= Answering average times per question type. Vertical lines in B and C represent standard deviation.

on X2(a = 0.05), supposing a uniform distribution for media prefer-
ence. There is sufficient evidence to state that the participants’ pref-
erences are not uniformly distributed (AK Searcher/Skype questions:

=16.69, p-value < 0.001; AK Searcher/Trello questions: X2 = 18.925,
p-value < 0.001) and that there is, therefore, a tendency to prefer
AK Searcher in all cases. We can, therefore, reject the null hypothe-
sis Hypreference SinCe there was a significant difference in the preferred
media.

5.2.2. Correctness of the results

Fig. 6 (part B) shows there were cases in which participants using
AK Searcher obtained a higher correctness of answers than when using
Skype, while there were others in which they obtained a lower correct-
ness of answers than when using Skype, and yet others in which the
correctness of the answers was the same for both media. Furthermore,
both sets of participants behaved in a similar way when using either
AK Searcher or Trello (see Fig. 6, part B). However, in this case, AK
Searcher appears to have obtained a higher correctness of answers in
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more cases. We grouped the correctness data regarding questions 1-4,
9 and 10 (AK Searcher vs Skype), and questions 5-8, 11 and 12 (AK
Searcher vs. Trello) of both participants’ profiles to obtain two paired
sets of data (AK Searcher vs. Skype and AK Searcher vs. Trello), each of
which contained 12 elements, i.e., the results obtained for six of the stu-
dents’ questions and six of the professionals’ questions. We then applied
the Wilcoxon Signed-Rank Test (a = 0.05) to both sets, and obtained
that there is no difference among the correctness of answers when using
AK Searcher or Trello (W=15 > W,_q o5 = 3), or using AK Searcher or
Skype (W=30 > W,_q o5 = 10). It is not, therefore, possible to reject
the null hypothesis Hycorrecteness-

5.2.3. Time to find correct answers

Fig. 6 (part C) shows the time required to obtain answers with AK
Searcher was higher than that required when using Skype for most of
the questions in which the media required to search for the answer
was indicated (questions 1-8). However, when the participants were
free to choose any media (questions 9-12), less time was required to
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obtain answers with AK Searcher than with Skype and Trello. We
grouped the data by media and type of questions (free media choice
or indicated media) such that we obtained four groups: (1) indicated
media — Skype vs. AK Searcher, (2) indicated media — Trello vs. AK
Searcher, (3) free media choice — Skype vs. AK Searcher, and (4) free
media choice — Trello vs. AK Searcher. We determined whether there
was a statistical difference within these groups by applying a Mann-
Whitney U Test (a¢ = 0.05), because the samples are not paired, since
we consider only the time required to find the correct answers. In the
case of questions with an indicated media, there is a large difference in
the answering time (p-value = 0.009) between AK Searcher and Skype,
indicating that the participants found the correct answers faster when
using Skype. In the same case, there is no considerable difference be-
tween AK Searcher and Trello (p-value = 0.153), although the partic-
ipants were, on average, faster when using AK Searcher. In the case
of questions with a free media choice, there is a large difference in the
answering time (p-value = 0.045) between AK Searcher and Trello, indi-
cating that the participants found the correct answers faster when using
AK Searcher. However, there is no considerable difference between AK
Searcher and Skype (p-value = 0.254), although the participants were,
on average, faster when using AK Searcher. We can, therefore, reject
the null hypothesis Hypime, Since there were cases in which the partic-
ipants were faster when using AK Searcher and others in which they
were faster when using Skype.

5.2.4. Extended TAM results

The results of the extended TAM questionnaire showed that AK
Searcher is extremely useful (median = mode = 6) and easy to use (me-
dian = mode = 6). The participants perceived that AK Searcher could
help them find important AK in a timely manner (median = mode = 6).
They also perceived that interruptions could be reduced using AK
Searcher (median = mode = 6), since they would have a source of
AK other than that of their teammates. It was also perceived that AK
Searcher could ease the discovery of AK during development cycles (me-
dian = mode = 6).

5.2.5. AK retrieval results summary

AK Searcher was greatly preferred by the participants when search-
ing for AK, which is supported by the perceptions presented above.
Our results also provide evidence that professionals may perform bet-
ter when locating knowledge if they use AK Searcher rather than Trello
or Skype when they do not know the knowledge source. Finally, AK
Searcher could be trustworthy when searching for knowledge, since the
participants obtained a high percentage of correct answers and there
was no significant difference between this percentage and that obtained
with Skype or Trello.

5.2.6. Lessons learned by using Archikco prototype

We included a question in the TAM questionnaire to obtain a rating
for the ArchiKCo prototype: a median of 8 (mode=8) on a scale of 10.
We were additionally able to learn some lessons from this study, which
we grouped into AK structuring, AK retrieval and AK Condensation.

5.2.7. AK structuring

The participants stated that they have to get used to tagging their
conversations. However, we believe that getting used to tagging could
be easy because people are currently used to tagging in social networks.
Furthermore, the participants suggested some enhancements to Tagging
Helper: an automatic tagging or smart tag suggestion depending on the
conversation topics, adding tags during the conversation, and selecting
tags from a trending topic list. Finally, some participants struggled with
the mechanism employed to browse tags in Tagging Helper, which was
affected by Skype’s keyboard functions. This mechanism could, there-
fore, vary regarding the UTEM selected.
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5.2.8. AK retrieval

Some participants commented that tags were not relevant during AK
retrieval; one participant stated, “I would end up not using labels, since I
would look for words, not for labels”. In fact, while the participants were
using AK Searcher, we observed that most of them preferred to search
using free text, but some of them used tags to refine the results.

Regarding detail browsing interactions, this should change depend-
ing on the type of media: synchronous or asynchronous media; for
instance, in asynchronous media, the time that elapses between mes-
sages could be more than five minutes, which is the time window that
searchers have configured by default. We discuss this topic at greater
length in the discussion section.

We also noticed that there should be a means to exclude informal
messages from the repository. In this respect, one participant said AK
Searcher “could cause a lot of distraction because really important conver-
sations are mixed with personal conversations, jokes, etc.”; this situation
could be problematic for AK retrieval.

5.2.9. AK condensation

Most of the participants commented that AK Condensation could
speed up AK retrieval, reduce interruptions and reduce the repetition of
information among teammates. The participants also appreciated that
AK Searcher could be a single point of reference, rather than searching
in multiple sources multiple times. In this respect, one participant stated:
“...notes and requirements are not discussed in the same place... there are
conflicts because not all the parties have access to this information all the
time.”

6. Threats to validity

In order to understand to what extent the results are valid and how
they can be used, a discussion regarding the validity threats is presented
below according to Wohlin et al. [60] specification.

6.1. Conclusion validity

This study comprised participants from different backgrounds, but
all of them were familiar with Skype and Trello. However, in order
to balance the participants’ knowledge, they received a brief amount
of training regarding how to search for information in these media.
We are aware that the participants could have been biased toward AK
Searcher, because it was introduced as a new tool, or because they might
have wanted to please us; however, their participation was anonymous.
Moreover, we did not have previous contact with them before or after
the evaluation and there was, therefore, no reason to try to please us.
Moreover, the researchers were not close to the participants during the
tasks in which they were free to choose one of the three available me-
dia. Furthermore, we are aware that the evaluation period was, perhaps,
short. However, the results indicate an initial trend. It is also significant
that, despite the short time and the use of a new tool, (people do not
generally like to change their way of working) the subjects preferred
AK Searcher when they did not know the location of a certain piece of
knowledge.

6.2. Internal validity

All the participants were volunteers and showed a great interest in
collaborating in this study. In addition, the study sessions were short to
prevent them from getting bored or tired. We attempted to avoid learn-
ing effects by using a counterbalancing technique, i.e., we placed the
participants in groups and presented the conditions (indicated media to
search) to each group in a different order (see Section 4.3.2). Regard-
ing persistence effects, the study was run with subjects who had never
taken part in a similar study. Moreover, the participants did not have
any previous knowledge of the context scenario, since it was fictitious.
Furthermore, we conducted the searching session two days after the
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chatting session to avoid the situation of the participants remembering
all the details about the script topics. In order to clearly observe the re-
sults of the treatments on the participants’ performances, they received
the same set of questions to be searched for in the three media. All the
questions could be answered using the indicated media, thus reducing
the risk of the participants not being able to find the correct answer.
The Wilcoxon Signed-Rank Test confirmed that there was no significant
difference in the correct answers according to the media used, and the
results are consequently independent of the study package.

6.3. Construct validity

We measured the time required to answer a question using a Limesur-
vey feature, which registers the time between a question being shown
and the participant clicking onto the button to show the next one. This
time could have been affected by the participants’ reading speed and
by the time needed to understand the question. We considered that the
participants had similar abilities and this threat could, therefore, have
been reduced by the arrangement of the sets. In order to discover the
perceptions of Tagging Helper as regards unobtrusiveness, we extended
the standard SUS questionnaire by adding two questions (one positive
and the other negative), which were also processed by following the
steps required to obtain the SUS score. This extension provided us with
a structured means to obtain the participants’ perceptions of topics that
the conventional SUS questionnaire does not include.

6.4. External validity

We identified two main threats to external validity: subjects and
tasks/materials. Regarding subjects, we also included students in order
to have more controlled conditions in an academic context. Unfortu-
nately, these students had no experience of real AGSD projects, but they
had taken courses concerning ASD and GSD during their university ed-
ucation. We included professional developers with experience in AGSD
to enforce external validity. Concerning tasks/materials, the chatting
scripts were based on a fictitious scenario, but with real world charac-
teristics. Although, tagging was suggested in the scripts, the participants
also tagged messages using their own initiative. Moreover, the need for
AK was motivated by a questionnaire, not by a project necessity. Real
scenarios should, therefore, be considered, as they are supposedly more
complex and articulated.

7. Discussion

In this paper, we propose the concept of AK Condensation and
present its implementation (ArchiKCo), which was evaluated to deter-
mine the feasibility of this concept. These evaluation results are dis-
cussed in three parts: (1) AK classification mechanism, (2) AK searching
mechanism, and (3) Feasibility of AK Condensation.

7.1. AK classification mechanism

Literature reports that developers prefer using free tags in tagging
systems, given their low cognitive load in everyday work [44,45].
We based our AK classification mechanism on an assisted tagging
mechanism (Tagging Helper), as IBM® Rational® Jazz® [44], TagSEA
[45] and eMoose [65] do. However, we included predefined user tags,
which are in turn associated with a fixed set of meta-tags, rather than
just allowing free tagging. Our results do not reflect that the participants
disliked using predefined tags, and they merely stated that it would have
been better if they could have defined the tags that they used during the
evaluation. However, we should explore the participants’ perceptions in
more long-term studies. The participants also stated that it might be ap-
propriate to include a mechanism by which to add tags on the fly or a
smarter tag suggestion (based on the context of the topics), but none of
them mentioned free tagging.
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The participants did not show any sign of disliking tag conversation
messages and around 50% of them used the expected number of tag in-
stances (seven instances). In a previous study [59], around 90% of the
participants used at least the number of tag instances provided, although
in that case, only three suggestions were marked in the scripts, which
were also shorter. Both results show evidence that developers may need
to tag messages during conversations, thus indicating that an AK classi-
fication mechanism based on social tagging could be successful.

We decided to use an assisted tagging mechanism to avoid problems
such as tag explosion, which could ruin the AK classification mecha-
nism. Our results do not show any signs of tag explosion. Despite the
fact that we allowed the participants to use new tags if they consid-
ered it necessary, there were only 18% of instances of unregistered tags.
This tagging mechanism could also help reduce the problem of obscure
similarity [43], since the participants selected a tag from a suggestion
list and messages were, therefore, tagged with correctly written tag in-
stances. In that respect, there were only 7% of tag typing errors during
the chatting sessions. This low error rate also contributed to keeping the
AK classification mechanism functional.

Although the participants did not know the registered tags before-
hand, significantly more tag instances were correctly (47%) rather than
incorrectly used. This means the tags’ semantics corresponded to the
message topics. However, this tagging accuracy is lower than that ob-
tained by Sohan et al. [46], who used an intelligent auto-tagging mech-
anism (70% accuracy). We believe that the accuracy of Tagging Helper
could be increased in future evaluations if the participants define their
own tags.

In our previous study [59], 30% of the participants used meta-tags
correctly, while in the present study this percentage increased to 43%.
This could, therefore, be considered as evidence that the conceptual
model entities on which meta-tags are based are expressive and are
related to AGSD-type situations in terms of AK. However, we should
conduct studies focused only on the refinement of the model.

These results lead us to believe that Tagging Helper could be part
of a good AK classification mechanism for use during UTEM conversa-
tions. Although the participants perceived Tagging Helper to be usable
(SUS score 77 = B grade), this perception was lower than that attained in
our previous study [59] (SUS score 87 = A+ grade = Excellent according
to Bangor et al. [64]), in which we evaluated another implementation
of Tagging Helper that was integrated into a custom Web instant mes-
senger. In that study, we had absolute control over the autocomplete
features and the participants, therefore, reported fewer problems with
tag selection and navigation. However, the implementation employed in
this study was integrated into Skype, signifying that we had to adapt the
selection and navigation features so as not to interfere with the Skype
features. Despite this difference in usability, the Skype-based Tagging
Helper was perceived as unobtrusive (score 72 = C+ grade), but we
believe that this perception could be improved if tag navigation and se-
lection are also improved. Nevertheless, some participants stated that it
was just a matter of getting used to the helper’s features.

7.2. AK searching mechanism

Our results indicated that AK Searcher is a trustworthy application
that is preferred by developers when searching for AK, because users
tend to find AK faster than in UTEM when they do not know the knowl-
edge source. However, AK Searcher was slower than Skype when we in-
dicated a media in which to search. This could have been caused by the
user interface design. While searching in Skype consists of at least three
steps: (1) Ctrl+F to show the search textbox, (2) write text to search, (3)
press <Enter>, AK Searcher requires two more steps to show a specific
result: (1) write text to search, (2) press <Enter>, (3) look for an in-
teresting result item, (4) open corresponding conversation, (5) look for
knowledge in conversation. In a real situation, therefore, if a developer
remembers the source of a certain item of knowledge, it might be bet-
ter to search directly in that source. However, if a developer does not
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remember the AK source and needs more than free text searching to
find a specific item of knowledge, AK Searcher would be the best op-
tion, since it offers more parameters in which to carry out a search and
refine the result set.

During the searching session, we observed that participants barely
used the proposed classification mechanism to find knowledge, although
they commented that tagging conversations is an interesting way to
search for knowledge later. We believe that tags are more useful to
search for AK if a developer wishes to attain knowledge from a general
view to a detailed view. For example, when a new team member needs
to acquire AK of the team’s project, a good starting point might be to
explore the existing tags and then explore the comments of a particular
tag in greater depth.

The participants’ comments and our observations led us to realize
that improvements should be made to AK Searcher, one of which is to
present the results differently depending on whether the AK source is a
synchronous or an asynchronous UTEM. In our study, Trello could be
considered as asynchronous, since card comments are not received as
frequently as Skype messages in a conversation. The AK Searcher feature
used to show a range of messages 5 min before and after a selected
message may, therefore, be useless, since Trello comments could have
a greater time difference. The same problem would occur with other
asynchronous media (e.g. email). Another improvement would be to
include a feature to show only tagged messages in the first result set.
The problem of showing irrelevant messages (e.g. personal interactions,
jokes, etc.) could, therefore, be reduced because these kinds of messages
would not be tagged. Another way to reduce this problem would be
to add exclusion tags that tell the Gatherer Service not to send certain
messages to the repository.

To the best of our knowledge, there is no similar AKM research tool
to ArchiKCo. The important differences between the reported tools (see
Section 2.2) and our approach are: (1) they are not focused on searching
for AK sourced in electronic interactions; (2) almost all of them are based
solely on free text searching, and only TagSEA [45] and IBM® Rational®
Jazz® [44] include extra parameters(e.g. tags or waypoints); (3) they do
not have features to refine a result set; (4) they do not integrate AK from
different sources (IBM® Rational® Jazz® could be configured to do so,
but the paper [44] that refers to this does not present any integration),
and (5) they do not present empirical results regarding searching in their
respective papers. All these differences prevent us from making a direct
comparison with our results.

