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Abstract

The emergence of globally distributed teams and the evolution of mobile technologies have
increased the number of mobile knowledge workers (MKW). MKW are professionals who
frequently work on the move, far from a fixed workplace, performing knowledge-intensive
activities. MKW often work alone, which leads them to face constant challenges in their work
practices and difficulties to get timely knowledge to solve their problems alone. Still, little is
known about how the collaborative problem-solving is carried out in the MKW’s context. To
address this gap, we adopted the Design Science Research (DSR) as a research method, and we
applied activity theory (AT) and expansive learning as theoretical foundations to understand the
MKW'’s context. We created an artifact — a method implemented via a mobile app — to support
collaborative problem-solving processes on the move, which allowed us to understand better how
these processes occur, contributing not only to problems resolutions but also to organizational
learning.

Keywords: mobile knowledge workers; collaborative problem-solving; activity theory; expansive
learning; design science research.
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Introduction

The work output of knowledge workers is mainly intangible, analytic, creative, and digital, which
increasingly affords them to go mobile (Jarrahi, Nelson, & Thomson, 2017). To be mobile,
Knowledge Workers (MKW) tend to use mobile ICT to support their work and to get access to
people and information (Karanasios & Allen, 2014). This way of performing their work practices
anytime, anywhere, allows them to work where the results are better achieved (Harmer &

Pauleen, 2012).

Despite the potential advantages of this flexible form of work, the context of MKW also brings
them challenges. Previous literature already indicated that one of the main challenges is the
MKW’s relationship with their colleagues, affecting not only the related learning and
collaborative processes, but also their participation in organizational activities in general
(Koroma, Hyrkkinen, & Vartiainen, 2014). Working alone restricts the MKW’s opportunities
to form and keep up interpersonal relationships (Kietzmann et al., 2013), increases their lack of
support, and also generates the feeling of being invisible, or not included, in the parent
organization (Koroma et al., 2014). Working on the move can negatively affect organizational
inclusion and the sense of belonging to a work team (Chen & Nath, 2008).

Thus, participation in collaborative problem-solving activities and learning at work in the context
of MKW is complex (Muukkonen, Hakkarinen, Li, & Vartiainen, 2014), because working at
distance from the primary workplace restricts social relationships (Jarrahi & Thomson, 2017).
Geographical proximity facilitates knowledge sharing because it enables colleagues to create social
relationships, increasing trust and reducing the social costs of knowledge sharing (i.e., being
negatively evaluated by colleagues or losing power) (Christensen & Pedersen, 2018).
Furthermore, the constantly evolving mobile technologies and emerging standards generate
additional challenges, uncertain situations, and constant changes in mobile work practices
(Stieglitz, Lattemann, & Brockmann, 2015).

Despite the relevance of these issues for practice, there is still a lack of academic studies that
contribute to the understanding of practices related to collaborative problem-solving and learning
in the context of MKW (Jarrahi & Thomson, 2017). Perhaps, one reason is that studying mobile
workers is not a trivial task because the context of mobile work is related to social and
environmental factors, thus conventional and widely used research methods need to be adapted

(Palomiki, Hakkarainen, Vartiainen, & Heiskala, 2014).

Consequently, our work addresses this knowledge gap with the following research question: how
collaborative problem-solving processes are carried out in the mobile knowledge workers’ context?
We are also interested in understanding how these collaborative problem-solving processes can
be supported. For that reason, we applied the Design Science Research (DSR) method to better
understand the research problem (Baskerville, Baiyere, Gregor, Hevner, & Rossi, 2018). The
artifact created and tested in the DSR was a method, implemented via a mobile app, to support
collaborative problem-solving processes on the move. We used activity theory (Engestrom, 1987)
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and expansive learning (Engestrom & Sannino, 2010) as theoretical foundations to address the
research question and to design the artifact.

We chose DSR because it can help to solve wicked problems, when solving one problem leads to
another problem (Hevner, March, Park, & Ram, 2004). Besides, since to study MKW is not a
trivial task, we considered that, through a DSR project, new knowledge could be derived from
kernel theories (Kuechler & Vaishnavi, 2008). In addition, in our best knowledge, activity theory
(AT) and expansive learning have not been used to understand how collaborative problem-solving
are carried out in the MKW’s context. Thus, through DSR, we applied these kernel theories from
the Social Sciences to the development of an artifact and its evaluation in the MKW’s real
settings. The adopted approach is relevant because MKW are increasingly becoming distributed
in time and space and there is a need to understand their participation in collaborative and
learning activities in this context (Jarrahi et al., 2017; Kietzmann et al., 2013; Nelson, Jarrahi, &

Thomson, 2017).

In the following section, we review the literature regarding the context of mobile work. We then
present and discuss our theoretical foundations on collaborative problem-solving processes. The
research method is explained, followed by a description of the process used to build the artifact
and the results of the artifact evaluation. A discussion and concluding remarks make up the
remainder of the article.

The Context of Mobile Work and Its Challenges

According to Serensen (2011), mobile work is the most complex kind of work because the
workers are mobile in both locational and interactional sense (Kakihara & Serensen, 2002).
MKW need to move to different places and perform their work practices while visiting, traveling,
or commuting, frequently using mobile ICT to support their work and to interact with others
(Cohen, 2010; Kakihara & Sorensen, 2002; Mikinen, 2012). Mobile work involves the idea that
the best place to work is where the work is performed in the best way (Cohen, 2010; Vartiainen
et al., 2007).

Previous studies have described characteristics of the MKW'’s context. These workers perform
knowledge-intensive work, enjoy a relative degree of autonomy, and have flexible working
arrangements (Cavazotte, Lemos, & Villadsen, 2014). Moreover, they are dependent on
information to execute their activities (Kietzmann et al., 2013). Their tasks are rarely repetitive
and require a variety of abilities and resources to be accomplished (Cavazotte et al., 2014; Harmer
& Pauleen, 2012; Kietzmann et al., 2013). MKW tend to use mobile ICT to have easy access to
people and information (Cavazotte et al., 2014; Chen, 2015; Dal Fiore, Mokhtarian, Salomon,
& Singer, 2014; Karanasios & Allen, 2014; Kietzmann et al., 2013). MKW often have high levels
of spatial and temporal mobility, so they tend to work in various locations as well as different
time zones (Jarrahi & Thomson, 2017). Cohen (2010) also mentions that any non-work spaces
(such as airports or coffee shops) can be used as workspaces with some support and resources,

such as mobile ICT, used by MKW.
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As indicated by Vartiainen et al. (2007), knowledge work often requires collaboration because it
can be complex to be performed alone. Hence, virtual meetings and conference calls are often
used by MKW due to their difficulties to meet others face-to-face (Vartiainen, 2008). However,
many times, it is not possible to meet synchronously in a virtual space, due to some restriction
related to location, time, or technological infrastructure. Thus, their collaboration is often
maintained by telephone and messaging tools (Nelson et al., 2017; Vartiainen, 2008).

To be ready to work anytime, anywhere, and to collaborate or help their co-workers and
customers, a set of resources (such as laptops, smartphones, and tablets) are necessary to allow
MKW to create a sort of temporary workspace (Dal Fiore et al., 2014; Jarrahi & Thomson, 2017;
Vartiainen et al., 2007). Nevertheless, performing work activities across several devices and
applications poses challenges for the MKW. Information and activities may become fragmented,
and MKW have to continually identify new infrastructures and face the lack of transparency,
interoperability, and control over the resources needed (Jarrahi & Thomson, 2017).

