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With the rapid progress of information technology, the work environments that 
cognitive ergonomics (CE) should be concerned with are vastly changing. Among the 
most important ongoing changes is the appearance of large-scale logical systems. 
Logical systems are in nature software-based but now grow to be both large-scaled and 
dynamic, integrating a variety of physical facilities and social mechanisms. The 
domains include telecommunication and traffic, e-commerce, production control, 
knowledge management, scheduling and distribution. This paper considers the 
characteristics of the emerging large-scale logical systems (LLS’s) and discusses the 
ensuing needs that CE has to prepare to meet. The evasive concept of interaction is 
emphasized as a potential main theme in the design and evaluation of LLS’s. The 
directions of further development of CE in the light of this theme are probed. Lastly, it 
is pointed that the knowledge society brings to the attention of CE the notion of 
cognitive organization, which increases the complexity in the human part. 

 
 

I. INTRODUCTION 
During the last two decades, cognitive ergonomics (CE) has concentrated on complex human 
decision-making behavior that was typical in large-scale dynamic systems. Researchers have 
developed models and frameworks to predict or explain human performance, strategies and 
limitations in the context of works in those systems. Application of CE to interface design has 
also been made mainly for the complex systems such as nuclear power plants and aircraft 
cockpits. 

Such systems share the characteristics that the human-system interaction plays a crucial 
role in the performance or safety of those systems. The role is challenging to human capabilities 



since the dynamic complexity of those systems raises the cognitive burden and risk of human 
activities. Their work being largely paced by the system dynamics, operators of dynamic 
systems must at times make decisions or solve problems within tightly given time windows 
under high risk pressure. Operators of such systems should also acquire and maintain a large 
amount of theoretical and practical knowledge as well as automated skills. To help, CE has 
developed principles and methods to design or improve the systems, interfaces, training, and 
decision aids. Among the important topics of the CE research were task analysis, human-
machine interface (HMI) design, human-computer cooperation, human errors, mental models 
and operator models. Within this typical and relatively well-defined problem space, CE seems to 
have reached a state of puzzle-solving activities almost as a normal science [Kuhn, 1962].  

There are other types of systems in which human works have been subject to CE research. 
Software programs and electronic devices, which will be referred to as logical systems in this 
paper, do require human cognitive resources and knowledge for appropriate operation. As these 
systems and devices growed to have more functional features and complicated interacting 
methods, cognitive study became more important for desigining their interfaces to accommodate 
easy learning and error-free operation. Analytic tools such as GOMS and key stroke models 
have been used to evaluate cognitive aspects of those systems [Card et al. 1983]. The design 
pocess of software products was also investigated as a human knowledge process [Rasmussen et 
al. 1994; Johnson 1992]. However, the CE practice in this domain has relied on rather shallower 
approaches to interface design, which was largely overlapped by human-computer interaction 
researches. It seemed that CE has had most strong claim to the domain of large-scale dynamic 
systems. 

Now the world is rapidly changing as the two distinct keywords information and 
knowledge usher us into the 21st century. Human works are redefined everywhere. Cognitive 
ergonomists find new problems arising in their old research domains of process control systems. 
For example, information technology being introduced to the advanced control rooms brings 
new design problems such as information organization, aggregated displays, and display 
navigation. The practice of CE is being forced to change even in its traditional application 
domains. 

The greatest change that would potentially affect CE research, however, is not proceeding 
in process control domains but in the work environments that have been represented by 
software-based logical systems. The software remains software, but behind its monitors the 
software is absorbing and combining various physical facilities, human acitivies and social 
functions that were previously separate and distributed. Through the logically integrated 
systems, people should now deal with enormous socio-dynamic systems for manufacturing, 
trading, telecommunication , traffic, knowledge management, scheduling and distribution, and 



so on. The cognitive aspect of those systems are no more that of user interfaces. The new 
emerging brand of such large-scale logical systems (LLS) call for not only enhanced attention of 
CE but also the second grand stage in its development history. 