Despite the improvement opportunities, AK Searcher was perceived
to be a usable and useful media that eases the discovery of AK during an
AGSD cycle, which could reduce interruptions among teammates when
they have questions about the project architecture. Moreover, the par-
ticipants perceived that AK Searcher would allow them to find AK in a
timely manner, as required in an agile environment.

7.3. Feasibility of AK condensation

Agile/global developers know that UTEM logs contain important AK
and they, therefore, need to search for architectural topics in those logs.
However, they often spend too much time searching for AK because it
is dispersed throughout different UTEM. The results obtained provide
sufficient evidence to state that it could be feasible to implement the AK
Condensation concept in AGSD for the following reasons.

» UTEM logs lack a structure that eases AK searching. We have, there-
fore, proposed a classification mechanism based on assisted social
tagging. The participants used this mechanism well and it was per-
ceived to be useful and unobtrusive. The results showed that ag-
ile/global developers could tag UTEM interactions accurately, even
if they do not know the tags’ meaning beforehand. In a real situa-
tion, developers should be careful to define useful tags, and to tag
in a correct manner, since they are the most interested in retrieving
AK from UTEM logs, because documentation debt is often present
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in AGSD environments. Furthermore, when developers tag during
UTEM interactions, they are able to tag coherently because they are
aware of the interaction topic. The evaluation results, therefore, al-
low us to state that (RQ1) social tagging is suitable and feasible to
classify AK in AGSD because: (1) it is usable and unobtrusive, (2)
agile/global developers could classify AK correctly, and (3) it is in-
tegrated into the agile work style.

The AK retrieval mechanism was well received by the participants,
since it integrates different AK sources, and they thus preferred
searching for AK using this mechanism than searching directly in
each UTEM. What is more, the participants tended to discover AK
faster than when doing so directly in UTEM, particularly when they
did not know which UTEM contained the AK required. The partici-
pants perceived that the AK retrieval mechanism was useful and us-
able. Furthermore, since AK is previously structured by the classifica-
tion mechanism, AK retrieval could be easier and quicker than code
analysis, even if the developers do not know the terms required to
search for AK, because tags are linked to meta-tags that have a fixed
meaning. Meta-tags could, therefore, be a guide to find AK, since
they would not lose meaning overtime. However, we must conduct
a long-term evaluation to better assert this. The evaluation results,
therefore, show that the AK retrieval mechanism is (RQ2) suitable
and feasible to help agile/global developers obtain AK from UTEM
logs, because the mechanism is (1) useful and usable, and (2) the
AK retrieval performance was better using the proposed mechanism
when developers ignored which UTEM log contained the required
knowledge.

Implementing the AK Condensation concept could help reduce AK
vaporization in AGSD environments, taking into account the global
and distribution aspects, without affecting the teams’ agility. Further-
more, by reducing AK vaporization in AGSD, problems related to wasted
time, software defects, and software projects’ technical understanding
[53,54] could be also reduced. It is worth recalling that we are pre-
senting a single means to implement the concept of AK Condensation.
Different implementations could be created solely by considering the
basic items of this concept. It might be interesting to evaluate another
implementation to confirm the feasibility of AK Condensation.

8. Conclusions and future work

In this paper, we present the concept of AK Condensation, which
consists of structuring and retrieving AK shared by means of UTEM to
reduce its vaporization in an AGSD environment. We also present an
implementation of this concept, which was evaluated to determine AK
Condensation feasibility. The evaluation results allowed us to determine
that this concept could be feasible in AGSD environments.

On the one hand, these results could be attractive for AGSD practi-
tioners, since an implementation of AK Condensation could reduce the
amount of time wasted trying to find solutions to past problems, along
with reducing the number of interruptions among teammates, since an
additional source of AK would be available, i.e., an AK Condenser. In
addition, AGSD practitioners might be interested in an implementation
of AK Condensation because it could be a workaround to documentation
debt, a means to alleviate architectural technical debt, and thus reduce
AK vaporization. However, we are aware that there are cases of AGSD
teams in which there is even a team of architects in charge of all the
projects’ architectural issues, as this is also reported in the empirical
studies conducted by Clerc et al. [7], Razzak & Smite [66], and Alzoubi
& Gill [67]. AK vaporization could, therefore, occur less frequently than
in companies in which there is not a role or team that has these respon-
sibilities. This leads us to believe that AK Condensation may be more
appropriate for small and medium-sized AGSD companies,” which do
not have sufficient resources and infrastructure to have an architect role.

7 https://www.gartner.com/it-glossary/smbs-small-and-midsize-businesses.
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On the other hand, our results may be interesting for software en-
gineering researchers, since AK Condensation represents a convenient
way in which to manage AK without much obstruction to the devel-
opers’ work in AGSD. It may, therefore, be worth continuing exploring
the UTEM logs as an AK source. Furthermore, AK Condensation repre-
sents a first step toward converting AK from tacit to explicit in a formal-
ized manner [41] (e.g. UML notation), since AK would be structured by
a classification scheme, which could ease the formal representation of
this knowledge. Moreover, the impact of AK Condensation on the tran-
sitions between tacit and explicit knowledge and vice-versa (expressed
using the SECI model [68]) could be explored in the future, owing to the
close relation between AK Condensation and these two types of knowl-
edge.

As future work, we shall improve ArchiKCo by using artificial in-
telligence to ease tag selection, adding a context aware suggestion fea-
ture to the Tagging Helper component. We shall also develop new ver-
sions of this component that will run with other UTEM, such as Trello,
Slack, Jabber or Outlook, to be able to conduct studies in other con-
texts. AK Searcher must be adapted to these UTEM, since there will be
synchronous and asynchronous media, and the frequencies of messages
are different. Another improvement is the inclusion of a feature to ex-
clude personal messages, such that only work-related messages would
be considered during the search. In order to conduct evaluations in real
scenarios, we must also include a strategy to motivate developers to
tag. This strategy could be the following: when a developer finds a use-
ful AK, s/he could qualify the message author, which could incentivize
the best-qualified tagger. Finally, evaluations in real scenarios will allow
us to refine the meta-tag model, and to observe how AK Condensation
is conducted during pressure scenarios, thus enabling us to observe the
implications as regards adopting the concept in AGSD.
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ARTICULDO ACEPTADO

Clasificando conocimiento arquitecténico a traveés
de téenicas de mineria de texto
Samnel Gonzilez-Lipez, Gilberto Borrego Soto, Aurelio Lopez-Lopez y Alberto L. Mao-

ran y Solares

Introduerion

En los iltimos afis. el desarrollo agil de softwars
([2AS) ha desplazadno al desarvollo basado en planes (con-
vencicnal ), debido a que el TIAS se adapta a situaciones
de requevimientos cambiantes. al incremento de la pro-
ductividad. a la reduccidn de difortos y costos de sofe-
ware y a que jos prodiscios ingresan rapidamentse al mer-
cadi. La adapeidn del THAR ha sido tal, gue empreesas de
de=arrollo global de software [DGS), basado en equipos
virtuales distribuidos geopraficaments, va trabajan bajo
ese pupema; es decie, aplivan el desarrello agil global de
sodtware (DAGS), Tradiciosstinente, en el TGS la comu-
micacion se baza en documentos {conocimiento explivite)
para disminuir el efecto de las 4 distancias [fisiea, tompo-
ral. lingitistica y coltural) progias del IVGES. En cambio,
en el AR se prefiere la interaceion personal (cars a ca-
ra) sobre el seguimiento de procesos, asi como el software
funcionamdo sobre uns docomentacion exhavstiva, Esto
mestes un antagoniEms intorno en el TAGS: por un la-
do se prefiers el conceimiento thrito [interaecicn cara a
cara) y por el ofro, se prefiere el conocimiento explicico.

En los equipos THAGS peedominag el canocimmiento ta-
cito snbee el ingplicito; es decie, predoininan las practicas
dgiles sobre las practicss tradicionales baspdas en docu-
mentos. Esto se debw a gue las inherontes presiones de
tiempo del DAS conducen a la reduccitn de la docu-
mentaciin: adensds, los desareollndores agiles consideran
la documenticitn como wns actividad secundaria y no
creativa [1,2].

Todo lo anteriar peodues la Hamada “dewds de do-
comnentacin” [1); es decir. poca claridad o ansencia de
documentos donde se expresen elementos de dizefio ar-
uitectiuico, mannsles de usuario, modelos de darcos. es-
peciicacion de roguisitos, ete., Frecwentemeste, esca den-
da conduce a la vaporzzacitn del conoeimmiento o pérdicda
del conocimiento a través del tiempo. Los desarrollado-
res son unos de los principalés rofes que se afectan por
la vaporizacion, partisnlharmente cuando se trata del co-
pocimiento arquitectdnies (CA), el cual se refiere a es-
tructuras y componentes de software gue conforman un
sistema informitico, y las decisicnes gque llevaron al es-
tado actual del sisteimn. La vaporizacidn del (A aferta
a los desareolladores provocamdo pérdidas de tiempo pa-
ra encontrar soluciones a peoblemas que ya se habhian
presentado con antertsridad, peovocando deferios en la
evolueidn y mantenimiento del softwara, limitando la vi-
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sibilidad para el seguimisnto del proyecto, provocando
requitimientos o soluciones téenicas mal entemlidas. pos
mencionar algunos [3].

Se han implemestado diversas soluciones para ma-
pejar el A en el DAGS y disminuir su vaporizacian:
algunaz de ellns se basan en la facilitacion de la comu-
micacion entre los mismbros romiotos y localbes medinnte
medios electrdnicos textuales, como Wikis, repositonios,
ETOUpWAres, mensajros ingrantinecs, ot Usando Wi-
kis, repositorios y groupware, la comunicacian gqueda re-
gistrada en una estructura adecnada para su recupers-
cidn. Sin embavgso, los desarrollndores prefieren comumni-
carse con gits pares remndos Wsando mensa jros instantd-
neas, corred electrinicn, foros, tablones de comentarios,
etc., a los gue llarmamos medios electrinicos textiales no
pstructurados [METNE), en los que la recuparacicn de
concsimiento se dificulia.

En un estudic con empresas de software donde se
aplica el [VAGS [4] se ohservh que se comparte Mrecuente
mente (A importante a través de los METNE. quedando
psbe conccimiento almaconado en las biticoras de esias
medios. También se ahtuvo que es wnportante para los
desarrolladores tower una maners eficiente de acceder al
A en las hitacoras de los METNE. ya que seria una
maenera de solventar la denda de docmmeniacisn. Al res-
pecto, se progsone una manera de estriciurar las interae-
ciones a través de los METNE usando etiguetido sorial,
pero con las etiguetas ligadas a una estroctura sennti-
ca fija para facilitar la recuperacicm del conocimiento a
travis de herramientas de hiisgueda [5]. En otro estudic
se evalud con desareolladores un componente de avuda
para el etiguetids mannal de interpecionos en METNE
en tiempo real [6]. Los resultados mostearon la necesi-
dad de ramtar con un mecETESOIG que BEEETI Gpoicies
de etiguetss o hien que etiquete interarciones heswdo en
el rantexio de la platica, lo cnal se poddria llevar a ca-
bo con téenivas de Procesamivnto de Lengunge Natural
[NLF por sus siglas en ingles) y de minecia de tistos.

En este articulo se presonta un método para clasif-
car (A aplicando técnicas de mineria de texias con el
objetivir de apovar en el etiguetido de infermecicnos en
METNE y asi facilitar la recuperacidn de CA a través
de liemramientaz de bigueds. Tambidn se muestran los
resultndos dbienidos al experimentar con una colereidn
de hiticoras de METNE. llevimdolaz a una representa-
citm Bolsa de Palabras (BoW por sus siglas en inglés).
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Finalmsente, se discuten estos resultadine y se presentan
nuestras conclusiones fiuiles.

Trabajo relseionado

La clu=ificacicn en el drea de NLP es unn tarea am-
piiamente desarrollada. Se han realizado estudios sobre
la clusifiracitn de textos cortos, que no alcanzan a for-
mar une oracion, donde se enfatizg la complejidad de
clasificarios. ya que es difivil encontrar patrones de los
toxtos al presoniarse matrices con mechas frecuencins en
eero. En nuestro trabajo, los mensajes intercambindos en
un chat pueden ser cortos o, inchisive, puedem contenes
midis de una sentencia. Para resalver la tarea de clasifi-
crcitn, Wang et al. [7] utilizaron un modelo de lengusje
de red nearonal profunde. Para su experineatacidn uti-
fiznron 5 corpus diferentes con textos cortos. De forma
aimilar, pero utilizando una reprosentacién de bolsa de
palabras, nuestro trabajo plantea wna primera solucidn
para la clasificacion de CA.

La caregorizacidn de textos cortos ha sido abords-
da desde el aspecto seméntico. En el trabajo de Wang
et al. [T[¢ aplica un agrupsmiento semantico: es deciv.
palabeaz cercanas conformando un grop. Esta cercania
puixde ser ohienide a traves de wns reprossntaciin de ver-
tores, midiendo la distancia entee allos: por ejemplo. con
la similitud de cosemo. En miwesten trabajo. la parte se-
mifntica no se contemplie. Sin embargo, bajo el enloque
BoW, podemes obtener una categurizacion para gue el
desarrollador seleccione o deseche tal concrimiento con
base en su necesidad.

Por ot lado, en el drea de DAGS se han realizado
eafiierens para clasificar informacion con el fin de avudar
a la operacidn del desarrollo de software en esias am-
hientes. Por efemplo. se desarrolld un sistems rocomen-
dador [8] que usa algoeitmos de minetia de datos para
fbenitiflear temas en correce electranicos y relacionarlos
o codigo fuente y documentacion. Con esta relacion. se
pisde consnltar sobee un teme ospecifico y el sistema re-
comienda las personas expertas en ello. En otro trabajo
[9] se reponta el use de “machine learning” para crear re-
laciones euire correos electrinicos e historias de wsuario.
De tal manera gue, coando un desanrollador encuentra
un men=rje de comen, se comnoeca la historia de usua-
rio refacionada. Por el momento. sty técnica reporta el
70% de la precisidn de la asignsckin, por lo que requisee
mejoras para una implementacion industrial.

Estos trabajos rolarionados con el drea de [DAGS no
lanan en cnenta la comunicaddn por mensajiros -
tantaneos y no hace énfasi= en la §deniificacion de CA,
el cnal es muy muportante para la coreects operaciin de
un aquipo de desarrollo de sofftwans.

Materiales y método
En este trabnjo se hace uso de ifenivas del drea de
NLFP para abordar la clasificacitn de (A en busca de
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orpantzar de fona Inteligenie la informaciti no eatpie
turada en hiticoras de METNE [(almacenada en forrmato
de texiod. Para roslizar la oxperimentacidn se planted un
método de clasificacion de (A y se cred una colaceian de
mteracciones en METNE. A continuaci. se desoriben
ambie pasos.

Cloleecion de interaceioues en METNE

En un estudio anterior [4] se capturaron 216 interac-
ciones en METNE de 20 programadores de una compa-
ila mexicana de desarrollo software, quisnes participan
en provectos Agiles junto con gmpresas latincamerica-
nag, cspanolas y de Estndos Unidos. Pasticularmente las
internrcicnes en METNE fueron capturadas de correos
alectrénicos y chats. Cabe mencionar que obtenor este
tipo de interseciones es complicado. ya que se considera
informacion clasificada de las empresas,

Dl tobal de 216 interaccicnes se extrajeron 150, las
cuales fueron enviadas a etiguetar por un experio. El
etiguetsds se hiso con base en 11 cacegorias de A iden-
tificadas en un estudio previo [4], donde se analizaron de
mancra mamal las 216 interacciones mencionadas ante-
riommente. Abajo se prasentan las 11 cateporiss de CA:

» Segmenins de codigo compartida.