Mobile working arrangements present an extra layer of uncertainty and complexity, complicating
the way by which artifact ecologies are constructed by individuals and employed to support their
mobile knowledge work, requiring significant physical effort and planning for technological use
(Jarrahi et al., 2017). According to Jarrahi, Nelson and Thomson (2017), artifact ecologies are the
ways by which users, as individuals or collectives, interact with and use multiple technologies,
applications, and devices, for different purposes; the composition of the artifact ecology depends
on emergent needs.

In sum, the context of MKW brings challenges regarding work, collaboration, and learning, both
in the individual and in the organizational dimensions. These challenges can affect the work
activities performed by these workers, leading to the need for supporting their participation in
collaborative problem-solving activities.

Collaborative Problem-Solving: Related Theories

Collaborative problem-solving refers to a situation where the worker is engaged with coworkers
in knowledge creation and knowledge sharing to solve work-related problems and achieve the
outcome of their work activity (Engestrém, 2016). However, the problems that occur in the
context of mobile knowledge work are often complicated, ill-defined, and unstructured,
comprising activities with several workable solutions, depending on the context (Karanasios et
al., 2013), challenging the way collaborative problem-solving can be performed.

In our study, we identified three main theoretical approaches related to collaborative problem-
solving and knowledge creation and sharing in the organizational context: the organizational
knowledge creation theory (Nonaka & Takeuchi, 1995), the situated learning perspective (Lave
& Wenger, 1991), and the activity theory (Engestrom, 1987; Leontev, 1978; Vygotsky, 1978).
These approaches are briefly presented in the following sections.
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Organizational knowledge creation theory

The organizational knowledge creation theory is a theoretical approach that focuses on the
creation of knowledge in organizations (Nonaka & Takeuchi, 1995). The knowledge creation is
based on three elements: (a) Ba, the shared context for knowledge creation; (b) the SECI process
or the knowledge spiral — Socialization, Externalization, Combination, and Internalization; and
(c) the knowledge assets (existing knowledge of individuals and organization). To create
knowledge, the ba — the shared space of interaction — needs to be established, and the knowledge
assets can be available, such as individual knowledge to be shared. Then, the process of knowledge
creation is performed through the knowledge spiral that consists of four types of knowledge
conversion (SECI process): from tacit knowledge to tacit knowledge (socialization); from tacit to
explicit knowledge (externalization); from explicit to explicit knowledge (combination); and from
explicit to tacit knowledge (internalization). This theoretical approach applies the participation
metaphor of learning (Paavola & Hakkarainen, 2005): the knowledge already exists in the context
and is acquired by the individuals through participation in the social context.

Situated learning theory

This approach is based on a social perspective and is usually used to understand the processes of
organizational learning. According to Lave and Wenger (1991), people learn through
participation (practices), in addition to observation and interaction with members of their social
group (communities of practice). The community of practice (CoP) can be defined as a group of
people who share a concern or a passion for something they practice, and regularly interact with
each other to learn how to do it better (Lave & Wenger, 1991). Learning in this approach
emphasizes the acquisition of knowledge as a result of social interactions and practical work
sessions, where knowledge can be applied (Handley, Clark, Fincham, & Sturdy, 2007). Learning
then occurs in the domain and context in which the community and its participants are situated,
being inseparable from social practice (Lave & Wenger, 1991). This theoretical approach also
applies the participation metaphor of learning (Paavola & Hakkarainen, 2005). Consequently,
the knowledge already exists in the CoPs and can be acquired by their participants.

Activity theory and expansive learning

According to Engestrom (1987), activity is a complex form of relationship between people and
their social context and involves collective and cooperative action. Although each particular
activity is distinct and dependent on its context, nevertheless all the activities have the same
structure: an activity system. The elements of an activity system are the Subject, Object,
Instruments (Tools and Signs), Community, Division of Labor, and Rules. These elements and
the relationship between them, according to AT, are defined in Appendix B. These elements are
strongly interrelated; they exist only in association with each other (Engestrém, 1987).

The AT model proposed by Engestrom (1987) suggests that learning is based on the expansive
and qualitative changes in the human participatory activities, and this can be directly connected
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to problem-solving processes. Here, expansive refers to the outcomes of participation in
collaborative problem-solving activities. The sum of the individual knowledge contributes to the
creation of new knowledge, going beyond the capabilities and knowledge of those individuals
who took part in the collaborative problem-solving activities. Expansive learning is a type of
learning in which participants, through collective zones of proximal development (ZPD), which
are zones where individuals who are learning meet individuals who can help them, provoke
transformations and development in their activity systems (Engestrém & Sannino, 2010).

Expansive learning occurs when the isolated individual interacts with his community to solve
contradictions that permeate the activity. Contradictions refer to work-related problems, such as
dilemmas and conflicts in the activity (Engestrém & Sannino, 2011). Contradictions are a source
of potential transformation and development when combined with the participation in
collaborative problem-solving. When the contradictions are solved collaboratively, based on a
sense-making process, people can create a new motive or object for the collective activity, with a
new principle of operation or organization (Engestrém & Sannino, 2010).

Expansive learning occurs in a learning cycle composed of learning actions (see Figure 1). The
typical sequence of these learning actions is described as follows (Engestrém, Rantavuori, &
Kerosuo, 2013): (1) the first is questioning, criticizing, or rejecting some aspects of the accepted
practice and existing wisdom; (2) the second is analyzing the situation — analysis involves mental,
discursive, or practical transformation of the situation in order to find out causes or explanatory
mechanisms; (3) the third is modeling the newly found explanatory relationship in some publicly
observable and transmittable medium; (4) the fourth is examining and testing the model,
experimenting with it in order to fully grasp its dynamics, potentials, and limitations; (5) the fifth
is implementing the model, such as a new work process, by means of practical applications,
enrichment, and conceptual extensions; (6) the sixth is reflecting on and evaluating the process;
and (7) the seventh is consolidating and generalizing the outcomes into a new stable form of
practice.
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Figure 1. Large and small cycles of expansive learning

Source: Adapted from Engestrom, Y., Miettinen, R., & Punaméki, R.-L. (1999). Perspectives on activity theory (p. 384). New York,
NY: Cambridge University Press, and Engestrém, Y. (2016). Studies in expansive learning: Learning what is not yet there (p. 54).
Cambridge, UK: Cambridge University Press. https://doi.org/10.1017/CB09781316225363

A large-scale cycle of expansive learning demonstrates transformations in activity systems, often
spanning a period of two or three years (Engestrém, Miettinen, & Punamiki, 1999). However, a
large-scale cycle usually involves numerous smaller or mini-cycles of participatory learning actions
(Engestrom, 2016). A smaller cycle may take place within a few days or even hours of intensive
collaborative analysis and problem-solving. For instance, when the third learning action is
performed (see Figure 1), smaller cycles can be carried out. However, if the smaller cycles remain
as isolated events, a larger expansive cycle may not emerge (Engestrom et al., 1999).

