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1. Introduction

Jordan (1994) states that the study of the work practices of a group or team can help the design of complex systems. We found out, however, that the literature on this topic is in short supply. One of the few studies is Chuang, Church & Zikie (2001), who also stress the need for more research in this area. This is why we take up the issue of influences of organizational cultural on system design.

Teamwork practice in system design is commonly studied in terms of cognitive factors. Such studies, however, usually limit themselves to the description and explanation of, for example, mental models, communication among team members, or coordination among actions of team members on shared objects. Useful as may be, the present study wishes to widen that scope and look at cognition as related to cultural factors, rules of conduct and behavior that form the organizational parameters in which teamwork practice develops.

We start out by introducing a model of cultural influences on teamwork practice in system design, then confront it with a case on a major high-tech company involved in designing complex systems after which the model is refined. We will discuss the elements of top-down and bottom-up cultural change, and point out several conditions that may favor such a change. 

Our final aim is to enrich the general design approach called DUTCH (Design for Users and Tasks from Concepts to Handles) (Van der Veer & Van Welie, 2000) with the model on cultural influence on teamwork practice in system design. The extended DUTCH design framework should serve the design of systems for supporting teams in large organizations, taking into account the important aspect of culture at team and organizational level.

2. A model of cultural influences on teamwork practices 
When a team is part of a larger organization, there are organizational factors that can influence its work practices. In this section, we build a model of organizational factors, i.e. organizational culture, and specify how they affect the teamwork practices.

Regarding system design, work activities include communication and coordination among agents and actions of agents on shared objects and in shared workspaces (Figure 1, ellipse). 
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Fig. 1 A model of cultural influences on teamwork practice in system design

Organizational culture (Figure 1, triangle) can be defined as the learned (shared, common) way of thinking (perceiving, valuing) and acting (interacting, communicating) within a specific organization. It therefore has a strong cognitive element in that organizational culture guides the ways of conduct and behavior of the employees, and sets priorities to goals, approaches, and processes.

The culture in an organization can be studied at three levels (Schein, 1992): 

basic assumptions (unconscious, taken-for-granted beliefs, perceptions, thoughts and feelings)

values (strategies, goals, philosophies – official justification or espouse justification as can be found in organizational theories) artifacts (visible organizational items) such as technology, products, creation (design approach), style, myths, stories, rituals, rites and ceremonies, slogans

In our model we propose that the values and norms set by the organizational culture are reflected at the level of the team, thus affecting the work practice (Figure 1, vertical single-headed block arrow). This issue is still not well developed in organizational psychology and there are few studies that focus on the effect of organizational culture on group or team processes and performance (Chuang, Church & Zikie, 2001). 

However, we also believe that team subculture (a set of partly different rules) may affect the organization in the long run. After all, what the team produces is what the market perceives as a product of the organization so that the values put into the product by the team are attributed to the organization as well. Especially in large organizations team subculture may differ from the culture of the whole organization (Trice & Beyer, 1993). Team culture can be a moderating variable of the influence of organizational culture on teamwork practice (Figure 1, slanted single-headed block arrow). 

In Figure 1, therefore, the design or creation of a system is envisioned as an artifact produced by the culture both at the organizational and the team level. The design approach (e.g., system vs. user-centered) predicates the production process that should lead the design team to reach their team business-goal, which is to deliver a working and workable system. Such a system should satisfy the customer, which is a key business goal of an organization in order to stay in the market.

Another aspect we considered is how the organizational culture can change (Figure 1, triangle). Usually founders of an organizational culture or the leaders supposedly can change the organizational culture (Schein, 1992), suggesting a top-down mechanism of organizational culture change. There are studies showing that the members of the organization also can change organizational culture in a bottom-up manner.

Given this insight, we think that the team also can change the culture of the whole organization. Moreover, if the team constitutes a subculture within the organization, it is the team culture that may mediate the change in the whole organization. Therefore, the relationship between organizational and team culture can be bi-directional (Figure 1, double-headed block arrow).

3. Performing the case-study 

We tested our ideas in a case study in which we investigated both the work practice and the culture of a design team of a large high-tech organization as well as the culture of the organization the design team is part of. We used a large range of methods: Ethnography (with video and picture analysis), teach-back methods, informal interviews, and document analysis. 

