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Abstract. Over the last decade, empirical relationships between work domain
analysis and HCI design have been identified by much research in the field of
Human Work Interaction Design (HWID) across five continents. In this paper,
we review 142 papers about HWID from workshops, conferences, journals and
Springer books from 2005 up to and including 2015. Using bibliometric tech-
niques, text-mining and co-word analysis, we discover patterns and articulate
information that drifts towards a newHCIfield, formed around research on the rela-
tionships between work analysis and interaction design. Our findings reveal two
major opportunities for design research in the work domain: a) human-centered
design approaches for specific work domains (workplaces, smart workplaces); b)
visions of new roles forworkplaces that enhance bothwork practice and interaction
design. Drifting towards new HCI fields opens up new possibilities.

Keywords: Human Work Interaction Design · HCI field · User experience ·
Literature review · Co-word analysis · Text-mining · Bibliometric study

1 Introduction

Today, it is a true challenge to design applications that support users of technology
in complex and emergent organizational and work contexts. To meet this challenge,
the Working Group 13.6 (WG13.6) on Human Work Interaction Design (HWID) was
established in September 2005 as the sixth working group under the International Fed-
eration for Information Processing specifically the Technical Committee 13 on Human
Computer Interaction (HCI). A main objective of the WG13.6 as defined in 2012 is
the analysis of this complexity and its relationships between extensive empirical work
domains studies and HCI designs [1].
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This paper introduces the research done under the name of HWID, identifying pat-
terns and its relations to the HWID field and related fields. The challenge that HWID
attempt to overcome is that today’s technology changes the way we work with pervasive
technologies and smart places, shifting often our physical boundaries and our opera-
tional modes. From health care, to traffic control, interaction with new technologies,
researchers have raised challenging issues for HCI researchers and experts.

In line with recent suggestions that HCI should “turn to practice” [2] and do practice
based research [3], the utility andmerit of defining a field from its published works stems
from providing a conceptual frame to organize a variety of issues emerging in recent
HCI research. In this paper we take a practice oriented, bottom-up approach to a group
of HCI researchers’ publication practice by analyzing and synthesizing published works
under the HWID heading during 10 years.

Stephanidis [4] states that interactive technologies are entering all aspects of everyday
life, in communication, work and collaboration, health andwell-being, home control and
automation, public services, learning and education, culture, travel, tourism and leisure,
andmanyothers.An extensive variety of technologies are already available, andnewones
tend to appear frequently, and on a regular basis. Because of this we have to be attentive
towards the development of studies that will help the growth of new technologies itself.

The scope of WG13.6 is to provide the basis for an improved cross-disciplinary co-
operation and mutual inspiration among researchers from the many disciplines that by
nature are involved in a deep analysis of and design for a work domain [5]. To support
this scope, the HWID framework was developed. In 2008, Ørngreen et al. [6] presented a
framework that aims at establishing relationships between the characteristics of humans
and work domain contents and the interaction during their tasks and decisions activities,
individually or in collaboration.

Clemmensen [7] developed a revised HWID framework (Fig. 1) to provide an easy
understandable version of the framework that is applicable across domains. The HWID
framework has four parts and a set of lines connecting the parts. The top box illustrates
the theories used, the left is the analysis of users’ work and life, in the middle column the
artefacts, and to the right the design of interactive information technologies. The box at
the bottom indicates that environmental contexts, such as national, cultural, social, and
organizational factors, impact the way in which users interact with computers in their
work and life. The lines connecting the left-right boxes illustrate the various relations
between empirical work analysis and interaction design activities and products, which
are the focus of HWID research.

Gonçalves et al. [8] reviewed 54 papers in the emerging practice and research of
HWID. The review reflected diverse topics and problems that the authors of the 54
papers perceived to be the major concerns and challenges. We believe that the papers
presented in this review illustrates that researchers have developed the understanding
of the HWID notion by experiencing and texting the contextualization of the concepts
and framework, either empirical or theoretically [8]. So, it was decided to deepen the
analysis of all articles published since the beginning of the working group.

