Assistive technologies: companion or controller?
Appropriation instead of instruction
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ABSTRACT!

Assistive digital technologies support employees in coping
with complex activities by providing the necessary infor-
mation directly related to the work task and according to
the individual requirements. On the one hand, they have
the potential to relieve people at work, for example by sup-
porting physical assistance systems in physically demand-
ing activities. Cognitive assistance systems can achieve re-
lief by preparing complex data in a way that is comprehen-
sible to the employee and supporting him in carrying out
his work and in making decisions. On the other hand, as-
sistance systems can lead to expropriation and alienation
by depriving employees of autonomy and room for maneu-
ver. This happens especially when the distribution of roles
between the working person and the assistance system
only provides the executive role for the human being and
all decisions are determined by a technical system that sup-
posedly has the greater stock of knowledge and intelli-
gence.

The question arises as to how a digital cognitive assistance
system can help people to experience themselves as self-
effective in their work and to develop further.
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1. DIGITAL ASSISTIVE TECHNOLOGIES

Digital cognitive assistance systems already support the
employee in many areas of work [1]. In the field of mainte-
nance, the employee requests status data of complex tech-
nical systems, opens the latest maintenance documents for
a malfunctioning component in the work situation, and re-
ceives information about the machine and the colleague
who conducted the last maintenance [2].

In the commissioning department, the warehouse employ-
ees are guided using data glasses and pick-by-light.

In manual assembly, assistance systems are used to sup-
port the worker in the assembly of increasingly diversified
products. Step-by-step instructions on a display installed
close to the workstation are currently the most common
[3].

The very heterogeneous applications show the diversity of
the required assistance contents as well as the different de-
vices for their display. The use of digital assistance sys-
tems is accompanied by various challenges:

1) Ironies of Automation
Because of the increasing interconnection, automation
and digitalization of machines and systems, the hu-
man task in the work system is changing more and
more towards a monitoring and controlling function.
Experiences that the employee used to be able to make
when dealing with minor malfunctions are rarely used
today. Nevertheless, it is necessary and expected of
the employee to react quickly, efficiently and cor-
rectly to the failure situation. The dilemma of the "Iro-
nies of automation" [4] makes clear that the support
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on the one hand leads to a relief for the employee, but
on the other hand generates the need for new learning
opportunities.

2) Dequalification

Particularly in standardized processes and activities,
the use of digital assistance systems is associated with
the risk of employee dequalification. The technical
system reliably provides necessary information for
processing the next step and the employee executes it.
It is often not necessary to understand why the execu-
tion has to be done in a certain way or which alterna-
tive procedures would be possible. In this scenario,
the employee has taken over the executing role in the
cooperation between human and machine. There are
operational scenarios in which this scenario has its
justification, e.g. in the case of high employee turno-
ver or in the case of vacation replacements. In order
to enable the employee to safely act in changing and
complex work systems and to be able to generate new
problem solutions from existing experiences, a holis-
tic work design is required that prevents dequalifica-
tion.

In this respect, the project aims to expand the workplace-
integrated support described in the current examples to in-
clude the possibility of learning in the work process.

For this purpose, the authors develop a methodological and
technological approach for the design of assistance sys-
tems that promote learning. They show which influencing
parameters are relevant for this design objective and how
a participatory design process can support the achievement
of this objective.

2. ACTIVITY SYSTEM AND
EXPANDING LEARNING

The realization of the claim of a holistic, participatory
work design, also in the design of the assistance system,
requires a correspondingly broad theoretical framework in
order to connect the individual learning of the working
person with the organization's framework and its develop-
ment dynamics.

The activity theory [6] developed from works of the
School of Cultural History [5] distinguishes between ac-
tivities, actions and operations. In this understanding, ac-
tivities in their representational character function as a
connection between the individual and the organization or
society. They represent a material or ideal motive for the
individual. The action, on the other hand, is a work action
related to a specific objective, which is realized by execut-
ing individual operations.

