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Abstrsct. Within the PSM project the concept for a tool has been developed
that supports a continuous and integral improvement of assembly processes

(cf. Chapter 10). One part of the tool supports sociotechnical system design
(STSD). In this chapter the origins and the core assumptions of STSD are
presented together with two STSD methods (KOMPASS and IOR) that have
been incorporated in the tool. Generally STSD aims at ajoint optimization of
human and technology. Whereas KOMPASS provides criteria for task
analysis on different design levels (i.e., human-machine fi.rnction allocation,
individual work tash work systern task), IOR provides an integral view by
focusing on the three aspect systems of work organizations (i.e. production
structure, contol stucture, information structure). It is argued that the
former supports analysis and the latter design of work systems.

8.1 The Origins and Core Concepts of Sociotechnical Design Thinking

The history of work system design is often described along three phases, e.g. Il] [2]:

(1) a technical phase at the beginning of the 20th century when the dominant
understanding of work systeÍns focused on their technical characteristics, also

trying to fit human behavior into the machine metaphor,
(2) a social phase in the middle of the 20th century when social influences on

human behavior were stressed resulting in modeling work systems mainly as

social systems,
(3) a sociotechnical phase which began in the 1950s and carries on to the present

day, characterized by the core assumption that technical and social elernents

of work systems need to be understood and fitted together for their proper
functioning.
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Usually, the beginnings of sociotechnical design thinking are dated back to a set
of studies undertaken at the Tavistock Institute of Human Relations in London,
which were to identi$ the causes of productivity losses in coal mining in Great
Britain after introduction of major technological innovations [3] [a]. Analyzing the
work system design before and after the introduction of the new production technol-
ogies, the core finding was that crucial characteristics of the organization of the
social system which guaranteed its efficient and safe functioning had been lost
through fitting a new and in itself inefÍicient organization to the demands of the
technology (cf. [5] [6] for excellent and very detailed descriptions of the
development of sociotechnical systems theory), As main indicator for the misfit
between organization and technology served the work system's inability to
adequately handle internal and extemal uncerlainties, stemming from the coal
mining process itself and the system's environment respectively. More specifically,
it was found that small polyvalent self-regulating work groups which were paid
based on the total amount ofcoal hauled by the tlree shifts responsible for a defined
part of the seam had been replaced by highly specialized larger shift groups
coordinated by a shift depu§ and paid based on the performance of their specific
tasks. Lack of direct coordination between tasks affected by a distuóance in the
work process due to lack of competence as well as motivation in the individual
workers concemed was identified as the main disadvantage of the new systern and as

main cause of the productivity losses.
From these studies emerged three basic principles of work system design, which

can still be found in the many variations of sociotechnical design thinking existing
today, cf. e.g. [7]:

(1) Work systeÍns are open systems and as such have to continuously deal with
disturbances and variances stemmiÍg from internal transformation processe§

as well as from the s)4stem's euvironmen!
(2) Work systems are comprised of a technical and a social subsystenl which

function according to different underlying rules and mechanisms,
(3) Wor{< system design should be aimed at the joint optimization of the social

and teohnical subsystems, with the competent handling of uncertainties as

core indicator for having achieved this design objective.

In providing more concrete design solutions, the central concept is that of self-
regulating work teams as e.g. described by Trist "A sociolechnical theory of the
eflicacy of autonomous work groups is based. on the cybernetic concept of self-
regulation. The more the kqt variances can be controlled by the group, the better the
results and the higher the member satisfaction. Over a large anay of situations, the
range of variances controllable by a group is greater than that controllable by
inditiduals separately linked to an external supervrsor " [8: p. 34].

Two important criticisms have frequently be made in relation to the
sociotechnical systems approach to work system design: (a) the lack of openness to
different design. solutions due to the narow focus on self-regulating work teams as

design principle, which hinders truly participative desip; (b) the dependence of
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organizational desigrr on technological choices made prior instead of the proclaimed
joint optimization, e.g. [9].