We have reviewed the 142 papers about HWID from workshops, conferences, jour-
nals and Springer book from 2005 until and including 2015. HWID research has until
now largely been published at workshops and conferences, in line with the format and
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Fig. 1. Human work interaction design framework [7].

aim of HWID being an IFIP working group. Furthermore, the 142 studies that are taking
up the challenge are still relatively few as compared with other subfields of HCI [9, 10].
With this paper we would like to give some insights from the 142 publications that have
been created in the WG TC 13.6 in the last decade. Researchers across five continents
have studiedwhat empirical relationships inwork domain andHCI design also providing
a cross-disciplinary cooperation studies, can enhance the HCI curriculum.

The remainder of this paper is organized as follows: in the next section, we present
the methods employed to discover patterns or articulate information. We then present a
section describing the results using bibliometric techniques, text mining techniques and
co-word analysis. We sum up with a discussion that includes reflections on the entire
literature review and gives a new design framework. The paper ends with the overall
conclusions.

2 Method

The goal of this study is to analyze systematically the occurrence and characteristics
of the studies in HWID. To contribute towards understanding the big picture of HWID
evolution this study applies various methods for analyzing information that is being
produced. Yet most of the information in this study is in its raw form: data, so we tried
to perform a quantitative analysis collecting the data in a rigorous way for that. For that
reason, we used tools and techniques for machine learning that are used in data mining
to underlie the data.

We collected the data from the established sources that would represent the most
prominent part of HWID research such as: conferences, workshops, journals and
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Springer books. Then we analyzed using three different techniques. We used these tech-
niques to discover patterns or articulate information that can be potentially important
and useful to this field.

a) Bibliometric techniques – bibliometric technique is used as an approach to explore
evidence of transitions in different fields. For example, to demonstrate the centrality
of various authors to the field of HCI [11] to determinate statistic like the most first
authors or most cited papers [12], or to clustering publications into thematic cate-
gories [13]. Others, such as Newman [14] used and combining with other techniques
to categorized products of HCI research. Guha [15] expose relationships between
sub-disciplines in computer science and showed evidence of transitions in the field.

b) Text-mining – Text-mining it is the process of analyzing text to extract information
that is useful for particular purposes [16]. In other words, it is looking for patterns
in text. Godbole et al. [17] presents their study focusing on dictionary-based text
mining and its role in enabling practitioners in understating and analyzing large
text datasets. They showed how to adapt one or more dictionaries across domains
and tasks to reuse in industrial practice. In other fields, Valencia [18] highlights
the text mining techniques to characterization of the human mitotic spindle appa-
ratus showing results that were quite good in the categories of publication raking,
detection of experimental methods. Furthermore, his working with his group in fos-
tering the creation of text mining systems that can be integrated in Genome analysis
pipelines and contribute effectively to the understanding of complex Biological Sys-
tems. Romero et al. [19] used text mining techniques to define a glossary of terms
related to Empirical Software Engineering.

c) Co-word analysis - It’s possible with co-word analysis to map the strength of asso-
ciation between keywords in textual data. Coutler et al., [20] used to map the evolu-
tion of the research literature to characterize software engineering and distinguish
it from other disciplines. In their work this methodology identified associations
among publication descriptors (indexing terms) from the Computing Classification
System and produced networks of terms that had reveal patterns of associations.
Other researchers such as Liu et al. [10] conducted an analysis to compare the
underlying trends in CHI community between 1994 and 2013. Their study identifies
the evolution of major themes in the discipline and highlights individual topics as
popular, core or backbone research topics within HCI.

3 Findings

3.1 The HWID Papers

The 142 papers involving 251 co-authors included in this study about Human Work
Interaction Design were identified from 14 different scientific meetings between 2005
to 2015 (Table 1). For each paper, we collected the following information: year of
publication, title, subtitle, list of keywords attributed by the authors, abstract, first and
last name of the authors and their country. Considering the relevance of each article
presented in HWID, and since most of them are only published in the website of HWID
specific group, we had to manually extract all information from them. Data was then
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output to different type of files that were analyzed in Microsoft Excel, Weka [21], and
with an R algorithm [10].