Expansive learning implies, for those individuals involved in a participatory activity, to discuss
the problems, contradictions, and challenges they face, and to identify possible solutions,
generating new knowledge and new ways of working. By participating in collaborative problem-
solving processes, resolving contradictions and modifying work practices, knowledge can be
created and shared. Hence, differently from the two other theoretical approaches previously
presented, this approach adopts the knowledge-creation metaphor of learning (Paavola &
Hakkarainen, 2005). Thus, there is no pre-existing knowledge, and the individuals need to create
it to solve their problem situations. Table 1 presents a synthesis of the three theoretical
approaches studied.
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Table 1

Main characteristics of the theoretical approaches

Theoretical Organizational knowledge . . Activity theory and expansive
approach creation theory Sz sty learning

Organization’s capacity to tgﬁ{g)'(?%r']s dsrlwtg:ctjidﬂ:g a Learning occurs when the
Definition foster knowledge creation and practices and social contradictions aroused are analyzed

knowledge sharing through the

SECI process

interactions among the
members of a community

and solved by the participants through
the creation of new knowledge

Main concepts

Tacit and explicit knowledge,
sense-making

Knowledge domain, community

of practice (CoP)

Activity system, zone of proximal
development (ZPD), contradictions,
expansive learning, learning actions

Where it occurs

Ba — space for knowledge
sharing

Domain/situated context

Activity systems and network of
activity systems

Analysis unit

SECI process

CoP

Individual and social interaction
through the activity systems

Metaphor of

Participation

Participation

Knowledge-creation

learning

Knowledge is created and Knowledge 5 @ gElese i 'S_ .

n something that was not there; this is

shared based on knowledge Knowledge is created and n -

Knowledge . . : ) - made through learning actions
" assets and acquired via shared via learning by doing S ) o

creation and learning by doina throuah throuah participation in a (learning in doing) and participation of
sharing g by J 9 gn p P individuals from the activity systems in

participation in the ba and
SECI process

CETITINIIIE @F [A0TE2 (Crel) collaborative and problem-solving

situations

Note. Source: Theoretical background.

Considering the characteristics of the three theoretical approaches, the activity theory and
expansive learning were considered as the most appropriate lens to support our study, because
they help us to analyze how human activities are performed through the interaction of the
individuals in their social context (Engestrom, 1987; Leontev, 1978; Vygotsky, 1978). Within a
historical and cultural context, highlighted by this theory, it is possible to observe which dilemmas
and tensions may arise from the different forms of work, working tools, and participants involved
in a specific context (Engestrom, 1987). As MKW have particular characteristics, motivations,
and behaviors, the AT can be considered to analyze the contradictions that emerge and need to
be solved to promote knowledge creation, knowledge sharing, and learning in their context
(Engestrom, 1987). Based on AT, it is possible to recognize who is involved in the mobile workers’
activities, which artifacts can help or constrain their actions, and how they create and share
knowledge, through learning actions during their work practices.

Research Method

We performed a longitudinal Design Science Research (DSR) project (Baskerville et al., 2018;
Hevner & Gregor, 2013; Lacerda, Dresch, Proenca, & Antunes, 2013). We followed the five
design stages proposed by Kuechler and Vaishnavi (2008), as presented in Figure 2, and described
next.
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—

Figure 2. Design research process

Source: Adapted from Kuechler, B., & Vaishnavi, V. (2008). On theory development in design science research: Anatomy of a
research project (p. 493). European Journal of Information Systems, 17(5), 489-504. https://doi.org/10.1057/ejis.2008.40, and
Hoppen, N., Klein, A. da C. Z., & Rigoni, E. H. (2017). Sociomaterial practices: Challenges in developing a virtual business
community platform in agriculture (p. 7). Brazilian Administration Review, 14(2), e170006. https://doi.org/10.1590/1807-
7692bar2017170006

Awareness of the problem

This phase allowed us to understand the MKW’s context and their needs to solve problems
collaboratively. In this phase, we conducted four research activities: (a) a participative observation,
(b) a literature review, (c) semi-structured interviews with practitioners, and (d) data analysis.

The participative observation was carried out in an IT company (here denominated ITCom) that
provides IT services (IT outsourcing and consulting). This organization has more than 20 years
of existence in this business sector. The first author of the paper was a participative observer,
working as a project manager, attempting to create a virtual environment to improve the
communication and keep the organizational knowledge in a single repository. The project
involved 39 participants, identified as MKW (relationship, service, and project managers) that
worked most of their time in the field, attending or negotiating with clients.

Several interactions with these managers were made to identify their main characteristics and
their ways of working. Mapping their processes and their responsibilities gave the researcher the
chance to ask questions about their work practices and issues faced. The observations were guided
by a script (Figure 3) and were made face-to-face and during virtual meetings from January 2013
until January 2015. This observation helped to understand the context of MKW and the
challenges faced by them to collaborate and solve problems during mobile work.
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Understanding collaborative problem-solving on the move: A design science research journey 11

For each manager, the following questions were asked to know their practices:

. What activities do you perform?

. What is needed to start the activity (inputs)? What is needed to end
the activity (outputs/evidence)?

. When does the activity need to be performed (deadline)?

. Who provides the inputs (provider)? Who receives the outputs
(customer)?

. What are the related activities?

. What are the main resources necessary to perform the activity? What
are the main challenges faced to perform the activity?

Figure 3. Script of the participative observation data gathering
Source: Research instruments.

Also, to better understand the research problem, a literature review was performed. The literature
review was considered to define the guidelines (see Appendix A) for semi-structured interviews
performed with 31 MKW (9 of them had already taken part in the participant observation). Table
2 shows the distribution of the interviewees. The interviews were conducted remotely or in-
person, at a location chosen by the participants, and lasted between 30 minutes and 1 hour and
40 minutes, and all of them were recorded and transcribed for analysis. Interviewees expressed a
preference for undertaking the interviews using videoconference, audio conference, and instant
messaging applications, such as Skype, WhatsApp, Google Hangouts, Appear.in, and WebEx.
The mentioned tools had the advantage of being less obtrusive in the work of respondents
(Cavana, Sekaran, & Delahaye, 2001) since they already relied heavily on them in their day-to-
day operations. These tools also allowed to reach the interviewees wherever they were and to
provide a good interview ambiance (Opdenakker, 2006). The disadvantage of this form of
communication compared to face-to-face interviews is that in face-to-face interviews, there is no
time delay between question and answer; the interviewer and interviewee can directly react on
what the other says or does, and the interviewee can be more spontaneous (Opdenakker, 2006).

Table 2

Profile of the 31 interviewees

IT relationship manager

IT project/services/systems manager

Business consultant

Position Account executive

CMO—chief marketing officer

Lecturer

N | O |, |0 [0 |0 | N

Lawyer

Male 25

Gender
Female 6

Continues
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Table 2 (continued)

20-30 7

30-40 19
Age

40-50 3

Over 50 2

Alternating between two fixed locations 14
Type of mobility

Working at three or more places and continually moving 17

Face to face (coffee shop, company site, home) 3
Type of interview

Online (Skype, Google Hangouts, WhatsApp, Appear.in, WebEXx) 28

Note. Source: Research data

Participative observation and interviews produce a large amount of data, which introduces the
challenge of how to manage and analyze the data systematically (Becker, 1958). To organize the
many files in a single database, we used NVivo. We analyzed the data collected via the participant
observation and the interviews by coding the data into categories and subcategories (Saldaia,
2009) related to the key concepts of AT (Engestrém, 1987). The elements of the activity system
(subject, instruments, object, community, rules, and division of labor) were considered as high-
level categories to codify the data. We also identified and categorized the tensions and challenges
that can lead to contradictions (Engestrom, 1987). The concept of ZPD (zone of proximal
development) was considered as a category to code episodes related to this concept. These
episodes involved interactions observed or commented in the data when a novice or less
experienced MKW was helped by more experienced MKW, especially in problem-solving
situations. The steps of the expansive learning cycle (Engestréom et al., 2013) were also considered
to categorize the data about episodes involving problem-solving and knowledge creation and
sharing. We present examples of the categories used in the content analysis in Appendix B.