This paper first compare the two types of human work systems, physical dynamic systems 
and logical systems, so as to explain how the application of CE had to differ in them. Then 
discussed are the essential characteristics of the new appearing brand of logical systems with 
respect to the application of CE. The requirements and directions of further development of CE 
theory and applications especially in system analysis and design are proposed. Lastly, it is 
pointed that the trend of work systems’ being logical belongs to the global move of industry 
toward knowledge systems. CE in the near future may have to introduce organizations as the 
cognitive agents in its engineering principles and practice. 

 
 

II. PHYSICAL SYSTEMS VERSUS LOGICAL SYSTEMS 
Although this paper will argue that the distinction between physical and logical systems 
becomes faint to some degree, it is still necessary to compare the current characteristics of the 
two types. The comparison can help identify the characteristics of new emerging type of large-
logical systems.  

Figure 1 represents a classification of systems as work environments that is used in the 
discussion in this paper. The first differentiation is a dichotomy between physical and logical 
systems. The former is exemplified by various plants and manufacturing machines while the 
latter includes electronics and software programs. The other differentiation, according to the 
system complexity or size, actually forms a continuum. Admittedly being a vague term, 
complexity or size has very important implications with regard to the application of CE since it 
brings different emphases on various aspects of human works and required knowledge.  

  
< Figure 1> 
 
To say a system being physical or logical can be easily ambiguous and thus calls for a 

more descriptive definition. In this paper, a tentative definition of logical system is adopted 
based on its nature of human-system interaction. Human-system interaction in system can be 
called logical when the mental model that the human should rely on for its operation is mainly 
composed of logical and qualitative rules rather than physical and quantitative equations and 
conditions. When the interaction in a system is mostly logical, we can also conveniently say that 
the system is a logical system. This user-oriented, epistemological definition is justifiable since, 
in that way, the classification remains useful for human-centered studies of systems and works 



and systems in spite of growing ambiguities regarding the basic nature of modern systems. 
Those studies include cognitive task analysis, human performance modeling, systems analysis 
and interaction design. According to this classification, nuclear power plants remain to be 
physical despite their computer-generated interfaces and an ultrasound medical device to be 
logical and relatively small despite its complicated physical mechanism.  

 
< Table 1 > 
 
Table 1 summarizes the characteristic differences between process control systems, which 

are typical large-scale physical systems, and logical systems. The differentiation is analogous to, 
and an augmentation of, the differences between dynamic and non-dynamic systems [Hollnagel 
et al. 1995]. The most fundamental difference is that the operation of physical systems requires 
understanding of dynamics based on physical laws. For example, operators in process control 
systems should consider system behavior that is represented a set of differential equations. For a 
smaller machine, operators should mind the physical conditions of its parts in terms of tension, 
weight, speed, and so on. To operate these systems, human operators should observe, interpret, 
or predict quantitative conditions and trends of variables. The system dynamics includes time 
delays, subtle degrees and magnitudes of variables that the human should account for. In logical 
systems, on the contrary, the system behavior and interaction is mostly understood in terms of 
logical if-then rules or statistical rules, at least for practical purposes.  

This difference has been reflected to the modeling of human understanding of the systems. 
In large physical systems, human performance in various tasks could be enhanced by visualizing 
some essential information of the required mental models [Yoon 1988; Pawlak et al. 1996]. The 
useful information included the dynamic or topographical relations among components and 
variables, integrated variables and trends, as these helped the human effectively reason with the 
underlying dynamics composed of quantitative relations and equations. On the contrary, to help 
the users of logical systems, mental models [Gentner 1983] based on state transition rules were 
used as the basis of learning, interpretation, prediction, and diagnosis of system behavior. The 
human action or interaction was also modeled by a set of rules such as with GOMS [Card 1983] 
or TAG [Payne et al. 1986] model. The models are contrasted to that for physical systems in that 
they do not depict the physical configuration of the systems.  