» Configeracian del entorno de priehas o de desplie-
Bl

n Peticién de informacidn sobre el fujo interno de
RiBCIIAS,

» Comunicar isformacion sobre clo=oes.

» Refisreniar reglas de megoria u operacidn nterea
e fue explirada por un tercera,

s Explicacitn téenica acerva de soluciones a errones.

s Aclaraciin de reglas de megocio. funcionalidad o
historiaz de wsaario.

n Proposiviones de muevos proyesios.

n [Dudns acerca del funekonamiento de un prodictno
terminado.

n (larificacidn de tépicos de bases de datns.

Pura ofectos de mucstro expesitnento, se eligierom 2
categorias principales, que fueron identificadas por el ex-
perto vomo las més frecnentes en la colecciin de interac-
viones, Estas categorias fueron: (1) Begmentins de codigo
cornpartido y (2 Conflgeraciin del entorno de princhias o
de des=pliegue. Se decidit crear una torcera categoria que
reprisenta el resto de intersiciones [es decir. aguellas di-
ferentes a las categorias 1 y 2 con menor frecuencial,
esto oo el fin de validar el algoritmo de elusificacian y
poder diferenciar los textas que no forman parte de las
categorias 1y 2,
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En la Figura 1 se muiesirs un ejenipls de wis comver-
gacitn en mensajero instantdneo de las que fueron eti-
guetilas por el expertn. En este caso sdlo se etiqueto el
foxto sombireadao. el cual es un Teagment o de wea sonten-
cia de BOL (Straetured Query Language) ompartida por
uni de los desarrolladores y que corresponde a la cate-
goria “Segmentos de Coudign Compartidn” [eategoria 1).
El resto de la conversacidn no fue etlguetada. ya que no
correspoidia a ninguna de las categoriss elegidas para el
expreritnento. Cialw mencionas que en uns sola sesicn de
metsajes se piudo identificar mas de wnn categoria.

fh—ﬁiﬂ'lﬂ -\\
Ak i ke wly myrpe el

ke gk il sk v poE o me

=

Figura 1. Segnsmita de couversscidn en memsar insbaoti-
neo (ededags comparticlo sombresdo).

Metodo Clasificador de Conocimiento Arquitee-
Lanien

En la Figuri 2 se muestra el ssepazma del método di-
sefindo para clasificar CA. A continacitn. se desoriben
ElS COMPOOEntes.

]

Figura 2. Motwlo Clasiflcador de Comdchiniesto Arguivec-
i

Corgus de Inlermeciones en METNE: Las interae-
ciones estdn almacenidas en una base de darod, donde
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se tione el texto camipleto de las converaaciones y oorreos
alectrinicos en dato crudo.

Bubeorpus: Es un subeoajunto del Corpus creado de la
gipniente manera: se realizd el propeoeesimiento del tex-
to, eliminando nformacion propia de los METNE (por
ejemplo, etiquetas HTML que dan formato a la conversa-
cidn} para chtener s6lo la conversacion entre jos desarro-
ladores, Trmbien se aliming el nombre del desarrollador
para culdar la privacidad de la informaciin.
Representacidn  HoW-bigramas: Deniro de este
compencite el algoritmo BoW contabiliza la frecuencis
de aparici‘m de las palaleas en el docimonto, creamdo
una meatriz de frecuencias. BoW [6] no considera el or-
den, la astructurs o el significachy: sin embargn, da buenos
rosultndos en taress de clasificacicn donde la aparicidn
de término: es freenonte. Pura desarrollar iog axperimen-
tos se formaron higramas [scwencia adyacente de dos
elernentos, letras, sitabas o palabras) parn encontrar fre-
cietcias, como se muestra en la Figura 3. Carla bigra-
ma forma parte de loe atributos dentro de la matriz de
frecuem-ias. La repressntacidn obtuvo aproximidamen-
te 1660 atributoz. Se decidid wsar bi-pramas ya que en
el trabajo de (dgadda et al. [10] se evalin teslos cortos
utilizando s-gramaz (de 1 a 7 gramas), empleando 1res
enfogies: NaiveBaves, el vocino més cercano NN y mid-
uitte de vertores de soporte SVAL siendo higramas los
de mijor desempitio.

Segnsenln o ol g

ARG ThAMSACTHY HET
CHAOTED IDEXTIFIER ORF
Bigratuis frmadis:
PFEGEN_TRAME &CTICNT,
“TRANEACTION SETS,

HEET QUOTED™,

FLOLOTLED LWOLN LR

Figura 3. Ejemple de farmaciin de bigramias,

Algeritmo Clasificador: Puraentrenar el algoritmo de
clasificacidn se utilizd la reprosentacidn BoW-higrames.
Cabw mencionar que ambog grupos, el de entrepamiento
v el de priwhi. tiencn la misma reproscntaciin. Utiliza-
moe WER A (herramienta compuitacional con algoritmos
de aprendizaje automatico pars mineria de datos) para
ejecutar la expenimentacion con los elasificadores Maive-
Buges, Complement NaiveBayes y SMO (Seguetitiod Mi-
wirnal Chptimization). NaiveBages es un algoritmo simple
y eficiente para la clasificacion de fextos, ya que conside
ra mdepandencia entre las caracterlsticas o términce de
cada texte, lo eual se ajusta al enfoque Ho W

Despudis de realizar la tares de clisificacion chiuvi-
mos jos resaltndos de las medidas de Preclsion. Tecuer-
do y F-Measure, que nos permiten identificar el nivel
de éxito de la representacidn y del clasificador para las
categoriae solercionadas.
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Presentamos los resultados preliminares de un método de clasificacion de
conocimiento arquitectdnico en hiticoras de communicacion, para habilitar
su posterior recuperacion.

Experimentaciin y resaltados

Para realizar la experimentacicn en la tarea de clasi-
ficaridn utilizmmos la validacidn cruzeds a 10 feraciones
o pliegues. Se formearon tres grupaos: el de enirenamionta,
el de validacion y el de priwha. Este iiltime correspon-
de a datos que no forman parte del entrenamiento. De
osta forma se buscs dar un resultndo confiable. La re-
presentacion BB se realizd utilizendo el Toolk#t Featu-
reSpace Tree!, que proves los archivos de entrenamiento y
priweha fortiateados. En la Tabla 1 se muestrarn los nesnl-
tados obtenidos con los diferentos clasificadaores, donde
destaca que el algoritmo Complement NaiveBages obtie-
ne ues mejor efectividad en la mayoria de resultados. La
maedida de precisidn da un panoruma del desempeno del
algoritmo respecto al conjunto de imteracciones clasifica-
idas. El recterds es una mwdida que permite conoeer la
caparkdal del algoritmo prra clasificar las mteracciones
ralovanies de todo el conjunto de imternecdiones correctas.

Tahln 1. Resualtadaos de la tares de clasificacidim
(todos los valores numidrieos estan expresados en
porcontajes, excepto los de la eclumnn de

Categorias),
Categor NniveBayos E_ !mﬁi i R
F-imasure
1 Oufins 094 0L8GT
2 .05 IRCTH 0,884
3 0425 oGl LLGSET
Precizidn
1 0.52 [FETEEH] 0.9
2 (NN Hs [IRCHEE .4
3 00957 OLGGET (LT
Rerweran
1 0.95 0.95 (]
2 0.5 0.95 085
3 045 0.6 .8

Para nuestra tare, tanto el reewerds como la preci-
sidn son vitales, ya gque buscamos gue el sistema ten-
ga buena coberturn al clisificar el CA. consideramdo los
dorumentos relovantes de esda caregoria. y al total de
interacciones.

La medida F-MWeasnre es una media armednics ponde-
rackn g contempla el recwerdo y la precisidn. brindando
un valor més homogtnes del comporuumbents del olasi-
ficador. Las eategorins 1 y 2 obbuvieron resultados de
9% v L367% de F-Measure. Ducante el desarvollo del
exprimento se ohserd cualitativamente que la categoria

"mntpe;ffgishab, sond lopaz-nosroy/ Featurslipaca Tree
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1 [megmentos de oodigo compartida) es més homogémen,
porgque jos comandos del lenguaje 5L son frecuentes
en el corpuz utilizado. Al comparar estos resultndos con
tareas similares (clasificacion de textos cortos] y con
eufoque FolW, encontrames que, para la tarea de rla-
sificar textos en Twitter ohtenidos por Wang et al. [7],
los miveles alcamzados son de 598 %. Para la tarea de
clusificacion de titulos de articulos en noticias alcanza
un T2.7%. Esto muesirs que soestros rosultadie para la
elusificacion de textos de A son alentadores: aunado
a que para la tarea realizada. "clasificavidn de conoci-
miiento arquitectdnicn”. no se encantrd algin punto de
comparacian dicecto en otros artirlos.

Conclusiones

En este trahnjo preseutamcs un método basado en
técnicns de mineria de textos para clasificar CA a par-
tir de tatoe no estructurados. Ademds. presertamos los
resilbados de experimentacidn comn nuestro método wsan-
do textas de bitiroras reales de interacciones en correo
electrinico y chats entre desareolladores de softwire. E
oxperitent astuvo enforado a ideatificar 2 de 11 cate-
gorias drdas de CA obtenidas en un estudio anterior [4].
Los resultadi: nos indican gque el algoritmo Complement
Naive Beyes obtuvo un plto pocceatsje de identificacian
de concrimienta, lo cual nos alienta a seguir oxperimen-
tando con el método propuesto.

Por otro lacle, estaos resultndos ncrementan la faetibi-
lidad de desarrollar un mecunisme que sugiera etiguetas
aderusdas al estar interactusndo mediante METNE en-
tre desarrolladores en un ambiente Agil y distribuidn: o
hiten. abre la posibilidad de gue dicho mecunismo etique-
te las interacciones autombticomente, en lugar de hacer-
lo manuelments tal como se impleeentd en un estadio
anterior [19]. Esto ayudarda a la sstructuracién del (A
preseite en las hitdcoras de METNE. y por lo tanto se-
ria mas fcil desamollar berramisntas de hisgueda de
CA gue aprovechen las interaccicnes etbguetadas, Con
esto se reduriria la deuda de dorumentseion v la even-
tual vaporzacidn del A en ambiontes de BAGS. lo rual
se reflejaria en la reduccian de pérdidas de tiemipa para
etconirar soluciones a problemas antoriores y en la re-
duceiin de deforios en la evolueidn y mantenimiento del
software, s6lo por mencionar los méds Importantes.

Clornn trabajo futuro se planess incremertar la colbee-
cidn de interarciones anotadas en METNE de 150 a 30,
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Abstract
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In this work, the results of usability and user experience (UX) evaluation of a serious video game for the cognitive stimula-
tion and motor rehabilitation of the upper limb of the elderly are presented. The serious game includes features that allow (1)
performing cooperative therapy exercises between two patients, (2) remote session configuration therapy, and (3) monitor-
ing/analyzing the sessions’ results by the therapist. An evaluation of the game with 16 older adults provides evidence about
how the tool is perceived by participants, who embraced it as stimulating, useful, usable and even fun, and which impacts in
therapy compliance and acceptability by the elderly. In addition, through an in depth analysis of the participants’ performance
and observed emotions, as well as their self-report, we determined which engagement attributes are present in the game.
Finally, we also found evidence that suggests that the participants’ skill level and the game difficulty level rather than just a
good performance on the game are key factors that influence their enjoyment and frustration.

Keywords Serious game - Usability evaluation - User experience evaluation - Tele-rehabilitation - Dual-player video game

1 Introduction

Older adult population is receiving increasing importance
due to its growth projections for the coming years. With
an increasingly aged population, cognitive impairment is a
major health and social issue. Cognitive decline is among
the most feared aspects of growing old due to the high cost,
in terms of the economic and social burdens, since cognitive

P4 Gilberto Borrego
gilberto.borrego @itson.edu.mx

Alberto L. Moran
alberto.moran @uabc.edu.mx

Victoria Meza
mmeza@uabc.edu.mx

Felipe Orihuela-Espina
f.orihuela-espina@inaoe.mx

Luis Enrique Sucar

esucar @inaoe.mx

Departamento de Computacién y Disefio, Instituto
Tecnolégico de Sonora, Cd. Obregdén, México

Facultad de Ciencias, Universidad Auténoma de Baja
California, Ensenada, México

Instituto Nacional de Astrofisica, ()ptica y Electronica,
Tonanzintla, Puebla, México

Published online: 14 July 2020

decline is a precursor of dementia, illness and death [1].
Serious games are a promising approach to provide non-
pharmacological treatments, aiming to meet, maintain, and
in some cases restore, the cognitive state and physical health
of the elderly through cognitive stimulation, physical activa-
tion and rehabilitation activities [2—4]. Particularly, multi-
player serious games have been used for this purpose and
for addressing the potential social isolation and demotiva-
tion caused by their condition [5-7]. However, in order to
be successful in the implementation of rehabilitation mul-
tiplayer games specially for the elderly, their engagement
and accessibility must be considered as an important factor
to keep in mind during game design [8]. In a previous work,
a serious video game for cognitive stimulation, upper limb
motor rehabilitation and physical activation of the elderly
was proposed [9]. This video game, called Balloons Res-
cuer, has the following main features: remote configuration,
monitoring, evaluation and adaptation of the therapy by the
therapist as the patient performs it, and the realization of
cooperative therapy exercises between two patients. Bal-
loons Rescuer was designed to be accessible and to provide
engagement for older adults. Regarding accessibility, the
game was designed simple enough to facilitate its use and
learning; in [9], the results of a pilot usability evaluation
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suggest that the video game is perceived as being fun, stimu-
lating, useful and usable.

Further, engagement is important for a serious game as
it is one of the factors that enable the underlying aims of
the game to be fulfilled [8, 10, 11]. Engagement is a qual-
ity of user experience characterized by attributes such as
challenge, positive effect, endurability (the probability to
remember pleasant situations and the intention to perform
again the activity that caused them), esthetics and sensory
appeal, attention, feedback, variety/novelty, interactivity and
perceived user control [12]. Also, in order to achieve players’
engagement in a video game, a balance of factors is required,
such as: emotions (e.g., interest, frustration and joy), task
difficulty (i.e., task challenge), cognitive load and motiva-
tion, among others [13-16].

Furthermore, user engagement is related to user experi-
ence (UX). A good user engagement design makes interac-
tion exciting and fun, while UX encompasses the engage-
ment but also tries to answer why people adopt and continue
to use a particular design over time [17]. This relation is
important to take into account as a priority during the design
of a rehabilitation video game [8], since UX and engagement
could affect the game adoption and consequently therapy
success.

In this work, we report the results of an inquiry-based
and observation-based usability and UX evaluation of the
Balloons Rescuer video game, considering the performance
and observed emotions of a group of older adults during
their use of the game, aiming at determining whether the
Balloon Rescuer video game generates user engagement,
as well as, to identify the key factors that influence the par-
ticipants’ UX.

The paper is organized as follows: In Sect. 2, we present
related works about serious video games focused on physical
and cognitive rehabilitation. In Sect. 3, we present a brief
description of the Balloons Rescuer video game, followed
by the evaluation method description and results in Sect. 4,
which are discussed in Sect. 5. Finally, we present our con-
clusions in Sect. 6.

2 Related work

The use of serious games has been explored in health care
and in other domains (e.g., education [10]). Particularly,
multiplayer serious games have been studied for rehabilita-
tion, either psychological or physical. For instance, [18]
presents a psychological rehabilitation application, where
a virtual world was proposed as a means for social pho-
bias rehabilitation. They found that the use of a virtual
avatar-motivated interactions among the patients. Further,
digital games hold a significant promise for enhancing the
lives of older adults, potentially improving their mental
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and physical wellbeing, enhancing their social connected-
ness, and generally offering an enjoyable way of spending
time [19].