Interestingly, the tendency to take technology as given and ty to unilaterally Íit
organization desigr to technological characteristics, does not only stem from
practical diÍficulties in influencing technical design decisions, but also has

conceptual roots. In early organization theory, technology and work task have

frequently be seen as one and the same, with the organization aimed at providing the

best conditions for fulfilling the task which itself is inseparably intertwined with the

technology used to perforrn it. A quote from Perrow illustrates this thinking: "First,
technologt, or the work done in organizations, is considered the defining
characteristic of organizations. That is, organizations are seen primarily as systems

for getting work done, for applying techniques to the problem of altering raw
materials - whether the materials be people, symbols or things. (...) Secon4 this
perspective treats technology as an independent variable, and stucture - the

arrangements among people for getting work done - as a dependent variable" [10: p.

194, italics addedl. Only later, conceptions of task and technology have been

separated, allouring for reciprocal relationships between organizational and

technological design in view of performing a task. Again, a quote from Perrow may
illustrate this altered understanding of work system desiga: "(...) I hope I have

suggested that organizational theorists pay attention to the way mere 'things' -
equipment, its layout, its ease of operation and maintenance - are shaped by
organizational stuucture and top management interests, and in turn shape operator

behavior. The early work on technology and structure, including my own,

recognized a one-sided and general connection, but it failed to recognize how
structure can affect technology and speculate about the large areas of choice

involved in presumably narrow technological decisions, choices that are taken for
granted because they are part ofa largely unquestioned sooial construction of reality

- one that should be questioned" [1]: p. 540].
In the PSIM project a sociotechnical system design tool (STSD tool) supporting

analysis and design ofwork systems has been developed (see Chapter 10). The two
sociotechnical approaches incorporated in this tool, namely IOR and KOMPASS as

presented in the subsequent sections of this article attempt to avoid the first
shortcoming by balancing expert-driven design based on a set of design criteria with
openness to design solutions derived through full participation of all individuals
affected by the design. The descriptions of the two approaches will give some

indication of how this delicate balance can be achieved. The second shortcoming is
especially addressed by the KOMPASS method, because in addition to organizat-
ional and task design criteria also criteria for the allocation of tasks betrveen humans

and technology are formulated, which lead to specific technological requirements

instead of taking technology as given.

8.2 Complementary Ànalysis and Design of Production Tasks in Sociotechnical
Systems (KOMPA§§)

Within the framework of the sociotechnical systems approach the KOMPASS-
method has been developed in Switzerland [2]. The main purpose of the method is
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to provide operationalized criteria that can be used in a paÉicipatory process to

unilyr", evaluate and design work. What is aimed at is a work design that allows for

efficient, safe, and sustainable work processes.

8.2.1 Common System Design Prínciples

KOMPASS supports organizational and job design with a special focus on auto-

mation. It follows a complementary approach, in which humans as well as technol-

ogy are considered valuable resources. Such a complementary approach differs very

niuch from other principles that are frequently used in the design of automated work

systems:

(1) Cost efficiency: Humans and technology are both considered to be cost

producing factors only. Tasks are allocated to human or machine according to

rt ort+"À economic considerations. Costs that are not easily quantifrable

(e,g. know-how) are neglected,
(2) ieftover: Technology on the one hand is considered to guarantee for process

efficiency and safety. Humans on the other hand are §een as risk factors that

are not ieliable and therefore cause malfunctions. Tasks are automated as

much as possible assigning the human operator just those functions that

cannot be automated,
(3) Comparison: Humans and technology are considered to be competitors. Tasks

are allocated to the human if he/she supposedly performs it better than the

machine and vice versa.

These principles are insufficient for an adequate allocation of tasks between

human opàrators and technology for a number of reasons (cf. [13] for a more

detailed review of the task allocation strategies). The main problem is that they do

not aim at deliberately creating meaningful jobs for humans or at providing

supportive working conditions. In the cost oriented as well as in the leftover

p.ir.ipt. jobs and working conditions are rather accidentally generated by-products

àf technical design. The comparison principle is based upon on a quantitative

comparison beturèen the ability of humans and technology. This does not only

implicate that human and technical abilities are comparable on a quantitative level- It

also causes the danger to create jobs which are impossible to perform for humans

[14]. This is due to the fact that it is supervisory control over automated processes

what is left for the human when processes are automated. But if process control is

allocated to the technology because human control abilities are not sufÍicient, then it
can become an unaccomplishable task for the human, to supervise the automated

process in real time.