3.1 The company

We were approached by a UID (user interface design) team that was part of a leading industry engaged in the development, production, marketing, and servicing of high-tech equipment, complex systems that have a control interface. The company has approximately 8000 employees, located in 16 countries in Europe, America, and Asia. The company has several departments: Software architecture, marketing, customer support, product development, etc. The UID team, our target group, was a multidisciplinary team and a part of the software architecture department. 

The reason for the team to approach us was vague: “Could we find out if collaboration is useful?” We started our study as ethnographers in the UID team on a specific project because we needed to understand the situation, the workflow in the design team, and the characteristics of the system they tried to design. For a period of several months, the ethnographers participated in the design team at location one day a week. Otherwise, communication went through email and telephone. 
3.2 The project

The initial description of the design project was to re-design the user interface that controls a complex system. Based on a growing shared understanding about the task domain and on the requirements and constraints from the management (concerning especially the time), the team specified in more detail the goals of the design project. In general, the design team needed to integrate different versions of the same interface (the variation is related with the “age” of the systems) and to support all types of users who are using the interface for different purposes, in different locations and countries.
3.3 Work development with the UID team

At first, the status of the ethnographers was as apprentices trying to gather knowledge about how the team works and what their culture is (what artifacts they use, what are their values related to their work as a UID team). We placed a special focus on the design (or business) process used by the design team. However, after two weeks our status surprisingly changed because it was clear the team had problems understanding and using the official design process, which was system-centered. 

The design team invited the ethnographers to introduce DUTCH (Van der Veer & Van Welie, 2000) and its related representations and techniques. DUTCH is a user-centered design approach that is driven by an extensive task analysis followed by structured design and is characterized by iterative evaluation. To cover the wide range of aspects of design DUTCH uses a combination of multiple complementary representations and techniques. Following DUTCH, the main design activities are:

Analyzing the "current" task situation (task model 1 or TM1)

Envisioning a future task situation for which information technology is to be designed (task model 2 or TM2)

Specifying the information technology to be designed (the User’s Virtual Machine or UVM). UVM means to specify the functionality of the system, the dialog between the users and the system, and the representations or the way the system is presented to the user

Evaluating activities to allow an interactive process of improving the analysis and detail specifications
The design team considered DUTCH a suitable approach for their particular design project and decided to work with it. They stressed the company's policy for collaboration with external experts to account for introducing this new user-centered approach, its tools and techniques. In changing our status from apprentices to experts, the UID team let us affect and shape the design process with our approach and methodology. The surprisingly and unexpected change in our status led us to try to understand the factors that made this change possible.

3.4 The study of the culture from the inside

3.4.1 The context of our collaboration with the UID team

Using informal questions we found out that the organization was confronted with a problem from the environment, i.e. the market: Over a period of time, the company received increasing complains from its customers with respect to the usability of their machine interfaces. For the company, from the point of view of organizational culture, this was a problem of external integration, of adaptation to the changing conditions of the external environment. Therefore, the management team decided to solve this problem by delegating the task to the UID team. The task was given in the form of the design project we participated in. 

To solve their problem, as organizational theories predict (Chirica, 1996), the team was looking for an expertise in re-designing user interfaces of complex systems inside the organization. However, the organization did not provide any previous solutions or experts in the domain, therefore the team started to look outside the company. Note that “to be in direct contact with an expert in the domain” was, as well, an organizational value which the UID team promoted (see Appendix 1). This turned out to be the context in which we established the contact with the UID team.

3.4.2 UID and organizational culture investigated

We researched both the organizational culture and the subculture of the UID team on the levels of values and artifacts used to promote these values. So far we did not investigate the level of basic assumptions. 

UID culture 

From ethnographical analysis, informal interviews as well as teach-back questions we learned that the UID team promoted the value that “the user is important” but they did not have an artifact (design process) to comply with this value. They did have an official design process but they did not use it for several reasons: Not clear enough to be used, not specifying the tools for information gathering and how to apply it in design, etc.

Organizational culture

The culture of the organization was investigated at the level of values (official statements of the company) as well as at the level of artifacts (official design process, rites and rituals, technology, etc.). The management team used meetings and presentations as artifacts to promote the official values of the organization to all of the members of the organization and to outsiders (see Appendix 1). 

One of the main values is that the company is technology-driven. This was confirmed by information we extracted from informal interviews. We found out that the company did not consider it important to take into account the user because they were a “market leader” of the system they produced. They were more interested in financial and technical aspects than in usability aspects. 