Regarding physical rehabilitation, Novak et al. [5] used
a robotic arm to control shoulder movements, along with an
air-hockey video game. After evaluating the game, regard-
ing game scores, participants’ personality and self-report
questionnaires, they concluded that multiplayer video games
have great potential as a rehabilitation means, because they
can provide enjoyment in the patients, as well as being
more exercise intensive due to a sense of competition and
engagement. However, they also stated that in the future,
they have to consider more objective ways of measuring
motivation; for example, considering the engagement con-
cept. Also, they found that the personality and the skills of
the patients have to be considered for the design or selection
of a game. Also, impairment or skill differences were identi-
fied in [6] as influencing factors of patient motivation and
game engagement. In the same sense, Maier et al. [7] con-
sidered the skill differences of rehabilitation patients. They
developed a multiplayer game (an air-hockey video game as
Novak et al. [5]) that compensates the motor impairments of
the more affected patients and allows them to interact with
other participants on equal game conditions. They evaluated
the game and the compensation mechanism at the patients’
homes. Maier et al. concluded that social interaction among
the patients was improved, and that they played more rounds
than the expected ones, because the game was perceived
as very entertaining, however, game engagement was not
formally considered in this study. After the game rounds,
researchers measured the patients’ ability to perform activi-
ties of daily living, obtaining that they presented an improve-
ment in this point.

In addition, Mace et al. [20] developed a collaborative
game focused on upper limb rehabilitation, which was evalu-
ated in single mode and in multiplayer mode with patients
and healthy people. They reported a significant performance
improvement in patients playing in multiplayer mode, i.e.,
patients are motivated to play better when they have a part-
ner or counterpart. This work neither reports motivational/
cognitive aspects as a result of the reported performance
improvement. In this last case, collaboration was a factor
to motivate patients to perform better, however, Gorsic¢
et al. [21] report that competition can motivate patients too.
They designed and evaluated four games focused on arm
rehabilitation (one competitive, two cooperative, and one
in single player mode); 40% of the patients preferred the
competitive game, and showed more motivation and physi-
cal intensity playing the game than the rest of the players. In
another study with the same video games [22], GorSic€ et al.
concluded that competitive games have a high potential for
in-home rehabilitation, given the increase in enjoyment and
intensity shown by patients during the video game rounds.
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From these later works, it can be inferred that engage-
ment is a very important factor in order to have a suc-
cessful rehabilitation video game. However, as far as
we know, there are very few evaluations of rehabilita-
tion serious games in terms of performance and emo-
tions of the patients to determine game engagement. The
only work we found was that of d’Ornellas et al. [23],
where a questionnaire (Game Experience Questionnaire)
was used to determine the perceived game engagement
of patients. Their performance in the game is important
since it could affect the emotions that they may present
during the game (e.g., positive effect when patients obtain
high scores), and consequently both factors could affect
not only the user experience, but also game engagement
[13, 24]. On the one hand, if a patient achieves a high
score in the game, it does not warrant that the patient will
have pleasant emotions, because the game could be so
easy that it results boring [25]. On the other hand, if the
game presents a high challenge level to the patient (and
this reflects into a low score), this situation could affect
the patient emotions, making him/her feel sad or listless
[25]. From a point of view of serious video games for
physical rehabilitation, these situations could affect the
continuity of the therapies, since patients could quit them
because they are not engaged in the game or they have a
bad UX during therapy sessions.

3 Environment for cognitive stimulation
and physical rehabilitation

In this section, we present the main video game compo-
nents, i.e., the dual-player game and the associated tele-
rehabilitation platform, along with a use scenario of both
components.

Fig.1 The Balloons Rescuer
serious game. As a balloon falls
from the sky, first it is green,
with the 1st hit it turns yellow,
with the 2nd hit it turns red,
and with the 3rd one it turns
blue and flies away back to

the sky. Whenever a balloon is
sent through the blue vortex,

it disappears from the current
user’s play area (left pane) and
reappears in the playmate’s play
area (right pane)

3.1 Balloons Rescuer: the patients’ serious game

Balloons Rescuer is a dual-player environment for cognitive
stimulation and upper limb motor rehabilitation. The main
objective of the Balloons Rescuer game is to avoid the bal-
loons from hitting the ground. Balloons fall from the sky
every few seconds for a specified time (both parameters are
configurable). In order to “rescue” a balloon, the user must
“touch it” or “hit it” three times with his “fist” (i.e., GUI
pointer). The fist moves from left to right and vice versa on
the screen (see Fig. 1). With each touch or hit, the balloon
color and gesture change. As a balloon falls from the sky,
first it is green, with the 1st hit it turns yellow, with the 2nd
hit it turns red, and with the 3rd one it turns blue and flies
away back to the sky. If a balloon falls to the ground, it
turns gray and explodes. If a balloon touches below the blue
vortex, this balloon is “teleported” and appears just below
the vortex of the other player (playmate). The game score
shows the countdown time, the number of saved and fallen
balloons and balloon hits. The game ends at the completion
of the specified time.

The Balloons Rescuer serious game was developed using
Unity 4.5 in 2D mode. It was designed based upon the char-
acteristic Gripper of the Gesture Therapy platform as the
game control in order to bring accessibility to the elderly
[26]. However, this evaluation was conducted using a PC
keyboard, since we were more interested in game engage-
ment aspects, rather than on game control aspects, thus we
tried to avoid effects on the game perception caused by the
Gripper control.

3.2 Cognitive stimulation

Balloons Rescuer is useful for cognitive stimulation because
the players have to be able to discern and select which bal-
loon to hit first given its color, as the color represents a prior-
ity for hitting them. For instance, if a balloon is red, with the
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next hit it would be saved and this action would be reflected
in the score; but if the balloon were of another color, the
player would have to hit it more times (see Table 1). Thus,
in a situation where a red balloon and a green balloon were
falling almost at the same time, the red one should be given
priority since it would represent a balloon rescued and reg-
istered in the score. Similar decisions and selections should
be conducted in the case of the other colors.

Additionally, Balloons Rescuer is useful for cognitive
stimulation given its competitive/cooperative feature, i.e.,
passing balloons to the playmate using the blue vortex. We
consider that this feature could be competitive when a player
has the possibility of hindering the task of his/her playmate,
passing more balloons to s/he, and this action could be
reflected in the score as a greater number of fallen balloons.
Similarly, this feature could be considered cooperative when
the number of balloons passed is not that much as to hin-
der the playmate’s play, but enough as to give him/her the
chance to hit more balloons than those that are present in
his/her play area. In the same way, this competitive/coopera-
tive feature could be a stimuli to perform better during the
game and be motivated to keep playing longer, as reported
by Gorsic et al. [21, 22].

3.3 Tele-rehabilitation

Remote management of the platform is done through a Web
application directed to the therapist. With this application,
s/he can manage his/her patients and their files, and manage
the configuration of their therapies (e.g., duration, type of
movement, etc.). Also, the therapist can consult the results of
past game sessions through tables and graphs; s/he can see
the video of an ongoing session in (quasi) real time through
a video streaming service while the two players are online
and performing their therapy. Further details regarding the
collaborative game and service architecture are provided
elsewhere [9].

3.4 Use scenario
In order to illustrate how the collaborative tool is used,

consider the following use case description. The use case
starts when John, the therapist, configures the therapy for

Table 1 Description of the balloon’s color changes in the balloons
rescuer game

Balloon color Color change with one hit  Hits

needed to
save it
Green Yellow 3
Yellow Red 2
Red Blue
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his patients Alice and Bob, using the Therapy Management
Web Tool on his PC. Therapy configuration includes select-
ing the activity (i.e., the Balloons Rescuer game), and setting
its parameters (e.g., duration and interval between balloons).
Subsequently, Bob (or a relative) starts the virtual therapy
platform from his home and communicates with Alice to
ensure her presence in the collaborative game; either via
audio call or chat (not included on the game environment).
When Bob starts the video game, it receives the therapy con-
figuration parameters from the server, and then it displays
Bob’s avatar (i.e., a fist). Bob has to wait for Alice to join
him. Once Alice enters the game at her home PC, it shows
Bob’s configuration with which she will play and she could
start the game for both. During the game, John, the thera-
pist, can see in a Web page how both patients are playing.
When the game finishes, it sends the session results (scores)
to the server. Thus, John can see the patients’ results and
even reconfigure their therapy program based on their recent
performance. This scenario is shown through a sequence
diagram in Fig. 2.

3.5 Usability and UX evaluation

In this section, we present the main aspects and results of
this evaluation. Previously, we conducted a usability evalu-
ation of the Balloons Rescuer game to obtain the perceived
ease of use and intention to use it of the elderly [9]. In this
work, we conducted a usability and UX evaluation of the
Balloons Rescuer game. The main difference between both
usability evaluations was the way that participants used the
game; in the first case, the evaluation of the participants was
made based upon a demonstration of the game and gripper,
in order to know the participants’ perception regarding the
game usability, meanwhile in the actual study, participants
played the game with an opponent, to know their perception
of usability, as well as how they felt about using it.
Another difference with our previous study is that we
considered engagement as a key aspect to have a good UX.
Thus, we measured variables related to challenge, positive
effect, endurability, esthetics and sensory appeal, attention,
feedback, variety/novelty, interactivity and perceived user
control. We describe this study in the following sections.

3.5.1 Objective

Our objective was to analyze the use of the Balloons Res-
cuer serious video game, aiming at identifying key factors
that influence the players’ UX regarding performance, emo-
tions, usefulness and usability and how these aspects help to
achieve game engagement from the point of view of healthy
elders, in the context of a physical rehabilitation therapy.
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Fig.2 Sequence diagram of
the main scenario of use. The
therapist configures the therapy
for both patients. The game
receives the configuration once
the patients are authenticated.
They play the game, and the
therapist sees the game progres-
sion and its results
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3.5.2 Methods and variables

The variables to measure/observe in this study were the
following.

. Amount of rescued balloons
Effectiveness = (1)

Total of session’s balloons

e Effectiveness. We called “effectiveness” the performance
of participants during their playing with Balloons Res-
cuer. Effectiveness was calculated dividing the number of
rescued balloons by the total number of balloons during
a game session (see Eq. 1). We decided to measure effec-
tiveness because generally there is a relation between

.
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game challenge and game score. Also, players usually
present positive emotions when they achieve high scores
[13, 24]. Thus, effectiveness can be considered a factor
that impacts the players’ emotions and UX.

Emotions’ prevalence during game sessions. Partici-
pants’ emotions were identified by indirect observa-
tion (using videos recorded during the game sessions),
based on Tomkins’ [27], proposals of basic emotions,
and Eckman’s et al. guidelines to recognize emotions in
the human face [28] (see Table 2), in a similar way to
the FACES coding system proposed by [29]. The coders
extracted information about the frequency and duration
of facial expressions; an expression is defined as any
change in the face from neutral display. Then, the dura-
tion obtained for each emotion was divided by 60 s (the
duration of each task), in order to obtain the emotions’

Table 2 Guide to identify

. Type Emotion
emotions based on [27] and [28]

Distinctive expressions

Positive Enjoyment joy

Interest Excitement

Neutral Surprise
Negative Anger frustration
Discomfort

Fear terror
Sadness

Smiling, lips wide and out

Eyebrows down, eyes tracking, eyes looking, closer listening
Eyebrows up, eyes blinking

Frowning, a clenched jaw, a red face

The lower lip raised and protruded, head, forward and down,
ask when finish the task, use both hands to finish the task

A frozen stare, a pale face, coldness, sweat, erect hair
Eyes lowered, the head down and averted, blushing
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prevalence. We decided to observe emotions given the
above stated relation with challenge level and effective-
ness, as well as their relation with positive effect and
endurability of the game. We had two raters coding each
participant’s video as in [29].

e Usefulness and intention to use. These variables were
obtained by applying the Technology Acceptance Model
(TAM) [30] questionnaire (based on Likert-7 scale) to
the participants after the game sessions. This instrument
could be effective to obtain whether the game had a posi-
tive effect, endurability, esthetics and sensory appeal.

e Ease of use /Usability. We applied a TAM question-
naire and a System Usability Scale (SUS) questionnaire
[31] (based on Likert-7 scale) to the participants after
the game sessions to measure participants’ ease of use/
usability [32]. These questionnaires are complementary
whenever the SUS includes additional questions to ask
about learning factors (learnability), while TAM consid-
ers elements to obtain the usefulness of a specific tech-
nology system, in order to predict the intention to use of
a certain population. Further, SUS and TAM question-
naires are useful to determinate feedback, interactivity
and perceived control of the game.

It is important to mention that we added two questions
to the SUS questionnaire in order to explore whether it was
easy to send balloons through the vortex, due to the SUS
sensitivity to include a wide variety of independent variables
[33]. On the other hand, the TAM questionnaire was adapted
from Davis [30] to include an intrinsic motivator (perceived
enjoyment) using the model proposed by Lee [34]. We added
six questions to the TAM questionnaire in order to explore
whether the game was perceived as fun (and makes the par-
ticipants feel happy), satisfying or boring, and whether the
participants find it motivating to play in pairs.

3.5.3 Participants

This evaluation was carried out in the same research labora-
tory of a local public university where our previous usabil-
ity evaluation [9] was conducted. In this study, participants
were 16 older adults (avg. age of 64.12 years old, s.d.=7.6-9
women and 7 men) who were part of an information tech-
nologies alphabetization course in the local University. All
participants declared (1) not having any visual or motor
impairment, (2) making daily use of IT and (3) owning a
mobile device.

3.5.4 Procedure

As first activity, the participants were classified according
to their ability to coordinate their hands and eyes to provide
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input using the PC screen and keyboard. The skill level was
determined through an application developed ex-professo
(see Fig. 3). In this application, the participants had ten
attempts to press the indicated key on the PC keyboard.
Every half second a button is highlighted in the screen to
indicate which key has to be pressed (in this case, only the
left and right arrow keys). The application records the failed
attempts, the omissions and the time (in milliseconds) that
the participant took to press the indicated key. Using the
data collected in the application, participants were divided
into skillful and non-skillful. We used as first criterion the
number of omissions, as a second criterion the number of
failed attempts and as a third criterion the average time that
the participant took to press the correct key. In particular,
for this sample, it was only necessary to consider the first
criterion, given the big differences among participants in
the number of omissions. Particularly, the participants with
less than 5 omissions were considered as skillful. We had
10 skillful participants and 6 non-skillful participants. Then,
elderly couples were randomly arranged following these
patterns: skilful—skillful (3 couples), skilful-non-skillful (4
couples) and non-skillful-non-skillful (1 couple), aiming at
observing their game performance and the behavior of these
types of participants’ couples. We were interested in observ-
ing whether the difference in participants’ skills has an effect
in their emotions; for instance, whether a non-skillful par-
ticipant would feel discomfort or sadness when s/he played
with a skillful participant who has better effectiveness than
her/him.

Once all the participants were paired, the objective of the
game was explained (using a slide show) to each couple, as
well as the balloon color code and gestures, and the func-
tionality of the vortex (passing balloons to the playmate).
In addition, an on-entry survey was applied to the partici-
pants, where demographics were captured and a consent
form signed.

Subsequently, each couple was asked to perform four one-
minute tasks in the Balloons Rescuer game. The specifica-
tion of each of the tasks is described in Table 3. Task 2 has

Fig.3 Skill level detection application
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Table 3 Specification of each of

. Task Objective IBR
the tasks of the game evaluation
(IBR=Inter Balloon Rate) 1 Rescue as many balloons, without considering the functionality of passing balloonsto  6's
the companion playmate
2 Send as many balloons as possible to the playmate, regardless of the balloons that fall 2s
down to the ground
3 Free play. Try to save as many balloons and try to send balloons to the playmate 8s

Free play. Tactry to save as many balloons and try to send balloons to the playmate 2s

Fig.4 Screenshot of one of the videos taken with Camtasia Studio

an interval between balloons (Inter Balloon Rate—IBR) of
2 s, aiming at increasing the probability of having balloons
near the vortex. Further, in this second task, the effectiveness
was not taken into account since its objective was not similar
to the rest of the tasks; instead of effectiveness, we counted
the number of balloons passed to the other player.