Large physical systems and logical systems sharply differ in the human role in their 
operation. Large physical systems are usually process-control, closed-loop systems [Rasmussen 
1994] that include the operator as a component that supervise the system to stay in normal, 
balanced states or to transition between states. Human tasks and their effects are mostly defined 
within the system (Figure 2b). As long as the human and the other components serve the system 



to work normally, the system will achieve its goal to which it was designed and built.  
In contrast, most software systems and electronic devices can be regarded as open-loop 

systems that generally do not maintain designed homeostasis. They are often perceived as tools 
or tool sets, with which human tasks are recognized as working on the environment rather than 
on the devices themselves. For example, the goals, and hence tasks, of a word processor 
program are defined with regard to the target documents rather than the states of the processor. 
This, however, is more related to the small scale and low complexity of those systems than their 
being logical. When a logical system is large enough like a factory scheduling system or ERP 
(Enterprise Resource Planning), the human tasks may be defined as maintaining desirable 
system states.  

Whether the goals of operations are defined within the system boundary determines a 
fundamental ecological property and extensively affects the system analysis and design. When 
the goals are included in the boundary of system dynamics, the goal tree must tightly be 
organized according to the designed integration of system dynamics. This in turn makes the 
functional abstraction very important in the human mental model for effective dealing with the 
system. The amount of the relational knowledge across the levels of abstraction also increases 
as the abstraction plays essential roles in human-system interaction. In logical systems, where 
the goals of operations are defined regarding objects or states outside of the system boundary 
(Figure 2a), the required knowledge of goal-means relationships tends to be loose, scattered, and 
only weakly identified.  

 
< Figure 2(a) and Figure 2(b) > 
 
There are other consequential differences with respect to the properties of human works in 

the two types of systems. People in process control systems often recognize their works as 
achieving or maintaining desirable states while software users consider the tasks as making a 
series of events happen. The operator in process control systems should often finish an 
operation in a given time slot allowed by the system dynamics whereas software users can 
perform tasks at their own pace unless a due time is set for the work for other reasons. Operators 
of physical dynamic systems must continuously update their mental representation. Any 
operation in process control systems must be performed in a plan foreseeing the possible system 
response whereas people tend to use software and electronics in more casual and exploratory 
ways [Polson et al. 1990].  

The two types of systems induced two distinctive traditions in ergonomics research and 
practice. For large physical systems, human reliability, errors and decision-making performance 
are far more important topics than in logical systems. Instead, convenience and ease of 



operation were much emphasized in logical systems. Cognitive task analysis is conducted with 
more intensity for the tasks in physical systems since identifying the structure of operational 
knowledge along goal-means relationships is important. In logical systems, operation sequences 
and command structures are more closely studied for reducing the users’ cognitive burden and 
enhancing the ease of learning. Information display design for physical systems is concentrated 
on how to represent the dynamic information to support human use of the mental model of the 
system. Display design for logical systems is instead concentrated on representing task 
structures and guiding the operations. One can easily see how distinctive research traditions are 
related to the characteristic differences of the two types of systems in Table 1.  

Hollnagel et al. [1995] pointed out that non-dynamic systems lacking delayed system 
responses, serious need of timely human actions, and the need to continuously estimate or 
predict the system state had mainly been studied in the field of HCI rather than CE. This has 
been similar in the case of most small physical systems such as isolated manufacturing 
machines. The resulting relatively low cognitive burden of human tasks in logical systems and 
small physical systems has hampered application of concepts, methods, and results developed in 
CE to those systems. 

 
 

III. THE EMERGENCE OF LARGE-SCALE LOGICAL SYSTEMS 
Systems in every part of Figure 1 are under evolution. The changes are not merely adjusting the 
parameters of existing problem structure in human work environments. As the size and speed of 
quantitative changes exceed certain thresholds, more profound qualitative and structural 
paradigm shifts are in progress in almost all human-made systems and human activities in them. 
The extensive automation and introduction of information technology in the past century 
changed our work environments to be more logically defined and hence our tasks to be more 
cognitively performed. Figure 3a to 3d depicts a path of such changes.  

