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Abstract. In this paper, we theorize about Socio-Technical approaches to HCI.
The Socio-Technical tradition indicates that looking at design only or mainly
from a technical design side is insufficient to design systems for work and work-
ers; instead the social and the technical need to be co-designed and contingent on
characteristics of the context, the organisation, and its historical development.
However, it also argued that this tradition does not provide enough handles for
the design of interactive technologies for users. We present Socio-Technical HCI
as a distinct field of knowledge outlining the Socio-Technical traditions where it
is rooted, and illustrate these with three different conceptual frameworks that
have been used to support the design, development, and evaluation of interactive
systems. These frameworks are Cognitive Work Analysis, Human-Work Inter-
action Design, and Technological Frames. These frameworks are compared and
analysed in terms of what are a balanced and comprehensive way to in address
socio-technical, contextual, and design issues in HCI. It is argued why Human-
Work Interaction Design is best placed to address these issues.

Keywords: socio-technical, human-computer interaction, human work interac-
tion design, cognitive work analysis, technological frames.

1 Introduction

The study of Human-Computer Interaction (HCI) has historically drawn on Socio-
Technical (ST) traditions on attempt to provide an understanding of users’ actions,
which goes beyond cognitive and individual experience phenomena to incorporate the
social, cultural and contextual character of interactive systems design, development,
evaluation and use. For instance, ethnographic methods with a sociotechnical perspec-
tive have been used in HCI to understand the work of end-users actions performed col-
laboratively with other people in a field setting. This implies that user activity is seen
as a social and organisational experience. In this context, ST and HCI are interlinked in
such a way to form a distinct field of knowledge, namely Socio-Technical HCI (ST-
HCI). In this paper, we offer an overview of ST-HCI the ST traditions where it is rooted
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and illustrate these with three different conceptual frameworks that have been used to
support the design, development and evaluation of interactive systems. These frame-
works are Cognitive Work Analysis (CWA), Human-Work Interaction Design
(HWID), and Technological Frames (TF). Compared to Activity Theory or Actor Net-
work Theory, we believe the frameworks we have chosen offer practical ways to ad-
dress contemporary design issues such as designing automation [1]from a ST-HCI HCI
perspective. For example, HCI authors find that activity theory has some shortcomings
when analysing dynamics over time [2]. Going beyond HCI, while actor network the-
ory does explain how actors develop networks by translation and thus innovate tech-
nology [3] , how this is to be applied in HCI design is not clear. Other promising social
theory for studying ST-HCI is Social Representation theory that explicitly addresses
the temporal experience of meaning making [4] In social representation theory, work
engagement should carefully be anchored in, e.g., stabilised into, an existing HCI de-
sign goal such as user experience, and then objectified through a series of research
studies and practical design projects that would gradually lead to established HCI de-
sign goals. However, HWID, CW and TF have the advantage, compared to the above
theories, that they are already narrowly focused on interaction design and well-known
HCI methods for empirical socio-technical analysis.

The paper first provides an overview of ST traditions and then presents series of key
questions ST-HCI should be able to answer. This is followed by a presentation of in-
stances of ST-HCI in the form of brief case studies featuring CWA, HWID and TF.
These case studies are then discussed in terms of the key questions introduced earlier.
From this we go onto a discussion of what each perspective provides to ST-HCI and
the distinct characteristics of this field of knowledge. Based on this discussion, the pa-
per concludes with recommendations about the most suitable ST-HCI approach.

2 Socio-technical Traditions

ST traditions and approaches stem from two different scientific traditions: one that
emerged from organisational studies conducted by the Tavistock Institute of Human
Relations in London in the late 40s and 50, [e.g. 5, 6], and one that emerged from a
group of authors concerned with the social shaping of technology [e.g. 7, 8]. Socio-
Technical systems theory key principles were originally proposed by Trist and Bam-
forth [6] and are aimed at increasing both productivity and worker satisfaction through
joint optimisation of the social and technical components of organisations. These prin-
ciples recognise the need to empower workers in decision making and focus on whole
tasks as main units of analysis beyond any spatial-temporal boundaries. The main tenet
of Socio-Technical systems theory is that introduction of technology innovation with-
out the consideration of organisation’s existing structures and division of labour can
lead to a decrease in productivity and worker satisfaction. Job enrichment, as opposed
to job enlargement, is claimed as the immediate benefit for workers. These principles
were later developed by Mumford [9] through her ETHICS methodology for the design
of information systems, where the participation of workers, as users, in decision making



is a basic condition for satisfaction and usefulness. Unfortunately, despite ST ap-
proaches emphasis on user involvement and decision making in organisational work
contexts, no clear handles have been provided by authors like Mumford [9] and Cherns
[5] to interactive system designers trying to make their systems not only more usable,
but also more useful and satisfying from a user experience perspective. Dillon [10] de-
fines this gap very well by pointing out that ‘Criteria for effectiveness, efficiency and
satisfaction must be derived from the social not the individual context of use’ and calls
for ST approaches to be operationalised at the level where user interactions are de-
signed.