Table 1. Description of the sample considering in this study.

Type Local Theme Year Total of papers

Workshop
INTERACT

Rome, Italy Describing Users in
Context - Perspectives
on Human Work
Interaction Design

2005 9

Conference - 1st
HWID

Madeira, Portugal Human Work
Interaction Design,
Designing for Human
Work

2006 14

Workshop -
INTERACT

Rio, Brazil Social, Organisational
and Cultural Aspects
of Human Work
Interaction Design

2007 5

Workshop -
NordiCHI

Sweden Cultural Usability and
Human Work
Interaction Design -
techniques that
connects

2008 8

Symposium - HCI -
IFIP

Symposium Themes in Human
Work Interaction
Design

2008 1

Conference - 2nd
HWID

Pune, India Usability in social,
cultural and
organizational
contexts

2009 22

Workshop
NordiCHI-

Iceland Crisis Management
Training Design and
Use of Online Worlds

2010 12

Workshop -
INTERACT

Lisbon, Portugal Human Work
Interaction Design for
e-Government and
Public Information
Systems

2011 9

Conference - 3rd
HWID

Copenhagen,
Denmark

Work Analysis and
HCI

2012 16

(continued)
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Table 1. (continued)

Type Local Theme Year Total of papers

Workshop -
INTERACT

Cape Town, South
Africa

Past History and
Future Challenges of
Human Work
Interaction Design
(HWID): Generating
Cross-Domain
Knowledge about
connecting work
analysis and
Interaction Design

2013 8

SIG - CHI Paris, France HWID SIG: Past
History and Future
Challenges

2013 1

Workshop -
NordiCHI

Helsinki, Finland Human Work
Interaction Design for
Pervasive and Smart
Workplaces

2014 10

Conference - 4th
HWID

London, England Human Work
Interaction Design

2015 18

Workshop -
INTERACT

Bamberg, Germany Human Work
Interaction Design
(HWID): Design for
Challenging Work
Environments

2015 9

3.2 Timeline and Trends

Beside the prominence, we considered comparability as an important factor, but we had
to make different analyzes in the sample. The major reason for this was because all the
papers for our sample are not published in digital libraries (Fig. 2). Also, some papers
had no keywords and for the year 2007 we only have information such as: first and
last name of the authors, country and the title of the papers. The solid bars indicate the
coverage of publications data.

Conference/Springer Book Conference/Springer Book
Workshop Workshop
Symposium Symposium
SIG/CHI SIG/CHI

2005 2008 2010 2013 2015

Fig. 2. Timeline of the 10 years of HWID.

We employed a bibliometric study to find out the total of wise contributions, the
authorship pattern, and to determine the geographical distributions of contributions in
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the field. From analysis (Table 2) we can see that HWID has been unstable in terms of
publications per year.

Table 2. Paper frequency distribution per year.

Frequency per year Frequency distribution

2005 9 6,34%

2006 14 9,86%

2007 5 3,52%

2008 9 6,34%

2009 22 15,49%

2010 12 8,45%

2011 9 6,34%

2012 16 11,27%

2013 9 6,34%

2014 10 7,04%

2015 27 19,01%

3.3 Authorship

Table 3 shows that the multiple authorship has the largest proportion of publications 110
papers (77.47%) while the single authorship pattern has 32 papers (22.54%).

Table 3. Authorship pattern.

Authorship Number of Frequency distribution

Single 32 22,54%

Two 47 33,10%

Three 33 23,24%

More than three 30 21,13%

The average number of authors per paper is 1.76 (M = 1.76), i.e., 251 authors written
142 papers the last 10 years.

