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Abstract
Analysis of Information Utilization (AIU) is a method for describing and analyzing
how information entities identified in information analysis are being used in the
work situation. AIU aims at complementing existing methods for user interface
design, by identifying additional requirements for human-computer interaction.
The method focuses on aspects of computer supported work, related to cognitive
load, aspects of which end users often not are explicitly aware of.

For skilled workers, in a professional work environment, the efficiency of the user
interface is extremely important. We have earlier stressed that important criteria
for design of user interfaces deals with making the interface “obvious” to the users,
by minimizing the cognitive load associated with the handling of it.

AIU is performed through observation-interviews in which human-computer experts
interview representative users about their work situation and observe physical
information-handling routines. The analysis identifies work tasks in terms of
judgments and decision-making situations, requirements concerning the tasks that
may have to be performed simultaneously, important features and priorities of the
information, actions the user can initiate, and so on. The method supports the
interface designer with human-computer interaction requirements structured for a
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workspace oriented design. It is integrated in a user-centered development model,
and supports the simultaneous development of competence, organization, work
activity and information technology.

The article describes the background and contents of the method, and how the
results of the analysis are documented and used in the design process. A number of
application projects have shown that AIU makes it possible to capture aspects of
human work and information processing, that are important to the design of better
interfaces. AIU is not a new method for system development but complements
today’s methods for task and information analysis with more design-relevant infor-
mation. For illustration, an example is presented, describing interface design based
on AIU in a system development project in the Swedish National Tax Board.

1. Introduction
The development projects we mainly are involved in are in-house projects; that is, in-
ternal information system development projects, initiated and performed in a
company by the company’s own development team. In contrast to product develop-
ment, in which the users seldom are known until the product reaches the market,
and contract development, in which the users are known from the outset and the
developers are not known until a development contract has been awarded, in-house
development projects have the advantage of having defined users and developers
from the project outset (Grudin, 1991a). Existing in-house development method-
ologies are based mainly on early focus on users, empirical measurement, and
iterative design (Gould & Lewis, 1985). Although important, this is not enough. The
software process model, determining the stages of interface development, is often a
waterfall model; that is, it demonstrates successive stages of operational plans,
operational specifications, coding specifications, coding, parameter testing, assem-
bly testing, shakedown and system evaluation, each producing rigorous documenta-
tion. A spiral model of continuous analysis, design, evaluation and redesign could
help develop and maintain larger information systems (Boehm, 1988).

Task analysis (TA) is a general concept describing methods and techniques eliciting
descriptions of what people do, representing those descriptions, predicting difficul-
ties, and evaluating systems against usability or functional requirements. Other TA
methods predict performance, measure system complexity, or measure learnability
or the transfer of knowledge between systems. TA is generally concerned with what
people do to get things done (Preece et al., 1994). One can identify hierarchical TA
methods; that is, a graphical representation for decomposing high level tasks into
subtasks and operations (or actions) based on a structured chart notation (Shepherd,
1989). Hierarchical TA involves an iterative process of identifying, categorizing, and
breaking tasks down into subtasks and checking the accuracy. All of this is
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performed in conversation with and observation of users doing work. It results in an
accurate description of the steps required to complete a task. Cognitive task analysis
(CTA; Johnson, 1992) is, on the other hand, a group of methods concerned with
enhancing the design process through the application of cognitive theories. CTA
captures some representation of the knowledge users must have to complete a task.
One of the most well known CTA methods is the model human processor that
focuses on the capturing of appearances of the user’s mental model of a computer
system by predicting and modeling the user’s representation of the interaction, for
example, through goals, operations, methods, and selection rules (GOMS; Card,
Moran, & Newell, 1983).

One problem with existing methods of TA is that the granularity is too small in the
definition of the tasks that are traced (e.g., entering a single command, pressing the
right mouse button). We have often observed that a minimal amount of key-
pressings and mouse-clicks are performed during a much longer period of profes-
sional interaction with the work task, containing information search, judgment and
decision making, and so on, in a typical period of time. Larger concatenated tasks
make the work context more important. In this way work can be considered to be
simple tasks, to be carried out as efficient as possible, and, not to forget, with
movement between the tasks as efficient possible. This task switching, noticed in
some publications (Card & Henderson, 1987; Henderson & Card, 1986), but seldom
emphasized in TA methods, is important, if not crucial for efficient human-
computer interaction (HCI) in a specific work setting. These important perspectives
on the work activity could be reached by dividing the work into larger units, which
we will refer to as work tasks (See Appendix A for definition), continuous in time,
with a starting point and an endpoint, and terminated by a decision (See Appendix A
for definition).

In an article on cognitive engineering (Norman, 1986), the understanding of the
fundamental principles behind human action is described. Performance relevant
for the development of engineering principles of design and systems that affords
pleasurable engagement, are outlined. We have, in relation to this, stressed the
difficulties in capturing the user’s mental models and such problems related to
information system engineering (Gulliksen, Sandblad, & Lind, 1996). The gathering
of informal design knowledge, and the problems of its application in information
system engineering requires a method to extract directly design controlling
knowledge.

The contextual inquiry method for participatory design (Holtzblatt & Jones, 1993)
is a step towards the solution of the problem. It supports the production of general
purpose systems and provides us with a way to work for short periods of time with
users at multiple, geographically dispersed customer sites. Three main principles
guide the contextual inquiry process: context, partnership, and focus. The process
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provides an understanding of the nature of the user’s work through inquiries with
users during ongoing work. The principle of partnership recognizes that only
through dialogue with the users can designers become aware of their experience of
work and use of tools. The choice of focus is also important when inquiring the
users. The analysis results in a description of the work and identifies problems
concerning the users work and tools. Contextual inquiry is especially useful when
designing a new version of an existing software product. Other participatory design
methodologies have been defined with a general assumption that users should not
only be involved but in control of the analysis and design process (Schuler &
Namioka, 1993; Greenbaum & Kyng, 1991). To some extent, this has been taken as
far as the introduction and cooperation with the end-users union organizations to
amplify the legal and democratic right of the users to influence and control their
future work situation, in what is known as cooperative design (Bjerknes, Ehn, &
Kyng, 1987).