 
< Figure 3(a), 3(b), 3(c), 3(d) > 
 
A consequence of information technology in large physical systems is the general 

phenomenon that the human works become increasingly more detached from physical 
mechanism of a system and reorganized semantically (Figure 3a to Figure 3b). The same trend 
took place in the cases of electronic devices. With regard to the application of CE, most 
significant transformation is taking place outside of the process control domain. Smaller and 
simpler physical systems become integrated through software systems that were grown up from 
what were once isolated utility programs or interfaces for elementary devices. This integration is 



being accelerated by the introduction of Internet, intranet, multimedia and VR techniques to the 
work environment. The integration is more solid than simple aggregation since the interaction 
among components becomes abstract and it is now less important whether the subsystems are 
physical or software systems (Figure 3c). The work complexity with such a large logical system 
comprising different types of physical machines and software modules would not only come 
from its dynamics but also from numerous and complicatedly connected functions that it 
aggregates. The goals and tasks may be more diversified than in process control systems. 
Moreover, through some of the software functions (e.g., networking modules) the system may 
pull in the dynamics of a whole plant or even the world market (Figure 3d).  

The thick arrows in Figure 1 indicate that the trends discussed above are being combined 
to bring the emergence of a new kind of large-scale logical systems (LLS). Reaching an enough 
size and complexity, a logical system tends to form a cognitive environment that shares many 
similarities with the large-scale dynamic systems. Examples include the recent paradigms of 
production management, Internet-based economic activities, traffic and telecommunications 
control, digital libraries and data mining, corporation-level knowledge management. Such 
systems present work environments with all of the technological context, psychological context, 
and organizational context [Hollnagel 1997]. To operate the systems, operators (i.e., users) must 
possess and use sophisticated mental models and perform decision-making tasks. The mental 
model needs to be continuously or repetitively updated as the world behind the system or the 
system itself evolves. In a net-based corporate process, for example, the user must frequently 
update the state of his/her mental model as the system is shared by many people (e.g., corporate 
process) who affect the evolution of its state or content (Figure 3d). Time pressure also exists as 
it may come from the organizational dynamics. Other sources of system complexity such as 
heterogeneous perspectives, distributed dynamics and decision making, social hazard, 
uncertainty and disturbances [Vicente 1999] are all prominent in these systems. The LLS’s will 
soon join to the central realm of CE application. 

 
1. SCM: an industrial example 
To witness a sign of the emergence of LLS, let us look at the paradigm development in the area 
of industrial engineering. NC (numerical control) machines started the development of what are 
now computer-supported production systems. Computerized numerical control (CNC) machines 
introduced greater flexibility. Then, a direct numerical control (DNC) system links a number of 
NC and CNC machines to a computer, which can also be used for data analysis and entry. A 
flexible manufacturing system (FMS) consists of processing machines, the material flow system 
and the information flow system, which are all interrelated. This example shows how a number 
of small physical systems could be coordinated by software system to make a LLS. 



However, worldwide trends are driving manufacturing companies toward even increased 
integration. Among the sources of this pressure are increased cost competitiveness, shorter 
product life cycles, faster product development cycles, higher overall quality, and globalization 
of the market. [NRC 2000] In response, supply chain management (SCM), a more important 
and larger system integration, is rapidly becoming a global paradigm in manufacturing and 
distribution industry. This system is based on socio-dynamics and potentially even more 
complicated in terms of both its underlying dynamics and decision-making requirements than 
any existing physical process control systems.  

Supply chain (SC) comprises all of the capabilities and functions required to design, 
fabricate, distribute, sell, support, use, recycle or dispose products (Figure 4). Those capabilities, 
as they may be geographically dispersed, include sources of raw materials, product design and 
engineering organizations, manufacturing plants, distribution centers, retail outlets, and 
customers as well as the transportation and communication links between them. [NRC 2000]. 
Then, SCM may be viewed as an effort to integrate and control this whole chain so that 
merchandise is produced and distributed at the right quantities, to the right locations, and at the 
right time minimizing system-wide costs while satisfying service level requirements [Simchi-
Levi 1999]. To these ends, typical subgoals being pursued by SCM are reduction in inventory, 
reduction in transaction costs, increased functional and procedural synergy between subsystems 
and participants, and faster response to changing market demands. 