3.4 Collaboration

To determine the amount of collaboration in quantitative terms, we used the formula
given by Subramanyam [22] C = Nm/Nm + Ns Where (C represents the degree of
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collaboration; Nm represents the number of multi authored contributions; Ns represents
the number of single authored contributions), also knowns as a correlation coefficient in
Social Network Analysis [23].

Table 4. Degree of collaboration of authors.

Year Degree of collaboration

2005 1,000

2006 0,786

2007 0,600

2008 0,444

2009 0,682

2010 0,667

2011 0,556

2012 1,000

2013 0,889

2014 1,000

2015 0,481

In this study (ten years) de degree of collaboration is C = 0.71. Table 4 shows that
years 2005, 2012 and 2014 had the highest degree of collaboration and the year 2008
and the year 2015 the lowest.

3.5 Geography

The figure below (Fig. 3) depicts pattern of the geographical distribution of contributions
in the HWID field under study.

Fig. 3. Geographical distribution of contributions.

As would be expected, the largest contribution comes from Europe (Austria, Bel-
gium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Norway,
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Portugal, Spain, The Netherlands, United Kingdom), followed by Asia (China, Japan,
India, Russia) and America (Brazil, Canada, USA), and finally by Africa (South Africa,
Namibia) and Oceania (New Zealand).

3.6 Themes, Topics, Subjects

To identify patterns of themes associations and their relations to the field, we employed
a machine learning technique such as text mining. We used the add-in eTable Utilities
[24] and XLMiner Plataform [25] for that.

In this analysis we used only the titles of each paper since from our sample this was
the variable that we had in common for all 142 papers. As previously mentioned from
the year 2007 we only have the title and their authors, and we didn’t want to discard this
data. To present an at-a-glance overview of the HWID research in the last decade, we
have created a word cloud over the years and ending with an encompassing up every
year at once (Fig. 4, Table 5). We used IBM’S Word Cloud Generator [26].

Fig. 4. Word cloud for the titles of each paper over the last decade.

Table 5. Frequency of terms of titles of each paper over the last decade.

Frequency

Challenges 5

Framework 8

Experience 8

Environments 10

Users 13

Human 17

Usability 19

(continued)
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Table 5. (continued)

Frequency

Interaction 26

Work 42

Design, designing 62

Figure 5 and Table 5 displays the total count for each theme (subject) in the papers.
We can see that users, usability, human, interaction, work and design were the most
research themes (subjects).

We decided at this stage to pragmatically assume that we could have a tendency about
the most prolific subjects of research. So, we decided to find out what the most discussed
topics and their relationships. Using eTable Utilities [24], we could have results about
the most prolific terms in the titles in our sample. Table 6 shows the number of papers
per most frequent subjects.

Table 6. Group the papers per most frequent subjects.

ID Terms Nº papers References

Cluster T1 Designing for, design of, design sketching, design framework, collaborative
design, system design, design requirements, experience design

38 [27– 64]

Cluster T2 Human work interaction, work interaction, human work interaction design,
interaction design

15 [5, 6, 8, 65–76]

Cluster T3 Case study 12 [77– 88]

Cluster T4 Work analysis, workplaces, workers, workcentered, telework, smartplaces 21 [89–109]

Cluster T5 Scenarios, personas, cultural, cultural usability 21 [110– 130]

Cluster T6 Users, user experiences, user-centered 20 [131– 150]

Cluster T7 Information systems, mobile computing, specific contexts 15 [151–164]

We manually grouped all the papers through resemblance of words (e.g. “design
as”, “design”, “design for”, and so on) and by reading them, we could make a more
accurate topic cluster analysis. From clusters T1 and T4 in Table 6 and making a more
extensive analysis we can see in Table 7 and Table 8 that the authors make the transitions
in research from interaction design to work analysis or reversely.

Relating cluster T1 (designing for, design of, etc.) represented here in Table 7, whit
cluster T4 (work analysis, workplaces, etc.) we can see that in cluster T1, research has
focused more precisely on the holding and supporting technologies and its transitions
to interaction design, while cluster T4 (see Table 8) has been the opposite.