Users are undisputedly important in the user interface analysis, design and evalua-
tion phase. However, according to our observations, users are not always aware of
their work behavior, nor are they experts in design and HCI. This is why a user-
controlled design methodology sometimes can have negative effects on the usability
of the resulting information system. Difficulties related to user participation in the
development process can be a severe obstacle to efficient user interface design
(Grudin, 1991b). This does not mean that user participation in the development
process should be avoided. Rather, user participation should be made more efficient
by restricting it to stages where users can participate efficiently. Users are essential
for modeling the work activity domain (See Appendix A for definition) and for
stating the goals of work and how work is performed today. Users are also necessary
in the iterative design cycle for the testing and validation of prototypes and systems.
It is, however, our belief that users are not equipped to actually do design. User
interface design should be performed by skilled designers in close cooperation with
the users in the right phases and with a deep understanding and knowledge about the
work domain. By introducing a dedicated user interface designer, unnecessarily
poor design solutions, due to user requirements being in computer terminology
(e.g., demand of specific icons and windows), could be eliminated. User interface
requirements and information needs must be stated in terms of the work activity.

In in-house development projects it is very common that the large amounts of
documentation, produced as results of the TA, build a wall between developers and
users, particularly when developing according to the waterfall model. It is our
experience that the documentation produced is seldom used in the interface design
phase, either due to its being insufficient or due to its being too large and extensive
and hence impossible to review. It is here that the analysis of information utilization
(AIU) documentation can constitute a valid substitute or addendum for our special
purpose of controlling the design. AIU produces documentation that is directly
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related to the design and hence easy to get an overview of and use in design and
development.

Tracing the actual nature of computerized work can be performed by emphasizing
the importance of regarding the entire work domain, focusing on all aspects of
work: organization, competence, work activity, and information technology. This
issue was first raised a long time ago (Leavitt, 1958), but it is so seldom actually
considered in real-life development. Therefore, this article describes a method of
analyzing information utilization, demands on essential prerequisites for the
method, and resulting descriptions from the process.

2. The Need for a Focus on Information Utilization
Every ambitious system development project in an organization performs some
kind of TA to be able to identify bottlenecks, problems, and development opportu-
nities. In connection with this TA, a data model is created in which data, used in the
organization, and their mutual relations are defined. Our experience from devel-
opment projects in working life is that with this TA, the analysis process is often
regarded as completed and the design and construction phase starts. Many unan-
swered questions and missing knowledge on the work domain are left to be solved in
the design and construction phase. However, not only which data that are used in the
HCI but also how these data are used is essential when designing an effective user
interface to a specific work task. There are two main reasons for this. First, a discus-
sion that can be summarized as follows:

• Case handling, the main focus of our research (Gulliksen, 1996a), means that the
individuals performing it make decisions and judgments.

• Decision making and judgments are cognitively demanding processes that
require conscious attention and creativity.

• Human cognitive capacity is limited regarding these processes.

• Human activities vary concerning the amount of cognitive conscious capacity
that is allocated (Rasmussen, 1983; Reason, 1987).

• By analyzing how information is being used in case handling, it is possible to
create human-computer interfaces that can be handled with a minimum of
required cognitive capacity. The interface can present information in a way that
can be decoded using a minimum of cognitive capacity, leaving as much atten-
tion as possible for work-related judgment and decision making.
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Second, an observation that humans by themselves create and customize special
tools (e.g., forms, scrapbooks, spreadsheet-documents, card index, etc.) and methods
that are adapted to the work tasks in the sense that their environment allows such an
adaptation. It is important to understand these adaptations and how they work in
order to be able to integrate them into a new system. This does not mean that one
should mechanically transfer paper-based features to a computerized form but
strive to find functional adaptations that otherwise could not be found.

2.1. Skilled Professionals and Cognitive Workload
The information systems considered here can be characterized as systems aimed at
supporting administrative work in a broad sense. In such systems, we include staff
and economic administration, systems for businesses, banks, logistics, health care,
and so on. We do not consider more general-purpose systems such as word process-
ing, spreadsheets or pure data-entry systems.

Skilled professionals using computer artifacts in the work process can find unneces-
sary cognitive work load in the interface a severe obstacle. When computerized
information systems are used, for example in case handling work, the purpose of the
work is never to operate the computer. In our research (Gulliksen, 1996b) we have
seen examples of computer systems in which up to 80% of the work time is spent
managing the interface. The problem-solving process is constantly interrupted by
the need for re-design of the interface, opening, shrinking and moving windows,
starting different applications, locating and interpreting information, and so on.
This, of course, results in low efficiency and bad user acceptance, a high level of
anxiety and stress, and even health problems (Johnson & Johansson, 1991). The
computer is a tool that will be used and appreciated only as long as it efficiently
supports the purpose of the work (e.g., to perform judgments and decision making
on case-related information). Therefore, the interface should be designed on the
basis of optimization of work activities instead of just optimizing the use of the
computer.

Reading from paper documents allows knowledge to be gained automatically by
pattern recognition and by task-related encoding of the information media charac-
teristics (Nygren, Allard, & Lind, In press; Nygren & Henriksson, 1992). When
reading from a screen the corresponding knowledge is often gained by effortful
cognitive processes. This problem can be avoided by a careful analysis of the reading
task into automatic and non-automatic components (Schneider & Shiffrin, 1977),
followed by a dedicated user interface design with information presented in a
perceivable rather than in a readable way. Design must be based on an analysis based
on an attempt to minimize the user’s cognitive load.
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The practical consequence of this is that such a design must be based on an analysis
of how information is being used in the actual work context for which the applica-
tion (or artifact) is developed. The design must be performed in such a way that the
management of the interface can be as automated as possible. It is then possible that
the user can make optimal use of his or her creative and problem solving abilities.
In this way, the computer system will be “transparent” and the user can concentrate
on the work. We say that the interface must be obvious to the user (Nygren, Johnson,
Lind, & Sandblad, 1992).