In order to measure the performance of participants, and
considering that there were a group of non-skillful partici-
pants, no changes were made in the order of tasks. Further-
more, each task execution was video recorded using Camta-
sia Studio (see Fig. 4) and using an environmental video
camera (see Fig. 5), in order to quantify the emotions shown
by the participants during the tasks and between tasks. Two
usability experts (two authors) performed an indirect obser-
vational analysis, using a spreadsheet to register the periods
of the session in which the different emotions were presented
on the recorded video (see Fig. 4). In the case of the emo-
tions between tasks (we used the environmental video, see
Fig. 5), emotions were just identified by observation not
quantified, since the time between tasks was very variable.

Fig.5 View of one of the videos taken using the environmental video
camera

4 Results
4.1 Task performance

In order to analyze task performance, we grouped the
results of tasks 1, 3 and 4 because they share the same
objective, i.e., to rescue as many balloons as possible,
thus we could calculate the effectiveness of these tasks.
Although participants were able to pass balloons through
the vortex during tasks 3 and 4, this functionality was
ignored by them for reasons which are discussed later (see
Sect. 5.2.2). The results from task 2 were analyzed sepa-
rately because its objective was not similar to the rest, thus
the results of this task are not comparable to the results of
the three others.

Regarding tasks 1, 3 and 4, skillful participants were more
effective in tasks 1 and 4 (see Fig. 6). However, only in task
1 (IBR =6 s.), the difference in effectiveness between skill-
ful and non-skillful participants was significant (r=2.2546,
p=0.0203, a=0.05). Surprisingly, in task 3 (IBR=8 s.),
non-skillful participants were more effective, but without
being significant (r= —0.1244, p=0.4513).

Regarding effectiveness between tasks, a signifi-
cant difference (F-ratio=26.87363, p-value < 0.00001,

@ Springer



Universal Access in the Information Society

A= :
LT
G p=
X N
i (18]
£ T4
-
b kA
k2
ipk
00 1 I
sk 1 Em=k Ik &

B oo Skl [l Skl

Fig.6 Bar graph showing the effectiveness in tasks 1, 3 and 4, dis-
tinguishing between skillful and non-skillful participants (the vertical
lines of each bar represent the standard error)
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Fig.7 Bar graph showing the performance in Task 2 of the skillful
and non-skillful participants to pass balloons to the playmate (the ver-
tical lines of each bar represent a median 95% confidence interval)

a=0.05) was found. In task 3, the one with the highest
IBR, all participants scored a more significant effectiveness
(avg=0.4911, std. error=0.0427) than that presented in the
other two tasks (task 1: avg=0.2438, std. error=0.0537;
task 4: avg=0.1833, std. error=0.0296). This same
behavior was repeated when we compared the effective-
ness between tasks, considering only the skillful partici-
pants (F-ratio=14.61398, p-value <0.00017, a=0.05)
or only the non-skillful participants (F-ratio=16.26511,
p-value =0.000719, a=0.05).

In task 2, as mentioned earlier, effectiveness was not
taken into account to evaluate the performance of partici-
pants, but the number of balloons passed to the other player.
In this task, the skillful participants (median=2.5 balloons
passed) performed better than non-skillful participants
(median =2 balloons passed), as shown in Fig. 7. However,
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Table4 Emotions detected during each task on all the participants
(expressed on seconds)

Skillful Non-skillful
Avg StD Avg StD
Enjoyment/joy 01.59 07.29 00.67 02.08
Interest/excitement 54.84 08.29 55.04 09.90
Surprise 00.46 01.04 00.00 00.00
Anger/frustration 03.03 04.32 04.21 09.84
Discomfort 00.08 00.49 00.08 00.29
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Fig.8 Emotions shown during the execution of tasks by all partici-
pants

this difference was not statistically significant (U =22,
U, < 05=14; Z-Score=0.8135, p=0.2089, a=0.05),
according to the Mann—Whitney U test (applied because the

data did not show a normal distribution).
4.2 Observed emotions

Table 4 presents the time (in seconds) in which each detected
emotion was expressed by the participants (skillful and non-
skillful) during each task. Interest/Excitement emotion was
prominent over the rest of them. In fact, participants showed
positive emotions most of the time (93.73%—See Fig. 8),
where interest/excitement has 91.68% of prevalence with
a significant difference according to Kruskal-Wallis test
(*=165.144> y*,,=9.488, p-value <0, a=0.05). Among
the negative emotions, anger/frustration (5.75% of preva-
lence) and discomfort (0.14% of prevalence) were also pre-
sent. It should be noted that frustration occasionally arose in
participants when balloons fell to the ground.

By looking at the prevalence of emotions by type of par-
ticipant (skillful and non-skillful), some differences were
observed (see Fig. 9). Skillful participants showed a higher
prevalence of positive emotions (skillful—94.3%, non-skill-
ful—92.85%), and a lower prevalence of negative emotions
(skillful—5.08%, non-skillful—7.15%); in addition, skillful
participants presented neutral emotions (surprise—0.62%).
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Fig.9 Emotions shown during the execution of all the tasks by par-
ticipant type

It is emphasized that in positive emotions, skillful partici-
pants had a higher prevalence of enjoyment/joy (2.68%).
However, none of these differences was significant, with the
exception of the surprise emotion (W=516, p-value=0.041,
a=0.05).

Now, if we look at the emotions presented by task (see
Table 5 and Fig. 10), we see that task 4 presented a higher
prevalence of enjoyment/joy (5%), even though it was the
task that can be considered as the most difficult, as it had
an IBR =2 s., and with two goals to achieve: save bal-
loons and pass balloons to the other player. However, there
was no significant difference on enjoyment/joy prevalence
between all tasks, according to the Kruskal Wallis test
(7*=3.9004, p-value =0.2724).

Separating the results by task and by participant type
(see Fig. 11), we observed that skillful participants pre-
sented more anger/frustration than the non-skillful ones,
on task 2 (U=12, U,y ¢s=12; Z-Score =1.70884,
p-value =0.04363, a =0.05). It is worth to remember that
this task consisted on passing balloons to the other player,
and there was no significant difference in the number of
passed balloons between both types of participants; thus,
this situation could be the cause of the higher prevalence
of anger/frustration of skillful players. We also observed
that only the skillful participants presented the enjoy-
ment/joy emotion (8.33%) on task 4, the task with lower
IBR, i.e., the most difficult. However, this difference was
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Fig. 10 Emotions shown during the execution of each of the tasks by
all participants
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Fig. 11 Emotions shown during the execution of each task by type of
participant (S =skillful, NS =non-skillful)

not significant (U=21, U, os=12; Z-Score =0.64818,
p-value =0.25785, a =0.05). Furthermore, in this same
task, the non-skillful participants presented a higher
prevalence of anger/frustration (10.28%) than the skill-
ful participants (2.22%), which is even the highest level
for this emotion in all tasks (see Fig. 11), however, this
difference was not significant (U=21.5, U, ¢s=12;
Z-Score =0.58926, p-value =0.2776, a =0.05).

Table 5 Emotions detected

. . Enjoyment joy Interest Surprise Anger frustration Discomfort
on skillful and non-skillful excitement
participants, expressed in
seconds in which each emotion Task1  Avg 0119 54.13 00.38 04.25 00.06
was present during each task SO 02.20 05.61 01.02 05.80 00.25
Task 2 Avg 00.67 56.00 00.27 03.07 00.00
StD 02.32 05.87 00.80 05.43 00.00
Task 3 Avg 00.07 56.27 00.27 03.20 00.07
StD 00.26 07.39 00.80 07.22 00.26
Task 4 Avg 03.00 53.33 00.20 03.40 00.20
StD 11.35 14.44 00.77 09.48 00.77

@ Springer



Universal Access in the Information Society

In addition, it is also highlighted that the emotions of
surprise and discomfort were the least shown in general. In
the case of surprise, only the skillful participants presented
it, particularly in cases where unexpected events (for them)
happened during the game. For example, “Ah look! I have
sent one [balloon]”, “hey! they are coming in bunches.” In
the case of the discomfort emotion, it was mainly present
in the non-skillful participants, particularly in tasks 1 and
3; and just one of the skillful participants presented it dur-
ing task 4. This emotion was shown, both in skillful and
non-skillful participants, in a gesture denoting their desire
to finish as quickly as possible with the task.

To conclude the on-task analysis, it was evident in some
of the participants that they were continuously looking at
the keyboard. As shown in Fig. 12, the percentage of session
time devoted by non-skillful participants to look at the key-
board in all tasks is visually greater. However, this difference
was not significant either between tasks or between partici-
pant types, according to a Kruskal Wallis test (*=1.3706,
p-value=0.7125, a=0.05).

Concerning participants’ behavior out of task, (i.e., before
starting, in between, and after the tasks), it is noted that
all couples expressed doubts about the interaction with
the game (e.g., “which keys are used to play the game?”,
“What is what I have to do to hit the balloons?”’). Also,
there were confusion about identifying the playing area and
the fist managed by each player. Only two couples (non-
skillful-non-skillful, skilful-non-skillful) expressed doubts
about the game in between tasks 1 and 2.

In most couples, there were interactions between par-
ticipants which were motivated by the interest of know-
ing the score of the other. An additional motivation was
to make jokes about their own results (e.g., “How many
balloons escaped from you?”, “I had a lot of fallen bal-
loons! [laughs]”). In addition, relief attitudes were identi-
fied at the end of some tasks (“sigh or snorting”), usually by
non-skillful participants. In between tasks 3 and 4 was the
moment where fewer interactions among the participants

Skillful Non-skillful

100%
80%
60%
40%

20%

Percentage of session time

0%

Task 1 Task 2 Task 3 Task 4

Fig. 12 Percentage of session time that skillful and non-skillful par-
ticipants see the keyboard during each task
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were recorded, however, at the end of task 4 again empathic
attitudes among couples were presented.

4.3 Emotion-effectiveness-skill level relationship

In order to explore the relationship between emotions,
effectiveness and skill level, we discarded the interest
emotion since it was the one with the lowest variability
during the evaluation sessions. We also discarded task 2
from this analysis since its objective was different from
the other three tasks.

In task 3, participants obtained the highest effective-
ness, since the IBR was the highest of the remaining tasks
(IBR =8 s.), but it was the task where the least prevalence
of enjoyment/joy was reported. Instead, in task 4 (where
IBR =2 s.), there generally was a lower effectiveness and
more time dedicated to verify the keyboard. However,
skillful participants reported more enjoyment/joy time,
and non-skillful participants presented more frustra-
tion and no signs of enjoyment/joy. Finally, in task 1,
which can be considered with a medium difficulty level
(IBR =6), all participants had a similar proportion of
positive emotions. However, non-skillful participants had
a higher frustration level than skillful participants (see
Fig. 11), coinciding that in task 1 was when skillful par-
ticipants obtained significantly more effectiveness than
the non-skillful ones.

Regarding the stated above, we observed a relationship
between the level of the emotions anger/frustration and
enjoyment/joy, and the level of effectiveness. In order to
present this relationship in a better manner, we grouped
the prevalence per both emotions by participant type and
by difficulty level regarding the IBR (low level =task
3, medium level =task 1, high level =task 4). Then, we
ordered these data by the prevalence of each emotion,
and we assigned a rank of level of emotion by thirds (see
Table 6). In the same way, we grouped the effectiveness
by participant type and difficulty level, and we assigned
ranks by thirds (see Table 7).

Based on the data presented above, we created a radar
graph for each participant type, in order to observe the
relation between both emotions and effectiveness (see
Figs. 13 and 14). On the one hand, the non-skillful par-
ticipants (see Fig. 13) obtained a high rank of effective-
ness when the game level was low, but also showed a high
rank of anger/frustration and a low rank of enjoyment/
joy. When the game was set in medium and high level, the
non-skillful participants scored the lowest effectiveness,
and presented a high rank of anger/frustration and a low
rank of enjoyment/joy.

On the other hand, the skillful participants (see Fig. 14)
scored a high rank of effectiveness when they played the
game at the low level, and presented a medium rank of
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Table 6 Emotions ranks by

. . Rank Participant type Emotion Prevalence Difficulty level Task
participant types and difficulty
level 1 Non-skillful Enjoyment joy 0.00% Low 3
Non-skillful Enjoyment joy 0.00% High 4
Skillful Enjoyment joy 0.20% Low 3
Non-skillful Enjoyment joy 1.90% Medium 1
2 Skillful Enjoyment joy 2.00% Medium 1
Skillful Anger frustration 2.20% High 4
Skillful Anger frustration 3.90% Low 3
Skillful Anger frustration 5.80% Medium 1
3 Non-skillful Anger frustration 8.10% Low 3
Skillful Enjoyment joy 8.30% High 4
Non-skillful Anger frustration 8.60% Medium 1
Non-skillful Anger frustration 10.30% High 4
Table 7 Emotions ranks grouped by participant types Effectveness
Rank  Participant type ~ Effectiveness  Difficulty level — Task Rark
percentage _-:r
1 Non-Skillful 13.33% Medium 1 i
Non-Skillful 14.44% High 4 A
2 Skillful 20.67% High 4 4 J“"'_l
Skillful 31.00% Medium 1 d 4%
3 Skillful 48.57% Low 3 Anger :. ; Sl
_Ski el Enjeyrment
Non-Skillful 50.00% Low 3 Frustrasson JIJ 'llH: :
a din
Rank Y
-4 Low  —— Medium High
Effectiveness
Rank ) . . .
A Fig. 14 Relation between effectiveness and the emotions anger/frus-
& tration and enjoyment/joy, regarding skillful participants. The differ-
ent types of lines represent the rank of emotion or effectiveness
i F I-
¥ 7Y —@— SUS Standard —@— SUS Vortex
F g .
F - | 100%
Anger 7 )
8 - Enjoyment 2 80%
Frasirathon™ Joy Rank R
Rank g 0
- +- o 40%
& Low —t=—Meadium High o
20%

Fig. 13 Relation between effectiveness and the emotions anger/frus-
tration and enjoyment/joy, regarding non-skillful participants. The
different types of lines represent the rank of emotion or effectiveness

anger/frustration and a low rank of enjoyment/joy. When
they played on the medium level, they scored a medium
rank of effectiveness, and presented a medium rank of anger/
frustration and enjoyment/joy. We observed that anger/frus-
tration did not increase its rank even when the effective-
ness decreased one rank. Finally, when they played on the

0%
F D C C C+ B- B B+ A-

SUS Grade

A A+

Fig. 15 SUS-based survey results (standard questions and vortex
questions) by participants expressed on grades

high level, they obtained the same rank of effectiveness and
anger/frustration than the medium level, however, they also
obtained a higher rank of enjoyment/joy.
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4.4 Usability and intention to use

Regarding usability, in the SUS survey, a score of 88.19/100
was obtained, which indicates that overall the Balloons Res-
cuer game presents an acceptable degree of usability [35].
By applying the process proposed by Sauro and Lewis [33]
to convert the SUS scores of each participant on grades, we
obtained Fig. 15, where it can be observed that around 70%
of the participants qualified the game as having an A 4+ usa-
bility. Additionally, participants reported a low degree of
usability regarding the functionality to send balloons to the
other player, where a score of 50/100 was obtained. This
score was calculated using the Likert-7 values obtained from
the two questions added to the SUS survey to explore the
vortex functionality, applying the same formula to obtain the
SUS score. In Fig. 15, we observe that around 40% of the
participants qualified the usability of the vortex functional-
ity with an F or a C. These results suggest that this feature
should be reviewed and redesigned.

Regarding the use of the TAM-based questionnaire (Lik-
ert-7 scale), we obtained a median of 7 for usefulness, a
median of 7 the ease of use, and a median of 7 for the inten-
tion to use the game (see Table 8). These results indicate a
high intention to use the video game by participants. It is
particularly apparent that users find the game very entertain-
ing (median=7), easy to learn and operate (median=7),
as well as beneficial to exercise and increase their mental
and physical agility (median=7). On this regard, partici-
pants said: “this game is cool! ...”, “it makes you exercise
both your hands and eyes, right? ...”, “the task that fol-
lows will be even more difficult ...?”, “What a thrill!”, “are
we going to use only 2 keys to control the game?”. It is
also noteworthy that participants reported on the extended
TAM questions that it was motivating to play with a friend
(median=7), and that they felt happy (median=7) and sat-
isfied (median =7) during the game play. Also, participants
reported that the functionality to send balloons to the other
was fun (median=7).