Authors in the Sociology of Technology are ontologically concerned with Socio-
Technical phenomena [7, 8, 11, 12]. They converge on the fact that the character of
technology is situated, interpretatively flexible and socially shaped and shaping. They
usually produce concepts and theories aimed at making sense of Socio-Technical
change and diffusion. For instance, the concept of technological frames by Bijker [13],
tries to capture the interpretive frames and social dynamics that influence the social
construction of technology. Actor network theory (ANT) proposed by Latour , [14],
presents an approach to understanding Socio-Technical phenomena through the agency
of networks of human and non-human actors. A key concept in ANT is that of transla-
tion [3], as it explains to understand how technology innovation is the consequence of
the successful re-alignment of actors willing to sustain and develop the corresponding
network. In ANT networks are inherently Socio-Technical since human and non-human
actors can have mediating roles depending on their situation in the network. Techno-
logical frames and ANT are good examples of how theories can be used to make sense
of technology design and use.

The key difference between the two ST traditions discussed above is an epistemo-
logical one which can be summarized into a constructive-critical dimension: knowledge
in ST systems theory is aimed at problem resolution in the design of work systems
(constructive), while knowledge in the Sociology of Technology is aimed at a rich un-
derstanding of Socio-Technical change (critical). ST-HCI inherits from Socio-Tech-
nical this epistemological double aim of design and understanding but adapting it to
HCI.

3 Questions to ask Socio-Technical traditions from an HCI
Perspective

There are questions to ask to the ST traditions from an HCI perspective. The key char-
acteristic of almost all ST research variants, even those close to systems thinking tradi-
tions or to Marxist inspired system development approaches, is that ST challenges a
purely technical perspective.

Here HCI may 1) ask exactly which interpretation of all the variants of ST is useful
for HCI research and practice, which has indeed a specific technical perspective on the
interactions with computers. While the starting point is typically some (new) technol-
ogy, ST research does not focus on technology per se, but on social issues on four dif-



ferent levels: the interaction level (HCI, UX, Interface), the individual level (job satis-
faction, job design, automation), the organizational level (decentralization, decision
making, business models, strategy) and/or societal level (unemployment, privacy,
wealth distribution) [15].

So, HCI may ask, 2) how can HCI researchers take into account several levels of the
social while still focusing on the interaction design? Though some variants of ST may
offer more practical guidance as to “how to develop systems, how to manage imple-
mentation or how to identify exciting IT inventions/innovations” , other ST variants,
despite being offered prominent positions such as CHI keynotes have not yet been
shown to support the actual design of HCI.

So thirdly, HCI may ask 3) how to conceptualize the computer/interaction and give
recommendations for design? Obviously, design is highly contextual, “design becomes
a set of routines that emerge in context” [16]. ST has to some degree acknowledged the
importance of context, e.g., by modifying US based textbooks on Management of IT to
match the local context [15].

However, HCI may ask 4) how should context be taken into account? A forceful
argument is that changes in economic paradigms enforce new contexts for HCI: from
the usability of industrial economy, the user experience of the experience economy, the
social media and open platforms of the knowledge economy, and most recently, the
ethical issues and emphatic livings labs of the transformation economy [17]

In the next section we demonstrate how ST-HCI approaches sitting in different epis-
temologies should help answering these four questions.

4  Epistemologies that allow us to explore Socio-technical HCI
Perspectives

Our aim with ST-HCI is to articulate epistemologies that provide researchers with a
flexible standpoint in their approach to HCI design. According to Guba [18], theorising
from a relativist ontology and epistemology, as in in the case of ST-HCI, recognises
that the production of theories will never be exhaustive or absolute, and that knowledge
is possible only through interaction of the inquirer and the inquired. ST-HCI research-
ers recognise the need for these interactions and see knowledge as a continuous co-
construction, where researchers, developers, designers, managers and users can be the
subjects and objects of inquiry. ST-HCI epistemological positions fundamentally serve
two different types of purposes.

On one hand ST-HCI can enable an understanding of ST change, — drawing on the-
ories in the Sociology of Technology such as Actor Network Theory or Technological
Frames, which is discussed later in this paper. ST-HCI can facilitate the integration of
concepts and perspectives that enable the identification of scripts and power relations
inscribed in work systems, and, by implication, with the interpretive and experiential
dimensions of workers’ engagement. While this knowledge is not directly instrumental
to support design decisions, it is a legitimate way to make sense of ST change in the
context of the workplace as a complex network of human and non-human actors.



On the other hand, ST-HCI can also help to solve ST design practical problems — in
the spirit of the Tavistock tradition. This means that visualising relations between the
work domain, interaction design and work systems can lead to an iterative set of con-
tingent tools and rules with explicit implications for design decisions for workers’ util-
ity, usability and user experience goals. In this case, the knowledge produced is not
aimed at understanding the social and political nuances shaping ST change as an or-
ganic process but aimed at solving practical interaction design problems in the context
of ST systems. In the following sections we present 3 different instances of ST-HCI
conceptual frameworks.

4.1  Cognitive Work Analysis

ST traditions share a general concern: provide knowledge that can be used to create
systems that “fit’ with users and their context. However, while interaction design offers
handles to support design decisions for user interfaces, methods in work analysis pro-
vide structural and/or contextual models of actors and information flows, not neces-
sarily concerned with interface design. As a response to these limitations in work anal-
ysis, Vicente [19] developed CWA as a framework to model complex Socio-Technical
work systems. Within this framework, Ecological Interface Design (EID) emerges as
set of analysis methods to support decision making in the processing and presentation
of information according to end-users and their role as actors in the work system. CWA
and EID fall clearly within a functionalist paradigm as per Hirschheim’s paradigm of
information systems development [20].

