
 

Stretching the initial problem space for design problem solving
: browsing versus searching in network and hierarchy
structures
Citation for published version (APA):
Vries, de, A. E. (1993). Stretching the initial problem space for design problem solving : browsing versus
searching in network and hierarchy structures. (OCTO-report; Vol. 9302). Technische Universiteit Eindhoven.

Document status and date:
Published: 01/01/1993

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://research.tue.nl/en/publications/28fa5fd2-482d-4220-a34d-049d4866e0a7


Stretching the initial problem space 
for design problem solving: 
Browsing versus searching 

in network and hierarchy structures 

Erica de Vries 

Department of Philosophy and Social Sciences 

Eindhoven University of Technology 

OCTO-report 93/fJ2 



Abstract 

The aim of this study was to investigate the effects of different structures of information as presented in 
information systems and the kind of task that is performed on the size and content of the initial problem space 
for design problem solving. First, design is described as a problem solving activity. This means that designing 
is seen as a search through a problem space which contains possible solutions or parts of solutions and necessary 
information. Theories of design postulate a problem structuring phase prior to actual design problem solving. 
In such a problem structuring phase it is important to stretch the problem space in terms of the number of 
constraints that will be considered in subsequent problem solving. Browsing information in an information system 
is thought to be an important means to accomplish such an enlargement of the problem space. On the other hand, 
information systems also are used for searching more specific information. Searching and browsing are 
considered infonnation gathering activities in the design process. Different structures of infonnation could be 
suitable to support different activities. Hypertext systems permit linking infonnation to create different structures. 
In order to investigate the interaction between structure and task (activities) three versions of an information 
system were created containing essentially the same information but differing in structure: network, hierarchy 
and mixed. Ninety-three students in architecture participated in the study. The subjects performed one of three 
tasks: browsing, searching or counting, creating a 3 x 3 (structure x task) experimental design. A posttest 
contained criterion tasks for all three experimental tasks. Dependent variables were the enlargement of the 
problem space (browse criterion task), knowledge of specific topics (search criterion task) and estimation of 
surface characteristics (count criterion task). Results indicated that a network structure has some advantages when 
browsing, whereas searching may best be supported by a mixed structure. 

1. Introduction 

Design as a problem solving process has received a growing attention from the side of cognitive 
scientists. Recently, the term generic design has been introduced to refer to the study of design as a 
subject matter in its own right, independent of specific tasks or disciplines (Goel & Pirolli, 1992). Goel 
and Pirolli argue that design problems and tasks display similarities across various design disciplines, 
whereas significant differences exist in the structure of design problems and nondesign problems. One 
aspect of design that is often mentioned is the problem structuring that has to take place before actual 
problem solving can begin. Such a stage prior to actual problem solving is often called analYSis of the 
problem. An important activity in this stage is gathering information that will be needed for problem 
solving (Hamel, 1991). There have been a number of studies dealing with the role of information in 
the architectural design process (for example, Akin, 1986; Hamel 1990; Christiaans; 1992). 

Gathering information can take place in different ways using a variety of sources. In a former 
study, two kinds of information gathering were distinguished: browsing information and searching for 
specific facts (de Vries, van Andel, & de Jong, 1992). In an exploratory experiment subjects could use 
an information system while designing a child play area. They were asked to indicate the reasons for 
using the system each time they turned away from their design and consulted the information system. 
It was observed that browse sessions (when no specific search goal was given) lasted longer, and took 
place in the beginning of the experimental session. Later on, subjects often indicated a specific topic 
as the reason for consulting the system. Some questions were raised about the suitability of different 
structures of information in an information system. Network structures thought to support browsing, 
while searching would demand some other kind of organization, e.g a hierarchy oftopics and subtopiCS 
(Marchionini & Shneiderman, 1988). The present study aims at investigating in more depth the effects 
of purpose for using an information system and the way in which information is structured in the 
information system on the problem space for problem solving. Before describing the experiment, the 
theoretical background on architectural design as problem solving will first be presented. 
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2. Theoretical background 

The theory of human problem solving (Newell & Simon, 1972) provides a model for the cognitive 
processes and structures underlying performance in complex tasks. In their view solving a problem 
means searching through a space of possible states of the problem from the initial state to some goal 
state. The concepts that have been developed can be divided into two groups: concepts describing the 
form of representation and concepts describing cognitive processes. 

The cognitive representation of a problem is formulated using the idea of a problem space. A 
problem space contains the objects in the problem situation, the initial state, and the goal of the 
problem. The problem space also includes knowledge of constraints in the problem situation, 
restrictions on what can be done and which objects can be combined (Greeno & Simon, 1988). 