5 Discussion
The results presented above are discussed in two parts: (1)

comparison between usability evaluations of the Balloons
Rescuer game; (2) analysis of the UX evaluation regarding

Table 8 TAM results based on Likert-7 scale (Q =Quartile)

Median Mode 0.25 Q.50 Q.75
Ease of use 7 7 6 7 7
Usefulness 7 7 6 7 7
Intention to use 7 7 7 7 7
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the factors that characterize engagement; and (3) a summary
about the key factors that affect the game’s UX.

5.1 Comparison between usability evaluations
of the balloons rescuer game

In general, we could say that the participants’ perception
of ease of use and intention to use the video game in this
study were consistent with those previously reported [9].
The game was perceived as easy to operate and learn in
both studies. There were also coincidences in coherence with
the perception of reality of both evaluations, for example,
participants considered that virtual balloons fall like actual
balloons.

In addition, there was a consensus about the game being
useful to improve cognitive and physical abilities, as well as
in the motivation generated by the game when played with
other players. Significantly, in our previous study [9], there
was a person out of the 7 participants, who said that games
were not appealing to him/her, meanwhile in the second
study, none of the 16 participants reported anything similar.

All the above stated indicate that the ease of use perceived
by participants who only saw the game in operation (previ-
ous study [9]) matches with that perceived by participants
that actually played the game in specific tasks. This percep-
tion can be beneficial for the technology adoption process
since it does not impose an idea of difficulty just by seeing it.

5.2 UX of the balloons rescuer game

In this part, we discuss the UX results analyzing the attrib-
utes which characterize engagement [12]: (1) positive effect
and endurability, (2) feedback, interactivity and perceived
control, (3) challenge level and attention, and (4) variety/
novelty, esthetics and sensory appeal. Based upon the dis-
cussion of these points, we finalize the section determin-
ing whether Balloons Rescuer is an engaging game for the
elderly.

5.2.1 Positive effect and endurability

Regarding positive effect, the Balloons Rescuer video game
evoked joy and empathetic attitudes among participants,
regardless of their ability condition (skillful or non-skillful),
which is beneficial to improve self-esteem and increase the
chances of engagement [5, 7, 23]. It should be noted that
before starting the tasks, non-skillful participants generally
showed nervousness, which was expressed through constant
questioning about the operation of the game. However, dur-
ing the execution of the tasks positive emotions were pre-
dominant in all participants, with some short episodes of
frustration, usually caused by losing points (i.e., balloons
falling to the ground).
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In addition, it was found that some participants showed
signs of relief at the end of a task, especially tasks 2 and 4
were those that had a higher output frequency of balloons
(inter balloon rate IBR =2 s.), which imposed a certain level
of stress on them. In fact, the lowest effectiveness rate was
obtained in task 4. However, the episodes of negative emo-
tions were significantly lower than the proportion of positive
emotions.

Concerning endurability, we consider that Balloons Res-
cuer meets this aspect; given that the TAM questionnaire
results show a high usefulness and most participants said
they would continue to use the game if they had it available
(i.e., willingness to participate [15]), given that they found it
fun, easy to use, beneficial to improve cognitive and physical
aspects, as well as motivating to play with other players, i.e.,
they were satisfied to be part of a group [13, 20].

In addition, participants showed expressions of empathy
and coexistence in between tasks, which were possible dur-
ing the evaluation because the participants were co-located.
Taking into consideration that the game could be played in
a distributed mode (each player located on different places),
an audio or video conference type functionality would be
necessary, as to have a means through which these interac-
tions could occur, considering that each player may not be
in their home. This feature could help to increase the amount
of time that patients spend playing, thus, doing therapeutic
exercises [16]. Also, home rehabilitation would be possible,
because its infrastructure is inexpensive, as in [8, 36], where
such possibility is also planned.

5.2.2 Feedback, Interactivity and Perceived control

Regarding the control perceived by the user, although the
game was considered easy to use (SUS Score=288.19/100—
70% of participant gave an A + of usability—Median="7
Likert scale on ease of use), the functionality to send bal-
loons to the other player was not considered as simple
(median=4.75 Likert 7). In fact, in task 2, where the only
goal was to send balloons to the other player, skillful partici-
pants were the ones who showed a higher level of frustration
due to their feeling of lack of control to send the balloons
to the other player. On this matter, some of the comments
expressed were: “It does not enter [into the vortex]!”, “it
does not go there! [the balloon into the vortex]” or “but,
how do I do that?”. In addition, it can be interpreted that
the skillful participants showed more frustration in this task
because, confident on their ability, they expected to send
more balloons to the other player, but given that the balloons
appear from different locations at random, it was not easy to
guide them into the vortex. This observation is according to
Whitlock et al. [14] work, where he stated that the mismatch
between player expectation of difficulty, and actual difficulty
experienced by the players lead to their frustration.

Further, concerning feedback during the observation, it
was also identified that as there is no salient mechanism in
the current implementation of the Balloons Rescuer game to
indicate that one of the balloons has been sent to the other
player, nor there is a score to indicate the number of balloons
sent, some participants did not realize they had managed to
send one or more balloons to his/her playmate. This omission
in the current design and implementation of the game pro-
vides a possible explanation about why participants in gen-
eral reported that it was not easy to send balloons to the other
player, which may have caused stress in some participants,
insomuch that at the end of the task there were those who
sighed in relief. Further, the video game does not include any
kind of reward to pass a balloon through the vortex, thus par-
ticipants preferred to save balloons instead of passing them
to their playmate during task 3 and 4. In fact, around 10% of
the balloons of those tasks were passed through the vortex,
and less than 5% of the passed balloons generated points.

The foregoing suggests the need to redesign the mecha-
nism for sending balloons to the playmate, in order to make
easier for the players to send balloons to their playmates,
and make them feel more in control of the situation. Also,
the presented situations suggest the inclusion of a notifica-
tion mechanism with which the player is aware about his/her
sending a balloon through the vortex, and about how many
balloons s/he have sent, in order to inform the players in a
better way about their achievements.

Regarding interactivity, understood as the degree of
exchange of information between system and users [37],
the current version of Balloons Rescuer is based on visual
stimuli as output to the user and only two keys for input to
the system, but there were no comments about a lack of an
additional means of interaction. It will be necessary to fur-
ther explore this in future work.

5.2.3 Challenge level and attention

In order to explore the level of challenge, we took into account
both the relationship that we found between emotions, effec-
tiveness and skill level. While none of the tasks showed an
effectiveness greater than 50% (even the effectiveness of tasks
1 and 4 were below 25%), the participants remained focused/
interested 91.68% of the duration of the tasks. This indicates
that the game caught the attention of participants and that the
level of challenge could be considered adequate in general
terms. However, analyzing the effectiveness and the emotions
of enjoyment/joy and anger/frustration (the ones with more
variability) of each task, other aspects can be deduced.

We can argue that the level of challenge of task 3 was
probably low for both types of participants, where they
obtained the highest effectiveness, since the IBR was the
largest of all tasks (IBR =8 s.), but it was the task where the
least prevalence of enjoyment/joy was reported. Instead, in
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task 4 (where IBR =2 s.), there was a lower effectiveness,
however, skillful participants presented more enjoyment/
joy, and non-skillful participants presented more frustra-
tion. This probably indicates that the level of challenge for
skillful participants was adequate, but it was not for non-
skillful participants. Finally, in task 1, (medium difficulty
level—IBR =6), non-skillful participants presented a higher
frustration level than skillful participants, who obtained sig-
nificantly more effectiveness than non-skillful participants.

Based on the evidence presented, we can deduce that
there is not a linear relation between the challenge and the
difficulty level of the video game, and the skill level of the
player. Skillful participants presented a high rank of enjoy-
ment in difficult levels, despite their not scoring high in
effectiveness, understanding that a high score could be satis-
fying to the player [13, 24]. Conversely, skillful participants
presented a low enjoyment on the easiest level of the game,
despite their achieving a high score, as was also confirmed
by Whitlock et al. [14]. On the other hand, non-skillful par-
ticipants presented high ranks of anger/frustration and low
ranks of enjoyment on any difficulty level, even though their
achieving a high score rank on the easiest level.

The difference in the emotions shown by the partici-
pants and the effectiveness obtained regarding their abil-
ity, confirms the need for the existence of playing groups
where there is a homogeneity in the degree of affectation of
patients, or else, a mechanism in the game that dynamically
levels the skill of the players, as was done in [7, 15, 38].
Even though the amount of time where participants show
the anger/frustration emotion is very small relative to that of
the interest/excitement emotion, in the case of participants
with a real affectation and longer play sessions (greater than
one minute), the degree of anger/frustration emotion could
increase even more in the most affected patients.

5.2.4 Variety/novelty, esthetics and sensory appeal

Although these attributes of engagement were not explored
in this study, it can be considered that participants had a
neutral attitude about the esthetic and graphic design of the
game, since neither negative nor positive comments were
received on this respect. As for the variety/novelty, we con-
sider that we should implement some rewarding mechanism
for performance and/or perseverance which allow for novelty
in the game. For example, if the user reaches a certain num-
ber of balloons saved or completed sessions, access to new
functionality could be granted.

5.2.5 Does the balloons rescuer game cause engagement
in participants?

Looking back at the results of this study and their relation-
ship with the attributes that characterize engagement as
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discussed in the previous subsection, it can be said that the
Balloons Rescuer game meets the following attributes: posi-
tive effect, endurability, level of challenge and attention. We
can also say that it partially meets the attributes of feedback,
interactivity and perceived control, given the design prob-
lems present while passing balloons to the other player, and
that the current version of the game includes only visual
stimuli. Also, it would be necessary to evaluate the attributes
of variety/novelty, esthetic and sensory appeal. Therefore,
considering that from 10 attributes, 4 are fully met and 3 are
partially met, one could say that we are on the right track for
the game to cause engagement on its users.

Although our results show that Balloons Rescuer meets
certain attributes of engagement, we should conduct fur-
ther studies in order to broaden the sample and consider not
only healthy older adults, but also adults who suffer from
cognitive disease or a motor affectation. Additionally, we
should continue working on the development of the game
to integrate the Gripper as the game control, so that we can
conduct an assessment that may include clinical aspects, as
the Gripper is required to perform the movements usually
prescribed for rehabilitation therapy of the upper limb.

5.3 Key factors that influence the UX

This study provides evidence that the combination of play-
ers’ skill and the game’s challenge level is an important fac-
tor to take into account for the design and development of
serious video games intended for the cognitive and physical
rehabilitation of the elderly. As we presented above, skillful
participants need to be challenged by the game (increasing
its difficulty) so that they feel more joy/enjoyment, which
is part of a good UX. Conversely, non-skillful participants
need a moderated challenge in the game, and they could
even require a support mechanism to ease their interaction
with game. In the case of our study, non-skillful participants
always presented a high rank of anger/frustration, even in the
easiest level of the game. We consider important to avoid
negative emotions in the players during the video game ses-
sions, since they could be a factor to leave the sessions or
play with reluctance, and consequently, this situation would
affect the effectivity of the rehabilitation therapies based on
serious games.

Additionally, we consider important to allow the players
to interact among each other in-between game sessions or
even during the game. In our study, we observed that par-
ticipants interacted between them with good attitude, talking
about how the game was, without judging their performance
or score, i.e., they always presented positive emotions and a
non-competitive behavior. In the case of tele-rehabilitation,
we propose to add a feature to have a video-call during the
game sessions in order to allow the players interaction, and
consequently promote positive emotions in them.
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Finally, game feedback is an important influencing factor
on the participants’ UX, particularly with elders. Feedback
must be visual, auditory and even haptic so that the play-
ers could be aware of all the important game events. In our
study, the vortex feature implements a visual feedback only,
and for this reason, most of the participants did not realize
when they achieved passing a balloon to the other player.
We consider that better feedback about this feature would
have a positive effect on the collaborative or competitive
attitude of the participants, thus influencing the appearance
and intensity of different emotions and even on the perceived
UX of the participants.

6 Conclusions and future work

In this work, we present the results of a further usability
and UX study of Balloons Rescuer, a serious video game
for cognitive stimulation and motor rehabilitation of the
upper limb of the elderly. These results were contrasted
with those of an evaluation previously reported [9]. We
found that the results of the first study were consistent with
the results of second one, with a high level of usability and
intention to use the video game, with the exception of the
functionality of passing balloons to the playmate (send
them through the vortex). At first glance, this functional-
ity seemed to be easy for the participants of our previous
study [9], but when it was used in a specific task during the
second study, it was perceived as difficult to use. However,
the participants claimed that it was fun to pass balloons to
their playmates. This result leads us to propose a redesign
to improve this feature as future work.

Regarding emotions, in the UX evaluation, we found
that the interest level was about the same during the execu-
tion of the 4 tasks, regardless of their difficulty level. How-
ever, we also found that there were important differences
in the enjoyment/joy and anger/frustration levels between
user groups and tasks. For instance, let us consider the fol-
lowing cases: On the one hand, for the skillful participants
1) considering the most difficult task (i.e., task 4) they
had their highest enjoyment/joy level even though their
effectiveness was their lowest; and 2) considering the least
difficult task (i.e. task 3) they had their lowest enjoyment/
joy level even though their effectiveness was their highest.

These results provide evidence to suggest that perfor-
mance and challenge in a serious game do not necessarily
correlates linearly with enjoyment/joy or anger/frustration
level, rather they are factors that depend on both the skill
level of the participant and the difficulty/challenge level
of the game. It has been stated in other works [13—16] that
an engaging video game requires a balance of participants’
emotions (negative and positive), perceived challenge and
motivation. This evidence provides us with a line of future

work, as it is necessary to keep working on the design and
evaluation of this kind of serious games, in order to better
understand the relationship among factors such as perfor-
mance, enjoyment/joy, anger/frustration, difficulty level
and skill level, so that we could improve the design of
engagement/UX of these games, as this is a very important
factor for successful cognitive and physical stimulation
and rehabilitation of the elderly.

In addition, a clear understanding of the above men-
tioned factors, would allow us to explore as a future work
the development of adaptive mechanisms for rehabilitation
video games intended for the elderly (as in [8, 20, 38-41]),
in order to fit the challenge level to each patient condi-
tion, and to achieve the patients’ engagement, taking care
of pushing them into their physical limits, without reach-
ing high ranks of frustration [14], which could affect the
motivation to continue playing/rehabilitating in the future.

Finally, although in the current version of Balloons Res-
cuer the Gripper control has not been integrated yet (and
instead, the keyboard arrows were used), the aim of the pre-
sented evaluations was understanding the participants’ per-
ception of ease of use and intention to use the game, as well
as identifying key factors that improve the game’s engage-
ment. As future work, the Gripper control will be included
to ease the use of the game by people with motricity limita-
tions, and to be used as a tool for upper limb rehabilitation.
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Abstract

Currently, many organizations are unaware of the operation of their business, so they need to know
how their business model isformed, this lets them to identify the key elements of how it isformed
and how those elements arerel ated in the organization. Therefore, the aim of thiswork isthe design
of abusiness model using the Canvas Business Model methodology, is atool who permits finding
the different opportunity areas in the product or business processes in an organization. For it, the
tools of customer segment, empathy map, and creation of the value proposa were used, with which
it was possible to obtain the Business Model of a pig feed processing plant. As a result, it was
possible to infer the considerations and implications provided by the Business Model to the Plant
through the elaboration of initiatives that help to achieve the aims established in the Plant's
strategies. This Business Modé is focused in an abstract way on how the plant has a profit, how
the costs are composed, how its market segment is composed, how the Plant relates to its customers
and how the value proposal makes them arrive. In addition, it includes what are its key activities,
its resources, and its alies. This abstraction made it possible to show the overall operation of the
plant from an agile perspective, thus achieving the sight of the current state of the plant, which in
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turn allows us to project different scenarios of the operation of the model in each step of it. This
capacity that has Canvas allows being flexible to the Plant to be able to project and analyze
proposals and initiatives that alow them to prevent possible deviations that affect adversely
interests of the Plant.