Suggestion

In this phase, we created the first suggestion of the artifact, by defining the artifact requirements.
The requirements were defined considering the data collected from the field and the literature.
From the field, the participative observations and the interviews with practitioners (MKW) were
fundamental to identify the artifact requirements, considering their practices and challenges
faced to collaborate in problem-solving activities on the move.

From the literature, the theoretical foundations have also supported the definition of the artifact
requirements, because the research theoretical background indicates the importance of
collaboration and social interaction to create and share knowledge during problem-solving
situations, and indicate the elements of the human activities that need to be taken into
consideration in these processes. The combination of both practical and theoretical references to
define the artifact requirements is aligned with the research rigor guidelines in DSR proposed by
Hevner, March, Park and Ram (2004). The requirements of the artifact will be demonstrated
later on the text, in Table 6. The artifact designed is a method to support collaborative problem-
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Understanding collaborative problem-solving on the move: A design science research journey 13

solving on the move, implemented via a mobile app to be used by MKW in real work settings, as
will be described later.

Development and evaluation

Based on the artifact requirements derived in the suggestion phase, the development phase
started. This phase involved the design of the artifact and the development of a prototype that
allowed its evaluations. The first evaluation was analytical (Hevner, March, Park, & Ram, 2004).
A static analysis and also an architecture analysis of the mobile app created were carried out to
identify the fit of the artifact into the technical IS architecture. We presented the first version of
the method and the prototype of the mobile app to a Research Group on May 19, 2016. The
presentation lasted 1 hour and 30 minutes: 30 minutes for presentation and 1 hour for discussion
about the method and its instantiation (mobile app). Six participants attended the presentation:
the professor and researcher coordinator of the group, one Ph.D. who is also a commercial
director in an IT company, and four Ph.D. students who also have IS experience. They made
comments and suggestions to improve the artifact.

We also conducted discussions and demonstrations of the artifact to other experts and
practitioners. To conduct these activities, a project website was created to explain the research
and to invite people to participate. Also, a total of 15 meetings/presentations were made: (a) 4
meetings with one CTO of an enterprise mobility company who had interest in the research
project, (b) 2 presentations to entrepreneurship specialists and practitioners during the
participation in an entrepreneurship competition, and (c) 9 meetings with professionals and
managers of mobile workers in different types of organizational businesses (IT services, business,
education, and industry). After these activities, the artifact was built, as will be described later in
this paper.

Since the artifact was presented on the website of the project and communicated via the social
networks of the researchers involved, 37 MKW requested access to the mobile app. However,
only 21 used the app with a workgroup, which was a requirement to conduct collaborative
problem-solving activities. The other 16 people manifested their interest, requested the access to
the mobile app, accessed the app, and gave feedback about it, but they have not used it as
intended (with a community). Therefore, 21 users from two sectors — education and business,
divided into four cases (see Table 3) — took part in the field testing, which occurred between
September 2016 and December 2016. During this period, online observations based on the usage
of the mobile app were performed.
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Table 3

Distribution of the groups in the field testing of the artifact

Education Case A (EDU_A) was a team of four lecturers and one course coordinator. The team’s activity wasto 5
segment — coordinate, help, and support students in learning Java Programming in an e-learning undergraduate

the two groups  degree program.

are from the

same Case B (EDU_B) was a team of two lecturers. The team’s activity was to coordinate, help, and 2
organization support students in the learning of Costs and Budget for Decision Making in an e-learning
(University) undergraduate degree program.

Case C (ITCON) was a team of four IT and business consultants from an IT company. The team’s 4

activity involves “thinking clients’ processes” and supporting clients’ processes needs. They need to
understand the processes from their clients considering their business objectives and identifying
possible process improvements.

Business
segment Case D (ITPRO) was a team of IT professionals. Each professional works in different companies, but 10

they have similar attributions. They support their client’s processes needs. They are also part of a
strong network of contacts, such as strong ties (Granovetter, 1973). The primary objective of this
group was to use the artifact to share common issues and problems to collaborate in their solution
and, consequently, learn.

TOTAL OF PARTICIPANTS 21

Note. Source: Research data.

The artifact was evaluated along the entire design process, and three types of evaluation were
carried out (Hevner et al., 2004). First, a structural testing on the instantiation of the artifact (the
mobile app developed) was performed. The structural testing was made based on the guidelines
recommended by the mobile app stores: Apple Store and Google Play. To deploy mobile apps to
these stores, it is necessary to follow a set of rigorous practices for mobile app development. Then,
the success of the app deployment in these stores helped to validate the technical structure of the
artifact.

We also carried out observational evaluations (Hevner et al., 2004) of the artifact in use in four
cases of real work use (already presented in Table 3). These observations were performed inside
the app created, following the logs and activities of the users, observing the way they applied the
functionalities of the artifact to create and share knowledge through collaborative problem-
solving on the move. All the data inserted by them inside the app was registered and analyzed,
including statistics of use and the registers made by them.

Final evaluation

When the field testing finished, semi-structured individual interviews (using a script composed
of 13 open research questions) and two focus groups with 20 out of the 21 participants in the
case studies (see Table 3) were conducted to understand how well the artifact addressed the
problem outlined. The analysis of all the evaluation data (from the observations inside the app,
the registers made inside it by users, and the data collected in the focus groups and in the
interviews of evaluation) was also done using the NVivo software, in which the data was coded
into categories and subcategories (Saldafia, 2009) related to the key concepts of AT (Engestrom,
1987), the concept of ZPD (zone of proximal development), and the steps of the expansive
learning cycle (Engestrom et al., 2013).
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Conclusion

We conducted the lessons learned phase through the analysis of the evaluation data. In this last
phase of DSR, the goal is to communicate to researchers and professionals the problem studied,
the artifact provided, and the knowledge generated (Baskerville et al., 2018). It has been published
in a set of publications such as in this paper.

Results

In this section, we first present the data collected that allowed us to understand the problem.
After, we present the details of the artifact created to help to solve this problem, followed by the
results of its evaluation.

MKW’s challenges and needs for collaboration and problem-solving on the move

As noted in the participative observation in the ITCom, and also in the literature review (Harmer
& Pauleen, 2012), it is common that the MKW themselves are the main responsible for their
knowledge improvement. All the participants expressed concerns about their knowledge and
skills, and have specializations or MBAs finished or in progress in the period of the data
collection. They reinforced the need for learning and a better understanding of how to perform
their work activities. As mentioned by Interviewee 10: “For instance, when I was developing a
software quality system, I chose to take a particular course to understand the quality, not only
understand the process but to understand the concepts and all the related things.” Besides, they
also mentioned that taking a formal education, such as an MBA, helps them to learn and discuss
with others. “The greatest thing about doing an MBA is to exchange ideas with colleagues”
(Interviewee 18). Therefore, MKW need to learn always to be prepared to perform their work
activities, and it is better when it happens collaboratively.