In describing cognitive processes, Greeno and Simon make a distinction between basic action 
knowledge and strategic knowledge. Basic action knowledge is represented in production rules. A 
production rule consists of a condition and an action. The general rule of action is: if the condition 
is true, perform the action. In task performance processes for setting goals and adopting general plans 
in working on a problem are also necessary. This calls for strategic knowledge. This type of 
knowledge also includes global plans for solving particular classes of problems, knowledge of subgoals 
that are useful in classes of problem situations and processes of setting up subgoals when the current 
goal cannot be achieved directly (Greeno & Simon, 1988). 

2.1. ARCHITECTURAL DESIGN AS PROBLEM SOLVING 

Problems that have been studied in the Newell and Simon tradition vary in complexity. Simple 
symbolic tasks and many puzzles have been called well·structured problems, whereas more complex 
real·world tasks have been considered ill-structured. Ill-structured problems are said to lack some or 
all characteristics of well-structured problems (Simon, 1913). These characteristics concern the problem 
space in which search takes place, the information needed to solve the problem, the goal of the 
problem and the available methods to arrive at a solution. These characteristics will now be described 
in relation to architectural design problems. 

The problem space 

For well-structured problems the initial problem state, the goal state and all other states that may be 

reached or considered in the course of problem solving can be represented in the problem space. The 
problem space also contains all possible transitions from one state to another. This means that the 
problem space (in principle) can be enumerated. For ill-structured problems the problem space is 
infinite. It is not possible to list all possible states and solutions. 

The problem space for design problems includes objects that are given to or are known by the 
problem solver. The space of possible solutions is the set of arrangements that can be formed with the 
available objects (Greeno & Simon, 1988). In architectural design the space of possible solutions to 
a problem is enormous. Greeno & Simon argue that satisfying constraints is an important process in 
such large problem spaces because it narrows the set of possibilities rather than searching through the 
whole set. While searching for a solution, new knowledge is acquired that serves to rule out whole 
sets of possible solutions. In order to perform successfully the problem solver must have knowledge 
of constraints or recognize constraints when encountering certain kinds of problems. Information given 
in the problem description does not give the complete set of constraints that is needed for problem 
solving. Extra information is therefore needed. 
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Information needed 
In simple symbolic tasks all knowledge to solve the problem is contained in the problem description. 
Ill-structured problems are problems which require knowledge from different sources, with the result 
that its solution requires coordinated work in several disparate problem spaces (Simon, 1973). 

Four major types of knowledge have been used to describe an adequate knowledge base for 
problem solving (for example in physics) (de Jong & Ferguson-Hessler, 1986). Situational knowledge 
is knowledge about situations as they typically appear in a particular domain. This knowledge enables 
a problem solver to decide on the relevant features of the problem statement and to recognize missing 
features. In terms of constraints it would permit to establish the primary set of constraints a solution 
should satisfy to constitute a solution to the problem. This set of constraints originates from the 
problem description and the requirements for the solution (the goal of the process). In design these 
constraints are partially stated in the assignment. The first activity of the designer is to complete the 
problem description, that is to gather information about the particular values of attributes (Hamel, 
1990). An example of such an attribute is the number of inhabitants, it's value is the actual number 
in a particular assignment. The constraint is that the solution must be suitable for exactly that number 
of inhabitants. 

The second type of knowledge needed is declarative knowledge. Declarative knowledge is the 
more static knowledge about facts and principles that a apply within a certain domain. Typically in 
complex problem solving the knowledge base of an individual problem solver does not contain all 
declarative knowledge about a problem. From the facts and principles in a domain the set of domain 
constraints that will play a role in problem solving will be derived. Specific architectural design 
constraints have been classified in a number of ways, e.g. looking at different aspects of the object 
(Boekholt, 1986). The aspects Boekholt described are construction (the object has to be build), use (the 
object serves a purpose), and maintenance (the object has to be preserved). Part of these constraints 
form the knowledge base of an experienced designer and is a part of the universal set of constraints. 

Ullman, Dletterich and Stauffer (1988) mention derived constraints in addition to given (goal) and 
introduced (domain) constraints. Derived constraints are constraints that only appear during the 
process, during combination of component solutions and due to interrelatedness of constraints. 