The relevance of this distinction for the design of assis-
tance systems is first of all to enable the working persons
to relate to the object of their work as a meaningful and
thus motivating element. In the automotive industry, for
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Figure 1: Structure of a human activity system, based on [7]

with a defined torque is an operation, the assembly of a
mechatronic system is the objective, and the production of
a car is the activity.

In the visualization of Y1jo Engestrom, the embedding of
the subjects in the dimensions of the environment or or-
ganization as the basic structure of an activity system is
illustrated (see Figure 1).

The upper triangle formed by subject, tool and object rep-
resents the individual who uses tools to process objects.
The elements of rules, community and division of labor
represent the organizational and social reference of indi-
vidual action. The combination of these elements forms
the system of activity. For the activities of employees in an
industrial enterprise, the elements of the activity system
can be described as follows:

Subject is the acting person, e.g. as a worker on the
shopfloor, development engineer or manager.

Object is the product in its entirety or in parts, e.g. a car or
a machine.

Tools are on the one hand material tools such as machines,
drills or electrical diagrams, but also methods or expertise.

Rules are both explicit regulations and procedural guide-
lines as well as implicit acceptance of a certain behavior or
taboos.

Community refers to teams, shifts or departments.

The division of labor describes the cooperation between
the various professions or departments in the company.

After empirical studies in institutions of medical care in
the Helsinki area, among others, Engestrom [7] developed
his research as an extension of the activity-theoretical
basic model for understanding and integrating dimensions
such as "... dialogue, multiperspectivity and networks...*
(ibid. p. 64). The complexity of organizations can there-
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fore only be grasped by analyzing several interactive sys-
tems of activity, which include at least one common "col-
lectively significant object” (ibid. p. 65).

Engestrom has summarized this updated version of the ac-
tivity theory based on five principles (see p. 65 f.):

The first principle refers to the embedding of a primary
activity system in an interactive network with other activ-
ity systems.

The second principle emphasizes the diversity of different
opinions, traditions and interests as the origin of problems
as well as an impulse for innovation.

The importance of the historical as a third principle does
not only mean the immediate local history, but also the
long-term history of e.g. a certain industry or branch.

In the fourth principle, Engestrom emphasizes the function
of contradictions as starting points for change and devel-
opment. This does not refer to day-to-day political prob-
lems, but rather to structurally induced disturbances in one
or between several systems of activity, e.g. the introduc-
tion of new technologies and, as a result, a changed divi-
sion of labor with new demands on the qualification pro-
files of employees.

The fifth principle opens the perspective on the "possibil-
ity of expansive transformations in activity systems" (ibid.
p. 66). These transformations open up in connection with
the escalation of contradictions, in the course of which in-
dividuals doubt norms, possibly develop a different com-
mon vision and initiate corresponding processes of
change. To the extent that the object and motive of an ac-
tivity system is redefined, Engestrom speaks of an expan-
sive transformation.

The behavior of individuals in this system of activity or
work in a company understood as a number of interactive
systems of activity is therefore always characterized by
contradictions between individual elements of the system
or between several systems of activity of the company. The
perception of such contradictions - e.g. the change of in-
structions or the restructuring of departments - requires the
individuals to adapt their behavior or working methods ac-
cordingly. In the understanding of activity theory, these
contradictions are important impulses for learning pro-
cesses.

For the theoretical foundation of learning, Engestrom re-
fers to the work of Gregor Bateson [8] with the distinction
of three levels of learning. The correct answering of ques-
tions or the ,,correction of mistakes in the selection within
a set of alternatives“(ibid. p. 379) dominates the first level.
Bateson calls learning II an extension of learning I in the
sense of a corrective change in the set of alternatives.
Learning III finally means "... a corrective change in the
system of the set of alternatives from which the selection
is made" (ibid. p. 379).
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With reference to Bateson's understanding of learning 111,
Engestrom characterizes the entire system of activity as an
object of expansive learning. In relation to the world of
work, expansive learning processes change work activi-
ties.