The most common concerns for work and exposed in the papers from cluster T4 (see
Table 8) has been the challenging and preeminent differences with cultural contexts,
new interfaces and new work environments that can influence and improve HCI design.

The findings from the 142 conference, workshop, symposium and SIG papers, indi-
cate that a) many of the papers are not easily accessible because early work are not
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included in digital libraries, b) frequency of papers per year is growing, c) nearly three
fourths of papers are multiple authored, d) most papers are from European events, fol-
lowed by Asian and Americans, and e) users, usability, human, interaction, work and
design were the most research themes.

Table 7. Extract words from cluster T1

Terms Years N. Papers Extract words

Designing for, design of, design sketching,
design framework, design as, collaborative
design, system design, design
requirements, experience design,

2005 6 Emerging from an understanding nature
of tasks; influence user’s information
behaviour; requirements elicitation
process for the design; focus on who we
are as humans in the perspective of the
designers of the technologies; potential
improvement of how can information
technology better support the coordination
of co-operative work; patterns may be
leveraged to enhance the work people
perform in socio-technical and other
complex systems

2006 9 Designed to support a person making
resource allocation decisions; design of
information visualisation software to
support work; how design sketching can
be used as a technique for exploring and
creating common understanding between
users; design sketching process from
rough drawings of conceptualisations and
detailed storyboards of functionalities;
guidelines for a different perspective on
design; interface design when developing
new tools to support creative activity;
explore the role of design sketches in
interaction design and work analysis;
approach to designing a visual
application; to design tailored fitness that
allow performing simultaneously home
routine tasks and physical exercise

2009 2 Explores the concept of design as a
multimodal conversation; identify the
cognitive needs of museum visitors and
the content selection parameters for
designing the interactive kiosk software

2010 1 The paper contains design ideas, analysis
and evaluation of current work with
mobile equipment and augmented reality
features, utilizing experiences from
Human Work Interaction Design

(continued)
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Table 7. (continued)

Terms Years N. Papers Extract words

2011 3 We argue that human work interaction
design can be a solid, useful approach to
better support diverse users of public
information systems; focused on the
design of the future centre unique online
booking; challenges to applying user
centered design in the public sector

2012 5 Discusses two cognitive science
paradigms and then present third
approach related to interaction with the
world as known as embodied cognition; an
exploration of how children adapt their
interactions with different graphical user
interfaces (GUIs) in varied task situations;
describe the use of an interactive online
questionnaire to facilitate a photovoltaic;
specifically investigate the problems and
issues related to throw-away prototypes
in sensor-intensive systems; pinpoint the
limitations of the design target
formulation in current HCI approaches

2013 1 Through our participatory design and
user-centred design evaluation processes
to date, we have established that this
approach is promising for improving
overall care for the residents in long-term
care

2014 1 Focus on a new tool for mobile video
journalism, and how it fits into the existing
work practices and the ecology of tools
that the journalists use to support their
pervasive workplace

(continued)
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Table 7. (continued)

Terms Years N. Papers Extract words

2015 10 Identified the need to consolidate
information originating from various
interfaces and ubiquitous systems
deployed throughout the factory in order
to improve their workflow. On the other
hand, design needs to facilitate
awareness for broken and serviced
equipment; currently undergoing work is
focused on the co-design of a cloud of
services able at integrating all the tools
into a bigger frame-work to support the
archaeological practice in a more
pervasive way; explores the systems
design requirements through the design a
demonstrator that is tested by a small pilot
group; a design of intelligent food carrier
helps in providing information about food
item quantity; the influence of this type of
tools to assess if a creative writing user
interface can positively influence the
productivity and mental well-being of
users; following experience design and
positive design we investigated the
feasibility of increased positive
experiences for users in such
environments; the paper discusses the
reasons to keep in mind the user base that
will use product (for all). The need of
universal design is today’s requirement;
were interested to find evidence
concerning how students‘ creativity
supported the design process and the
interactions that occur in creative activities
mediated by technology; an integrative
review with a personal ethnographic
narrative that draws on literature on
Design-Based Research, and identifies
and discusses elements from Interaction
Design and Action Research that the
Design-Based Research approach could
consider, situating the research in online
educational projects; describe the results
of a survey where we studied experience
design practitioners’ views of experience
goal setting and approaches to
communicate about these goals with
stakeholders
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From this analysis we identified two major opportunities for design research on the
work domain: there is a great need for human-centered design research on the work
domains (workplaces, smart workplaces) and also there is a great need for research
that envisions new roles for workplaces that enhance both work practice and interaction
design.

