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ABSTRACT 
 
Based on Piaget’s theory of cognitive disequilibrium and Vygotsky’s theory of the Zone of 
Proximal Development, as well as on memory theory and research, it is supposed that 
informal organizational processes and personal communication make it easy to produce and 
transmit knowledge necessary for optimal information technology use. Such processes 
complement competence deficits, which originate in inadequate formal training. Informal 
learning processes identify easily any concrete problem, and produce support of high accuracy 
very well adapted to the actual lack of knowledge. Research presented in this paper shows 
that, when education fails, users most often prefer to ask help from another humans, for 
example help-desk or colleagues, and to establish informal support networks among 
themselves, rather than search in manuals and other tools. Accordingly, IT design and 
implementation processes must support the acquisition of individual and organizational skills 
to establish and run informal learning networks.  
 
 
1. THE NATURE OF INSTRUCTION 
 
Advanced and sophisticated IT systems are depended heavily on the competence of users. 
Competence development is therefore necessary in order to achieve the optimal use of a 
system. For that purpose training is given in introductory courses and continuous support is 
offered through manuals, electronic means and help-desks. Introductory education and tools 
are based on previous knowledge of future problems. The solution of such foreseeable 
problems is the content of manuals, electronic tools, and introductory training. However, the 
main characteristic of problem situations during the use of IT systems is that they are difficult 
to anticipate and, consequently, impossible to construct education and tools that can help 
users with these problems. 
 

Any successful construction, implementation and use of information technology 
systems require many different things. Satisfaction of economical and technological aspects 
used to (and still are) in focus, but today other aspects such as organizational structure and 
dynamics, work environment, work task, user competence, even ethical issues, take a bigger 
part in the way a system functions. Consequently one has to take into consideration all these 



 2

aspects in order to create a system that works as planned. But how can this be possible given 
the big amount and strong interdependence of factors to be considered? 
 

In this paper we focus on user competence and discuss how this can be achieved and 
maintained in a highly changing environment. We will propose an answer, which we think is 
also valid regarding all other factors determining the optimal function of an information 
technology system. 

 
In order to be able to use a system satisfactorily a certain kind and amount of 

knowledge is necessary. Knowledge is always connected to the solution of a concrete 
problem. It guides action, and effective action is knowledge. In this sense knowledge that 
does not fit in to a concrete situation is in fact not any knowledge for this situation. A user or 
a group of users lacking necessary knowledge are in a state of cognitive disequilibrium 
(Piaget, 1980). Disequilibrium is defined as the gap between existing knowledge and the 
knowledge reality demands. It is also the feeling of insufficiency of existing knowledge, and 
the awareness of the need for new knowledge in order to be an effective user or more 
generally to be able to give a satisfactory solution to a certain problem. In other words 
disequilibrium is the identification of a problem and the consciousness of the need of new 
knowledge to solve the problem. 

 
How is the knowledge created? One way to solve a problem is for the person who needs 

this knowledge to construct it himself. Another way is of course to take advantage of the fact 
that the wanted knowledge may exist ready somewhere else. In that case it would be possible 
to transmit it to people who need it by teaching, training, or simply informing. 

 
But why is instruction effective in transmitting knowledge? Why should one accept 

what is offered by teaching or training? The answer is first that new knowledge fits the 
semantic structure of existing knowledge memory, and second that equilibrium is reinstated. 
It is very important to stress this, otherwise knowledge offered, for example in introductory 
courses for information technology users, could be worthless. The crucial point is to find and 
transmit the right knowledge for each purpose, that is knowledge adapted to semantic memory 
structures as well as to real life episodic memories (Neisser, 1989; Allwood, 1998). In other 
words knowledge transmitted in education should be placed at the Zone of Proximal 
Development, ZPD (Vygotsky, 1962, 1978; Kaptelinin, 1996; Raeithel and Velichkovsky, 
1996) or at the Extension of Cognitive Schemata, ECS (Piaget, 1962) (see figure 1).  