To support their knowledge needs, we also observed that MKW often tend to use the Internet to
explore a subject first, and after they use other resources such as books, materials from their
formal education, mobile apps such as BBC News, and their community. Their community is
not only composed of their workmates but also people from their social network:

“I'll give you a very classic example when I use my social network, for instance, when I need to define the
sales price because I'm competing with other companies ..., I have to study these companies, see if I can
get their sales price elsewhere, and then I have to call three or four people who have already worked there
to help me with this information.” (Interviewee 22).

In the participative observation, it was commonplace to witness the commitment of these workers
with their community in practices of knowledge sharing. In these collaborative problem-solving
situations, the more skilled workers in the situation help the less skilled in achieving their task
goals. This situation represents one of the expansive learning concepts, the zone of proximal
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development (ZPD), where individuals who are learning meet individuals who can help them

(Engestrom, 1987).

Regarding the situations addressed in the collaborative problem-solving cases, it was observed in
the literature and in the participative observation that the main challenges faced by MKW include
the technology infrastructure available to support the mobile work, the need of an accurate
information management, more flexible management models, dealing with unpredicted
situations in several workspaces, carrying and organizing different devices and materials to work,
organizing work practices (such as coordination among the mobile and fixed workers), and
promoting relationships (Kietzmann et al., 2013; Koroma et al., 2014; Mikinen, 2012). MKW
may also possess higher levels of flexibility, but not have the same access to organizational support
as can be found in traditional office arrangements (Nelson et al., 2017). Table 4 summarizes the
main challenges identified in collaborative problem-solving situations on the move.

Table 4

Challenges faced by MKW in collaborative problem-solving on the move

Type Challenges addressed
_Technology . Security of devices and data
iU . Working with their own devices
. Responsibility for their technical skills
. Infrastructure availability in the client organizations and temporary workplaces
. Restrictions of mobile devices and equipment (small screens, lack of battery, etc.)
Information . Barriers to access and manage information on the move
2 el . Versioning of documents
. Variety of sources necessary to get information
Management models . Traditional management and bureaucratic models of face-to-face supervision
. Lack of new styles of management for mobile work
. The need of trust, commitment, and collaboration instead of control
Workplaces . Distribution of working locations
. High mobility due to traveling by car, bus, and airplanes
. Different time zones, cultures, and languages
. Unpredicted situations in scheduling commitments, timetables, and routes
. Personal security when working on the move (robbery or lack of focus while driving)
. Adequate physical spaces and structure when working on the move
A load of o Need to carry all the work materials and mobile devices
R SEEES . Need to have “survival strategies” for unpredicted situations
Relationships . Asynchronous and synchronous ways of working
. Diversity of people to deal with
. Lack of time and physical proximity to strengthen relationships
. Relative social invisibility and disconnectivity that come with working mobile and remotely
. Commitment with colleagues and managers blurring the limits between time “on” and “off”
. Sense of loyalty and obligation to others even after work hours

Continues
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Table 4 (continued)

Type Challenges addressed

Lack of boundaries . Almost permanent availability of individual to the organization

bet;/\k/eer;];so?al and Temporal accessibility (modification of the temporal boundaries of the relationship between
RUCIECONICX the individual and the organization)

. Geographic accessibility (interactions happening anywhere)
. Information and work overload due to the removal of organizational boundaries
. Lack of privacy and increase in workload (possibility of an invasion of personal space)

Note. Source: Research data (participant observation, interviews, and literature review).

An interesting point about the collaborative problem-solving situations observed is that they
occur mainly through mobile ICT tools. The most used ICT tools in these situations were instant
messaging apps such as WhatsApp, Microsoft Lync, or Skype. Email and phone calls were also
used, but the first three ones were more used since they are easier, faster, and cheaper to use
(phone calls can generate high bills) to access the person who could help the MKW. They also
use social media like Facebook and LinkedIn to have easy access to people. Because many times
they have infrastructure problems inside the client’s site or in other places, they often use their
smartphones, with 3G or 4G connection and Facebook messenger to talk to the people they need
to contact. Also, when they want to contact someone who makes part of their social network, but
they do not have the contact details, they use Facebook and LinkedIn to reach the person. As
mentioned by the Interviewee 11, “We use Facebook a lot also to connect with people; where the
guy is plugged we call him (laughs).” However, during the year of 2016, a migration of
communication from Facebook and Linkedln messenger to WhatsApp was observed.
Nevertheless, according to the majority of the participants, the main disadvantage of using
WhatsApp, instead of other tools, is that the messages disappear and they lose the records of the
conversations.

Based on all data gathered on the first phase of DSR (problem awareness), we discovered that the
MKW need to engage in actively pursuing expanding their knowledge, “learning what is not yet
there” (Engestrom, 2016, p. 9) to achieve their work goals. Therefore, to expand their knowledge,
they carry out collaborative problem-solving activities on the move mainly through mobile ICTs.
Table 5 summarizes the main mobile ICTs used by the MKW to conduct collaborative problem-
solving activities with their community, and also the advantages and disadvantages of each one
of these tools. The artifact developed in the suggestion phase of the DSR attempted to overcome
these disadvantages.
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Table 5

Mobile ICTs used to conduct collaborative problem-solving on the move

Mobile ICTs Advantages Disadvantages
Corporate email Help to reach people and to . MKW always receive much email, and then it is hard to be
collaborate to solve focused on the problem to be solved

problems asynchronously When the problem is urgent, email is not the best tool to get help

since the response delay is high

Corporate instant Help to quickly reach people o It is restricted to the company infrastructure; clients and contacts
messaging apps from the MKW’s company from the MKW's social network do not have access to it

]Esugh as Skype andb:o col[abtcaraEIe to solve . When MKW or their co-workers are in restricted workplaces,

or business) RIoRCSinStan such as a client's company, it is not possible to use these tools
Public iqstant Help to quickly reach people o They are non-institutional/official tools

messaging apps  and to collaborate to solve e The use of these tools can cause distractions because they also
(such as problems asynchronously involve personal contacts

WhatsApp) and synchronously

. The problem-solving flow is dispersed and easily lost among
other discussions threads

Phone calls Help to quickly reach people o High costs
and to collaborate to solve

. It is not possible to be used in specific situations, such as during
problems synchronously meetings with clients
. It is not adequate to register discussions/new knowledge
S_ocial media apps  Help to quickly reach people o They are non-institutional/official tools
(ie., Eacebook and to collaborate to solve The use of these tools can cause distractions because they also
and LinkedIn) problems asynchronously

involve personal contacts
and synchronously

. The problem-solving flow is dispersed and easily lost among
other discussions threads

Note. Source: Research data.

As observed in Table 5, all the mobile ICTs used do not appropriately help the MKW to keep
the registers of the knowledge generated through collaborative problem-solving activities. The
knowledge generated in these tools is often dispersed and get lost among other threads. With
that, MKW frequently are circling in cycles of trial and error until they reach a solution that
someone may have already achieved. The challenges faced by MKW to collaborate, to create and
share knowledge on the move, as well as the flaws in the mobile ICT tools already in use by them,
gave space to think and design a new artifact to better support their problem-solving processes on
the move, as explained in the next section.