We illustrate the use of CWA in a case study used to support design considerations
for the Smart University system [21]. This technique is driven by a framework that
supports and structures the analysis needed when designing a flexible and adaptive sys-
tem. The framework focuses on analysing the limitations and constraints on workers
behaviour; and mapping these constraints is the design of the system that will support
the workers.

The CWA framework comprises five different phases; work domain analysis, con-
trol task (or activity) analysis, strategies analysis, social organisation and co-operation
analysis, and worker competencies analysis. Using CWA has two distinct advantages.
First, CWA is a multi-dimensional analysis that incorporates the physical and the social
environment to provide a rich description. Secondly, CWA can be paired with Ecolog-
ical Interface Design (EID) [22] to generate designs for new information systems. EID
has shown success in the design of analytic information displays in power plant displays
[23]; social systems [24], healthcare decision support [25] and community building
[26]. For these reasons, CWA is a viable approach in cyber physical systems such as
those supporting smart work environments. We now illustrate CWA briefly with a sce-
nario focused on smart universities:

A lecturer, who offers weekly online exercises has the intention to help
his/her students to prepare for an exam. But she is not sure if the currently
available exercises are helpful enough for this purpose.  Therefore,
he/she would like to know if those students who practice with her online



exercises on a weekly basis are better in the final exam than students who
do not use them. A Learning Analytics toolkit could help him/her to do
research on this hypothesis by automatically collecting, analyzing, and
visualizing the right data in an appropriate way. The smart university
platform should allow for interactive configuration in such a way that its
users could easily analyze and interpret available data based on individ-
ual interests. We present this scenario through the lens of the different

phases of CWA.

Work Domain Analysis (WDA) provides an overview model of the work environment
with a view to understanding what kinds of information should be included in the user
interface and how this should be presented. The learning analytics toolkit is part of a
ST system whose main goal is maximising learning outcomes and the learning experi-
ence for students. Table 1 presents an Abstraction Hierarchy (AH) typically used for
WNDA [25]. This is made of five levels, which are now described in terms of the learning
analytics scenario:

Table 1. Work domain analysis for learning analytics scenario

WDA: supporting exam preparation
Physical | for student (type, program, year of admission, status, performance level); for
form learning material (type, date available); for evaluation material (type, date of
evaluation, grades achieved), for lecturer (level, name, availability); for student
record system (type, data available, dates accessed)
Physical Student , VLE, Lecturer, university student record system, material to be
function learned, evaluation material
General- | Student accessing material, lecturer creating and uploading new material, con-
ized tributing to discussion board, monitoring and evaluation of student’s progress
function
Abstract | Balance the ratio of evaluation to learning
function
Func- Maximize learning outcomes, Maximize student experience
tional
Purpose

Since education is a core goal of this scenario, learning needs to be present in the
functional purpose and generalized function levels. The scenario indicates that there is
a concern that weekly exercises might improve learning, as evaluated through exam
results, or might not be helpful. This is why we have chosen to describe at the abstract




function level that there must be a balance between evaluation and learning, e.g. you
cannot evaluate 100% of the time, but you also need to evaluate at some level. The
functional purpose is to find the sweet spot where learning outcomes and student expe-
rience are maximised at optimum levels.

WDA will allow us to identify the analytics data needed for designing components
of the system. For instance, a key goal derived from this WDA is to enable the instructor
to move that sweet spot between evaluation and learning to maximize outcomes and
experience. Those are the drivers, i.e. decisions to be made with the analytic system.

Control Task Analysis is done to determine what tasks are being carried within the
system and under what conditions. In this learning analytics scenario, control task anal-
ysis (ConTA), based Rasmussen’s decision ladder [26], the analysis would look like in
Figure 1. Is there uncertainty and ambiguity on the possible goal state? Quite possibly,
if the instructor is following a new evaluation approach for students, she may move into
knowledge-based behavior trying to figure out what is wrong. Analytics could play a
role here. Instructors can then ‘define a task’, i.e. choose to modify their instruction
approach. This implies setting a new ‘procedure’, more or less exercises in this case,
which would then be ‘executed’.

Strategies, Social and Worker Competencies are also critical. This level of analysis
can facilitate the discussion of different teaching strategies (traditional, flipped, blended
learning). This could also reveal different evaluation strategies (short quick frequent
evaluations, longer midterm/final, or project based evaluation).

The identification and description of social competencies could represent values and
intentional constraints being conveyed by the institution. It could also consider the
culture and cooperation of the students in this. As a worker, the instructor must have
competency in teaching, the material being taught, and the use of the smart learning
system. Skills, rules and knowledge is the base for all of these.
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Fig. 1. Decision ladder for learning analytics scenario.

Looking at this scenario through the CWA approach supports the HCI decisions on
which usability and user experience goals that should drive the interaction design of the
different interface components of the smart university sociotechnical system. The CWA
of the learning analytics scenario clearly points to importance of effectiveness and util-
ity [27] as main usability goals driving the design of the user interface of the lecturer
trying to establish the optimum level of exercises that should be set for students to meet
learning goals in a satisfactory way.

In terms of design guidelines feedback and mapping become core objectives in the
presentation of the student performance data. Good user interface design meeting these
goals and principles will support the overall functional purpose of the learning analytics
systems, i.e. Maximize learning outcomes, Maximize student experience.