In design, constraints have been used to describe the whole set of 'things to consider' . For example 
Fischer, Lemke, McCall and Morch (1991) propose hierarchies of issues. Possible solutions are called 
answers or poSitions. Pros and cons are the arguments and. a decision about an issue is called 
resolution. Another example can be found in MacLean, Young, Bellotti and Moran (1991) who 
propose a Design Space Analysis with questions, options and criteria. The underlying idea here is that 
it should be possible to represent a universal problem space for one deSign problem by listing the 
universal set of constraints (or issues or questions). 

Problem solving methods 
Two other types of knowledge are tJocedural knowledge which contains actions or manipulations that 
are valid within a domain and strategic knowledge which is knowledge about the different problem 
solving stages that should be gone through in order to reach a solution (general plan of action). 

For ill-structured problems in general there are no strong methods or algorithms that lead directly 
to a solution. Different weak methods have been proposed to solve ill-structured problems (see for 
example Newell, 1969 on heuristic programming). For example, the generate and test method only 
needs a way to generate possible candidates for solution and a way to test whether they are indeed 
solutions. Hill climbing can be seen as generating and testing candidate solutions with the addition that 
every candidate solution is tested against some stored element that is the best sofar. A decision is made 
whether the stored element will be replaced by the new better one. 
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An example of a heuristic search method is means-ends analysis (Newell & Simon, 1972). In 
means-ends analysis the current state is compared with the goal of the problem or a subgoal that the 
problem solver is trying to achieve, and an operator is selected that can reduce differences between 
the current state and the desired (goal) state. 

Weak methods have also been described for problem solving in design. for example by Akin 
(1986). In the analyses of two think aloud protocols of subjects performing a design task he found that 
the most popular method was generate-and-test (56.1 %), The next popular method was induction (31.7 
%) followed by hill-climbing (8.5 %) and means-end-analysis (3.7 %). Others describe the process 
more in terms of generate-and-test solutions with respect to specific classes of constraints (Boekholt. 
1986) or as means-ends analysis (Hamel, 1990). 

Means-ends analysis can take place solving subproblems involving the satisfaction of particular 
constraints. Different classes of constraints are a means of subdividing the design problem into 
components. This serves two purposes. First, it is a means of dealing with one subproblem and one 
subset of constraints at the time. And second, it provides a way of dealing with complexity. 
Subproblems are more structured than the entire problem (Simon, 1973). In ill-structured problems it 
may be beneficial to have knowledge of classes of constraints in the beginning of the process. A depth 
first search of finding a solution satisfying one constraint not taking into account others does not seem 
efficient. A breadth first search seems more appropriate. 

The solution 
In ill-structured problems there is no definite criterion to decide whether the goal has been attained. 
However, searching for a solution has to stop at one point. One way out is to continue searching 
through a problem SWice until the expected improvement in the solution is just worth the additional 
effort of searching. This can be seen as a process of optimizing that stops whenever the cost of 
additional search becomes too high relative to the expected gain from obtaining a better solution. But 
as Simon pointed out, adopting a satisfying procedure from the beginning may well result in finding 
a better solution than an optimizing procedure stopped in the middle. The problem solving task is to 
find a solution that satisfies all of a set of constraints (Simon, 1970). The problem space in which 
problem solving takes place is not a space of solutions but a space of components arid partially
completed solutions. 

According to Hamel (1990), a designer can set an aspiration level for each constraint. If the 
aspiration level is e8fUy attained the designer can aspire higher levels. if a solution is not found on 
a certain aspiration level, the designer can lower his aspiration levels for satisfying. The characteristics 
of the solution will depend on the size and content of the set of constraints. A solution will be a good 
one to the degree that constraints are satisfied. 

2.2. ltIE INlTIAL PRqBLEM SPACE: STRETCHING TIlE SET OF CONSTRAINTS 

From the preceding sections it can be concluded that domain knowledge in the form of constraints play 
an important role in design problem solving. They are important for structuring the initial problem 
space, and for narrowing down the number of possible solutions. They permit to divide a design 
problem into manageable subproblems, and finally, constraints provide criteria for judging possible 
solutions. Some authors even state that designing can be seen as a process of expressing and exploring 
constraints and trying to achieve objectives (Gross, Ervin, Anderson, & Fleisher, 1988). 