The artifact created: a tool for better supporting collaborative problem-solving
on the move

After understanding the problem (challenges faced by MKW to solve problems collaboratively on
the move) and the limitations of the tools already used by them with this purpose, we started to
design the artifact of the DSR, aiming to help overcome this problem.

Based on the activity theory framework proposed by Engestrém (1987), each one of the MKW
may be understood as a subject of one activity system, since they perform their main activities
independently (see Figure 4). Each one of the MKW has instruments that are used to transform
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his work object in an outcome. Some of these instruments are related to mobile ICT tools and
also personal skills, such as autonomy (Koroma et al., 2014; Mazmanian, Orlikowski, & Yates,
2013). To transform the object in an outcome, MKW need to follow the rules, interact with their
community, and be aware of the division of labor established for the work in progress.

Instruments
Information, Mobility (spacial and temporal), ICT, Toolset
of MKW, Scarce and valuable skills (i.e.: autonomy and
self-control, highly developed technological capabilities)

Production Partners- actwlty / ’\

o E— SHARED
Mobile Knowledge

=
Worker, \ y

Exchange Distribution f_Q
[~ N

Co workers -activity

Rules Community Division Of Labor
Institutional norms and policies, Management, MKW's Hierarchical Structure,
ICT Governance, MKW's context team, MKW's network Hierarchical Struture of
(spatial, temporal, social and MKW's team
material)
CENTRAL ACTIVITY

Figure 4. MKW activity system

Source: Research data and theoretical background (activity theory).

Since the MKW have a high degree of mobility, they often work alone, and many times they need
to figure out by themselves what, where, when, and how their tasks need to be done (Jarrahi &
Thomson, 2017). As mentioned by one IT project manager in the participative observation,
“There are a lot of things to do that I have no idea how to do, and the time for me is very short,
so I end up prioritizing the work with the team” (IT project manager, instant message, April 12,
2013). It reinforces the complexity of the work context and personal relations of the MKW (for
example, with co-workers, clients, and partners). Based on this, we derived the first and second
requirements of the artifact: (a) to allow the isolated individuals (MKW) to interact and learn
with their community through problem-solving activities, and (b) to help MKW to solve their
problems in their context.

Besides the high mobility of MKW/, we observed in the literature and in the field that they tend
to participate in collaborative practices to learn from others (Kietzmann et al., 2013; Lundin &
Magnusson, 2003). This characteristic brings the idea of the ZPD — zone of proximal development
(Engestrom, 2016), in which participants learn with each other during problem-solving situations.
Moreover, considering that MKW rarely have repetitive tasks (Yuan & Zheng, 2009), they tend
to be involved in both new situations and challenges in their work activities. These challenges
generate opportunities of expansive learning (as previously presented in Figure 1).

Expansive learning occurs in a learning cycle composed of learning actions and is carried out by
the MKW’s community involved in the work activity. This community is not only composed of
their workmates but also their clients and social network. From these insights, we derived the
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third requirement of the artifact: (c) to help MKW to find and know who knows what
(collaborative knowledge) in their context. Since MKW make frequent use of mobile ICT
(Mazmanian et al., 2013) to have easy access to people and information (Koroma et al., 2014),
the fourth requirement of the artifact was derived: (d) to create opportunities for interaction
anytime, anywhere (walking around in a virtual space).

Finally, as also presented in Table 5, MKW carried out collaborative problem-solving situations
mainly using mobile ICTs and apps, but the knowledge generated inside these tools was often
lost. Considering that keeping this knowledge is beneficial to both the MKW and their
organizations, the fifth requirement of the artifact was derived: (e) to keep the knowledge created
and shared in the collaborative problem-solving situations in a repository for future use. Table 6
summarizes the requirements derived from the field and the scientific literature.

Table 6

Artifact’s requirements

Requirements

(1) To allow the isolated individuals (MKW) to interact and learn with their community through problem-solving activities
(2) To help MKW to solve their problems in their context

(3) To help workers to find and know who knows what (collaborative knowledge) in their context

(4) To create opportunities for interaction anytime, anywhere (walking around in a virtual space)

(5) To keep the knowledge created and shared in the collaborative problem-solving situations in a repository for future use

Note. Source: Research data.

According to the requirements identified, we started the design of the artifact. The artifact
designed is a method, instantiated through a mobile app, to support problem-solving processes
on the move. Since the studies of expansive learning (Engestrom, 2016) often adopt two phases,
the method was also divided into the same phases used by these studies: (a) the consciousness
phase and (b) the transformation phase. The primary objective of the first phase (consciousness)
is to discuss the need for change in the work practices of the MKW. In our method, all the
problems are self-reported by the users and presented to their community. Figure 5a illustrates
the problem self-report feature on the app screen.
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Figure 5. Main features of the artifact instantiation (mobile app screens)
Source: Research data.

The consciousness phase starts when the MKW and their community realize that there is enough
evidence to work out in collaborative problem-solving. This phase is composed of five steps
related to the expansive learning cycle (Engestrdm & Sannino, 2010). The mirror concept (a place
to show the problematic issues and situations) supports the decision of the community to work
collaboratively through the learning actions. This concept was implemented using a “social media
timeline” feature (Figure 5b). The mirror is created based on the data collected in the workers’
context, such as problem reports and logging of their contextual data and their answers to
questions and debates proposed in the community. In this feature, all the problems reported by
MKW in the problem self-report (Figure 5a) are presented to the community. The MKW can
specify which elements of the activity system are related to the problem reported (instruments,
objects, community, rules, or division of labor — see Figure 5a). Based on these features,
collaborative analysis of problems through the five steps of the expansive learning cycle (Figure
5¢) can be performed to overcome them (Virkkunen & Newnham, 2013).

The community of MKW can also include fixed workers, clients, or any participant that is
relevant to their activities. The mobile app allows to discover if someone in the community
already solved the problem reported and who is this person, and it also allows participants to
comment about it and help each other in problem-solving. The mobile app also allows the register
of all problem-solving processes in just one virtual, secure, and official environment. Through
this memory, it is possible to know the participant’s expertise (both MKW and fixed workmates)
and to identify who knows what within the group. There are also tools for analyzing the data
(Figure 5d) shared inside the mobile app, regarding the problems and the ideas/solutions
reported, for future analysis. Table 7 illustrates one example of the collaborative problem-solving
activities carried out by the ITCON case.
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Table 7

One example of learning actions in the ITCON case

Example 1: Dealing with the client

Learning step Example
Problems and challenges Participant 2: How can | deal with a client that changes the requirements at any
identification (questioning) moment?

Participant 4: Are you validating the solution hypothesis with the client before you start

Target definition (analyzing the developing it?

situation
) Participant 2: Yes, we always validate everything before starting...

Participant 4: A suggestion then would be to get the client acceptance so that it does
not change the requirements all the time; there will be exceptions, of course, but
maybe that'll soften up a bit

Participant 2: | also thought about using metrics to measure the number of related
tasks done so we can show the time we are missing out on reworking the modified
tasks

Solution elaboration (modelling
and examining the model)

Participant 1: You could also use the metrics to present to the client the number of
changes made. This would be a way of highlighting that many changes are made after
the development has started

Solution implementation The idea of using metrics is carried out by the mobile worker that had the problem
(implementing the model) (work in progress)

Note. Source: Research data.