4.2 Human Work Interaction Design

The problem with CWA and its derivative method, EID, is that they are framed with a
mainly functional paradigmatic view of information systems and this limits a more rel-



ativistic approach to study of user engagement in the context of work systems. How-
ever, sharing with CWA theoretical roots in cognitive engineering research at Risg Na-
tional laboratory in Denmark [28], an alternative approach called Human Work Inter-
action Designh emerged around 2005 [29]. HWID as a framework is sitting in a social-
relativistic paradigm [20], and can thus contribute to the design of systems supporting
work satisfaction and positive organisational ST HCI design goals. Below we outline
the current version on the HWID framework, see also figure 2.

HWID studies how to understand, conceptualize, and design for the complex and
emergent contexts in which information and communication technologies (ICT) and
work are entangled. Several aspects influence the way humans work and the work itself.
For humans, language, culture, education, skills, knowledge, emotions and cognitive
abilities contribute to define the profile of users and their approach to individual and
collaborative work. For work, its goals, functions, available tools and content contribute
to delineate its characteristics and challenges.

Theories, concepts, frameworks, models and perspectives
Methods, techniques and tools

Field studies
Human Work : j Interaction Design
Demographic characteristics, T——__| Sketches Establish design goals (usability
Education, Profession, A\ 5, 7| and user experience and other
\ / { \ A
A / p i
' . . N,
Values, Subjective \}/ / 7/
. / | Prototypes |~ / ability : ) rience
preferences, Skills, / \ FL" yp y \‘y/ Usability and user experience
. . 7 N aliati
Knowledge, Cognitive Y WA evaluation
. ‘ A v
resources, Emotions VAR ,’&_/ 5 ) _
VAR Templates ey v | Involve workers and
v/
! \
Work contents, goals, VAV _ stakeholders
\ y
functions, tools [ A )
//\| Implemented Give participants access to
.l’/ Y
/ Y \ .
| systems - (|£‘.Slgl'l process

Environment and context
National, geographic, cultural, social, organizational

Figure 2. The HWID framework by Clemmensen [30]

The HWID leans heavily on the HCI and human factors traditions specific interpre-
tation of the social and the technical elements of the ST system. In contrast, the social
in ST has been described as a broad ‘concern with the human workers job satisfaction



in a broad sense’, and the technical in ST has been described as in general ‘the IT sys-
tem’ [6, 15] .

In contrast to ST’s general concern with the human workers’ job satisfaction in a
broad sense, in HWID the social is analysed as end-users’ work tasks performed
through IT systems within a given work domain. The focus is on the user’s experience
of tasks (procedures) and the IT artefact environmental constraints as a work domain.
Hierarchical Task Analysis [31]and Work Domain Analysis [32] are among the meth-
ods that can be used to analyse the goal-directed tasks, and map the work environmental
constraints and opportunities for behaviour. In addition, there is a strong tradition in
HCI for studying work with ethnographic methods [33] and from Socio-Technical per-
spectives, e.g.,[34]. These approaches focus on work as end-user actions performed
together with other people in a field setting, that is, the user’s experience of using sys-
tems are social and organizational experiences. User experience, usability and interac-
tion design are influenced by these approaches and techniques for analysing and inter-
preting the human work, which eventually manifests in the design of technological
products, systems and applications.

In contrast to ST’s general focus on ‘the IT system’, the technical in HWID focus
either on interaction designs as such, i.e., user interfaces, or focus at interaction design
methods and techniques, i.e., think aloud usability evaluation, sketches, prototypes, and
more. Interaction design is presented in textbooks as an approach consisting of concep-
tual models, scenarios, task analysis, persona, think-aloud evaluation, and other user-
centred techniques [27, 35] . In addition to being user-oriented, textbook approaches to
interaction design also focus on the use of prototypes, storyboards and sketches, which
interaction designers see as products or sources of inspiration in the design process
rather than the interaction design itself. For example, sketches, such as freehand draw-
ings or low-fidelity prototypes, have been studied for their role in design and have been
found to stimulate reflection, particularly in the early stages of design [36]. When mov-
ing from analysis to design, that is, from conceptual models to physical design, inter-
action design relies heavily on iterative usability and UX testing of prototypes with
users of the future product. A large number of techniques for user requirement elicita-
tion and user tests are available for use in interaction design [27]. In many of these
techniques, communication between stakeholders about user requirements is supported
by the use of prototypes, mock-ups, and sketches.

We now present an example articulating HWID as a form of ST-HCI. Barricelli et
al. report from a long terms case study of an interdisciplinary collaboration between
several domain experts in the frame of archaeological projects. Since 2001, different
independent interactive systems have been co-designed, developed, and tested on the
field, in the frame of the “Tarquinia Project” carried out since 1982 in the ancient
Tarchna, one of the foremost Etruscan cities, by the Universita degli Studi di Milano.
This project concerns the involvement of domain experts, the main characteristics and
challenges of the archaeological practice, and how to design and apply technology to
support the work and user experience of archaeologists as they engage with their tools
and tasks.

Barricelli et al. [37] apply a semiotic approach to the archaeological domain and put
in practice a participatory action design research method. Barricelli et al. [37] argue



that the archaeological application domain is characterized by strong social and organ-
izational factors, and thus a framework like HWID is needed to ensure a successful
theory-based introduction of technology and interactive systems. They argue that the
framework does not force a technology/design perspective on the case but allows the
interaction of work and the ID to evolve. They applied their favourite theoretical and
methodological tools and adapt these to the case, all within the overall framework
which provided a holistic gestalt for a set of very diverse approaches, ranging from
User Centered Design (UCD) to technical design.