8.2.2 The KOMPASS Criteriafor Ànalysis and Design

Complementary system design aims at avoiding such unbalanced situations. It takes

into àxplicit 
"ónside.ution 

that human and technical system - basgd o1 the differ-

ences in strengths and weaknesses of both - can achieve through their interaction a

new quality possible neither to human or technical system alone, Hence it focuses on
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qualitative differences between human and technioal potentials. Humans for
example are strong in being a creative problem solver regarding ill-defined occur-
rences, whereas technology can very efficiently handle well-defined problems on the

basis of algorithms. But the human requires some preconditions to be able to
develop his specific potentials. He needs to have both, the required competencies as

well the motivation to deploy these competencies. Complementary system design

aims at designing work in a way that provides the human with respective working
conditions.

In order to reach a suitable combination of human and technology KOMPASS
incorporates operationalized criteria for analysis and design on three levels [12]:

(7) Human-machine iníeraction: The controllability of the technical system by
the human formed the core assumption for the development of criteria on this
level. That means that automated processes need to be understandable and
predictable for the human and he/she must have possibilities to influence
them. The criteria are: process transparency, dynamic coupling, decision
authority, and flexibility. These criteria base on psychological control
theories as well as on system control theories,

(2) Human work task: The human - in order to be motivated and ernpowered to
perform his or her part in the human machine interplay - needs a meaningful
and challenging task. The criteria on this level are: task completeness,
planning and decision making requirements, communication requirernents,

opportunities for learning and personal developmeÍ! varie§, transparency of
work flow, influence over working conditions, and temporal flexibility. These

criteria mainly stem from action theory, stessing the importance of
hierarchically and sequentially complete tasks for individual competence

developmeut and job motivation,
(3) Work system: Work structure and processes, distribution of tasks and decision

authority among work system members, and the individuals' knowledge and
skills should permit the regulation of system variances and disturbances at
their source, thereby avoiding their uncontrolled propagation or even pÍe-
venting their occurrence. The criteria on this level are: task completeness,

independence of work system, fit between regulation requirements and regul-
ation opportunities, polyvalence of work system members, autonomy of work
gÍoups, and boundary regulation by superiors.

8.2.3 Ihe KOMPASS Design Process

The KOMPASS-method supports participatory design by providing a balsnce of
knowledge on lhe how and what of a design process. Thereby especially, normative
desigrr assumptions are handled with great care, because they can easily disturb a
democratic discussion process severely and create unsurmountable resistance.

Therefore the KOMPASS method provides guidelines for a design process to help
participants to bring together their own knowledge. The guidelines aim at assisting
designers in botlr, in the explicit reflection of the design approach as well as in the

derivation of applicable design requirements according to the principle of com-
plementarity [12]. For that purpose the guidelines support a systematic facilitating of
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a participative and creative problem solving and decision finding process in inter-
disciplinary design teams. The aim is not only to work out solutions for the actual

desigrr process, but even more to increase both, the design team's ability to
apprehend sociotechnical complexity and to bring together individually specialized
knowledge. The KOMPASS guidelines support four phases of the design process:

(l) project organization; (2) expert analysis of existing work systems; (3) reflection
of the design approach for new work systems; and (4) derivation of design require-
ments.

83 Integral Organizational Renewal (IOR)

IOR stands for Integral Organizational Renewal and is a Dutch variant of the socio-
technical approaches that were developed in Western Europe after the Tavistock
studies in the fifties. This sociotechnical approach was first introduced in The

Netherlands in the early sixties. De Sitter did important theoretical work in the
development of Dutch sociotechnics [5] [16]. Inspired by Swedish applications, he

developed a design focussed theory for an 'integral' approach to organizational
renewal in which the total organization is the object of desip. It tumed out that the

design of tasks and organization could not be separated; the quality of work and the
quality of the organization are interrelated [17].