Evaluation: how the artifact supported collaborative problem-olving in the
MKW’s context

We cycled between the development and the evaluation phases of the DSR process six times in
order to evaluate and improve the artifact and its instantiation. It was made to keep the balance
between the efforts of constructing and evaluating the evolving design artifact (Hevner, 2007),
and, consequently, to provide better support to the MKW’s collaborative problem-solving
processes.

During the field testing, the participants of the four cases reported a total of 113 problems and
201 interactions. As illustrated in Figure 6, more than 50% of the problems reported by them
were categorized as problems with their community. These results indicate that even working
alone, MKW interact intensively with their community. Also, because of their characteristics,
such as high mobility and autonomy, this interaction is more susceptible to problems and
conflicting situations.

Another interesting result is the fact that more than 50% of the interactions were related to the
occurrence of the same problem already reported by another worker (*Had the problem”
interaction illustrated in Figure 7). This result indicates that it is common to have recurrent
problems in the context of MKW, and, therefore, to keep the knowledge created and shared
during collaborative problem-solving situations in a repository for future use is, in fact, an
essential requirement to be considered.
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~
274%

Category
[ community
B Division of Labor

Figure 6. Total of problems reported
Source: Research data.

Category
[ Foliow the problem
B Had the problem
[ Solved the problem

Figure 7. Total of interactions observed
Source: Research data.

As previously mentioned in the method section, the artifact evaluation was also performed
through a set of meetings. We gathered positive feedback and also many contributions to improve
the artifact. For instance, the use of the artifact by practitioners who wanted to help each other
(not necessarily their co-workers) to develop themselves with the help of others was suggested. It
is directly related to the ZPD concept, one of the key concepts in this research.

Another interesting result of these demonstrations was the idea of allowing the use of the artifact
by other professionals, not only mobile workers. For instance, a contact was received from a
CONFEA (Federal Council of Engineering and Agronomy) chapter in which they were interested
in the artifact to perform their activities of processes improvements better:

“I am very interested in the tool, but not only for the identification of improvements and problem-solving
in the context of mobile workers. I think the tool should be very useful for other types of problem-solving
related to processes in general. Would it be possible to know the tool without being in the specific context
of mobile workers?” (CONFEA contact — received in response to a social media communication released).
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Lastly, contacts from other entrepreneurs and companies related to BPM (business process
management) and agile project management were received with an invitation to conduct
partnerships:

“I found your project very cool. We are currently launching a tool for managing agile projects. We don’t
have yet a mobile version to support this tool, I found your idea interesting, and I believe we could work
in partnership”. (Contact from an entrepreneur of a company that provides tools for agile project
management).

The evaluation results indicate that the artifact developed in the DSR is useful and could help
not only mobile workers but also other professionals. These results meet the main objective of
the DSR method that is to make real and practical contributions.

Nevertheless, despite the positive feedback received, some obstacles were also encountered. For
example, one obstacle faced was related to the use of the word “problem.” It was observed some
resistance to the use of this word. Many practitioners, even experts, in the evaluation phase,
claimed that they did not have “problems” but “difficulties.” Due to this, the word “problem”
was changed by “difficulty” inside the app.

Another obstacle encountered was related to the work relations between some types of MKW
and their managers. For instance, one organization that had management consultants that travel
to attend clients wanted to use the artifact in a strategic project that was aimed to improve the
work practices of these workers, but the company owners were resistant to make sensitive and
strategic information available to the MKW (they are independent consultants). In addition,
some practitioners wanted to use the artifact alone, but this was against the very goal of the
artifact, that considers that learning occurs based on social interactions to stimulate collaborative
problem-solving.

After these evaluations, the artifact was improved six times. Most of the improvements were made
in the mobile app. First, minor changes were made in the timeline screen to help the MKW
quickly know which problems already had comments from their community. Then, the
notifications were evolved to allow all the participants to know where a new problem was
previously reported. Afterward, there were improvements in the analytics screen, and the English
version of the app was also made available. Finally, improvements in the comment fields were
deployed. Other suggestions were received from the participants, for instance: (a) the possibility
to use the app without an Internet access, reinforced mainly by the participants of the ITCON
case, (b) the possibility to create or adapt the subcategories in the problem report, (c) the
possibility to use it in a notebook or in a desktop computer — a web version, (d) the possibility to
allow the MKW to create and interact with other communities in parallel — in a separated way,
and (e) the possibility to register the problem and also to hear the interactions or problems
registered by others through audio. The MKW stated that these features could help them when
they are working on the move.
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Discussion

In this section, we discuss the research results based on the guidelines proposed by Hevner et al.
(2004). The first one is related to the problem relevance and the research contributions to the
knowledge base. Regarding it, despite the increase in the number of MKW, the literature review
disclosed a lack of studies considering the way they engage in collaborative problem-solving and
learning on the move. Only two studies have been found so far (Kietzmann et al., 2013; Lundin
& Magnusson, 2003) that addressed, respectively, knowledge sharing and mobile workers and
collaborative learning in mobile work.

Therefore, one of our contributions to the knowledge base is to highlight this research gap and
to provide empirical knowledge on the challenges faced by the MKW to solve problems
collaboratively while they are working on the move. The concepts and the framework of the
activity theory and expansive learning theory (Engestrom, 2016) helped us to understand the
context and elements in which these processes occur.

Based on the activity theory framework, it was possible to understand the application domain
and to identify who is involved in the MKW’s activities and what instruments help or constrain
their actions, as well as to understand how they participate in collaborative problem-solving,
through learning actions during their work practices. Few studies use AT as a framework to
analyze the context and practices accomplished by mobile workers (Allen, Brown, Karanasios, &
Norman, 2013; Karanasios & Allen, 2014), and none study so far has addressed the processes of
collaborative problem-solving in the MKW ’s context, as suggested by Mikinen (2012). We claim
that the use of AT to understand the problem relevance in the application domain (environment)
(Hevner, 2007) was effective and can help future investigations of this research subject.

The research results also reinforce the need to develop new research methods to study mobile
workers while they are working on the move (Jarrahi & Thomson, 2017; Muukkonen et al., 2014;
Palomiki et al., 2014). Due to the high mobility of these professionals, the application of
traditional research methods such as face-to-face interviews is frequently not feasible. By using
asynchronous communication tools, it is possible to reach these professionals wherever and
whenever it is suitable for them.

The artifact designed was developed to facilitate the participation of the MKW in collaborative
problem-solving situations on the move. As highlighted by Kietzmann et al. (2013) and Lundin
and Magnusson (2003), an artifact like this can be important because professionals become more
distributed in time and space and there is a need to support collaboration and learning in this
new context of work.

The evaluation of the artifact had positive feedbacks. The results evidenced that, by using an
artifact like this, MKW can take expansive learning actions, and they can also reach the ZPD by
collaborating with other people that can help them to learn. Besides, the implementation of the
mirror feature in the mobile app had the expected effect: to evidence the existence of problems
and to facilitate and support the collaborative problem-solving and small cycles of expansive
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learning (Engestrom, 2016) towards them. One key feature of the artifact was to allow people to
register the problems and also share their previous experience on them. This feature helps to
keep the knowledge shared in a single and organized database that can be used in further
improvements in the work processes.