They followed five stages: 1) analysis of the domain with open problems identifica-
tions ; 2) detection of opportunities and open challenges to be addressed with a partic-
ipatory approach ; 3) actual design with the use of prototypes and recurrent usability
evaluations; 4) measurement of impact evaluation with the active involvement of the
members of the interdisciplinary team on the field; 5) generalization of the outcomes
in a model that reflects the expertise that the researchers developed in the domain.

The case study documents the interactions between the ‘human work’ and ‘interac-
tion design’ streams in the HWID framework. For the ‘human work’ stream, typical
archaeologist methods and tools are referenced: non-intrusive (e.g., analysis of aerial
photography for landscape alterations, use of ground-penetrating radar to find buried
anomalies, and the systematic, controlled collection of materials from surface contexts)
and intrusive (e.g., shovel testing, test units, and excavation blocks, each with different
range). Archaeologists analyse and interpret these remains in relation to how and why
cultures evolved over time. For the ‘interaction design’ stream several methods and
tools are referenced: technological approaches, e.g., mobile or web applications, sup-
porting data collection on site, 3D modelling, processing, and visualization technology
support modelling, e.g. create replicas of how the soil layer looked and the position of
artefacts and structures. The case study highlights the crucial value of the user experi-
ence of archaeologists in interacting with data platforms ensuring a correct management
of the cultural objects contained in the original sources.

The HWID framework may help formulate findings in relation to how environment
and context: strongly influenced the archaeological practice, e.g., the distributed nature
of the work (on excavation site, in storage rooms, in laboratories, in universities), the
interdisciplinary work with the involvement of experts from different domains, and the
international collaborations that highlighted the existence of experts’ sometimes radi-
cally different methods, use of different languages (not only in terms of spoken lan-
guage but also visual notations) and remote interaction (most of the time asynchronous
and written).

The overall objective of the research reported in this case study is how to facilitate
and perform the co-design of a cloud of services aimed at integrating all the tools into
a bigger framework to support the work practice and user experience of archaeologists
in a more pervasive and engaging way. What is learned from this case study is that all
four main elements of the HWID framework: theory, context, work, interaction design,
are all related to the overall goal of work engagement as both a process and an outcome
of design: involving and supporting domain experts in the design of their own practice
and tools. While HWID is clearly in Social Relativistic epistemology as per Hirsch-
heim’s taxonomy [20], ST-HCI can also engage with more radical structuralist stances.



The next section presents an example drawing on concepts from the sociology of tech-
nology.

4.3  Technological Frames

This section presents a framework based on the concept of Technological Frames (TF)
[13, 34, 38], which enables the identification and understanding of the symbolic, mate-
rial and political dynamics that shape the co-configuration of people, culture and tech-
nology in social groups. A TF is constituted by people’s interpretive frames and prac-
tices that lead to the attribution of meaning to technology. TF give a sociotechnical
account of the social shaping of technology and the technology shaping of society and,
it is argued, of the process of technical and knowledge communication that go with
these processes.

The concept that an important gap exists between producers and users, which can
make information systems irrelevant for their intended users is well established and is
congruent with Suchman’s work [39] . TF provide a means of explicating and analyzing
the situation so that interpretive frames and practices of the different stakeholders in a
system can be understood and modified or mitigated. Moreover, it is recognized how
these frames and practices are subject to political and power relations.

TF analysis is underpinned by the assumption that the usefulness of technology is
shaped by the socio-cultural conditions of its stakeholders. This idea is a core element
of the Social Construction of Technology approach (SCOT) [7] and is central to the
research reported here. SCOT focuses on how diverse meanings are attributed to tech-
nology and the interpretive flexibility of technology. In this context, technology is not
only defined in the sense of tangible artifacts, but also in terms of knowledge and meth-
ods, which makes the TF perspective relevant to the field of technical and knowledge
communication.

Usually, the different elements of TF are identified by analysing qualitative data in
the form of field notes, documents, observation logs and interviews. However, the cre-
ation of categories of analysis can also be based on assumptions and previous experi-
ence with the groups studied. The example analysis provided here is based on data
gathered in the first visit of the VESEL project team to Kenya as well as some assump-
tions from the researchers based on their experience of introducing technology in sim-
ilar contexts. The VESEL project (Village E-Science for Life) brought together British
and Kenyan universities to define the most urgent information requirements for a rural
farming community and to design the appropriate technologies to meet these needs.
The TF elicited from these data are not static and change over the development lifecy-
cle. This is done by an iterative cycle of production and evaluation of sociotechnical
scenarios by the producers and, ideally, users of the technology — for more information
on this process see Hansen [40].

In order to study TF elements, Bijker [13] would identify the goals and problems
that a particular social group had with respect to a particular technology. Table 1 sum-
marizes goals and problems of producers and users with respect to the technology de-
signed in the VESEL project [41]. The table presented here is not a full-blown analysis
but a proof-of-concept exercise to illustrate the value of TF. Elements from the TF of



the members of the VESEL team (producers) are compared with those of the farming

communities (users).

Table 2. An illustration: Technological Frames in the VESEL project.

Technological Frames in VESEL

Producers

Users

Goal

Create effective ICT systems using sen-
sor networks to improve quality of life of ru-
ral farming communities. Enabling access to
new markets.

Improve the quality of their farming knowledge
and market network. Improve their productivity
and profitability with the least effort

Problems

Keep to fund holders budget in terms of
cost, time scale and resources.

Need to be innovative.

Having suitable ICT tools to support their work.