IOR is a cybemetic, open-systems approach that provides a sociotechnical basis

for the design of business processes, organizational §tructures and human worh in
order to create a 'dynamically balanced production function'. The approach takes as

its starting point the architecture of the actual division of labour. Modem sociotech-

nical design theory is being used in order to transform this architecture. Moreover a

participative redesign strategy called Self-Design by Knowledge Transfer is adopted

as part of Integral Organization Renewal. The result of a tlpical Integral
Organizational Renewal implementation process is a flat organization, based on self-
managed and decentralised teams [18]. To realise this, IOR uses a specific
(re)design process consisting ofa number ofsteps. In the following sections first this
(re)desigrr process will be described. Then it will be scrutinised and the holoaic
point ofview on which the IOR approach is based will be described'

8.3. I The IOR Re-design Process

IOR aims at an integral renewal of organizations; the redesign of current business

processe§, organizational structures and human work plays an important role in
organizational renewal. IOR's ambition is to integrate both work and organizational
design with information systems design, with a special ernphasis on the creation of
parallel subflows in production t19l [20]. In order to facilitate the re-design process,

IOR uses in iE implementation trajectory a unique decomposition in aspect-systerns

(i.e. production structure, control structure and information structure).
For this IOR implernentation trajectory a stepwise re-design method is use{

consisting ofthe following steps (cf. frgure l):
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3.í tlrn$lírC Tarlr

3

(l) (Re)design tte production structure aspect system top-down: parallellisation' - 
of order hows àt -a"ro level, segmentation of order flows at meso level and

the formation of self managing teams at micro level. De Sitter [16] defines

the production structure as the architecture of the grouping and coupling of
exeóutive function in relation to order flows (e'g' selling, designing,

preparing, manufacturing and assembling tables and chairs or producing the

àUi", *a chairs in two independent production flows, are two different

examples of production structures for the same production process),

(2) (Re)design ihe control structure aspect system bottom-up: control loops for
' ' ilr. ,.tf -unaging teams are allocated at micro level. All control loops that

cannot be allocated at this level are allocated at the meso and macro level of
the control structure. De Sitter [16] defines the control structure as the archi-

tecture of the grouping and the coupling of control loops. The processes or

functions in thè production structure are to be 'controlled', which implies that

the production Jtu.to." determines the degrees of freedom of the contuol

structure (in the table/chair example: depending on what production structure

you choose, the control structure varies),

t

Figure 8.1 The Stepwise Redesign Method oíIOR [20J

(3) Redesign of both production and contol structuÍe precedes the redesign of
' ' 

the informatíon itructure and process technology' The design tf +"
production structure forms the basis for the control structure which is the

Lasis for the information structure. The contents and form of the required

information and the way this information is stored, procEsses and trarsferred,

is what De Sitter [16] calls the information structure'

Furthermore IOR approach is based upon a holonic point ofview focussing on an

organization or department as an integlal whole. We now describe the consequences

of this holonic point of view for the IOR approach.
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8.3.2 Holonic Approach

In the IOR approach a work system (e.9. an organization or a deparhnent) is
considered as a whole consisting of interdependent parts: aspect systems. As IOR
focuses on aspect systems, it is thus based on a holonic approach. Essential in this
approach are 'holons'. A holon is an entity that is both a complete autonomous
whole and a dependent, component part of a larger whole [21]. IOR supports the
idea that only a systern as a whole (the integral aspect) is responsible for its
performance and a focus on parts does not help to fully understand the whole
system's behaviour. Furthermore systems have to change from inside, by changing
the organizational mind (orgmind) [22].

A system needs holonic capacity to be able to react from inside on turbulence in
the system itself. Leaming is the mechanism to acquire holonic capacity. De Sitter
[16] refers to this as 'Self Design by Knowledge Transfe/, which aims at developing
and changing the orgmind 1221, by very intensive education and training of the
whole personnel. This mobilisation of human potential within the sociotechnical
(selËmanaging team) strucfures spontaneously creates all kinds of new character-
istics which make the system as a whole self-organizing, socially referring and self-
replicating.