3.7 Key HWID Concepts

Finally, our analysis relies on techniques from hierarchical cluster and graph theory,
using co-word analysis. In this case we use the variable keywords. We could manually
assign keywords to papers, but we chose to work with “pure” sample, so we discard all
the data that had not keywords. Our sample to analysis in with 92 papers referring only
to 2008 year until 2015 (Table 9).

Table 8. Total of papers and total of keywords per year 2008–2015.

Year Total papers Total keywords

2008 9 71

2009 21 193

2010 12 111

2011 9 82

2012 14 141

2013 8 95

2014 9 79

2015 10 102

Table 9. Extracts words in cluster T4.

Terms Years N. papers Extract words

Work analysis, workplaces, workers,
workcentered, telework, smartplaces,

2005 1 Argue that work style models can
be very useful as a Human-Work
design methodology, since it forces
the designer to think about solutions
supporting the important contexts of
work as well as changes in those
contexts

(continued)
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Table 9. (continued)

Terms Years N. papers Extract words

2006 1 Describe a set of principles that
were proven successful during this
design process, illustrate sketches of
the tools, and highlight the relevant
design aspects that worked and those
that didn’t work

2007 1 Improving existing driver
interfaces with tools from the
framework of cognitive work
analysis

2012 4 Data from observed bathing
assistance, night shift operations, and
handover tasks at a private elderly
care home; we describe and elaborate
around the usage of different work
analysis methods in a complex, real
world work domain: collaborative
review of large-scale 3D engineering
models; aims to understand the
importance of early work analysis
in a real context during the design of
such a simulator; the intention is to
present some recommendations for
companies that work with this type
of products to improve their
productivity and profit;

2013 3 There is a gap between the
technological artefact produced and
the social requirements that govern
how well the system will fit in the
organisation; an application model
for supporting human collaborative
works is proposed; In order to
prevent possible negative work
environment consequences, a
checklist has been developed for
analysis of the proposed new work
situation;

(continued)
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Table 9. (continued)

Terms Years N. papers Extract words

2014 4 Sociotechnical gaps, which are of
central interest to researchers and
designers of ICTs supporting
telework. Visualising these gaps is
even more challenging due to the
different cultural contexts where
telecommuting is taking place
nowadays; we call for extensive
discussion on using the well-being
data for designing work and a
working environment that supports
well-being and productivity;
pervasive workplace based on
designing simple interactions for a
complex domain: creative writing;
aim is to design and develop a
platform that supports older
employees to remain longer active
and satisfied in the workplace;

2015 7 This attempt may contribute to
improve the interaction among the
whole partners and to address
organizations’ agility and innovation;
we discuss challenges when
conducting action research and
formulating research projects in a
fairly volatile organisational setting;
Working as an HCI researcher in the
domain of healthcare can be
challenging; we discuss our initial
plans for conducting such
data-collection and the problems
and challenges presented by the
forestry environment; describes in
case of mobile news making the
synthesized findings on context of
use categorized to five components
and nineteen subcomponents based
on twelve cases studies; present and
discuss a modified version of
personas called contextual personas
to address the new working life;
presents our experience of this
solution in the context of our Paris
office and discusses its potential for
building smart and sustainable
workplaces
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The 874 keywords for the 2008–2015 led to 12 clusters (labeled as K1–K14, in
Table 10). Each cluster represents a research theme or subfield. For each one we have:
a) Size: the number of keywords; b) Co-word frequency: on average a keyword appears
in our dataset; c) Centrality: degree of interaction of a theme with other parts of the
network [165, 166]; d) Density: making up the research theme by measuring the internal
cohesion, or the strength of the links that tie together the cluster keyword [166, 165]; e)
Keywords: set of keywords that constitute the cluster.