2.2. Work Characteristics, Case Handling and Decision Making
In current computer system development, only a small portion of the total amount
of resources is put into user interface improvement (Nielsen, 1993). The outcome
of human-computer interface investments has not always proven to meet its antici-
pation. Huge investments in white-collar business work situations have, in many
situations, failed to yield the desired increase in efficiency (Willoch Management
Consultants, 1993). A major part of the work performed in the domains we are
interested in can be described as making judgments and decisions. Judgment and
decision making is a demanding cognitive process (Gulliksen et al., 1996). Because
human cognitive capacity is limited, computer systems should support such decision
making. The performance of a work task and control of the user interface can be
regarded as two concurrent tasks competing for the users’ cognitive resources. The
main objective when constructing interfaces intended for use in judgment and
decision-making situations is to make sure that the interface requires a minimum of
cognitive processing and physical actions from the user during this work task. The
need for paging or scrolling, as well as calling up additional windows, replying to
modal dialogue boxes, resizing and rearranging windows, and so on, should be
minimized. Decision-relevant properties of data should be coded so that they
demand fewer cognitive resources for interpretation. This can be done by letting the
content of a variable control the appearance of it in a systematic and relevant way;
that is, by controlling font, size, color, and others.

Central to the creation of efficient user interfaces is minimizing cognitive load
imposed on the user when performing work tasks. To do this, we have argued
elsewhere (Nygren et al., 1992) that the user’s work tasks must be analyzed in terms
of which decisions they make. Examples of the kinds of decisions we refer to include
rejecting or accepting an application, sending or not sending a form to someone else
for consultation, and so on. From the time the work task is started and until a
decision is reached, the cognitive resources of the user are heavily strained and the
manipulation of the interface should be kept at a minimum.
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3. AIU
AIU describes tasks of decisions and judgments that are a part of a certain type of
work and how data is used for solving these work tasks (Lind, Sandblad, & Nygren,
1991). In contrast to the MBI-method (Hugosson, Hesselmark, & Grubbström,
1983), which also analyzes a work activity in terms of goals, decisions, and informa-
tion, the decisions and judgments are here defined per actor (category of work) and
not independently of who makes them. Information utilization aspect description
and analysis has to be done in the actual work environment. Our approach to this
challenge is to involve representatives from the work domain. The analysis of work
and the formulation of the resulting descriptions should be performed in close
cooperation between user representatives and experts in the methodology. AIU is
performed with one or a few persons representing an actor in a work activity.

Some parts of the work performed in an AIU can be neither formalized nor
captured in a method. An analyst observes another person’s work, and through that
acquires some understanding of the purpose and contents of the work. Hereby, he or
she acquires knowledge and experience that can be useful when designing the system
or the user interface. It is not always obvious which information will be useful
knowledge for design when doing this analysis. That is why we strongly recommend
that the person performing the AIU is the same person that is responsible for, and
participates in, the design of the user interface. The description of AIU should be
based on what is performed, how it is performed, and how the results are
documented.

3.1. Prerequisites for AIU
A basis for AIU is a TA of a more traditional nature (Johnson, 1992). Here work
activities are described and analyzed with respect to their contents, work organiza-
tion, and existing problems of a different nature. An existing application model (an
implemented, functioning, object-oriented data model containing data and methods
to specify the behavior) and an organizational model can be assumed. The data
model puts limits on the design space. If AIU requests changes, the design of the user
interface can be enhanced, assuming that the data model is specified in a modifiable
way. Here, we are going to specify methods for AIU and a taxonomy for specification
of the work model, which is the formal outcome of AIU.

3.2. Methodological Steps of AIU
A detailed AIU of work activities in the defined domain is performed. There are a
number of problems involved in analyzing how professionals utilize information
while performing work tasks. Because the reason for performing such an analysis is
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to reduce the cognitive workload, the work tasks must be defined in relation to
individuals and their behavior. What the designer want to establish as a prerequisite
to design is major decision-making situations of the intended users in relation to the
task proper. Unless the future system incorporates modules performing such
decisions automatically, which is fairly uncommon, these judgment and decision-
making processes will be present in the future system also, although they will be
supported by other tools. This relates to work situations in an hierarchical fashion.
On one level, the granularity is high, suitable for construction of interface elements.
A level of low granularity is suitable for the construction of complete interfaces
based on these elements. AIU is performed by doing the following:

1. First find a representative sample of individuals who are skilled at the work for
which a new computer system is being developed.

2. Make a general description of the contents of the work seen from the perspective
of the actor.

3. Describe and collect copies of all sorts of information carriers that are used
today, for example, forms, notebooks, screen prints, and others.

4. Describe all existing routines for handling the information carriers used today,
for example, portable archives, white-boards, mailboxes, data routines, files and
folders, mail delivery service, and so on.

5. Describe the judgment and decision-making routines that are involved in work.
The work tasks the users perform while working, must be distinguished and
categorized.

6. Describe information sets (variables) that are used in each work task and how
these relate to the data model. These variables should all be simultaneously
presented by the interface when a certain work task is performed.

7. Describe how the variables described above are used today for each work task.

8. Analyze the material from each work task in terms of:
• Demands on the simultaneousness of data.
• Value range and features of each variable.
• What must be performed, for example, how decisions are documented.
This information helps the interface designer to choose representations for the
containers of the variables.

9. Analyze the material in terms of the work tasks that have to be performed simul-
taneously. This defines work situations.
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The AIU must be sufficiently complete to cover all relevant work activities in the
domain. We do not only describe what information is being used by whom and
when, but also important aspects of how it is handled by the professionals using it in
different contexts. This analysis forms the basis for user interface design decisions.
Based on this analysis, a set of interface components covering the field of possible
applications is defined and designed. The design is made so that the components can
be identified and used with a minimum of cognitive load. The specification of basic
and more complex interface components is a step-by-step procedure.

To construct such a design, the work model must include (a) a list of work tasks
performed, as defined by decisions that are made and which work tasks that may
have to be performed simultaneously; (b) a list of variables, in terms of the data
model, that could possibly be used in performing each work task, their priority, and
features; (c) a list of actions needed to manifest each decision; (d) a list of naturally
occurring work-situations related to different actors, defining sets of work tasks that
usually (or possibly) are performed concurrently; and (e) a scenario describing the
entire work situation over a typical day. This work model can then be used by the
interface designer in the creation of suitable interface elements, such as screen
documents or forms, or larger entities such as work-spaces or rooms (Card &
Henderson, 1987). The dialogue needed to use these documents and workspaces to
perform the tasks is also essential in the design.