In addition IOR offers a specific view regarding the role of designers or change
agents in the design process. The observer and the observed cannot be regarded as

separate. Since the change agent and the system are mutually co-defined aspects of
the same reality each playing an active role in co-creating the whole of which they
are part [22]. This means that the employees that participate in the design process
are also part of the whole that they design. It is therefore important that all
employees that are in one way or another influenced by the redesign have the
possibility to padicipate in the design process. This is what the participative aspect
of PSIM stands for and this is something that is taken into account in the desigrr
process supported by the STSD tool.

8.4 Discussion

Both, the IOR and the KOMPASS approach have been integrated in the STSD tool
(see Chapter 10) in order to make the tool comprehensive. This integration is based
on the peculiarities as well as on the similarities of the two approaches. What they
have in coÍlmon are primarily the sociotechnical core assumptions that it is always
an interaction of humans and technology that performs in work systems, and that the
design of this interaction must be a participatory process. Both approaches comprise
normative assumptions - although supporting an open and participatory process of
system design and taking technology not as a design necessitarianism. These
normative assumptions consist mainly in the perception of humans as beings that are
capable of self-determination and of development. Thus, design solutions derived
with the two approaches aÍE autonomy oriented i.e. tasks are designed in a way
providing individuals, work teams as well as organizational units as much as
possible with opportunities for self-regulated acting. Thereby in both approaches, in
IOR as well as in KOMPASS, humans and technology are not perceived as two
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entities that can be conceptually separated and considered independent of each other.

Humans and technology are rather considered as an integral whole, However, this
integrality is conceptualized differently in the two approaches. Following these

differences and their consequences for the STSD tool are discussed.
The main focus of KOMPASS is the taslq which is considered to be the point of

articulation between the human and the technology. Hence, it is the task that is
performed in interaction of human and technology, be it on the level of human-
machine function allocation, on the level of an individual's job or on the level of the

interplay of the social and the technical sub-systems within a whole organization' On
all three levels the human's part of the task is determined by organizational and

technical desigrr as well as by the human's capabilities and competencies. That
means that the human part of a task is not determined by the technology or by the

organization alone. One and the same technology for example, iu dependency of its
concrete implementation into an organization, can provide very different task
requirements for the human. KOMPASS aims at a deliberate design of these task
requirements. For that purpose it provides normatively deduced criteria for task
desigrr, from which requirements for organizational and technical design as well as

for human qualiÍication can be derived. As the KOMPASS criteria focus on the taslq

they consider executive, control and informational task aspects in an integral
manner, i.e. a task design is aimed at in which these three aspects are balanced. The
disadvantage ofsuch an approach is that it provides supPort in balancing these. three
aspects within the task, but does not provide enough support for the integral design
at the interfaces between the tasks.

Providing support for such an integral design is a strength of IOR. In this
approach it is conceptually not differentiated between technical and social sub-sys-

tems that have to be considered in their interaction, but between sociotechnical sub-

systems that are interrelated. IOR provides support for designing both, the socio'
technical sub-systems as well as their interrelation. Differentiating between three
aspect systems referring on production, control and information structure makes this
possible. First the sociotechnical sub-systems are separated with reference to the
production structure. The aim is to make the sub-systems operationally independent.

Then the control structure and the information stucture are designed in a way,
providing each sub-system with complete conhol loops and hence with opportunities
for as much self-regulation as possible. Às these control loops are interleaved on
different levels they also support the integration of several sub-systems. Thereby
each sub-system can be perceived as a holon, i.e. as a whole of itself as well as a part
ofa larger whole. If provided with adequate conditions, the holons are not only self-
regulating, but also self-developing.

As both approaches are based on the same assumptions and support paÉicipatory
design, the results of their applications are very similar. However, by comparison,
KOMPASS on the one hand has its strengÍhs in its theoretically substantiated and

well operationalized criteri4 that are very useful in analping tasks on different
design levels, and in determining good task design. IOR on the other hand provides

an integral view regarding the different aspect systems, which is very helpfirl for
developing design solutions. For the development ofthe STSD-tool (see Chapter 10)

it has been taken advantage of these differences by making use of KOMPASS for
the analysis part ofthe tool and by introducing IOR in the design part.

f
f
T

t
f
E

T

t
l-l

T

T

t-l

77



References

[] J. Reason, H.man Error, Cambridge Univers§ Press, Cambridge, 1990.