 
< Figure 4 > 
 
Regarding the potential role of CE in SCM, it is illuminating to consider how the mission 

of information technology in the SCM systems is stated [Simchi-Levi 1999].  
- Collect information on each product from production to delivery or purchase point, 

and provide complete visibility for all parties involved 
- Access any data in the system from a single-point-of-contact 
- Analyze, plan activities, and make trade-off based on information from the entire 

supply chain 
The parallelism between the above and the human-machine interaction in physical 

dynamic systems such as nuclear power plants is apparent. The control rooms in power plants 
collect information and provide visibility for all subsystems in a single centralized place to 
support the operator in analyzing the system state, planning actions, and maintaining balance 
between important variables.  

The costs of such extensive integration are the pressure of complexities and risks to human 
decision makers [NRC 2000], which are also familiar in CE. The extent of interconnectedness 



and interdependency makes the integrated chains vulnerable to disruptions, which has been true 
in process control systems. For example, failure by one participant to deliver can rapidly be 
propagated and cause other parts of the chain to halt. 

Considering the systemic characteristics of SCM systems or LLS’s in general, it is doubtful 
if their design, analysis, and reengineering can optimally be undertaken by current software 
engineering or HCI disciplines. Cognitive ergonomics, which was developed in the context of 
process control systems, has much to provide in terms of experience, principles, models, and 
research methodologies to the study of these new types of systems. Topics and works such as 
cognitive task analysis, system and interface design, computer aiding or cooperative decision 
making, cognitive skills and training, human errors and reliability all would easily find their 
places in the industrial logical systems.  

 
 

IV. COGNITIVE ERGONOMICS IN LARGE-SCALE LOGICAL SYSTEMS 
As the new type of LLS’s based on software, network, and business processes are arriving, CE 
should prepare itself to deal with the new problem structures. In the discussion in previous 
sections, it was argued that software-based logical systems are growing to have enough 
complexity and dynamics so that the differences from large-scale physical systems become 
reduced. Based on the described similarities, CE is ready to apply its foundational concepts, 
principles, and methodologies that have been abstracted and generalized from many years of 
experience in process control domains. 

However, having concentrated on the domain of large physical dynamic systems, CE may 
find itself with impoverished processes, frameworks and tools as the spectrum of target systems 
gets much wider than the past. To prepare, CE should further extend or adapt its existing 
principles and methodologies to the new type of systems. It would therefore be useful to first 
ponder on how CE made itself more effective than HCI in dealing with the process control 
systems. 

Designing interfaces to be optimal by itself regardless of the tasks is surely not a central 
problem in CE. CE, contrary to HCI, pursues more ecological approaches to harmonize the 
system purpose, tasks, human strategies, interaction methods and interfaces taking into account 
the human capabilities. The approaches are grounded on multi-level system understanding along 
the goal-means relationships, or abstraction hierarchy [Rasmussen 1994; Rouse 1991; Lind 
1994]. CE has developed such approaches adapting itself to the process control arena where the 
system functions and tasks must be described along multiple abstraction levels. Due to their 
closed-loop nature, process control systems have the goals of human operations defined within 
them and demand multi-level understanding of the system behavior. To evaluate or design such 



a system, the systemic, ecological perspective and methodologies of CE have been very 
effective.  

The new LLS’s, unlike software systems in the past, will benefit from the ecological 
approaches of CE. Although LLS’s do not entirely resemble process control systems, their sizes, 
massive integration, and rich information representation of the outer world make most task 
goals have some correspondence among system states. Consequently, the new logical systems 
will have deeper and stronger abstraction hierarchy forged in their design so that the interaction 
knowledge becomes more distributed along abstraction levels than current software systems or 
electronic devices do. This implies that the evaluation and design of LLS’s, for the same reasons 
as in process control systems, will necessitate the application of CE. Cognitive task analysis, 
human strategy analysis, design of interfaces and systems, information aiding, intelligent 
techniques for joint cognitive systems can be applied to the new work domains. 

However, the new emerging LLS’s will also have important differences in characteristics 
comparing with the process control systems. The differences will become the source of 
challenges to CE and may guide its future changes.  

 
 The subsystems may be more scattered and have mutually inconsistent objectives. As 

is notable in the SCM example, the subsystems may conflict with each other in their 
goals, or may have just started a co-evolution process. 