4. How Is an AIU Performed?
The foregoing statements are mostly self-explanatory and simple to perform; others,
however, are more complex. Next, we describe some of the more complicated
concerns and a strategy that we have found useful.

4.1. Understanding Individuals  Work and Their Work Tasks
The keywords in AIU are humility and respect . All work, unless it has been muti-
lated through an unsuccessfully computerization, contains possibilities for entering
deeper. The user acquires an increasing amount of skill in handling and mastering
the complexities that are the essence of work. This means that one cannot perform
an AIU purely through observation, and one cannot completely understand a
person’s work only through AIU.

Too often, one finds persons that regard themselves as experts on how a category of
professionals perform their work and what they do, without ever having performed
the work themselves. These convictions have always proven to be erroneous. This
means, among other things, that the only way to perform an AIU is to cooperate with
the actual category of professionals. Preferably, these persons should have a great
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interest in their work and being interested in developing it further. Computer
experiences are, in most cases, totally irrelevant.

This means that the person responsible for the AIU has a main task of listening and
trying to understand and document everything that occurs during a work session.
The individuals analyzed must be lead into all side tracks and exceptions that exist in
work. Informally speaking, people seem to spontaneously describe routine regulari-
ties in their work. Of course, this regularity is important, but usually it describes a
minimum of the actual work time. The rest of the time is filled with “exceptions”
and “special cases”. Capturing these parts of the work is of utmost importance and
often neglected in more traditional work descriptions. The lack of flexibility in user
interfaces and computer systems that can be the consequence of such an oversight has
been noted to be a common reason for dissatisfaction with computer systems in
working life.

Another aspect of AIU is that difficulties occur due to people’s abilities to automa-
tize parts of their behavior. What we see as a possibility for making work more
efficient and decreasing cognitive work environment problems is something that
aggravates AIU. This is strongly related to what we call tacit knowledge, knowledge
that is not easily communicated to other individuals due to its complex structure
(Polanyi, 1958). AIU does not capture these automatized cognitive processes but
maps the assumptions for them. This is performed by studying tools that are used in
work and by observing the person performing the work and then making the person
aware of performances that can be related to automatic processing. The person can
then typically tell the purpose of the operation and further dialogue can reveal at
least some of the prerequisites for the automatic processing to be performed.

4.2. Identifying Judgment and Decision-Making Situations (Work
Tasks)
One of the fundamentals of AIU is to identify judgment and decision-making
situations. Unfortunately, we do not have a distinct method for this. An important
cue is when a decision is performed and when the actor regards that one stage in the
handling of a case has been fully achieved and that the case can be postponed, if
needed.

We find work tasks by noting whenever users document something. Every time we
change the information contents in a case (i.e., not just pure memory relieving or
copying) should be regarded as a decision, the end of a judgment. It could be
scribbling, resorting information, writing, clicking, or some other action. The
beginning of such a work task is then established by interview techniques.
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4.3. Describing the Variables That Are Used
By describing the tools the professionals have at their disposal and discussing the
work tasks in relation to these, it is possible to decide on a number of information
entities (variables) that are essential for every decision. Users tend to describe
general properties of their work, leaving out exceptions. Because of this, the data
collection might be very demanding. These variables are given a name and identified
based on how they are used or what they are called in the work context. In the
description of the analysis results, these variables must be related to the data model
for the organization.

Important variables that are used, perhaps without the users’ own awareness, need to
be documented in the analysis even if they are not documented in the work situation
in terms of a field on a form or even of letters or numbers written somewhere. The
way of writing can code a variable. For example, different grades of “reliability”
have been efficiently coded in an intensive care work situation by writing less
reliable values with a pencil and more reliable values with a pen (Pettersson, 1989).
Other variables in a paper-based world can be coded with expression, for example,
the author’s signature or when it was written. Categorizing these variables demands a
lot of attention but is, nevertheless, important because neglecting these variables in
the design of the computer support can easily aggravate user performance or
decrease efficiency.

In computerized work, where a lot of information has been removed due to the
simplicity of older data models, it can be useful to question whether certain
variables that now are not present could be important and exemplify variables of
this type. This type of question can bring forward earlier known but unexpressed
information needs.

The list of variables that is put together should not attempt to describe how the
variables are used for decision making. Further, all variables should be included
even if they are only used a few times. The result should be the total amount of
variables from which the professional selects a subset, on which the decision is based.
Every identified variable must be classified considering features it can have. The
following scheme can be used for classification (Foley, 1990).

1. Continuous variables.

2. Discrete variables with an ordered set of values (ordinal scale).

3. Discrete variables with an unordered set of values (nominal scale) This category
must be distinguished based on whether the values can be mutually excluding or
not.
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The set of values must also be described. In cases where a variable can be assigned a
limited number of values (e.g., less then 20) each of these must be described. Impor-
tant features of the variables might not be captured in the object data model, for
example, such features that are specific to the group of users in question. An example
is the property of having status of an estimated but not validated value, estimated
and validated value, objectively measured value, and so on. This can be used for
defining the form of presentation as well as for the refinement of the data model.

4.4. Defining How Each Variable Is Used for Each Work Task
The relative frequency of the use of the variables can be specified by interview and
observation. This can be hard because, for the same reasons as before, people well
acquainted with their work tend to automatize parts of their behavior in a way that
makes it impossible for them to give a good description of what they do. It is also
difficult for them to mention exceptions, as mentioned earlier. A good method is to
observe and ask questions while (or after) the work is performed. This can also help
the person performing the work to focus on what he or she does.

4.5. Describing How Information Is Used
AIU does not aim at describing decision rules that are used in judgments and
decision making but at describing how the information carriers (computer screens,
paper documents, etc.) are used, handled, and organized concretely by the users in
each work task. For example, two information carriers are placed beside one
another, but the third is brought forward only if needed, or, a person holds his or
her fingers on certain pages in preparation to turn them rapidly. If a computerized
work situation is referred, this will be a description of, for example, how profes-
sionals move between screens to be able to make judgments, what causes interrup-
tion or irritation in the line of thought, which information carriers of a non
computerized nature are used simultaneously with the computerized material, and
how these are used.