Key Words: Canvas, Processes, Production, Business Model.

Resumen

Actualmente, muchas de |as organizaciones desconocen € funcionamiento de su empresa, por 1o
gue requieren conocer su modelo de negocio, €l cua les permitaidentificar |os e ementos clave de
como esta conformaday laforma en que se relacionan estos elementos en |a organizacion. Por €llo,
el objetivo principal de este trabgjo es disefiar un Modelo de Negocio utilizando lametodol ogia del
Modelo de Negocios Canvas, la cual es una herramienta gue permite encontrar |as diferentes areas
de oportunidad en los procesos productivos o de negocio en una organizacion. Para esto se
utilizaron las herrami entas de segmento de clientes, mapa de empatiay creacion de la propuesta de
valor con lo que fue posible obtener el Model o de Negocio de unaplantade el aboracion de aimento
para cerdo. Con esto fue posible inferir las consideraciones e implicaciones que proporciona €l
Modelo de Negocio a la planta mediante la elaboracién de iniciativas que ayuden a logro de los
objetivos establecidos en las estrategias de la misma. Este Modelo de Negocio esta enfocado de
manera abstracta en determinar la forma en la que la planta obtiene sus ganancias, como se
componen |os costos, cOmo se compone su segmento de mercado, como se relaciona la planta con
sus clientes y como les hace llegar la propuesta de vaor. Ademas, incluye cudles son sus
actividades clave, sus recursos y sus aiados. Esta abstraccion permitio visualizar la operacion
global de la planta desde una perspectiva agil logrando de estaformavisuaizar € estado actual de
laplantalo que permite a su vez proyectar diferentes escenarios del funcionamiento del modelo en
cada una de sus etapas que |o conforman. Esta capacidad que tiene Canvas permite ser flexible a
la organizacion para poder proyectar y analizar propuestas e iniciativas que le permitan prevenir
posi bles desviaciones que af ectan negativamente alos intereses de la planta.

Palabras clave: Canvas, Procesos, Produccién, Modelo de Negocios.

1. Introduccién del modelo de negocio [1]. EI modelo es
interpretado  como "una descripcion y
representacion simplificada de una entidad o
proceso complgjo’, de manera que esta
representacion implica conceptualizacion,
que puede describirse como “los objetos,
conceptos y otras entidades que se asume que
existen en agun aea de interés y su
interrelacion”.  Asimismo, también se
interpreta la palabra negocio como “la

El modelo de negocio sirve como un plan de
construccion que permite disefiar y organizar
Su estructura, ademés de ser la base para
congtituir la forma fisica y operativa de la
empresa. Es importante reflexionar sobre su
semantica, por lo que tanto el negocio, como
el modelo por si mismo, tienen un significado
especifico. Esta combinacion de significados
reflgga muchas de las posibles aplicaciones
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actividad de suministro de bienes y servicios
que involucran aspectos industriales”.
Unificando estos elementos se establece que
la reflexion sobre el concepto de modelo de
negocio debe ir en la siguiente direccion: “un
modelo de negocio es una herramienta
conceptual que contiene un conjunto de
objetos, conceptos y sus relaciones con el
objetivo de expresar la l6gica empresarial de
una firma determinada”.

Existen varios tipos de model os de negocios
0 metamodelos que son genéricos, pero
contienen caracteristicas comunes. Los tipos
de modelos se refieren a una categorizacion,
mientras que |os metamodel os dan referencia
adiferentes model osintegrados, deformaque
esta distincién reflgja diferentes grados de
conceptualizacion.

Por lo que podemos afirmar que un modelo
de negocio es una plantilla que describe la
forma en que la empresa lleva a cabo su
operacion, y es elaborado por los gerentes de
una firma para satisfacer mejor las
necesidades percibidas de sus clientes. Para
abordar completamente la oportunidad de
mercado, € modelo de negocio a menudo
incluye a la firma mismay sus interacciones
con laindustria. En ese mismo sentido, se han
realizado muchos intentos para describir y
clasificar los modelos de negocio de forma
taxondmica, es decir, desarrolladas &
abstraer de observaciones tipicamente de una
sola industria [2]. Estos intentos rara vez
tratan de manera completa y adecuada las
dimensiones de clientes, organizacion interna
y monetizacion; sin embargo, existe una
tipologia que considera cuatro elementos: a)
identificar alos clientes (el nimero de grupos
de clientes segmentados); b) compromiso del
cliente (o la propuesta de vaor); c)
monetizacion, d) la cadena de valor y los
vinculos (generamente concierne a como
funciona la empresa internamente) [3]. Cada
una de estas dimensiones se relaciona con la
definicion del modelo de negocio, de creacion

Noviembre - Diciembre 2019

de valor o captura de valor o ambas y se
prestan para crear subcategorias y, por lo
tanto, la oportunidad de un mapa
significativo. Este mapa puede superponerse
a mundo real de unaindustria, o laformade
pensar de un empresario, y a comparar €
mapa con la tipologia completa, podemos
Identificar lagamade model os existentes. Por
lo que el modelo de negocio es considerado
como una plantilla que incorpora dentro de €l
un conjunto de relaciones causa-efecto.

Existen distintos tipos de modelo de negocio
gue la gran mayoria de las empresas utilizan
y adoptan para encontrar una ventga
competitiva. Entre otros, se tiene i)
Publicidad, e fundamento de este modelo
gira en torno a la creacion de contenido que
las personas desean leer o ver y luego mostrar
publicidad a sus lectores o espectadores; ii)
Afiliado, este modelo de negocio esta
relacionado con e modelo de publicidad,
pero tiene agunas diferencias especificas,
utiliza enlaces incrustados en € contenido en
lugar de anuncios visual es que son féacilmente
identificables; iii) Desintermediacion, este se
refiere cuando se desea hacer y vender algo
en las tiendas, normamente trabaja con una
serie de intermediarios para obtener su
producto de la fébrica a la estanteria de la
tienda; iv) Franquicia, es cuando se concede
una licencia para utilizar unaidea de negocio
0 marca; v) Mercado, este permite a los
vendedores listar articulos en venta y
proporcionar a los clientes herramientas
faciles para conectarse con los vendedores.
Este conjunto de modelos, refieren a un
concepto tradicionalmente utilizado por las
empresas, y que hasta antes de la
globalizacion de mercados, generaba una
ventaja competitiva [4].

Un modelo de negocio describe |as bases con
las que unaempresa crea, proporcionay capta
valor, [5] de manera ta que como
organizacién es posible identificar quién es,
como hace las cosas, y cOmo puede intervenir
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con el fin modificar |o establecido para hacer
las cosas de manera més eficiente. A su vez,
el Modelo Canvas, busca que | os proyectos se
gestionen como unidades de negocio,
ademés, € potenciad emprendedor en la
gestion de proyectos; en otras palabras, esuna
herramienta pertinente en un contexto de
emprendimiento e innovacion, que, s bien e
plan de negocio es importante, debe ser
flexible, pendiente a responder a las
oportunidades y necesidades de la
organizacién donde se aplique.

Lo antes expuesto nos lleva a considerar que
existen diferentes tipos de modelos o planes
de negocios que fueron disefiados para
actividades industriales, mercantiles y de
servicio especificos, de tal forma que estos
modelos tienen la estructura que la
organizacion les requirié en su momento; aun
cuando este tipo de modelos o planes tienen
como limitante que son complegos y poco
flexibles, la tendencia advierte que en la
actualidad se requiere de modelos agiles y
flexibles que permitan adaptarse a las
distintasvariables queinfluyen enlaempresa.

En e presente trabgjo se propone e disefiar
de un modelo de negocio en una planta
procesadora de aimento para cerdo, ubicada
en e sur del estado de Sonora, México; la
cual produce para atender las diferentes
etapas’ de desarrollo del animal, tales como
cuarentena, de gestacion, maternidad, destete
y engorda. Cuenta con antigtiedad de 30 afios
y provee a 28 granjas, distribuidas entre los
estados de Sonora y Sinaloa. La principal
actividad de los clientes es la produccién de
cerdos en pie, los cuales son engordados en
talas de 120 kg a 125 kg de acuerdo con los
requerimientos de calidad en gradeo,
rendimiento magro y crecimiento de
producto. La planta procesadora tiene como

! Estas etapas caracterizan el desarrollo cronoldgico y
fisico del cerdo, desde el nacimiento hasta alcanzar
el estandar de calidad requerido.
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proveedores  principales a  distintas
asociaciones productoras de grano, asi como
también de aceites y concentrados con
vitaminas, |os cuales aportan insumos que se
agregan a la formula para complementar €l
alimento elaborado.

Los proveedores juegan un pape
preponderante para la planta procesadora,
debido a que proporcionan la materia prima
necesaria paralaelaboracion delos productos
requeridos por sus clientes. Entre los
proveedores y la planta procesadora de
alimentos existe una alianza estratégica para
garantizar el abasto adecuado y mantener la
calidad del producto.

Con base en € estado de arte descrito se
presenta este trabajo, € cua tiene como
objetivo disefiar e modelo de negocios para
laplantade alimentos para cerdo, mediante el
Modelo de Negocios Canvas con lafinalidad
de mejorar su propuesta de valor actual [6].
Esto es, debido a la necesidad de la planta
para actualizar y mejorar sus actividades o
procesos claves. Para dicha planta es de suma
importancia que sus colaboradores puedan
identificar como contribuyen a desarrollo del
Modelo de Negocio Canvas y puedan
observar las areas de oportunidad por medio
de esta herramienta &gil [7]. Todo esto para
gue mejore la calidad del servicio que se
brinda de una mejor forma a sus clientes
conforme a la demanda y exigencias de su
producto.

2. Trabajosreacionados

En e siguiente apartado se mencionan
diferentes trabajos que fueron consultados
con €l fin de conocer la utilidad del Modelo
de Negocios Canvas en diferentes ambitos[ 8]
en los cuaes se ha logrado abstraer de una
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forma sencilla como los negocios u
organismos funcionan.

En € trabgjo elaborado en [9], se abordd la
problematica de las Mipymes que se dedican
alaseguridad y salud ocupacional, ya que no
logran cumplir con los estandares de calidad
en distintos ambitos y que normalmente se
encuentran reguladas por las organizaciones
gubernamentales, debido a incumplimiento
en las normativas y la meora de los
estdndares de calidad. Para esto se aplico
Modelo de Negocio Canvas con la
informacion més importante acerca del
tamafio del mercado, necesidades de las
empresas, asi como de ofertay demanda. Para
esto se utilizaron fuentes de informacion
primarias, recopilacion de datos y encuestas.
Como resultados de este andlisis se disefio €
plan de negocio para la creacion de una
empresa de Servicios de Seguridad y Salud
Ocupacional para Mipymes, orientada a
mejorar la seguridad y la salud ocupacional
delos colaboradores que prestan sus servicios
personales y profesionales a estas empresas
demostrando la factibilidad del negocio para
satisfacer sus necesidades.

En € trabajo presentado en [10], se abordo la
problemética social referente al desempleo,
debido al incremento del trabajo poco digno
y a su vez € incremento del comercio
informal que afecta de manera negativa a la
sociedad. Por €llo, este trabajo tuvo como
objetivo desarrollar un Modelo de Negocio
Canvas para la implementacién de una
empresa de servicios de aseo y limpieza para
hogares, oficinas y negocios con € fin de
formalizar y dignificar este tipo de actividad
economica. Para esto se hizo uso de un buen
planteamiento del segmento de mercado, €
cual estuvo enfocado a la propuesta de valor
gue determind ofrecer servicios integrales
con atos estandares de calidad con e
persona  debidamente  capacitado y
certificado mostrando compromiso con los
clientes.
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Asimismo, en €l trabgjo informado en [11] se
presentala necesidad deidentificar el modelo
de negocio de unaempresa consultora, lacual
desconocia su mercado objetivo, es decir no
habia logrado establecer al cliente como su
objetivo principal en relacion a los servicios
ofrecidos, por |o que su propuesta de valor no
hacia diferencia con respecto a su
competencia, su principal objetivo fue
disefiar un modelo de negocio bago la
metodologia del Modelo de Negocio Canvas.
El resultado fue la propuesta diferenciadora
de establecer un modelo fundamentado en
métodos de €jecucion basados en procesos de
negocio, asi como las buenas précticas para
orientar a la organizacion logrando ofrecer a
sus clientes asesoria, revision y correccion,
optimizacion de tiempo y dinero,
mejoramiento de procesos satisfaciendo las
necesidades de los clientes como su principal
propuesta de valor.

En € trabajo presentado en [12], muestra la
problematica de la empresa comercializadora
D’ Perfect Color, la cual no habia
implementado una herramienta de gestion
gue le permitiera conocer su propuesta de
valor para sus clientes. Por €llo, este estudio
se enfoc6 a implementar e Modelo de
Negocios Canvas para poder crear un modelo
con €l cua la empresa se pueda posicionar y
obtener una ventgja por medio de una
propuesta de valor diferenciadora sobre sus
competidores. Con la aplicacion del Modelo
de Negocios Canvas se logré abordar €
negocio desde un punto de vista abstracto,
teniendo en cuenta las é&eas clave a
desarrollar como la prioridad e importancia
otorgada a los clientes para € meor
funcionamiento del negocio, ademas de
lograr una aproximacion mas cercana a la
realidad. Es claro que los objetivos
propuestos a inicio de este proyecto se
lograron con satisfaccion y se logré que la
empresa fuera més competitiva.
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El trabajo presentado en [13], trata los
problemas del crecimiento poblacional como
un detonador de demanda a los servicios de
salud, asi como también del crecimiento dela
clase media como una consecuencia en la
demanda de los productos farmacéuticos.
Para esto se realiz6 un andisis y descripcion
del modelo de negocio de la empresa
farmacéutica similares y su forma de crear
valor. Esto fue mediante un estudio de caso
en e que se examin® € éxito de laindustria
farmacéutica en México, donde se observé
gue e planteamiento de la propuesta valor
estuvo enfocada en & conocimiento de su
segmento de mercado, €l cua estuvo basada
por el crecimiento demogréfico y el aumento
de la clase mediaa Con e uso de la
herramientade Modelo de Negocio Canvas se
identifico que este negocio parte de un
sentido social, y que su diversificacion estuvo
impulsada por adquisiciones y
combinaciones de productos y servicios del
mercado, que los caracterizé no sélo por
diversificacion dentro de la misma zona de
especializacién, sino también por lapresencia
en nuevas aeas como laboratorios de
produccion de farmacos, transportacion para
su propia distribucién, ofrecimiento de
franquicias y laboratorios de servicios
médicos propios, las cuales fueron e factor
de su éxito haciendo diferencia con su
competencia.

Como se puede notar, los trabgos
presentados en esta seccion demuestran que
el Modelo de Negocios Canvas es una
herramienta que ha sido Util para identificar
la propuesta de vaor de empresas u
organismos de distintos giros basados en
problemas diversos. Ademés este modelo
permite hacer andlisis para conocer € estado
actual de las empresas y permite solucionar
los problemas relacionados con la
interrelacion de las diferentes éreas para
satisfaccion de los clientes internos vy
externos, que se puedan presentar mediante
una metodologia &gil, flexible y que permite
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establecer objetivos de una manera mas
rapida, lo que facilita adaptarse a los
diferentes cambios que enfrentan las
empresas u organismos.