To visualize the cohesion and maturity of each research themes in HWID, we con-
structed a strategic diagram (based on Fig. 5) to visualize it [20, 165, 10]. Figure 6 shows
the strategic diagram degree of density and centrality for HWID. The x-axis shows the
strength of interaction between a specific research theme with others – Centrality. The
y-axis reflects the density of the research theme, or the internal cohesion of a specific
research theme [10].

Fig. 5. Strategic diagram’s degree of density and centrality [165, 166].

We can see in Fig. 6 the results from the average centrality and density across all the
clusters for the designated sample.
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Table 10. Major research themes in HWID during 2008–2015

ID Keywords Size Total frequency Total CW frequency Centrality Density

K1 Approach, behaviour,
content, contextual,
experience, interactive,
interviews, kiosk,
museums, needs,
parameters,
questionnaire, selection,
social, software, survey,
visitor, visitor-centred

18 27 407 0,284 1,000

K2 Control, ergonomics,
fine, illiterate, motor,
phone, productivity,
racial, semi-literate,
stylus, thumb, tools,
touchscreen

13 13 247 0,050 1,000

K3 And, cultural, factors,
interface, smart

5 24 211 0,585 1,200

K4 Augmented, computing,
creative, creativity,
crowdsourcing, glass,
glassware, google,
reality, support, tablets,
tools, wearable, writing

14 16 240 0,043 1,000

K5 Children, computers,
context, education,
eLearning,
environments, Indian,
instructional,
socio-cultural, usability,
website

11 20 203 0,220 1,000

K6 Data, designs,
empirical, for,
gathering, ict., learning,
methods, mobile,
probes,

10 19 186 0,169 1,022

K7 Analysis, care,
evaluation, intensive,
medical, model, system,
unit, usability,
ventilator, video

11 46 295 0,340 1,418

(continued)
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Table 10. (continued)

ID Keywords Size Total frequency Total CW frequency Centrality Density

K8 Ambient, experience,
intelligence, methods,
older, study

6 15 65 0,137 0,800

K9 Action, analysis, case,
centred, cognitive,
communication,
computer, computing,
context, context,
culture, design, design,
development, embodied,
evaluation, future,
graphical, guidelines,
human-computer,
human-work, hwid,
information, interaction,
interaction,
interdisciplinary,
interface, interfaces„
knowledge,
organizational,
participatory, personas,
pervasive, recognition,
service, services,
technologies,
technology, theory,
touch, usability, user,
voice, work,

44 198 876 0,852 0,221

K10 Analysis, based, design,
human, interaction,
work

6 74 436 0,630 3,733

K11 Co-operative, crisis,
management, online,
situation

5 23 137 0,272 2,300

K12 Analysis, emergency,
environment,
management, realism,
simulations, training,
virtual

9 38 215 0,329 0,917
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Fig. 6. Strategic diagram for HWID for the period 2008–2015

Analyzing our results, we can assert from the 92 papers most of them are in quadrant
III, i.e. these themes have low density and low centrality, mainly representing either
emerging or disappearing themes (Clusters: K 1, 2, 4, 5, 6, 8, 12).

Results also show that data from cluster K9 it presents significant data of themes that
are under-developed yet transversal, with potential to be of considerable significance
to the entire research network. Finally known as the motor-themes we have data from
cluster K10 with strong centrality and high density.

The combination of these analyses is a great way to study patterns or articulate
information in a particular field, and in this case for the field of HumanWork Interaction
Design.