[2] E. ulich, Arbeitspsychologie (4. AuÍl.), vdfHochschulverlag, Ztirich, 1998.

[3] E.L. Trist, and K. Bamfortlf Some Social and Psychological Consequences of the Longwall Method of
Coal Getting, Iiraan Relations,4, 1951, pp. 3-38.

[4] E.L. Trist, G.W. Eiggitr, H. Muray, and A.B. Pollock, Organizational choice: The loss, Refiscovery and

Traasforrnation of W'ork Tradition, Tavistock Londoq 1963.

[5] F.M. van Eijnatten, The ParadigÍn that Changed the Work Place, Van Gorcurq Assen, 1993.

[6] J. Sydow, Der Soziotecbnische A:rsaE der Arbeits- und OrganizationsgestalÍmg, CaÍryus, Frsnkfurí
Msitr, 1985.

[7] G. Grote, Autonomie und Kontrolle - Zur Gestaltung Automisierter und Risikoreicher Systeme, vdf
Hocbschulverlag, Ziirich, I 997.

[8] E.L. Trist, The Evolution of Socio-Technical S]§ter§. Issues in the Quality of Working Life, No 2,
Ministry ofLaboÍ, Ontario, l9El.

[9] C. Clegg, The Derivation ofJob Designs, Joumal ofOccupational Behaviour, 5, 1984, pp. 131-146.

n0] C. Penow, A Framswork for the Corparative A:ralysis of Organizations, Anrcrican Sociological Re-
tiew, 32, 1967, pp. 19 4-?08.

[11] C. Penow, The Organizational Context of Human Factors Engineering, Administrative Scisnce

Quarterly, 28, I 983, pp. 52 I -54 I .

[l2] G. GÍote, C. Rys€Í, T. Wàfler, A. Windischer, and S. Vr'eik KOMPASS: A Method for Corylementsry
Function Allocation in Automated Work Systems, Intemational Joumal of Human-Coryuter Studies, 52,
2AO0,W.267-287.

[13] R.W. Bailey, Human Perfomunce Engineering (Znd ErL), Prenticc-Hall Internatioral, London 1989.

[4] L. Baióridge, Ironies of Autornatiory In G. Johannsen, and J.E. Rijnsdorp, (F^ds.), Analysis, Design and
Evaluation ofMan-Machioe Systerns, Pergamoq Oxford, 1982, pp. 129-135.

[5] L.U. de SitteÍ, Op Weg naar Nieuwe Fabrieken en Kantorcn, KluweÍ, DevenEr, 1982, (in Dutch).

[16] L.U. de §itter, Modeme Sociotechniek, Gedrag en Organisatie, nr 4/5, Vulga, The llaguc, 1989, (in
Dutch).

[17] H. KuipeÍs, and P. van Arnelsvoort, Slagvaardig Organiseren, Kluwer Bedrijfswetenscbapper, Deventer,
1990, in Dutch.

tlE] F.M. van Eijnatten" and T. Hoen New Forms of Work Organization Inaovatior, CoÍpetitiveness and
Eryloynrnl The Sixth European Ecolog5r of Work Conference, May 1999.

n9l L.U. de Sitter, J.F. den Hertog, and F.M. van Etnatten, Sinple Organizations, Conplex Jobs: The Dutch
Sociorcchnical Approac\ Conference Paper AÍnerican Academy of Mauagenrnl Saa Francisco,

Maasrricht, MERIT, August 1990.

[20] L.U. de Sitt€r, Synergetisch Produceren, Van GorcunL Assen, 1997, in Dutch.

[2U L.A. Fitzgeral4 what is Chaos?, htF://www.orgmind.cory'chaos, 1998

[22] F.M. van Eínatten, Cbaordic Systems Thinking for Holonic Organizational Renewal, in: RW. Wood-
nrao, and WÀ. Pasrmre (Etls.), Research in Organizational Chalge and Development JAI Press, New
YoÈ 2001, pp. 213-251.

78

T

T

I
I
I
I
T

T

T

T

I
I
t
I
T

I
I
I
I
I
T