3. Aplicacion del Modelo de Negocio
Canvas en la Planta comercializadora de
alimentos para cerdo

El Modelo de Negocio Canvas [5] es una
herramienta que facilita la captura, la
visualizacion, e entendimiento y lalégicadel
negocio ofreciendo una vision distinta de la
empresa que permite la comprension de las
relaciones entre las &reas que intervienen en
|as decisiones. Este model o describelas bases
sobre las que una empresa crea, proporciona
y captavalor; estadividido en nueve médulos
basicos que reflgjan la l16gica que sigue una
empresa para conseguir ingresos, cubren las
cuatro éreas principales de un negocio:
clientes, oferta, infraestructura y viabilidad
econémica[14].

Para documentar e Modelo de Negocios
Canvas paralaplanta de alimentos para cerdo
se redizaron cuatro actividades, que se
describen a continuacion:
1. Entrevista inicial.- Se realiz6 una
entrevista a responsable de la planta
con € fin de conocer los diferentes
procesos que constan desde la entrada
del camion con materia prima hasta la
sdlida del mismo y la carga de
producto terminado.
2. Visita a planta. - sevisito la planta
de elaboracion de alimentos para
cerdo con € objetivo de observar las
actividades que se redlizan de manera
especifica, por |o que se encontraron 9
técnicas clave que conforman el
proceso de produccion, las cuales son
i) recibimiento delamateriaprima, ii)
pessje de la materia prima, iii)
descarga de materia prima, iv)
proceso de molienda, V)
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premezclados, vi) mezclados, vii)
envio de producto terminado atolvas,
viii) cargadel camion con e producto
parasu envio, ix) pesgje el camién con
el producto. Ademas se realizd un
inventario de recursos y de las
instalaciones con las que se cuenta.

3. Segmentacion de clientes. - se
reaiz6 una segmentacion de los
clientes de la planta de elaboracién de
alimentos para cerdo con € uso de
formatos de disefio del segmento de
clientes propuesto por [15] que fueron
[lenados por personal responsable de
cada una de las 15 granjas que
conforman los clientes de la planta,
donde los encargados de €llas
proporcionaron informacion
relacionada con datos demograficos,
geogréficos, tipo de comunidad,
capacidad de produccion, necesidades
como cuéntas toneladas de aimento
serequieren a mes, qué le ofrece cada
granja a la planta de elaboracion de
alimentos para cerdo, tipos de granja,
accesibilidad a las granjas, su modelo
de comunicacion, € numero de
granjas del mismo tipo, frecuencia de
pedido de aimento, asi como sus
indicadores para el producto recibido.
4. Elaboracion de Formatos “value
proposition”. - con la informacion
obtenida en la segmentacién y la
informacién  recolectada de los
distintos procesos obtenidos de la
visita a la planta de elaboracion de
alimentos para cerdo, se elaboraron
las propuestas de valor y € mapa de
empatia [16] que ayudaron a la
elaboracion del Modelo de Negocio
Canvas.

Por lo anterior, y con € fin de establecer €
conocimiento que la planta requiere de las
diversas éreas que la conforman, serealizo €
lienzo de Modelo de Negocio Canvas, que
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consta de 9 pasos, los cuales se explican a
continuaci on:

1. Segmento de cliente; para este
indicador laplantaprocesadoracuenta
en su cartera de clientes con 28
empresas ubicadas en laregion sur de
Sonora, a las cuales provee en
exclusiva €l alimento. En €l presente
estudio participaron 15 granjas, entre
las cuales se cuentan 5 denominadas
de ciclo completo, 1 granja de destete,
8 de tipo engorda y 1 de engorda y
destete.

2. Propuesta de valor: en este paso
se tuvo como objetivo conocer qué
iniciativa puede aportarles valor alos
clientes de la planta, se identifico que
ésta garantiza la calidad del aimento
con estandares superiores respecto a
la  competencia, ofrece una
exclusividad del producto elaborado,
facilita cambios en las entregas del
producto, mejora la accesibilidad y
comunicacion con los clientes.

3. Canales de distribucién: esta se
refiere a como se le hace llegar la
propuesta de valor a cliente, €
objetivo identificado es tener una
buena distribucion de los productos
ofrecidos mediante entregas a través
de unaflotillade camiones con salidas
programadas gradualmente con cada
uno de los clientes segin lo
especifiguen los pedidos solicitados.
4. Relacion con € cliente: e objetivo
fue conocer larelacion de los clientes
con las granjas, agui se identificé que
existe un intercambio de informacion
con cada uno de los clientes via
telefonica. Esto con base a las
especificaciones que e cliente
requiera para posteriormente realizar
la programacion necesaria con
respecto ala demanda.

5. Flujosde ingresos: en este paso se
determina como se obtendra la
gananciapor medio de lapropuestade
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valor, identificando que la venta de
aimento a los distintos clientes
establecidos genera cerdos de mayor
caidad, asi como también €
aprovechamiento de los desperdicios
parasu venta
Después de que se logro obtener la
informacién  necesaria sobre €
entorno de la organizacion, se
procedid a andizar los pasos que
contribuyen ala propuestade valor.
6. Recursos clave: en este punto se
muestra lo que se requiere para llevar
acabo lasactividadesdelaplanta. Los
recursos que se encontraron fueron la
maquinaria para la elaboracion del
producto, las maquinas de molienda,
bandas transportadoras, tolva bascula,
mezcladoras, silos de
almacenamiento, tolvas de producto
terminado, edificios y las redes de
distribucion. También se considera
como recurso clave los insumos (e.g.
vitaminas, aceites, concentrados,
granos, €etc) que Son  recursos
esenciades para la elaboracion del
producto. También son clave los
recursosintelectuales queincluyen las
formulas de los alimentos y las bases
de datos delos clientes. Finalmente se
identificd como recursos financieros
posibles nuevos empleados, sistemas
a implementar, sistemas graficos
visuales, entre otros.
7. Actividades clave: este punto nos
muestra los procesos que son parte
fundamental para lograr el objetivo
principal dela planta. Las actividades
encontradas que inciden en la
propuesta de valor son:
Pruebas de calidad: se analiza
gue la materia prima recibida
cumpla con los estéandares
establecidos por la
organizacion.
Almacenamiento: e producto
recibido pasa a los silos de

Noviembre - Diciembre 2019

amacenamiento donde se
resguarda para el momento de
SU USO.
Proceso de molienda: la
materia prima recibida pasa a
este proceso para poder
aprovecharla de la meor
manera
Mezclados: se combinan los
diferentes ingredientes que se
requieren para e€laborar €
alimento.
Carga de producto: se
procede a llenar los camiones
para la distribucién de
dimento a los diferentes
clientes que lo solicitaron.
Envio de producto: €
producto es enviado a cliente
gue lo solicité en € camion de
transporte.
8. Aliados clave: este paso tiene
como objetivo conocer quiénes son
los diados principdes para €
funcionamiento de la planta de
elaboracion de aimentos para cerdo.
Los principales socios clave que
fueron encontrados son:
Vimifos.  este  proveedor
abastece a la planta de
medicamentos y vitaminas
necesarias para la realizacion
de sus productos, ofrece los
MeEjores precios y a su vez la
cadidad requerida por los
estdndares establecidos, asi
como también es un proveedor
de emergencia y provee de
alimentos cuando se necesita.
Almacenadoras de grano:
amacenadoras como San
Rafadl, Aric, Pacsay C. de
Palma, son las que proveen de
materia prima a la planta de
elaboracion de alimentos para
cerdo y tienen abastecida a la
planta de distintos granos que
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se utilizan para la elaboracion
del alimento para cerdo.
Nutrikowi: este es un
proveedor de emergencia a
igual que Vimifos que
abastece de aimento a la
planta cuando se necesita.
9. Estructura de costos. en este
punto se dividen los costos que
impactan en la propuesta de valor, de
los cuales se identificaron ndmina,
materia prima, produccion,
mantenimiento, flotilla de camiones
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de transporte del adimento vy
operacion. Estos costos son con los
gue cuentala planta de elaboracion de
alimentos para cerdo y que son de
suma importancia en € logro de las
metas y objetivos de negocio.

Con toda la informacion recopilada de la
organizacion se documentd e lienzo del
Modelo de Negocio Canvas con sus
elementos y especificaciones
correspondientes como se muestraen laTabla
1.

Tabla 1. Lienzo modelo de negocio Canvas aplicado ala Planta de elaboracidn de alimento para cerdo.

Aliados Clave Actividades Propuesta de
Clave Valor
Los socios clave
que apoyan a la Pruebas de

organizacion son: | calidad.

- Vimifos -

- Nutrikowi Almacenamient | competencia.

- Almacenadoras | o. - Exclusividad del
degrano - Molienda. producto elaborado.

- Mezclados. Optimizaciéon  y

Cargar | disponibilidad de

aimento. cambios en la

Envio de | entrega del
producto. producto.

Relacién con €l Cliente

Hay un intercambio de informaciéon | Se analizaron como

Estdndares de | con cadauno delos clientes por medio | segmentos un total de 15
calidad de alimento | de la via telefénica con base a las | granjas porcinas de la
respecto  a la | especificaciones que este requiere y | organizacion, segmentando
realizar la programaci6n necesaria.

Segmentos de Clientes

por tipo de granja las cuales
fueron:

5 granjas ciclo completo

1 granja de destete

8 granjas de engorda

1 granjade engorday destete.

Recur sos Clave
Mé&quina de

- Tolva béascula
- Mezcladoras
Silos de
amacén
Tolvas de
producto
terminado.
Banda
trangportadora

molienda La distribucién se redliza a través de
una flotilla de camiones previamente
programada paralasalidacon cadauno
delosclientes.

Canales

Estructura de Costos
Los costos estan divididos por:

- Materia prima.

- Produccion.

- Mantenimiento.

- Flotilla de camiones.
- Contabilidad.

- Servicios.

- Ventade alimentos alas distintas granjas.
- Nomina - Aprovechamiento de los desperdicios salientes para su venta.
- Generar animales de calidad.

Estructura de I ngresos

4. Consideracionesfinales eimplicaciones

En este articulo se disefia un modelo de
negocio para una planta de elaboracion de
adimentos para cerdo utilizando la
metodol ogia del Modelo de Negocio Canvas,

con la finalidad de que la empresa visualice
su propuesta de valor actual y pueda reducir
su riesgo detectando oportunamente las areas
de oportunidad, debido a que con la
informacion resultante los directivos de la



Ano: 7, No. 41

planta pueden plantear estrategias y acciones
coherentes a su mision y vision como
empresa.

Esta procesadora de alimentos no dispone de
una plantila Canvas, aun cuando los
tomadores de decisiones  requieren
informaci én disponible de su situacion actual,
en este sentido el Modelo de Negocio Canvas
permite que estainformacion sea generada de
manera agil y flexible, debido a que la alta
direccion requiere disefiar y controlar no solo
aspectos clave para satisfacer a los clientes
actuales, sino también incluir aspectos que
permitan la buena marcha y desarrollo del
modelo de negocio [17]. Es aqui donde se
establecio la necesidad aplicar este modelo
para que de éste resulten iniciativas vy
objetivos enfocados a medir y controlar los
aspectos rel evantes de este negocio.

El Modelo de Negocios Canvas tienes varias
limitantes que es importante tomar en cuenta,
entre ellas la més comin es & nivel de
abstraccion [8], lo cuad dificulta la
implantacion de estrategias, pues no
proporcionaindicadores ni las relaciones que
tienen los factores clave involucrados en el
modelo, por 1o que se debe considerar €
identificar lasfortalezasy debilidades de cada
proceso del modelo de negocio y de esta
formapoder elaborar iniciativas que ayudan a
reducir las debilidades y consolidar las
fortalezas.

Es por ello que se deben seguir las siguientes
implicaciones que trae consigo e Modelo de
Negocios Canvas [18] para la planta de
elaboracion de alimentos para cerdo:
1. Detectar fortalezas y debilidades de
cada una de las areas que conforma
este Modelo de Negocio. Con esto se
pueden establecer iniciativas que
contribuyan a la consecucion de los
objetivos y a su vez reforzar las areas
débiles con base a las iniciativas
establecidas.
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2. La flexibilidad de este modelo
facilita la toma de decisiones
inmediatas sin esperar aidentificar un
indicador bajo, es decir detecta
desviaciones que dificulten o impidan
el logro de objetivos sin tener
cuantitativamente la informacion del
indicador. Esto con € fin de lograr
identificar distintos indicadores delos
procesos antes de que estos se
encuentren en estado critico.

3. Este model o permite adaptabilidad,
de tal manera que los procesos que no
se encuentren en € lienzo (Figura 1)
se pueden ir agregando vy
posteriormente pueden ser propuestos
para la ayuda del cumplimiento de
objetivos de la planta. Esto esde gran
ayuda debido a que € modelo no se
limita a ciertos objetivos y conforme
la planta modifique objetivos y metas
el Modelo de Negocio Canvas se
acoplaraaéllo.

4. Los apartados de flujo de ingresos
y costos del Modelo, facilitan a la
planta la visualizacion y andlisis de
los objetivos trazados por los
directivos, puesto que ayudan a las
metas del negocio y de ser necesario
mejoran algunos de €llos.

5. Los apartados de propuesta de
vaor, segmento de clientes y
relaciones del cliente, facilitan €
andliss de los objetivos de la
propuesta de valor ya que dicha
propuesta puede ser reforzada o
modificadacon basealo queé cliente
esté demandando, esto segun la
percepcion y la calidad del producto
ofrecido por la misma planta.

6. Los apartados de canaes de
distribucion y actividades clave del
model o facilitan el andlisis de como el
producto es transportado de una
manera eficiente y a su vez contempla
contingencias que resulten de
imprevisto.
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7. Los apartados de recursos y aliados
clave ayudan a identificar y
reflexionar sobre los diferentes tipos
de alimentos con los que dispone la
planta y como estos pueden ser
aprovechados de una forma més
eficiente por nuestros clientes segin
sus especificaciones.

El Modelo de Negocios Canvas ha sido
utilizado y probado en diversos giros a nivel
internacional  con  éxito [19]. Esta
Herramienta aun cuando fue disefiada para
ayudar a definir propuestas de valor para
startups ha sido utilizada para abstraer
Modelos de Negocios Canvas de empresas
con procesos complgos otorgando un
planteamiento  holistico, ademas ha
comprobado efectividad para establecer
iniciativas encaminadas a la consecucion de
objetivos, ademas su planteamiento abstracto
facilita la flexibilidad en el acomodo de los
elementos de sus distintas éreas, esto es,
permite observar a nivel direccion que
iniciativas funcionan y contribuyen a la
consecucion de objetivos.

Con este Modelo de Negocio Canvas se
pretende inferir un mejor planteamiento de
objetivos por medio delaidentificacién delos
distintos elementos del modelo en la
propuesta de valor, generando objetivos
minimos viables.

5. Conclusiones

Este trabajo suministré herramientas para €
desarrollo y andlisis de negocios que son
indispensables en un mundo globamente
competitivo, e Modelo de Negocios Canvas
permiti6 abstraer |as actividades operativas y
administrativas de la Planta de alimento para
cerdo ofreciendo las herramientas necesarias
paraladefinicion de la propuesta de valor en
base a la aplicacion de utilidades del modelo
gue ayudaron a conocer las necesidades y
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deseos de sus clientes, esto es, se andizo la
segmentacion de clientes, también se realizd
un estudio de la segmentacién por medio del
andliiss del mapa de empatia, logrando
consolidar la propuesta de valor actual de la
planta, laidentificacion de las éreas restantes
del Canvas ofrecen unavision ordenadadelas
actividades de la organizacion y la
interrelacion de las mismas ofreciendo la
oportunidad de redlizar modificaciones
considerando distintos escenarios que se
puedan presentar por medio deiniciativas que
contribuyan alaconsecucion delos objetivos,
estas iniciativas pueden establecerse para
cada escenario planteado. Lo antes expuesto
demuestra la flexibilidad del Modelo de
Negocios Canvas y la capacidad de este en
incidir en la toma de decisiones de la
organizacion. De ali que toda organizacion
gue cuente con su modelo de negocios bien
estructurado puede sortear las incertidumbres
de las fuerzas tanto internas como externas
contemplando desde una nueva perspectiva
las oportunidades y amenazas en un escenario
global y competitivo.
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