3.4.3 UID team vs. organizational culture

From the information gathered to this point we compared the culture of the organization with that of the UID team. We realized that the UID team seemed to constitute a particular subculture that was not fully integrated in the culture of the whole organization. Moreover, UID subculture seemed to promote one of the values of the organization (“be in direct contact with the people who are expert on the issue you handle”) whereas it did not support others (system-centered design). The main difference in values between UID team and organization regarded the design process (philosophy) orientation: User-centered vs. system-centered. 

3.5 The process of cultural change

Our change of status in the design team from apprentices to experts influenced the team to change a very important artifact of their work – the design process. They did not change the values (they already believed that “the user is important”) but it seems that we provided them with a proper artifact.

From this point on, the team made a huge effort to change the culture, the design process philosophy in other departments of the organization. The team leader was trying to use a series of strategies for “advertising” and propagating the DUTCH approach and especially the importance to take into account the user in the design process. He organized presentations for invited managers of different departments and put the DUTCH presentation on the Intranet. The team also advertised DUTCH in the departments with which they collaborate for task analysis in the design project. They received positive feedback from different departments and at present it seems that several members of the organization are interested in knowing more about the new design philosophy promoted by the design team.
To investigate the effects on organizational culture of UID efforts we plan a longitudinal study until one year from now. We expect the changes will follow the already started bottom-up direction and through changing the values in different departments they will finally reach the management level. However, it should be possible to influence the management directly and spread the values to the departments from there. These processes also could work in parallel, which is something we are going to find out in the future.

4. Conclusions 

The results of the case study indicate evidence that supports the model of cultural influences on design teamwork practices but also make clear that certain additions are needed (Figure 2). The organizational culture does have an impact on design teamwork practices (e.g., “be in direct contact with the people who are expert on the issue you handle”). However, this influence is moderated by the team (sub)culture: The team promoted different values regarding the design philosophy (user-oriented vs. system-oriented). 
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Fig. 2 Model of cultural influences on teamwork practice in system design as found in a case study

Another important finding of this study is that as presumed the relation between culture and subcultures is bi-directional. The changes in the design team culture (and the subsequent work practices) affected the culture of the whole organization. The conditions that favored such a change are shown in Figure 2. First, a key business goal of the organization was threatened by external event 1. Market leadership was at stake if customers remained dissatisfied. This event prioritized one of the organizational cultural values of 'supporting the company's success' at the cost of 'system-centered design.' Second, the problem was not solved by the management but passed on to the UID team, who already had a different design approach as a subcultural value. The value only had to be materialized by a suitable artifact, which happened to be provided by outside consultants (external event 2). Consulting outside expertise is a value shared by the company and the team. Thus, change of organizational culture was possible due to favorable circumstances. It seems that events should affect core business goals (satisfy customer to remain market leader) to change the weight of cultural values ('support the company's success' became more relevant than 'system-centered design'). Rules are changed to survive, so that the company allowed that the business processes were altered (from system to user-centered design) as long as the business goals were met. The different subcultural values in the UID team were needed to adapt to the change evoked by the external events. The shared values ('consult external experts') were needed to keep communicating within the organization and let cultural change spread throughout all levels. Note, additionally, that top-down change seems to spread through directives ('our company decides that you follow our new design approach') whereas bottom-up change works through persuasion (advertising, information broadcasting, and campaigns). 

These considerations are quite relevant for the consequences of implementing a new technology (in this case a design philosophy) in a group that is part of a large organization. Such consequences can be reflected finally in the business goals and processes and have strong impact on the financial aspects of the organization. 

The enrichment for the DUTCH design approach is that the influence of work organization and practice on analyzing the "current" and future task situation can be studied more clearly with the models of cultural influences on teamwork practice in system design (Figure 1 and 2) as newly developed here.
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Appendix 1

Company’s official values

There are no limitations only issues

Take initiative and get it done

Do it and than tell your boss but watch your hit-rate

Everything is discussible with everybody

Every question will be answered

Be in direct contact with the people 
who are an expert on the issue you handle

A confrontational discussion can be healthy 
but never make it personal

Give your opinion
…… and do not do it when you think 
it is not supportive for the company X success

High Tech: Technology driven 

High Education level   (70% high school/university level)

International environment

Young and dynamic  (60% <35 years)

Informal, flat structure

Highly motivated / commitment

Company’s “Way of Working”

Total Quality Management (TQM)
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