Elements

of Interpretation

Universality of Technology

Technical Centredness

User awareness in terms of expectations

History of village, perception of socio-political
boundaries, established expectations of tools and
technology, perception of foreigners.

No or little previous experience with Technology

Rumours of other groups with access to PC.

Elements of Practice

Development practices which are incon-
gruent

Limited contact with Users

Problem Locus Construction: VESEL
tools will improve Kenyan farmers’ prac-
tices, which are problematic in certain ar-

eas.

Local Working Practices: interaction protocols for
knowledge transfer among villagers, tool media-
tion.

Subscription to Technology vs. workarounds: sub-
stitution vs. accommodation/ integration?

Problem Locus Construction: what is wrong
with what we do? Why do we need these tools?




The table shows that the Elements of Interpretation and Practice between producers
and users are different. This is not surprising as they come from different technological
and cultural backgrounds. Producers had to constantly review their assumptions about
the universal usefulness and validity of technical artefacts and locate them in the con-
text of these communities. Initial meetings in the VESEL team highlighted the technical
centred perspective of some developers, which did not question the situated usefulness
and relevance of the scientific content and functions being implemented in the system.
The application of TF facilitated the reflective analysis of the language and discursive
and political practices surrounding technology of all the groups involved in VESEL,
which had a direct impact on the design of metaphors in the user interfaces of the sys-
tems being designed — for further description of this impact see [42].

4.4  Summary

In summary, in table 3 we revisit the questions that we posed in section 3.

Table 3. Differences between CWA, HWID, TF

CWA

HWID

TF

Exactly which inter-
pretation of all the
variants of ST is use-
ful for HCI research
and practice?

CWA including EID
has proven useful to
expert work analy-
sists (Vicente 1999r)
to help dig deep into
a work domain

HWID has proven
useful for enabling di-
alogues between work
analysis and interac-
tion designers across
various contexts

TF has proven useful to
focus on the social con-
struction of technology
within organizations

How can HClI re-
searchers take into
account several levels
of the social while
still focusing on the
interaction design?

One of the five pro-
posed phases of
CWA - work domain
analysis (WDA) -
offers a five level
analysis of the work
domain that feed into
later stages of eco-
logical  interaction
design

Interaction design
(ID) on the individual
user/employee level is
seen as mutually
shaping organiza-
tional and work (HW)
analysis level issues
in a process that also
take into account the
wider context

Interpretive technolog-
ical frames (TF) and
practices of the differ-
ent stakeholders in a
system — rather than so-
cial levels - are under-
stood and modified or
mitigated

How to conceptualize
the computer/interac-
tion and give recom-
mendations for de-
sign?

The WDA analysis
within  CWA helps
identify major usa-
bility and UX goals
for design based on
the work domain and

Relations  between
work (HW) and inter-
action design (ID)
happens through and
is expressed in design
artefacts

TF’s interpretive flexi-
bility of HCI designs
lead to recommenda-
tions about tangible ar-
tifacts and knowledge
and methods for tech-

work tasks nical and knowledge
communication
How should context Context is under- | What is the relevant | The context for TF is

be taken into ac-
count?

stood and modelled
in CWA at different
levels, including
physical description
of a work domain

HWID context is de-
termined by the tem-
poral unfolding of re-
lations between indi-
vidual interaction de-
signs and organiza-
tional work issues and
processes

always an organiza-
tional context, and not
the wider societal or
technological context




5 Discussion

HCI like ST challenges a purely technical perspective on computer design and use. The
three ST-HCI frameworks that we have presented in this paper all take into account the
social aspects and at the same time conceptualize technology. They all offer a way to
theorise about HCI in ways pointed Clemmensen et al. [2]: on one hand we are the first
level of meta-theoreticians where we are comparing different socio-technical theoreti-
cal traditions and analyze its features, principles and problematic aspects; by focusing
on concrete conceptual frameworks within each of them, we are also at the second level
where we assess and extend CWA, TF and HWID as an analytical tools to support the
design of socio-technically aware interactive systems. They are all candidates for a
socio-technical foundation for HCI that goes beyond cognitive and individual experi-
ence phenomena to incorporate the social, cultural and other contextual character of
interactive systems design, development, evaluation and use. Much needed in the global
HCI world of today. However, the three approaches are also different, and perhaps not
equally suited for empowering the individual human in her interaction with computers
within the wider context. In table 3 and the following sections, we revisit the questions
from section 3 and use these to discuss the differences between the three frameworks,
and which one to choose for HCI.

5.1 Differences between CWA, HWID, TF

Which interpretation of the variants of ST is useful for HCI research and prac-
tice? HCI may ask exactly how each of the three frameworks are most useful to HCI
research and practice and its traditional individualistic and technology deterministic
view. While HCI traditionally focus on individual human-computer interaction and
takes point of departure typically in some (new) technology, ST research does not focus
on technology per se, but on social issues on different levels.

CWA including EID has proven useful to expert work analysists [43] to help dig
deep into ‘causal’ or physical work domains, in contrast to ‘intentional” work domains
such as office work [24]. The analysis of control tasks and the work domain are but two
of the methods that look at the wider social, physical and technological contexts of
human technology use [44] Thus the positivist and functionalist epistemology of CWA
is useful for HCI design in certain domains, mostly safety critical and complex work
domains.