4.6. Analyzing the Entire Material Per Work Task
As mentioned before, one should try to make a conciliation of the information in
the descriptions made in terms of three different things.

Demands on simultaneous presentation of data.
Simultaneous presentation of data needed for a decision is a great aid for the actor
(Lind, 1991). Based on the collected information, every judgment and decision-
making situation and every variable belonging to it needs to be worked through
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together with the domain expert. This discussion results in a classification of each
variable in two different levels. Level 1 contains all variables needed frequently or
rather frequently for the decision, and Level 2 contains variables that are used
infrequently. These levels will then contain a summarized description of the
demands on simultaneousness. The variables that end up in Level 2 should not be
regarded as variables that can automatically be hidden in the new user interface to
be revealed on demand. On the contrary, a basic rule should be that all variables
must be shown. A classification into Level 2 should be considered only as a
possibility for compromise in the design phase if other demands on screen space
become too big. The classification into Level 2 should be made with considerable
caution if there is a risk that a variable can have a substantial signal value even if this
is seldom seen.

Value set and features with the included variables.
For the descriptions just described to be useful for construction of user interfaces,
each variable must be related to the data model; that is, the variable needs to be
described in terms of the information that will be stored in the system. One will
eventually find some variables or features that are not present in the data model.
These facts must be analyzed together with the people responsible for the data
model to see to it that the data model is complemented. The values for each variable
must be discussed together with domain experts to be able to tell which values are
important to show and code. Visual cues are needed for showing different types of
information, just as for screen space. Compromises are often needed and then it is
useful to analyze the degree of necessity for specific demands (e.g., showing values of
the variables).

What needs be done for every judgment and decision-making situation.
The possibilities for action that are a part of a decision-making situation need to be
supplied with adequate appearances (e.g., pointing, button, key-sequence, part of
pull-down menu, etc.) in the user interface design process. For this, the designer
needs a list of all the actions that need to be performed in every decision making
situation.

4.7. Demands on Simultaneousness Between Work Tasks
Often there are work tasks that logically are unrelated but that are needed to be
performed simultaneously due to external conditions such as organizational
structure, telephone hours, and so on. Such conditions are relatively easy to specify
but very important for the interface design process.
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4.8. Analyzing Future Work Situations
Most of what has been described above is valid in cases when the development
project concerns an existing work situation as well as a future one. When the AIU
concerns a future work situation, for example, the design of a support system for a
completely new service in an organization, of course no work situation exist. In such
cases it is sometimes possible to base the AIU on such parts of existing work situa-
tions that correspond to the new situations. Other aspects of the new work situation
can be specified in user-centered modeling sessions. Here the cooperation with
experienced users is essential. The use of different types of scenario-based techniques
(Carroll, 1995) can be a solution. Detailed scenarios containing the new work
situations can be used as a base for experienced users to define how information-
handling routines should be performed under the new circumstances.

5. Formalized Development Models for Describing
Work Characteristics
The documents that need to be manufactured are listed relating to different activi-
ties and formal specifications (Figure 1). Following, the different models used are
briefly described for the understanding of the context of the AIU.
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Knowledge and experience
Informal observations
Interviews
Case handling models

Information
analysis

Analysis of
Information Utilization

User Interface model

Commands
How the user can
interact with the
user interface

Interface Elements
The documents in the
user interface and
their functionality

Workspaces

The forms in the
user interface

Design
What documents
should exist?

List of possible
user actions

For each document:
Internal structure of
the documents

For each work situations:
What documents belong to
a situation

Organisational
model

(A model describing future
work situations)

A list of work
responsibilities

Who performs
which work
responsibilities

Which work
tasks belong
together
"naturally"
and which
should be
divided?

Application
model

- data model
- "methods"

Work model

Variables:

List of unique
variables

Properties for
each variable

Work situations:

List in terms
of work tasks

Description of
each situations

For each work task:

What is to be
performed?

What data
are used?

What needs to
be seen
simultaneously?

For each actor:

Which work tasks that
might need to be per-
formed simultaneously?

Are there aspects
that have not been
captured in the
application model

Figure 1. How AIU is documented (work model) and how the results are used in the
design process.
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5.1. The Organization Model (OM)
An OM has to exist in some form before development work starts. How this model
has been established and by which methods it has been developed are not interesting
at this point. It is, however, important that the model describes the future work
situation if it is to be effective in development work. An OM is often specific for a
work activity, depending on the fact that the organizational structure in rather
similar work activities has shown to be very different. It depends on there being
many ways to construct and implement OM. Many things in the OM are not
interesting for user interface design, such as overall distribution of work responsi-
bilities. This is why we have chosen to specify requirements on the OM (Gulliksen,
1996a) that is interesting for our purpose; that is, we chose to design efficient user
interfaces by performing AIU.

The organization model should at least contain the following if it is to be useful for
interface design:

1. The overarching  goal of the work activity.

2. The range of users; that is, what categories of users exist within the organization
and what their competence profiles are.

3. Overruling classes of work situations  in terms of work responsibilities; that is,
what is to be performed. The purpose of the work is central.

4. Based on these classes, the category of users are supposed to perform the classes of
work situations should be defined.

Through this one can specify who performs a particular major work responsibility,
which is a necessary prerequisite when performing AIU.

5.2. The Application Model (AM)
The AM is, in the traditional sense, a data model, although now extended with some
additional methods (e.g., a bank client carries methods to show amount on his
account, methods to calculate actual interest rate, etc.) that otherwise should belong
to the data base, but seldom do.