Solving ill-structured problems involves satisfying a large number of constraints. The constraints 
in ill·structured problems are often 'open' in the sense that the constraint nor its desired level of 
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satisfaction are explicitly stated in the problem description. Reitman (1965) described open constraints 
as attributes (of the goal state) whose definition includes one or more parameters the values of which 
are left unspecified as the problem is given to the problem solver. For example, when the problem is 
"design a house", attributes can be the "size of a house" or the "shape of a house". Such attributes and 
their values are not necessarily stated in the problem description, or as Goel and Pirolli (1992) put it, 
design constraints are not constitutive to the taski. A problem solver will become aware of constraints 
during problem solving, and also, early parts of a problem solution can constrain subsequent problem 
solving (Voss & Post, 1988). An important consequence is that different problem solvers in a domain 
can vary in the number and the kind of constraints that they consider important, and the particular 
values the corresponding attributes will have in a solution (Reitman, 1965; Voss & Post, 1988). 
Likewise in deSign, since there are no right or wrong answers a designer will use 'personalized 
stopping rules' for deCiding whether a solution satisfies constraints (Goel & Pirolli, 1992). The level 
of satisfaction thus depends on personal characteristics of the designer. 

The lack of information at the beginning of the process and the complexity of ill-structured 
problems means that the representation phase that precedes the solution process becomes very 
important (Voss & Post, 1988). lll-structured problems require extensive problem structuring before 
problem solving can begin (Simon, 1973; Goel & Pirolli, 1992). Such a problem structuring phase 
results in the construction of an initial problem space. In addition to the set of constraints that the 
problem solver spontapeously thinks of, the initial problem space may be enlarged while consulting 
external sources of information, e.g. books and experts. The experiment described in this paper aims 
at investigating the role of information systems for stretching the initial problem space2

• Two 
variables, the organization of the information and the purpose for which the system is used, are 
thought to be important These variables will be discussed in the next section. 

2.3. INFORMATION SYSTEMS: STORAGE AND RETRIEVAL 

Information systems are used to store large amounts of information. A human-computer interface 
allows users to access information. On the one hand, the way in which information is stored and the 
interface determine to a large extent how information may be extracted. On the other hand, users may 
have different strategies of information seeking depending on their particular goal when using a 
system. These two factors have been considered important for the success along with factors like the 
kind of information in the system and the characteristics of the user (Marchionini & Shneiderman, 
1988). In the following sections some studies concerning the organization of an information system 
and the particular purpose for using a system will be reviewed. 

The organization of information: linking structures 
Hypertext provides a flexible way of storing information. In hypertexts information is put in 'nodes' 
that are related through 'Jinks'. The nodes in a hypertext can be linked in different ways to produce 
different structures. The structure of a hypertext determines the information that can be chosen at any 
particular moment The information is contained in the nodes themselves. 

1 A constraint can be considered a statement about an attribute, e.g. 'the house has to be safe' is a statement about the 
attribute 'safety of the house'. In this paper the term constraint is used to denote an attribute the value of which is considered 
important for the quality of the designed object 

2 Increasing the number of constraints will stretch the problem space in terms of needed information and number of 
subproblems, but will subsequently permit to reduce the problem space in terms of the number of acceptable solutions 
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One way of distinguishing between different types of links is to look at their function. Conklin 
(1987) describes two methods of linking in hypertext, reference and organization, which were 
elaborated by Mohageg (1992). Referential or relational links are used to connect points or regions in 
the tell!. Two nodes may be linked beeanse they contain contradictory Information or beeause one node 
supports information from annther .. Using relational links leads to a network of Information in which 
passages (the nodes) contaln references (the links) to passages that are related in content 

Orgaulzational links are used to arrange nodes according to snme rule; for ellample in a 
hierarchical, alphabetical or functional organization of information. Orgaulzatlonal links are used to 
reflect snme structure in the Information: the chapters and sections of a book, a hierarchy from more 
general to more specific topics and so on. Organizational links are often used in a hierarchical way. 
The distinction between relational and organizational is not strict. becsuse orgaulzation and hierarchy 
(like relational links) also reflect meaningful conoections between pieces of information. What is more 
important is to look at the performance with different structures and links. This .issue will be discussed 
afler considering task properties. 

Retrieving intormatUm: task properties 
A number of studies in the use of information systems refer to different tasks, e.g searching for a fact, 
answering questions. Others, for example, Canter, Rivers and Storrs (1985) mention possible search 
strategies such as scapning, browsing, searchiog, exploring and wandering. Most studies make a 
distinction between two purposes for using an Information system: some kind of browsing and 
searching for specific facts. Different purposes are distinguished mainly to the degree to which there 
exists a defmite target in the mind of the user. Such a dimension has also been called target orientation 
(Waterworth & Chignell, 1991), referring to the cognitive state the user is in when entering a system. 
Searching In this view means th!ll some fact Is the target of system use, while browsing means that 
no such definite target is present. 