3. THE LEARNING ACTIVITY SYSTEM

Development of the learning activity system

In 2005, the increasing integration of information technol-
ogy into work systems motivated research teams from the
universities of Magdeburg, Bremen and Karlsruhe to de-
velop the potential of virtual reality technologies to sup-
port individual and organizational learning in the work
process [9]. In a first research period, virtual learning me-
dia should support individual learning processes, in the
second period extended to cooperative and organizational
learning. For the third phase, the vision of a "learning
space virtual working environment" was developed, in
which individuals work and learn in distributed working
systems in different domains and at several locations.

Technology Development
(virtual, mixed, augmented, real
environment)

Media, Learning
environment

pedagogy, learning & professional systematics,
developmental curricula, subject
psychology, didactics
neurobialogy

Learning Learning
subject object
Social psychology, Rules c?mmumw [;I‘wzon Production and process
. of practice of labour ineeri i
organizational sociology P engineering, logistics,

knowledge and information
management

Organizational development,
work design

Figure 2: The learning activity system and the main scientific
perspectives for its research, based on [10]

Engestrom’s activity system provided an analytical frame-
work for designing both individual learning processes in
the upper triad and their organizational embedding by in-
cluding the entire activity system (see above).

On this basis, Michael Dick developed the construct of the
"learning activity system as a unit of interrelated elements
of the work process" [10].

In the project presented here, these perspectives are scien-
tific references for the design of a conducive to learning
assistance system.

Application of the learning activity system

The shown interrelations and dependencies of the learning
activity system provide important information on relevant
design parameters and influencing variables that have to
be considered in the realization and introduction of digital
assistance systems.
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Figure 3 shows an adapted representation of the learning
activity system and four selected examples that illustrate
the interaction of the elements of the system in the context
of design, introduction and acceptance of assistance sys-
tems. We describe these examples in more detail below:

A) Assistive technology to transfer knowledge about the
object, e.g. the product
Conducive to learning assistance systems have the po-
tential to provide knowledge about the product to be
manufactured and to integrate the employee's actions
into an overall process. This can include, for example,
the functionality of the product or its use in a more
complex overall product that is manufactured in the
company. In this way, the assistance system contrib-
utes to the creation of meaning in the activity and to
the identification of the employee with the activity,
the product and the overriding motive of the organi-
zation.

B) Assistive technology for the documentation and pro-
vision of experience-based knowledge
In addition to the instructional provision of assistance
content for the execution of the activity, the employ-
ees acquire expert knowledge in their activities, which
enables them to act safely in special situations. This
knowledge is usually not documented, but is infor-
mally exchanged in discussions. If such an exchange
does not take place, e.g. because the opportunity does
not present itself or because the knowledge provider
has reservations about passing it on, the potential of
the individual is not passed on to the organization.
Therefore, an increasing number of assistance sys-
tems are being developed that enable the documenta-
tion and use of experiential knowledge in the work
process [11] [12] and thus support an exchange be-
tween the employee and the community of practice.

C) Assistive technology for the transfer of upstream and
downstream processes
The effects and consequences of their own actions are
often hidden from the employee. The employee car-
ries out a process in a certain way, but he often does
not know about the reasons. An assistance system that
makes these interrelationships transparent for the em-
ployee can help to increase the quality awareness of
the employee, because he can see the consequences of
a different approach for the subsequent processes.

D) Assistive technology to promote a learning and failure
culture
The design of assistance systems is also an expression
of the learning and error culture that is practiced in the
organization. A system that sees itself as an exchange
platform for employees, in which they document their
experiences, tips and tricks beyond formal rules and
exchange them with the community of practice, for
example.
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4. DERIVATIONS FOR THE DESIGN AND
IMPLEMENTATION PROCESS

Based on the considerations of the activity system, ex-
pansive learning and the development of the learning ac-
tivity system, we will now develop practical derivations
for the design and implementation process of conducive
to learning and workplace integrated assistance systems
(see Figure 4). At first, important influencing variables
are identified, which determine the later technology se-
lection and design.