It is important to base the information analysis on object-oriented design methods
(Booch, 1990; Rumbaugh, Blaha, Premerlani, Eddy, & Lorensen, 1991). One such
object-oriented structure of the information system and the user interface is the
PAC-model (Coutaz, 1987), which distinguishes three different modules: presenta-
tion, abstraction and control (PAC). The presentation module displays the user
interface and receives the manipulation interaction from the physical user, and



Analysis of Information Utilization (AIU)

62

transforms it into a new concrete appearance of the user interface (e.g., feedback).
The abstraction module is the physical appearance of the data model; the database
and the functionality of the application. The control module handles the communi-
cation and supports consistency between presentation and abstraction. Every presen-
tation component is composed of a set of PAC components recursively. As object
orientation increases, the functionality of a computer system is subsequently divided
between the user interface and the database. Objects in the database carry their own
methods, and the user interface handles all presentation issues, why separate
functionality specifications become unnecessary.

With an AM that extends the abstraction module from PAC with the methods just
mentioned we can derive a more independent set of interface objects, immediately
related to information sets from the work activity and objects in the data model.
The presentation becomes “views” of these information entities and the control is
transformed into a general communication module between the database and the
presentation views. This is analogous to the transformed model of user interface and
information system development (Boehm, 1988). The remaining part of the control
becomes an interface specification tool that, more or less automatically interprets
an AM alongside a description file of the presentation of the user interface into a
functioning application and database (Olsson, Göransson, Borälv, & Sandblad,
1993).

5.3. The Work Model (WM)
The WM is the formal physical outcome of the AIU. The following documents need
to be manufactured (their contents can be read from the foregoing):

• A list of work tasks identifying judgment and decision-making situations and
which work tasks that may have to be performed simultaneously.

• For every work task (judgment and decision) a list of variables that could
possibly be used with features and priorities.

• For every work task what needs to be performed in terms of possible user actions
(e.g., in terms of information search, data entry, or data search).

• A list of work situations consisting of work tasks relating to the different actors.
The work situations are defined based on informal observations and interviews,
knowledge and experience and existing work model that needs be followed, as an
understanding of the work tasks that “naturally” belong together and those that
should be divided.
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• A description of the sequence of work seen over a typical day, week, or whatever
scope of time is appropriate; that is, not per case (e.g., a scenario).

It is important to notice that no design decisions have been made yet. The specifica-
tion of the work model is a formalization of observations that was made about how
the work was performed today, and it should not contain any design restrictions.
Design is a creative process that should be performed without the risk of disturbing
valuable domain knowledge.

5.4. The User Interface Model
The interface model, that is, the result of the design process, can be divided into
three redundant parts:

1. Interface elements, consisting of the documents in the user interface and the
functionality that is incorporated in the documents.

2. The functionality, describing how the user interface is physically manipulated by
the user.

3. Workspaces, consisting of the forms in the user interface.

It has been noted that the user faces several different problems when attempting to
accomplish several different tasks in a single session (Bannon, Cypher, Greenspan, &
Monty, 1983). The concept of workspaces for reducing the mental workload is
introduced. This supports the user’s activity coordination. This is analogues to
workspaces that attempt to show all information relevant for a case handling session
simultaneously.

6. User Participation and the Design Competence
User participation in system development is essential (Ehn, 1988; Bjerknes et al.,
1987), but for several reasons known to be difficult (Grudin, 1991b). It often can be
difficult to identify appropriate users and to receive their full attention (isolating
developers from users tends to receive high priority). The developer needs to be
motivated to keep contact with the user. To get users to set aside their usual work
activities may cause problems; they may never get to use the product; they tend to
believe that their influence is very limited; and, they may feel that there is a risk of
being rationalized. Where in the development process users can have influence
might sometimes be hard to identify. Receiving proper feedback from the users can
also be a problem. Above all, with the development tending to be routine, user
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participation might be hard to adopt, due to the heavy time restrictions in the
development projects.

There is a gap between developers and potential end users that needs to be bridged
(Grudin, 1991a), in structured design based on a top-down methodology. A system
analyst or human factors expert, with knowledge from system development, the user,
and the work activity, could constitute the principal link between developers and
users (Grudin, Ehrlich, & Shriner, 1987). Design is often argued to be a matter of
craft and experience (Wallace & Anderson, 1993). Most development projects are
extensive in time; developers seldom have the opportunity to participate in several
development projects to acquire afforded experience.

We have introduced a specialized design competence, to function as a mediator
between user groups and development teams in large corporation development
projects. It is important that this design expert can participate in every stage of the
development process for the best possible conservation of the knowledge acquired
in the analysis and modeling phase. Apart from good knowledge of software
engineering and human factors analysis methods, the designer must be experienced
in HCI and related topics (cognitive psychology, art, graphical design, etc.) Above all,
the designer must be able to acquire knowledge of the work domain. A designer of
this type can have the total view on design in a large organization and thereby
support consistency over applications in a domain.

Based on AIU it is possible to specify interaction requirements and design a user
interface that allows the user to use cognitive resources for decision making instead
of manipulating the interface. The results of AIU has to be translated into formal
design specifications, but there is also an informal part (in natural language) that is
impossible to formally specify. These informal results from AIU has to be treated
and coded in the design process. User interface design is a question of assembling
work decisions with the information needed for each decision, adding necessary
special features. It is therefore partly an issue of art and taste and should never be
performed automatically. When formalizing and communicating the results of the
different analyses, important information might be lost (Gulliksen, Lind, Lif,
Sandblad, 1995). We need to enhance the communicating and interpreting aids for
transfer of knowledge between the different areas that have been subject to analysis.
This communication is, to some extent, a question of design. We have defined the
concept of design in HCI as the creation of a formal description (e. g., program code,
formal language) of appearance and functionality based on partly informal (to a
large extent) results of analysis (Gulliksen et al., 1995). The design of the work
model will then be the process of formalizing the outcome of the AIU. As informa-
tion about the actual work might be lost when designing formalized descriptions,
communication gaps in design occur. Methodologies for design can bridge or
narrow these gaps, improve knowledge communication, make development more
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efficient and economical, prevent unnecessary work, and enhance the production of
usable interfaces.

With formalized viable methods for AIU, a framework for the specification of the
work model, is defined. The domain specific design methodology (Gulliksen &
Sandblad, 1995) can enhance the interpretation of the work model. But, to preserve
a maximal amount of the informal knowledge of the work, which the analyst might
not be aware of, we recommend that the person conducting AIU be the same person
that is responsible for the design.