 The system boundaries are wildly open to the world so that the incoming turbulence on 
the system elements is severe and unpredictable.  

 The integration and representation of the human-system interaction tend to be more 
task-oriented than system-oriented.  

 The underlying dynamics is largely based on diverse, unrelated, and statistical rules 
instead of a few certain fundamental physical laws.  

 There are many intangible qualitative, discrete, and nominal variables to deal with for 
optimal design or operation. 

 Design freedom is much higher and design norms are more abstract due to the loosely 
integrated system dynamics. 

 
The most critical characteristic difference summarized from above to affect the application 

of CE may be the diversity and incoherence among subsystems and their dynamics. The next 
section argues that, considering this difference, the middle levels of abstraction (i.e., functional 
representation rather than task goals or physical interface) should be more emphasized in the 
design and evaluation of the logical systems. Also suggested are the required directions of 
further development or extension of existing CE methodologies. 



 
1. The fertile crescent of design freedom 
Since Rasmussen proposed the five-level abstraction hierarchy (i.e., system purpose, abstract 
function, general function, physical function, and physical form), it was more directly applied to 
explain the functionality of systems than the human tasks in systems [Rasmussen 1994]. When 
we consider the user’s knowledge used in operating a system, however, it is apparent that the 
functional abstraction hierarchy has a close relationship with the layers of human task 
knowledge. Therefore, it is possible to put abstraction hierarchies of system functions and 
human tasks in parallel (Figure 5). At the top, task goals are more described in terms of system 
goals and abstract functions and the interface operation is more depicted in terms of physical or 
syntactic terms. In the middle, the human interacts with the system to achieve the tasks by 
means of given interface knowledge. Therefore, the middle levels of the task abstraction 
hierarchy may coarsely be called the interaction levels, in which the operator or the designer 
endeavors to map the task and interface levels onto each other. In the middle levels, it is 
identified how the relevant tasks are organized from the grossly defined ones to the most 
detailed ones, how the semantic representation of interaction methods such as in terms of 
analogies or abstract orders, and how the actions are guided and feedback is given. Schemes of 
vertical relationships for abstraction can be created or imported.  

 
< Figure 5 > 
 
The design of human-system interaction can be viewed as constructing methods and tools 

that enable the human to accomplish the tasks of the system. Figure 6 depicts that the design 
freedom of human-system interaction, i.e., the ways of information presentation operations, is 
constrained from two directions: the given tasks and the available interface means. The designer 
must be aware of and comply with the social expectation regarding the function of a kind of a 
system and the user’s expectation regarding the interface means according to well-accepted 
standards. There is more design freedom, or more design space, in the middle levels of 
interaction than the two extreme levels in task-interface hierarchy, shaping a fertile crescent for 
system design. 

 
< Figure 6 > 

 
The design freedom in the middle levels of abstraction, however, is not to be wasted for 

utter creativeness. It is the opportunity to reduce cognitive and social complexity by establishing 
or following certain normality. If not, the design diversity in this middle, invisible levels of 



interaction will easily flood the human cognitive capabilities. Indeed, it is already notable that 
interaction methods in various systems follow the norms settled in other domains, particularly in 
the middle levels, so that the user can see and become to expect grammatical similarity. 
Exploiting the design freedom in the middle levels to establish methodological normality is 
especially valuable in LLS’s where cross-system consistency is hard to achieve due to the 
diversity in the tasks, interface tools, and the underlying dynamics. Therefore, design effort has 
to be concentrated on the middle levels of human-system interaction. The middle, interaction 
levels are less visible and hard (or, too soft) to manipulate than the task and interface levels. 
This renders ideas on how CE should expand its principles and methodologies to effectively 
deal with the new logical systems.  

 
2. Evolving cognitive ergonomics 
The following requirements for further development of CE are particularly for the design and 
evaluation of large-logical systems and are related to the emphasis on the middle levels of task 
abstraction hierarchy. Although this may be a small subset, they are surely among the most 
urgent considering the design issues will be the most relevant and important in the dawn of 
LLS’s.  