Based on results from analysis and almost parallel to it, new research has emerged
which will be addressed in the future as a consequence of a new HCI field called HWID.
Figure 7 frames the vision of this newfield. This vision places artefacts at the core that are
outcomes of interactive systems designs, theories, methods, approaches in the context of
human work within complex contexts. The vision allows for future design of a flexible
yet integrating framework that can take into consideration the ever-blurring boundaries
of what is work and the workplace. In addition, it anticipates that HWID systems must
be research, designed and developed within complex contexts of multi-organizations,
cultures and perspectives of understanding.

The framework is defined as a hexagon. The inner-core represents “practical” con-
structs of HWID systems based on higher level “theoretical” constructs that include
theories and concepts, frameworks and models, methods, technologies and tools, infor-
mation on HW and information on ID. There is a need to develop this visionary meta-
framework for HWID. Such ameta-framework will help bridge the gap between theoret-
ical constructs and future practical implementations of HWID systems.. These elements
form a set of sub aspects of Human Work and Interaction Design that identify what
can be considered of great relevance for future search in the field of Human Computer
Interaction.
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Fig. 7. A revised version of the general HWID framework a new HCI field.

4 Discussion

While previous work [8] has outlined a research gap in the HWID framework and the
need to better theories, concepts, frameworks models and perspectives in HWID, our
work provides a new perspective to better understand the HWID and the way forward for
research. Clemmensen [68] suggest that the development of a HWID framework may
make it a better tool for mapping the combinations of multiple other theories onto the
relations between Human Work and Interaction Design. We also argue that we should
approach HWID with a flexible yet integrating framework, that is useful to guide the
application of other theories to study the relation between work analysis and interaction
design.

Our analysis in this paper have several implications. First, the distribution of key
words as highlighted in Table 10 and Fig. 7 indicate that there is a large body of work
that centers on the theme of HWID. This would be an expected finding within this
data set. However, there are numerous clusters of themes (K 1, 2, 4, 5, 6, 8, 12) that
can represent a wide variety of practical application areas. This further emphasizes the
importance of those themes within the context of HWID.

Second, this analysis highlighted the frequency of terms as represented in Fig. 4,
and Tables 5, 6, 7 and 9. The implications in these Figures and Tables are to draw
attention not only to the terms that are frequent, but to those that are infrequent (e.g.,
framework,methods, modelling, etc.). The former research has emphasized an interest in
the practical outcomes (e.g., smart places, workplaces, systems design). This highlights
that the concepts of HCI are finding relevancy in the field of human work and workplace
design. In addition, the appearance of the less frequent terms, demonstrate a need to
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relate to the theoretical constructs to practical solutions. This research indicates that
there is a refocus, or drifting, of the traditional field of HCI towards one that centers on
themes of importance to HWID.

5 Conclusion

Over the last decade great studies have beenmade in theHumanWork InteractionDesign.
Interestingly, as these studies have moved out from work domains to interaction design
and vice versa. Our review of the last decade showed the importance of the number
of researchers analyzing of user’s work and life as well the design of computer-based
information systems.

In 2005 we were concerned about mobile technologies that were used to drift con-
texts, today we have to be aware and to maintain focus on users and complex user
situations with pervasive and smart technologies.

Through 142 studies, 251 researchers involved from five continents, have studied
what empirical relationships in work domain and HCI design can provide a cross-
disciplinary cooperation enhancing theHCI field. These can function as a starting emerg-
ing field for design practitioners who wants to improve and expand the scope of new
technologies.

There is a great need for human-computer interaction research to understand the
boundaries of human work, its relations, contexts, as well as several opportunities for
design research to impact this existing area to better situate different technologies. In
addition, there is a great need for research that envisions new roles for technologies to play
that both enhances the work performance of workers and that enhance the relationships
between design and their interaction. On the reflection on the state of the research, we
identified several opportunities for HCI research to impact pervasive technologies, work
domain and smart places.
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