 
According to the theory of the Zone of Proximal Development or the Extension of 

Cognitive Schemata instruction should be close to the actual problem. If instruction is far 
away from what the concrete issue is all about, that means knowledge relevant to other 
problems or too abstract for the problem (in reality such knowledge pertains a different 
problem), it will not be accepted or used. If instruction is offering knowledge already known 
then it is superfluous. Only knowledge that falls inside the ZPD/ECS is experienced by 
problem owners as appropriate. Persons and groups can then test it on the problem they 
confront. If the new knowledge is adapted to the problem and works satisfactorily it restores 
equilibrium and it is eventually internalized. 
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Figure 1. Learning area: Learning occurs when instruction targets the Zone of Proximal 
Development or the Extension of Cognitive Schemata. 
 
 
 
 

Organizations exist in order to coordinate knowledge and competence. A successful 
orchestration of knowledge means effective action. If a knowledge gap is observed, 
organizations try to fill it. One way to accomplish this is to inform, educate and train people. 
However, it is necessary for this process to succeed, to be able to anticipate future problems in 
real situations, which demand concrete knowledge. Any demand for future knowledge has 
then to be compared to the existing knowledge and expertise in the organization. In principle 
this is what is needed for the construction of introductory courses and other means of 
assistance for users. 

 
Identifying future problems and knowledge needed to solve them by comparing to 

existing knowledge in an organization is in essence the process of detecting the borders of the 
Zone of Proximal Development. By defining the right extension of the ZPD/ECS 
organizations can find effective training methods and adaptive information to fill any 
knowledge gap. That means even the adoption of effective recruitment measures as well as 
new organizational structures and processes to coordinate knowledge and competence. 

 
However, given the high pace of technological change as well as the number and 

interdependence of factors influencing the optimal use of a system, it is very difficult to 
anticipate future problems and to identify the corresponding knowledge necessary to solve 
them. In other words it is more difficult to identify the Zone of Proximal Development or the 
Extension of Cognitive Schemata, and therefore it is difficult to supply adaptive and 
functional knowledge. Every knowledge transmission and cognitive support method, such as 
formal education, introductory courses, manuals, on-line help and so on, which are 
constructed in advance and before the problem they target has emerged, may not be sufficient. 

Knowledge 

Zone of Proximal Development or 
Extension of Cognitive Schemata 

Irrelevant knowledge
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Such methods include knowledge for handling already known problems, or when there is a 
clear and concrete picture of a future cognitive disequilibrium. Organizations need to find 
ways to construct and transmit knowledge, which fits the Zone of Proximal Development, in 
order to be able to handle effectively all kinds of possible problem situations during the 
process of goal achievement. 

 
One way for an organization to find the knowledge needed in certain problem situations 

is to reorganize itself spontaneously. The great advantage with informal cognitive support is 
that knowledge transmitted in this way falls as a rule inside the Zone of Proximal 
Development, and therefore it is accepted and applied. When people ask their colleagues to 
help them they ask them about what is important to them and what they are eager to find a 
solution to. Any answer they get is considered only if it is significant to the solution of the 
problem, and it is tested immediately. In that way disequilibrium is easily defined as well as 
the boundaries of the Zone of Proximal Development. 

 
Organizations need informal structures, and, indeed, they emerge in all organizations. 

Formal structures are not sufficient to cover all problems. Users of information technology 
systems, as well as other members of organizations, often reorganize themselves informally in 
forms that differ from the original formal organization plan. The informal structure is 
primarily seen as a result of the inadequacy of the formal organization to meet the work task 
demands. This perspective means that the grounds for the existence of informal organization 
should sought in factors related to the nature of the work, the formal work organization frame, 
and the competence of the work team members. The issue of interest is how the demands of 
the task affect the organization and how the organization shapes itself to meet these demands. 
 
 
2. INFORMAL COOPERATION STRUCTURES 
 
Effective organizations are oriented toward a clear definition of their goals and the 
construction of strong formal structures. The formal structure is explicitly connected to the 
achievement of organization’s goals, which is the criterion of effectiveness. Personal 
characteristics and social relationships are not considered important and they are not taken 
into consideration in building a formal organizational structure. According to the theory of 
scientific management (Taylor, 1911; Simon 1957) very well defined organizational goals are 
necessary in order to plan all activities in a rational way and to achieve the maximum of 
effectiveness. 
 