Assistive
technology

Learning Learning

subject .\ object

Rules Community of practice Division of labour

/A\ A) Assistive technology to transfer

knowledge about the object, e.g.
the product

/ B) Assistive technology for the
documentation and provision of
\ experience-based knowledge

C) Assistive technology for the
transfer of upstream and
downstream processes

D) Assistive technology to promote a
learning and failure culture

y

Figure 3: Application of the learning activity system for the de-
sign of conducive to learning assistance systems

For this purpose, different methods of work and require-
ments analysis are applied. An interdisciplinary design
process, resulting in an assistance system that takes into
account the interrelationships and effects within the asso-
ciated learning activity system, follows this.
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Parameters that influence the effectiveness of the as-
sistance system

In further development of the often technology-centered
development processes, the effective use of assistance sys-
tems requires the consideration of various influencing fac-
tors. The learner as a direct user of the system should be
considered in his individuality in order to meet his per-
sonal requirements and needs. These factors are e.g. age,
competence level and experience in performing the activ-
ity, as well as the willingness to learn, which can be de-
rived from the personal motive.

The learning object includes the activity, its embedding in
the overall process and knowledge about the object that is
the purpose of the activity. Relevant content should be
identified that promotes the identification of the learner
with the product and the activity and thus contributes to
the creation of meaning.

In addition, the integration of the learner into the Commu-
nity of Practice should be analyzed in order to obtain in-
formation about the members of the Community of Prac-
tice and existing possibilities for the exchange of experi-
ences among them, which must be taken into account when
designing exchange processes using the assistance system.
This is closely related to the rules, norms and values that
are practiced in the organization and are reflected, for ex-
ample, in the learning and error culture. Information on
these parameters usually requires a strong relationship of
trust and can be obtained mainly in informal processes, e.g.
through participant observation.

The conditions at the workplace have a decisive influence
on the selection and design of the technology. Therefore,
the determination of factors such as volume, brightness,
spatial conditions and existing IT systems are essential
parts of the analysis process.

Interdisciplinary design and integration process

Based on the analysis phase, decisions are made on appro-
priate technologies that are appropriate for the activity to
be supported. Working with oil-smeared hands, for exam-
ple, provides an indication that especially devices that can
be controlled by non-contact interaction should be consid-
ered. In practice, the use of virtual or augmented reality
technologies depends not only on didactic principles but
also on the availability of 3D construction data.
Technology design addresses primarily didactic and work
design decisions, e.g. for the selection and preparation of
learning and assistant content.

The introduction of new technical systems is often accom-
panied by necessary adaptations to the work organization,
e.g. by the creation of new work tasks. The exchange of
experience knowledge via a digital assistance system re-
quires the experienced user to insert his knowledge into the
system and binds corresponding time resources. To pre-
vent this task from becoming a burden, the documentation
must become part of the activity.

In order to promote the organizational integration and ac-
ceptance of a new technical system, new virtual and/or real
formats for the exchange and reflection of employees

(1) Parameters that influence the effectiveness of the assistance system
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(2) Interdisciplinary design and integration process
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Figure 4: Analysis — Design process — Assistance system
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among each other are needed. In addition, methods of mo-
tivational psychology are required to create incentive sys-
tems for the use of learning and assistance content.

Conducive to learning and work integrated assistance

system

An assistance system that supports the employee in the

correct and safe performance of his or her work that is con-

ducive to learning and accepted by the employees requires

at least the components that are listed in Figure 4 under

(3):

—  Context-sensitive and user-adaptive assistance during

the execution of the activity

—  Further learning modules to support the understanding
of the process and strengthen the identification with
the activity, the product and the overall motive of the
organization

—  Opportunities to exchange and communicate in order
to reflect, adapt and, if necessary, improve one's own
approaches with those of the community of practice.

The procedure described in Figure 4 provides guidance for
the necessary analysis, implementation and introduction
processes. They are to be adapted to the specific activity
systems of the companies and their components.
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