In the final evaluation of the artifact, some essential improvements were pointed out by the
MKW. These improvements can help to advance the support to collaborative problem-solving in
the MKW’s context. For instance, because MKW work with a diversity of people, the idea of
allowing multiple communities in the mobile app could help them to solve problematic situations
with their various communities of work. This type of results suggests that there are many possible
progresses to be made on methods and applications that aim to support MKW and their processes
of problem-solving, knowledge creation, and knowledge sharing on the move.

Conclusions

The main goal of this research was to address how collaborative problem-solving is carried out in
MKW’s context and how this process can be supported. The adoption of the DSR method
allowed a deeper understanding of the research problem, the challenges faced by the MKW to
solve problems on the move, and the limitations of the current tools used by them with this
purpose. An artifact was designed to help overcome these challenges and limitations and
succeeded in supporting MKW’s participation in collaborative problem-solving activities. The
activity theory framework was applied (Figure 4), helping to understand what are the main
elements involved in these activities, and the expansive learning cycles were considered to design
the collaborative problem-solving method implemented via the mobile app.

The research contributes to the knowledge base on mobile work, helping to understand how
MKW solve problems, collaborate, and, consequently, create and share knowledge on the move.
The empirical knowledge generated by this research is relevant considering that little research has
been developed to understand these processes, despite the increase in the number of mobile
workers and new flexible forms of work supported by mobile ICT.

This research also makes practical contributions because the artifact developed can be used not
only by the MKW but also by the management of MKW, HR professionals, IT teams and back-
office teams of the companies that support MKW, other professionals who use mobile ICT to
work, and also software developers. The artifact can also help MKW to reflect on their
participation in collaborative work practices and the challenges they face, stimulating them to
look for new ways of working better, and supporting each other. Besides, since the instantiation
of the artifact can store the data generated by the MKW’s collaborative problem-solving activities,
it is also possible to use this data for future work analysis via data science and analytical tools.

Our findings also highlight the importance of further research on this topic. The rise of MKW is
related to the constant evolution of new mobile and ubiquitous ICTs such as biometric readers,
wearables, voice control, near-field communications, augmented reality, etc. Therefore, new
technologies and new ways of supporting collaborative problem-solving processes on the move,
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building on our theoretical approach, can be considered to design new technologies for
participation in collaborative problem-solving situations, for example, using augmented reality.
As this study concentrates on MKW, future studies can use the framework and procedures
introduced in this research in other forms of mobile work. Finally, future studies can address the
large-scale cycle of expansive learning during mobile work.

This research had some limitations. First, the artifact was evaluated with a small number of
MKW. Additionally, due to the limited period of field testing of the DSR artifact, it was not
possible to observe complete large-scale cycles of expansive learning. Therefore, we suggest future
studies to test the generalizability of our results to a broader MKW context and also other
domains of work.
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APPENDIX A

Interview questions — Understanding the problem

This is an authorized adaptation of the instrument elaborated by Karanasios and Allen (2014).

About the subject
1. Age, gender, education, profession, background, and experience (How long?)
2. Whatis your organizational position? How long do you work in this position and company?

3. What is your employment modality? For instance, some mobile workers are small companies working for big
companies.

About the activity/object/outcome
4. Canyou describe, briefly, what do you do in your job?

5. Which places do you often use to perform this job? For instance, in the literature the job can be performed “on the
move”: from home, at client’s site, in the car, in a restaurant, etc.

6. What is your main workplace? How much time do you spend outside the main workplace?

7. Could you talk, in summary, how is your daily routine?

8. What are the main problems encountered in your daily routine? How do you solve them? Social and technical issues.
About the instruments

9.  Which mobile devices and applications do you often use (personal and professional)? Why do you use them? Which
are yours and which are from your organization? Concrete devices and applications used.

10. Which mobile and ubiquitous technologies do you often use to perform your job?

11. Are you able to perform your activity at anywhere because you have these [mobile and ubiquitous technologies]?
Why? How? Give some examples.

12. What other tools do you use to perform your job? For instance, the literature presents these instruments: ICT, mobile
devices, communication tools, information tools, time zone, language, collaborative practices, etc.

13. Has your perception of your job changed since you’ve been using mobile and ubiquitous technologies?
About the rules
14. What conventions, norms, or procedures you need to follow to perform your job?

15. Could you talk me through a job task with and without the mobile and ubiquitous technologies ? What rules and norms
have changed?

16. Are there any rules or norms to follow in the places you often use to work? For instance: public workplaces, client’s
site, etc.

About the community
17. When do you need to interact with others to perform your activity? Why? Give some examples.
18. Do others interact with you during the daily work? Why? Give some examples.

19. Does the use of mobile and ubiquitous technologies changed your way to interact with others? Why? Give some
examples.

About the division of labor

20. Has mobile technology changed the way you work with your supervisor/coordination/client? Why? Give some
examples.

21. Do you think they can supervise/manage better? Or more intrusively? Why?
About knowledge creation and sharing
22. Where do you usually seek knowledge to solve your problems? Give some examples.

23. What do you do when you face some new situation in the work? Do you look for help in your team/network? Give
some examples.

24. When you learn how to lead with this new situation, do you share with someone?

a. Yes: Can you describe how does this happen? Which tools do you use? How often does it happen? Give
some examples.

b.  No: What does make difficult to share? Why? Give some examples.

25. When you started in your company, where did you get the information to do your job? Did you have some training?
Did someone help you? Give some examples. What was more effective: training or people help?

Additional comments
26. Do you have some additional comments?
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APPENDIX B

Codification

example

ACTIVITY SYSTEM ELEMENTS

Category Definition Nodes codification in NVivo
Individual or sub_groups who (] _Nvivnlz File Edit Create Data Analyze Query Explore Layout View Window Help
Subject perform the activity, selected from ©~ ¢
the Viewpoint Of analysis_ Create Data Analyze Query Explore Layout View
= y
The object represents the goals of r‘ f = = ]
human activity and allows the y Ham Clipboard Format Paragraph Styles
individual to control his own motives Name -~
Object and behavior  during the  ~gFies
accomplishment of the activity. The "= rawen ?gg:‘mvmf'“‘fm Flemants
activity, thus, is directed to the e © © Divsion of Labor
satisfaction of these goals. AL T A e » @ Instruments
. — - @ oo
There are artifacts used to mediate » @ Rules
the relationship between the subject S 5 Nodes > @ Subject )
Instruments and his object in the activity g 'Og:“";‘i;::"s°”"E.A“F”'wS“te'"
B . - "y contradiction
(tools and accomplishment. The instruments g © 2 - Secondary contradiction
signs) can be any tools or signs that allow & @ 3 - Tertiary contradiction
the subject to transform his objectin & @ 4 - Quaternary contradiction
an outcome. e e v i
Individuals or sub-groups who share 8§f§ ;t:f . CZZZ:?J,:QNSSZ‘:;.M
the same ObjeCt. The COmmUnity is (D 4th Step - Examining and Testing the New Model
located within a socio-cultural © 5th Step - Implementing the New Model )
Community context Of those WhO Share the hO(;)pt'sDthandﬂhsﬂeus Reflecting and Consolidating the New Practice
same object of activity. Rules and + (@ Additional comments
division of labor mediate the
relationship between subject and
community.
The division of labor refers both to
i the horizontal division of labor
Division of among the members of the
labor community and to the vertical
division of power and status.
Refer to the explicit and implicit
rules, norms, and conventions that
Rules

restrict the actions and interactions
within the activity system.
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