7. An Example
To illustrate how AIU can be performed, we give an example from a research project
that aims at designing illustrative prototypes of real-life work for the Swedish
National Tax Board. The types of work that we here consider involve case handling
resulting in decisions on personal income tax declarations. The prototype designed
did not aim to describe a real work situation but to serve as an example to illustrate
the benefits of conducting AIU to capture design-controlling aspects of the user
interface. The example does not fully cover a work situation, and it only presents
examples of the contents in each list included in the work model.

7.1. Example of a WM Resulting From AIU.
A list of the total amount of work tasks in terms of judgment and decision-making
situations is produced. The list should include every work task that may occur while
performing the work (Table 1). It is important to identify which work tasks that
may  interfere with other work tasks (e.g., a telephone call from one client may
interrupt the user while he or she is producing a tax decision concerning another
client). In table 1, work tasks with the same number may have to be performed
simultaneously.
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Work Task Simultaneous
Producing an inquiry 1
Message of proposed action 2
Producing a tax decision 3, 4
Giving service 4
Reference information search 3, 4
Electronic mail 1, 2, 3, 4, 5, 6
Organizing the staff 5
Register letters 6
...
Table 1. A List of Work Tasks in Terms of Judgment and Decision-Making Situa-
tions and the Demands on the Simultaneousness of the Work Tasks Performed by
Different Actors.

A list of the total amount of variables used while performing each work task is
documented in terms of the data model (Table 2). Features that are not encountered
in the data model is also included in the list. The structure of this is heavily depend-
ing on the nature of the data model.

The priorities of each variable are also documented. Variables with priority = 1 has
to be visible on the screen all the time. Variables with priority = 2 may be hidden if
there is not enough space on the screen.

Variables Priority Features
Personal ID 1
Name 1
Address 1
Income tax declaration 1 Signed, notes
Total income 1 Over 300, 000 SEK/year
Joint taxation 2
...
Table 2. A List of Variables, With Features and Priorities, for the Work Task of
Producing a Tax Decision.

Possible user actions that needs to be performed for each work task are extracted in
the next list (Table 3).
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Possible user actions
Enter personal identification number
Calculate new interest rate
Activate a reminder
Tax decision
...
Table 3. Possible User Actions for the Work Task of Producing a Tax Decision.

By using the lists above it is possible to identify the different work situations
handled by each actor. Work tasks that may have to be performed simultaneously
(Table 1) should be included in the same work situation. The work situations, the
corresponding work tasks, and actors are documented in table 4.

Work situation Actors Work task
Case handling Work activity expert Producing an inquiry

Message of proposed action
Producing a tax decision

Evaluation Work leader Organizing the staff
Case administrator Evaluate the work

...
Table 4. A List of Work Situations  and Corresponding Work Tasks With the
Possibility of Relating It to Different Actors.

Finally, the scenarios are illustrated with descriptive free text describing the
sequence of work in a typical work day; they illuminate aspects of task switching and
other, possibly overlooked, factors that can affect cognitive load (Figure 2). Based on
these tables and the scenarios, illustrative mock-up prototypes can be used to
validate the previously mentioned lists by giving them certain design features. It is
important to note that no design decisions have been made while producing these
lists.
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Scenario

A user arrives at work 8 p.m. Usually approximately 20 cases are
waiting to be handled. All material concerning one case is collected
in a folder. A quick look at each folder is made to decide whether
any urgent cases need to be handled. Usually one or to cases are
urgent and these are the first to be handled. The first urgent case is
here to produce a tax decision. Therefore the information in the income
declaration is studied. First, the user checks to determine if there is
any missing information. If so, a letter is sent to the customer requesting
complementary information within 2 weeks. Then the user can verify
the calculated taxes. After that, the case handler judges the reliability
of the data by comparing it with information on the customer found
in the database. A decision is then made whether to approve the tax
declaration or not.

When the urgent cases have been handled the user checks the
mailbox,...

Figure 2. An example of a scenario describing a typical work situation for a user.

7.2. Design Based on the WM From AIU
Based on the various lists described above, the design process could result in the
prototype shown in Figure 3.

In this prototype each actor has access to a specific subset of workspaces for the
possibility of  performing the relevant tasks for that category of work. The icon
buttons on the top (1) are routes to the different workspaces. Each workspace corre-
spond to a work situation documented in Table 4. The work situation in this exam-
ple is case handling. In each workspace the user has to reach all information and all
devices needed to solve the different work tasks. In this example the user is produc-
ing a tax decision. The information that has to be visible while performing that
work task are defined in Table 2. In the same table the priority of the variables are
documented. Information with priority = 1 is visible on the screen at all times.
There are also some examples of information with priority = 2 in the interface. This
information  is not visible on the screen but can be reached via a link or a button. In
this example the information about joint taxation can be reached via a link (2). The
features of the variables described in Table 2 are also visualized in the interface. One
example is the different modes of a case (3) shown as different styles of the font
(bold, italic, underlined). The simultaneousness demands from Table 1 is solved as
shortcuts to exit every work session. The status picture icons (4), to the right of the
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personal identification element, are designed to be a reminder and a way back to the
task from which case handling was interrupted. Table 3 is the basis for the construc-
tion of the dynamic functionality of the user interface, which is a property that
cannot be illustrated by a paper prototype.  The scenarios described in free text is of
great help when making the different decisions on how to design the prototype.



1

2

3

4

Figure 3. An information system prototype designed based on a careful AIU. The circled interface elements each represent design
solutions based on the resulting tables from AIU. This prototype illustrates an attempt to minimize the cognitive load imposed by the
interface, and it was positively judged by the user representatives. (Colour plate 1).
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8. Evaluation
It is important to evaluate AIU with respect to reliability and validity of the method.
Reliability is related to observer agreement; that is, if similar results are obtained by
different observers of the same users and work situations. Validity is related to
whether or not the method really measures the variables it is intended to measure.