HWID has proven useful for enabling dialogues between work analysis and interac-
tion designers across various contexts [45]. The relational epistemology of HWID and
its explicit focus on the relations between interaction design and work analysis has en-
abled a dialogue about how to design for the individual within the wider contexts, i.e.,
how to keep the tradition of the psychology of HCI but embed the notion of usability
into a globalized dialogue [46]. Hence HWID is useful for moving HCI incrementally
towards a wider and more diverse understanding of the psychology of the user in digi-
talized work environments.

TF has proven useful to focus on the social construction of technology within organ-
izations [34]. Usability is thus within TF constructed as a stakeholder perspective, e.g.,



librarians may themselves acts as usability experts evaluating digital library systems
[47]. TF’s view of usability and other HCI issues as socially constructed is clearly dif-
ferent from CWA’s view of HCI issues as phenomena occurring in physical environ-
ments; in contrast HWID’s view of HCI issues as relational issues does not take a strong
position on the nature of HCI issues.

How can HCI researchers take into account several levels of the social while still
focusing on the interaction design? Given that ST traditionally deals with several
levels of human-technology interaction, of which HCI is only one: the interaction level
(HCI, UX, Interface), how will the different frameworks for ST-HCI take into account
also the other levels: the individual employee level (job satisfaction, job design, auto-
mation), the organizational level (decentralization, decision making, business models,
strategy) and/or societal level (unemployment, privacy, wealth distribution)? How can
HCI researchers take into account several levels of the social while still focusing on the
interaction design?

In CWA, one of the five proposed phases is work domain analysis (WDA). It offers
a context-independent five-level analysis of the work domain, see Table 1, which feed
into later stages of ecological interaction design. Later development of CWA has led to
new social dimensions of CWA such as ‘team dimensions’[44]. The objective of Team
WDA is to understand how work domain constraints influence a team on different lev-
els. For example, team members may have shared objects or processes, team members
may have objects or processes that are not shared, team members may have shared
purposes, or team members may have different or conflicting purposes. However, CWA
tends to model ‘levels of physical reality’ rather than ‘levels of an organization’ or
levels of other social entities.

In HWID, Interaction design (ID) on the individual user/employee level is seen as
mutually shaping organizational and work (HW) analysis level issues in a process that
also take into account the wider context. The relational epistemology of HWID indi-
cates that what is the appropriate level of HCI analysis and how to understand what is
an HCI evaluation technique will change depending on the current relation between
interaction design and work analysis and the current wider contexts. For example, ‘con-
textual personas’ in HWID are focused not on the usage of one system but on describing
the whole context of work [48]. Thus a contextual persona could typically be using 20
software systems for solving various tasks at work. Thus in HWID personas are used
not as positivist depictions of real target user groups, but as a reflexive tool to be used
as trigger material when talking with users, which for example could be the diverse and
multifaceted work of the business administrators, see [48].

In TF, the interpretive frames and practices of the different stakeholders in a system
— rather than social levels - are understood and modified or mitigated. The constructiv-
ist-critical approach of TF emphasizes the social and political rather than the technical.
For example, when different groups of users with differing HCI experience evaluate
usability a TF analysis will reveal how the evaluation reports are shaped by the different
technological frames of the evaluators, and how and at what stage these frames were
translated between different groups [47]. In VESEL, it could be seen how farmers and
researchers had different political agendas on the development of the technology to be



deployed as depicted in their TFs [41]. TF thus tends to model, rather than the technical,
mostly the social, organizational and political levels.

While CWA tends to model ‘levels of physical reality’ rather than ‘levels of an or-
ganization’, TF in contrast focus on the social, political and organizational levels.
HWID takes a flexible approach and take into account various social and technical lev-
els depending on what relations between work analysis and interaction design that is
currently in focus.

How to conceptualize the computer and give recommendations for design? How
do the three frameworks conceptualize the computer/interaction and give recommen-
dations for design? The WDA analysis within CWA helps identify major usability and
UX goals for design based on the work domain and work tasks. This could entail doing
ecological interface design by mapping work domain information to a graphical repre-
sentation through a skills, rules and knowledge taxonomy, with the aim to enable users
to interact with the information in these three ways. For example, with this approach
human—computer interfaces have been design for use in the petrochemical industry
[49].

In HWID, relations between work (HW) and interaction design (ID) happens
through and is expressed in design artefacts. HWID is thus to be thought of as a design
research approach, where the designed IT artefacts are part of the resulting new
knowledge production. For example, a mobile interface for illiterate users with weak
motor skills may be produced as part of a HWID analysis that also provides insights
into work domains, interaction designs, and socio-cultural contexts [46].

TF’s interpretive flexibility of HCI designs lead to recommendations about tangible
artifacts and knowledge and methods for technical and knowledge communication. For
example, Khoo et al. [47] identified ‘findability’ as an important issue for one group of
librarians, and furthermore, that not only did resource retrieval depend on ‘metadata’,
but so did the wider perceptions of the usability of digital libraries in general. In the
social constructivist spirit of TF, they argue that the findings are important not only to
the design of the digital library and its evaluation, but also to the design of the roles of
users and designers in such evaluation.

While the CWA conceptualize the computer/interaction with a skills, rules and
knowledge taxonomy and give recommendations for design that are domain specific,
TF co-constructs user roles and computer/interaction, and HWID take a design research
approach in which the designed computer/interaction is part of the new produced HCI
knowledge.