 
Interaction description methods. CE should provide methodologies to clearly 
describe the interaction in the middle levels to help the practitioners penetrate into the 
invisibility of the middle levels of the interaction. Unlike interface that is physically 
defined, interaction is directly related to the human strategies of operation and thus 
more evasive. Formal and manipulation-oriented models or frameworks that extract 
and describe the relevant features of interaction design should be developed.  

In the light of the previous discussion, a mandate for proper interaction description is 
explicit relating multiple levels of AH. The task models and the interface description 
methods in HCI have often only obscure linkage to each other [Brooks 1991]. The task 
models such as GOMS are not sufficiently expressive in capturing the similarities and 
differences of task features, which are important in designing the basic scheme of 
interaction. On the other hand, the current interface description methods used in HCI rely 
on too low-level grammars. 

Interaction models therefore have to be either multi-layered along the levels of abstraction 
or able to accommodate abstraction within a single model. Domain-free general relationship 
types should be identified and made describable. There should be methods to describe 
socially shared analogies and metaphors and their application to interaction methods. More 
domain-specific or task-specific templates (i.e., sub-models) that include human knowledge 



and strategies in diverse work domains also need to be developed. These technologies are 
essential to record, communicate, and accumulate the design experience.  
 
Interaction-centered design process.  Design processes emphasizing the design of 
interaction, rather than that of interface, are necessary. Current design processes in CE and 
HCI are mostly top-down, starting from the analysis of tasks and proceeding downward to 
the design of interface objects and layout. This does not work efficiently in practical design 
where there are strong norms and technological standards at the interface level. As was 
previously pointed out, design is constrained from the two ends of task abstraction 
hierarchy: task and interface. Interaction must thus be designed considering the constraints 
from the task level or the interface level such as socially accepted standards explicitly. The 
design problem space, in terms of constraints and decisions to make, in the middle levels 
should be appropriately described. Then the interaction methods should be dealt with as the 
primary target of design optimization. Once the interaction design problems are solved, the 
designed interaction then can enforce or constrain the design of the undetermined aspects of 
interface and the task. To support such a process,  

 
More engineering instruments.  In the work domains of process control systems, CE has 
provided conceptual frameworks and processes to guide system design and evaluation. 
Such conceptual guidance was effective enough owing to the dominant roles of engineering 
experience that was accumulated and well shared in the domain systems. Operators were 
also assumed to possess highly domain-specific expertise. To deal with LLS’s, where 
design space is much wider and interaction methods can potentially be more diverse, CE 
must develop more engineering-oriented procedures and instruments for effective system 
design. Guiding the designer’s activities is important but not sufficient. To bring the design 
of logical systems into engineering realm, solid methods for enumerating of design 
decisions, evaluating alternatives, formulating and solving optimization problems should be 
available.  

 
Task knowledge representation.  One of the prerequisites to cope with the design 
complexity of logical systems is the means to describe and consider human task knowledge. 
As pointed above, interaction can be viewed as mapping between task knowledge and 
interface means. To engineer the design of this mapping, therefore, domain-specific task 
knowledge and mental models should be accounted for. Since tasks are diversified and 
often defined outside of the system boundary in logical systems, it is more important to 
cultivate systematic methods to represent the task knowledge in relation with interaction 



design. 
 
Human performance / behavior model.  People will be exposed to various LLS’s 
without being experts in any one of them. Their behavior can be largely exploratory [Polson 
et al. 1990] than following instructed or pre-planned procedures. Explaining and predicting 
such behavior and the related performance is indispensable in effective system design. 
Complexity is subjective and can be meaningfully estimated only when the actual user 
behavior is assumed. Design decisions must also be correspondent to the expected features 
of learning or decision-making behavior. The difficult points of use and frequent types of 
errors could be determined comparing how the tasks and interface are related through goal-
means relationships and what are expected by the users based on their task knowledge.  

 
 

V. BEYOND BEING LOGICAL – THE KNOWLEDGE ORGANIZATIONS 
It is no accident that the LLS’s in manufacturing and commerce are all very new. In the early 
1980’s, the computers were not massively connected and the network was not in place yet. The 
explosive increase in information flow through Internet has been experienced only in the past 
few years. The change was perhaps too fast for any academic discipline to adjust its paradigm 
sufficiently to deal with the new environments. 