The reliability, or the observer agreement, has been tested in connection with some
application development projects. Because the method allows observers to perform
analysis in different ways, and because of the impossibility of observing the same
users more that once, the evaluation becomes complicated. However, the resulting
documentation from AIU can be compared and evaluated. Preliminary tests show
that the observer agreement is acceptable, at least for experienced observers. The
validity is a measure of if AIU really fulfills the purpose, that is, to contribute to
better and more efficient design of user interfaces. This can indirectly be evaluated.
We have previously shown the importance of reducing the cognitive load induced by
the interface (Lind, 1991; Nygren et al., In press). If AIU can contribute to interfaces
that require less cognitive efforts to understand and handle, the purpose of the
method has been fulfilled. This has been tested in application development projects,
and results show that the criteria of minimizing cognitive load can be reached if the
design process is based on findings from an AIU.

A meaningful and strictly scientific evaluation of a method of this nature, is difficult
to perform. It would, for example, require two independent development projects
to be completed in parallel, with an evaluation of the resulting interfaces with
respect to long-term effects and user efficiency. Such evaluation procedures are not
realistic, for methodological as well as of economic reasons. AIU, however, has been
judged to be a very useful tool and will be incorporated in system development
methodologies at, for example, the Swedish National Tax Board.

9. Discussion
The main purposes of AIU are to capture aspects of how information is being used
and certain features of the information that has not been identified in the data
modeling process and to constitute the basis for better user interface design.
Informal aspects and experiences encountered in the AIU are important for user
interface design. In the concept user interface design we also include parts of the
description of the functionality.  In this way the AIU provides complementary
information to the TA, just as to the data model. AIU is important because it makes
it possible for a number of domain experts (end users) to analyze their work and
view it from the outside. In the different work situations we have studied with AIU,
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several suggestions for improvement have been directly detected and effectuated.
This is, of course, not a main purpose of the method, but a valuable side effect.

So far, AIU has only been practiced on a relatively small scale. However, it has been
very useful both as a complement to existing design methodologies and as an
independent method for capturing domain knowledge for user interface design.
Because the method deals with establishing a constructive dialogue with the
observed person, and to understanding complex knowledge and work procedures,
there is no use in describing the method as a “cookbook” approach. It is not possi-
ble to describe how to conduct the observation interviews in detail; we can only
specify which aspects that should be considered and give strict guidelines for how to
document the results. It is up to the individual to acquire appropriate knowledge
and develop an individual pattern for the interviews. Even among the authors of this
article the procedures for conducting these observation interviews vary. All
performed AIU differently and the media for recording the results vary (e.g., written
documentation, video, tape recording, etc.). There are a number of  important
factors of the interview technique that affect the response from the interviewed
participants, such as giving and receiving confidence, but the resulting work models
are much alike, due to their structure being so specified.

AIU is meant to be incorporated into a more complete design and development
model (Gulliksen et al, 1995; See Figure 4). The result of the analysis (the WM)
should, together with the OM and the AM, constitute the basis for design of a user
interface. It is important that the design process is an iterative process involving AIU,
establishment of a first prototype and domain specific evaluation of the prototype
(Lif & Sandblad, 1996; Åborg, Sandblad, & Lif 1996). In this way, by an iterative
process of analysis, design, evaluation and user testing, the possibility of creating a
usable and efficient interface  is increased.

AIU is also an important step in the domain-specific design methodology. Domain-
specific design (Gulliksen & Sandblad, 1995, 1996; Gulliksen, Sandblad, Johnson,
Lind, & Nygren, 1993; Olsson et al., 1993) is a method for increasing the efficiency
in the development of end user applications in a specific work domain by establish-
ing a domain-specific style guide. AIU plays an important role in the development of
the style guide by applying the method in a somewhat revised form. The advantage of
a domain-specific style guide, when developing several different applications in an
organization, is obvious (Gulliksen & Sandblad, 1995 ). The development times
decrease, leading to reduced development costs; the interface consistency and the
possibilities for efficient user participation increase as a consequence of a domain-
related terminology defined by the style guide. Only a limited AIU has to be
performed, based on the existing elements of the style guide, when developing a new
end user application.
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Figure 4. Iterative experimental system development, including consecutive activities and the descriptions they produce. Feedback
and possibilities for participatory design are also illustrated.
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Appendix A: Definitions
The meaning of concepts in this area of research vary greatly depending on use.
Therefore we chose to present the definitions we use and also introduce a few new
concepts to fully understand the method and its advantages.

Goal - An intended objective (ISO/DIS 9241:11, 1995).

Task  - Activities undertaken to achieve a goal (ISO/DIS 9241:11, 1995).
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User - the person who interacts with the equipment (ISO/DIS 9241:11, 1995).

Actor - represents what interacts with the system. An actor represents a certain role
that the user can play. (Jacobson, Cristerson, Jonsson, & Övergaard, 1992). One user
can play the role of one or several different actors.

Judgment  - “the mental or intellectual process of forming an opinion or evaluation
of discerning and comparing”. The capacity for judging is “the power or ability to
decide on the basis of evidence” (Webster’s 3rd New International Dictionary).
Judgment is defined as a cognitive or intellectual process in which a person draws a
conclusion or an inference about something that cannot be seen on the basis of data
that can be seen (Arkes & Hammond, 1986).

Decision - “the act of settling or terminating...by giving judgment” (Webster’s 3rd
New International Dictionary). Decision is a choice between alternative action
strategies. Here, we define a decision as made first when it is documented (Gulliksen,
1996a). A judgment  is the process immediately preceding the momentary decision.

Variable - units of information needed to make a decision.

Features - Properties of the variables normally not found in the data model, such as
status, frequency of use, type, and so on, of special importance to the user.

Actions  - Operations a user undertakes to interacts with a system, such as,
“information search”, “enter a personal ID”.

Work task - A continuos moment of work performed in order to reach a specific
goal. Each work task includes a judgment process and is terminated by a decision.

Work situation - a set of related work tasks without sequential restriction, but with a
natural belonging performed in total by one person. It corresponds to a workspace
in the user interface. One work situation may include one or several work tasks. One
actor can handle one or several work situations.

Work activity - describes all work that takes place within an organization or a
domain of work.

Workspace - the interface that contains the information entities and the tools needed
to fully perform one specific work situation
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