How should context be taken into account? How should context be taken into ac-
count? A forceful argument is that changes in economic paradigms enforce new con-
texts for HCI: from the usability of industrial economy, the user experience of the ex-
perience economy, the social media and open platforms of the knowledge economy,
and most recently, the ethical issues and emphatic livings labs of the transformation
economy.

In CWA, context is understood and modelled not as a separate entity, but at different
levels, including physical description of a work domain. More recent approaches also



include designing for intentional systems which needs to include analysis of how the
environment is constrained by actors’ intentions, values, and priorities of practice [24].
Thus, even in analysis of wider societal contexts, CWA remains sensitive to local,
contextual details, which cannot be anticipated, by adopting a constraint-based
approach.

What is the relevant HWID context is determined by the temporal unfolding of rela-
tions between individual interaction designs and organizational work issues and pro-
cesses. Today, in the current trend of globalization of HCI, it is obvious that the diver-
sity in national cultural contexts shape the ways that HCI designs emerge between work
analysis and interaction design. For example, a study of supporting human collaborative
works by monitoring everyday conversations made sense when the Japanese context
with an increasing elderly population was explained; a study of designing a health-care
worker-centred system for a chronic mental care hospital made sense when the Brazil-
ian context of less economic resources was explained, etc. So in HWID, context mat-
ters.

In TF, the context is per definition an organizational context, and not the wider so-
cietal or technological context. For example, Khoo et al (2012) argue that the usability
evaluator carries out her analysis in the “context of her HCI technological frame” [47].

Context in CWA is taken into account as ‘environment’ and analysed by looking at
the environmental constraints, while context in TF becomes a social psychological rep-
resentation, and context in HWID is a relational issue, which has so far often been na-
tional cultural contexts.

5.2 Which of the three approaches to choose for HCI?

Which of the three approaches to choose for HCI is not only a matter of personal taste,
but may be seen as a holistic choice that is related to the wider development of social
paradigms. One view of such paradigms is presented by Gardien et al (2014) who sees
the economy as going through four stages with the transformative, ethical oriented
economy as the most recent. Without finalizing the discussion, it is possible to argue
that CWA has it strengths in the industrial and experience economy, TF in the
knowledge economy, and HWID is the most appropriate in today’s design for ethical
value exchange as it can allow to unfold the ethical dimensions of ST relations, see e.g.
[50].

Furthermore, it may be more useful for HCI to take HWID’s indifferent position
towards the nature of reality, compared to CWAs’ marriage to physical reality or TF’s
basis in social constructivism. HWID also has the advantage of a flexible approach and
can accommodate various socio-technical levels of analysis; in contrast CWA has a
fixed number of ‘levels of physical reality’ and TF only focus on social, political and
organizational levels. For HCI, the design research approach of HWID appears more
natural than the elaborate taxonomies of CWA or the continuous co-construction of
users and technology in TF. The final argument for choosing HWID for ST-HCI is that
it is the only framework that can handle the diversity of contexts that are important to
HCI of today — CWA can handle physical ‘environments’ and TF social psychological
representations, while context in HWID is a relational issue.



5.3  Using HWID to do empirical, design-oriented studies

While it is beyond the scope and space to discuss method implications, as an ST HCI
framework HWID should be understood within an interpretative paradigm. It supports
bottom up case-specific theory building, supported by HWID framework. The use of
grounded theory approaches supported by qualitative analysis software to do open and
data tolerant analysis is recommended. At the same time, it is always important to con-
sider the various kind of contexts for the HWID relations. Finally, best practice is to
compile data displays that allows cross case comparing and discussion of the shapes of
the holistic HWID gestalt.

As with contextual personas example indicated above [48], HWID provides clear han-
dles to inform the design of digital artefacts and services by enabling a socio-technical
dissection of design features and decisions in terms of it social and technical origins or
implications. It does so by making otherwise invisible relations between the domains
of work and design explicit and visible by theorizing them.The HWID framework sup-
ports designers in identifying socio-technical issues that are likely to make a function-
ing system useless once it is deployed in its organizational context of use. Another,
more outwardly looking example is the HWID analysis of a mobile app to support
fishers in Alibag, India, where it is illustrated how design decisions about visibility of
the fish location did not take into account wider implications in the division of labour
between large and small boats and the sustainability of fishing practices [50].

6 Conclusions

In this paper we have introduced the need for a socio-technical approach to HCI. Three
different candidate frameworks have been presented, CWA, HWID TF, and compared
in terms of how they address four questions: 1) which interpretation of all the variants
of ST is useful for HCI research and practice, which has indeed a specific technical
perspective on the interactions with computers? 2) how can HCI researchers take into
account several levels of the social while still focusing on the interaction design? 3)
how to conceptualize the computer/interaction and give recommendations for design?
4) how should context be taken into account? The analysis of how these questions are
addressed by these frameworks highlighted the main following points. CWA is focus-
ing on models of physical realities and is underpinned by organizational psychology
and cognitive engineering. Its functionalist perspective makes it ideal as a tool for the
future design of interaction in socio-technical systems. TF is focusing on socio-politi-
cal meaning-making practices around technology and is underpinned by more critical
perspectives on the sociology of technology. Its critical perspective makes it ideal to
deconstruct technology in terms of the social and political meanings that have shaped
it. HWID has the advantages of a relational epistemology which is much needed for
doing HCI in the current global economy. This means that HWID both can be used to
‘look outward” and make sense of existing socio-technical relations (like TF), and also
be used to ‘look inward” and inform design of future solutions (like CWA). HWID is
therefore being the preferred ST HCI approach.
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