The behavior of persons and groups in an organization is formalized explicitly in the 
organizational schema, which standardizes all behavior and makes it foreseeable. Furthermore 
it makes very clear the connection between every activity and overall organizational 
effectiveness. This effort for clarity and explicitness has the great advantage that one can 
easily change the organizational structure and adapt it to new goals. Another advantage is that 
there is no need for informal structure and processes since all relationships between groups or 
individuals are already given and prescribed. 

 
There are, however, two serious disadvantages with this approach. First it has a great 

difficulty to take into consideration changes that take place outside organizations, and second 
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it does not bother about real internal organizational dynamics. A well-defined hierarchical 
structure presupposes stable conditions in the environment, and that is definitely not the case 
today. Organizational effectiveness is also affected by participatory individuals’ and groups’ 
real cooperation dynamics, coordination structures, and support relationships. Thus there is a 
need to incorporate informal processes to the achievement of formal goals. 

 
Beside the formal structure there is always an informal one. This informal structure has 

own goals and activities which have a significant impact on the achievement of organization’s 
formal goals. Individuals’ and groups’ behavior and activities are not only determinated by 
economical factors but also of other factors which are not directly related or controlled by the 
organization. Howthorne studies showed that individual productivity was affected by the fact 
that researchers observed these individuals, which was interpreted as an expression of interest 
to the work task and therefore functioned as a reward (Mayo, 1933). 

 
Internal processes came to focus. The issue of interest is how these internal processes 

are created and maintained. Furthermore, organizational relationships to outside world as well 
as internal relationships are very important to study, and they are supposed to be equally 
important for organizational effectiveness and survival (Pfeffer, 1997). 

 
Open system theory has a big advantage compared to rational theory: It can explain 

organizational adaptation to external and internal conditions, because it focuses on what 
actually takes place and not how well everything is adapted to formal goals. Starting from this 
point one can more easily design flexible organizations, which are better equipped to survive 
and succeed in changing conditions. However, concentration on processes may easily cause a 
miss of what makes an organization effective and productive. Particularly today, when the 
pace of change is very high and accelerating, it is easy to lose the connection to formal goals, 
and therefore get a greater difficulty to describe and design organizational processes for better 
effectiveness. Informal processes emerge not only in order to satisfy socio-emotional needs 
but also in order to fulfill formal organizational aims. 

 
Participants in organizational cooperation attempt to achieve formal goals through the 

establishment of a formal coordination and role allocation. At the same time, and implicitly, 
spontaneous processes emerge in order to fulfill formal aims. That means that these two 
structures, formal and informal, need not be in conflict to each other. On the contrary they 
may very well be complementary to each other. It was stated rather early (Thomson , 1967) 
that the technical level in an organization is dominated by formal goals and structures whereas 
personnel management and external relations could best be described in terms of informal 
processes. 

 
According to this view informal processes are not only socio-emotional. They are a 

complement to formal structures even at technical level. Informal structures for cooperation, 
support and learning emerge in order to correct shortcomings of formal structures. Groups and 
teams use to communicate and support each other informally in order to achieve formal goals 
more often than for the fulfillment of informal goals (Leplat, 1991; Reinartz & Reinartz, 
1989; Van Daele & De Kayser, 1991). 
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Informal organizational structures aim at fulfilling the demands of formal work tasks by 
establishing communication channels in order to facilitate transmission of knowledge from a 
person who has it to another person who lacks it (Ellström, 1996; Rasmussen 1991). This 
approach combines advantages from both rational and open system theories, and avoids their 
disadvantages. It allows consideration of both flexibility and effectiveness, and makes it 
possible to understand how every activity, particularly user learning and user competence 
development, are related to the achievement of formal goals (Argyris, 1999). 
 