If the computer brought information systems to corporations, the network is turning them 
into knowledge organizations. With the advance of Internet and intranet, a whole organization 
becomes an active knowledge processing system based on interconnected knowledge bases. The 
young discipline of knowledge management (KM) is to apply systematic approaches to find, 
understand, and use knowledge to create values [Beckman 1999]. The workers in a knowledge 
organization are using their basic mental capabilities, thinking skills, and personal qualities to 
manage resources, acquire information to make decisions, understand complex internal 
relationships, and work with others. The organization utilizes such IT components including 
communications, office automation, transaction systems, groupware, decision supports, and 
functional information systems.  

The one-to-one correspondence is notable between the above inventory of knowledge 
system components and that of large-scale physical dynamic systems. The human interaction 
with the knowledge system, or organization, will be through LLS’s that we previously discussed. 
In short, the whole business process provides the dynamics and the knowledge system plays the 
role of an LLS based on the business process. Almost every aspect of physical dynamic systems 
is found including time pressure, delayed system response, and the need of estimation and 
prediction. It seems obvious that the human cognitive activities in this situation are properly 



subject to the study of CE.  
Human activities within knowledge organizations are currently approached mainly from 

the organizational-behavior perspective. This situation is analogous to that of user interface 
study in that general-purpose guidelines or tool-performance relations are in search. The design 
and operation issues must now be dealt with based on understanding of the tasks and interaction. 
Therefore, the application of the CE principles will effectively enhance the design and operation 
of knowledge organizations. Many of the detailed issues, such as interactive optimization for 
various decision-making problems, will also fall in the area of CE.  

In a more macroscopic perspective, the organization itself can be regarded as a cognitive 
agent. Some elementary notions such as organizational memory [Decker et al. 1999] have 
already appeared. Smith [Smith 1994] extended the analogy to a collective information 
processing model in an HCI flavor. CE may be able to develop the study of organizational 
cognition in a more engineering frameworks such as Rasmussen’s ladder model, skill-rule-
knowledge levels, or joint cognitive system. Communication and team work are already 
important topics in CE. It would be of no surprise if CE handles the ergonomics of cognitive 
organizations in five or ten years.  

 
 

VI. CONCLUSION 
A definition of cognitive ergonomics might be the science to improve system design with the 
characteristics of the joint cognitive system including the operator and the computer as a frame 
of reference [Hollnagel 1997]. This definition assumes cognitive tasks of a good degree of 
complexity and the possibility of intelligent interface. More types of work environments, such 
as large-scale logical systems (LLS’s) and knowledge organizations, satisfy these conditions. 
The opportunity for both research and practice of CE is wider open to the future.  

This paper paid particular attention to the emergence of LLS’s and analyzed the reasons 
why CE could provide sound principles and methodologies to the design and evaluation of 
LLS’s. It was supported by an analytic discussion on the characteristics of the LLS’s, 
exemplified by SCM, in comparison with the process control systems in which the current 
approaches of CE have evolved. Opportunities are not without challenges. CE needs to adjust its 
current paradigms and develop new methodologies to adapt to the changes of work 
environments. It was envisioned that, to deal with the design of LLS’s, a foremost mission of 
CE in the new domain, CE should develop more operational instruments including models and 
processes. CE must also respond to the needs of the advancing knowledge society.  

The new emerging LLS’s are enormous in size and their introduction triggers the 
reconstruction of whole society and human works. It is thus clear that many different disciplines 



should have their own responsibility to take part in the engineering of logical systems. The 
expertise of the domain industries should naturally become a main ingredient in the engineering 
of the systems. For the large-logical systems, currently immediate domain disciplines seem to 
be industrial engineering, manufacturing, and management science, but social science 
disciplines like communication, organizational behavior and education may also soon find their 
roles. CE will be demanded to render itself more openly to multi-disciplinary studies with such 
areas. Having the blood of systems engineering in its vein, cognitive ergonomics has always 
been ready for multi-disciplinary application of its wisdom and principles.  
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