 
3. INFORMAL PROCESSES FOR LEARNING AND COGNITIVE SUPPORT 
 
Two studies have shown the structure and dynamics of informal learning and cognitive 
support. The first study was carried out in a control room of a sulfate pulp mill, and revealed 
an informal cooperative structure among the operators. This structure was related to informal 
cognitive support and learning (Kavathatzopoulos & Kuylenstierna, 1993). The purpose of the 
informal cooperation structure was to transfer information, coordinate actions and to assist 
operators to fulfill their task, i.e. to supervise and control the process. The results showed that 
the form of the informal cooperation structure was similar in all shifts. 
 

The dynamics of knowledge support show that operators in a certain departments (for 
example BR) take central positions (fig.2). These persons give informal support to all other 
departments but most often to operators in difficult departments (such as I). Informal 
cognitive support and learning given by any other operator was correlated to previous 
experience in this department. The pattern for informal learning was consistent with the 
amount of formal training given to different operators. That is, operators in such departments 
had received more formal courses and hours of training than any other operator in the control 
room. They also had more experience from work in different departments in the control room 
than any other operator group. The structure of formal organization, which placed these 
operators in the control room, made them easily available to the other operators when they 
needed guidance and training. It may seem strange that regular operators who work in their 
departments every day and for many years should have anything to learn from others. 
However, the results showed that receiving informal education in many cases was very 
important because of unexpected events and situations. 
 

The second study was conducted in an office setting, at a department of the Swedish 
Tax Authority (Lindgren, 1999). It showed that users, when they confronted difficulties with 
the new system they worked with, most often asked their colleagues or called help-desk for 
help, compared to the use of manuals and on-line support. Regarding the nature and the origin 
of the problems most of the users reported that the formal organizational frame created a lot 
of problems, such as difficulties in getting help, not enough time to ask and experiment, etc. 
The results point to the fact that organizational factors are very important to remedy any 
shortcomings. Continuous learning through the emergence of informal support structures is 
necessary for acquisition of competence to use the new system in an optimal way. 
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Figure 1. Informal learning, training and support structure. Thickness of arrows shows the 
frequency of support (The boxes indicate the placement and work task of individuals in a 
control room). 

 
 
 
 
These studies showed that informal cognitive support and learning can take place under 

an open and supportive organizational frame, diversity of skills and competencies, free 
communication and enough time to experiment and communicate (Sefarty, Entin & Johnston, 
1998; Salas et al, 1998). It seems that the way the setting is arranged matters. Planning for 
informal learning means that expertise in different areas or aspects of the system has to be 
chosen carefully, and placed in the right place in order for users to be able to support and train 
each other. An alternative solution could be to place there general and high level experts as 
instructors without demanding any high competence or specialization on the part of people 
receiving information. 

 
As we have seen, there is empirical evidence of informal communication structures 

aiming at cognitive support. Informal training is allowed or promoted by a formal 
organization if people who are experts in different areas are in connection with other people 
who are not experts in these areas. That presupposes a high degree of specialization and 
communication. People must be close to each other geographically or at least they can use 
reliable communication technology in order to be able for the instructor to get a picture of the 
problem situation and for the learner to receive instructions. They must also have time to 
communicate about such things and the authorization by the formal organization to 
experiment and test any new knowledge. All that means that the formal organizational frame 
has to allow informal communication and training and to support it. 
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How could we give IT users the competence they need in order to use their systems 

optimally? The answer is that we cannot provide any comprehensive solution to this problem 
depending on the complexity and interdependence of all relevant factors and the high pace of 
change. This is of course sad because ready answers lead quickly to effective solutions, in this 
case the construction of education programs for the development of user competence. 
 

We can, however, introduce organizational processes and routines that can support the 
emergence of informal cognitive structures. We can also train users to acquire skills, which 
help them to establish and use properly information cognitive support structures 
(Kavathatzopoulos & Kuylenstierna, 1998). 
 

The same is true for other issues regarding the optimal use of information technology. 
For example design or implementation processes, work environment issues, definition of 
work tasks, organizational changes, as well as coordination efforts to society and its values. 
There no ready answers to questions in these areas either. The only effective method is the 
establishment of suitable processes to produce and continuously adapt knowledge on how to 
act in these areas. 
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