Searching data-bases for specific facts has been described adaptlng a psychological model for 
searching internal memory (Beisbuizen, 1988). In such a model several stages are described. The target 
description (given by the experimenter) has to be understood and an internal goal description is 
constructed. Then searching the ellternal data-base begins. During search decisions have to be made 
whether relevant information has been found and whether enough information has been found. In 
browsing information no definite target is present, and incoming information bas to be tested for 
relevance on other gro~. 

Relations between tasks and information structures 
Traditional Information systems are mostly designed for fact finding. People using these systems would 
want to find a particular fact, and to find II quickly. In a number of studies comparisons are made of 
different systems on their performance in search tasks (see Dumais, 1988 for an overview). 
Performance Is measured in terms of speed (task completion time or the time needed to answer a 
question, or find a fact) and accuracy (number of errors, or Irrelevant items found). Characteristic of 
these studies is the target specificity. The information to be found is well defined and the finding of 
all other Information is regarded inefficient. Hypertext systems, although often not especially designed 
for searching, have been subjected to the same kind of performance tests (see for ellample McKnight, 
Dillon & Richardson, 1990; Edwards & Hardman. 1989; Simpson & McKnight, 1990). In these studies 
question answering is again the main task and performance Is measured in terms of speed and 
accuracy. Navigation efficiency is measured by an 'additional card score'. This score is Obtained by 
subtracting the number of nodes necessary to traverse the shortest route to find a particular answer 
from the actual number of nodes seen when searching for the answer. 
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In the study of Mohageg (1992) several linking sttuctures were studied in interaction with different 
tasks. The sttuctures were linear, hierarchical/organizational, network/relational and a combination of 
these. Tasks were classified using expert judgements whether the tasks were more easily solved using 
relational or hierarchical links, resulting In relational and hierarchical tasks. Again the main task. both 
the relational and the hierarchical, was question answering. Dependent variables were task completion 
time, number of errors, uncertainty (related to the variability of possible paths to find the answer) and 
deviation from the optimum path to find the answer. Mohageg states that from a task performance 
view, an optimum information retrieval system would yield low task times and errors, as well as low 
uncertainty and deviation. The results sbowed Ihllt task completion time was lower in the hierarchy 
and combination condition as compared to the linear and network condition. The number of errors was 
too low to perform statistical analysis. The measure of uncertainty, or the degree to which subjects 
vary in their routes to find an answer was high in the network condition, especially when the number 
of required links inereased. Uncertainty was low in the hierarchy condition. On the other hand, the 
hierarchy showed the higher deviation scores, especially for relational tasks. Mohageg observed that 
subjects in the hierarcfiy tended to take the same non-optimal paths (e.g. returning to the home node 
by backtracking inste~d of using the home key) resulting in low uncertainty and high deviation. This 
indicates that low uncertainty may oot always be beneficial to task performance. Low uncertaioty ollly 
means that many subjecta take the same route in search for an answer. Mohageg considers high 
uncertainty in the network condition to be poor performance, but he could have considered the network 
linking sttucture as f!1e more flexible eovironment as well. Since Mohageg is interested in task 
performance io terms of speed and efficiency. and both tasks involve fact lmding. alternative 
ioterpretations in teflllS of flexibility are not favoured. 

While different systems have been tested using search tasks, browsing information has received less 
attention. The difficul~y lies in the choice of an experimental task that encourages subjects to browse 
the information io an information system. and In finding a dependent variable for measuring the 
success of browsing behaviour. 

In one study. Watetworth and Chignell (1991) tried to induce browsing by giving questions like 
'Choose four seote~ from the text that best capture the essence of the subject'. However their 
dependent variable was time to answer the question. As they mention in their discussion, it seems 
paradoxical to encourage browsing and then taking success as the speed with which an answer can be 
found. If browsing means exploring a subject area, success would be indicated by long completion 
times and by the interesting information found along the way. 

Rada and Murphy (1992) used browse and search questions following Waterworth and Chignell 
(1989). Whereas a search question required one specific fact for an answer, browse questions required 
the user to look through more than one sectioo to answer the question. Dependent variables were 
accuracy (correctness) and completeness (extent of coverage) scores given by the person who wrote 
the questions. Expert subjects sbowed higber accuracy and completeness on browse questions when 
using paper. and higher performance on search questions when using electronic versions. Novice 
subjects scored higber when using paper for both kind of questions. 

The study of browsing as a purpose for using information systems has just begun. It appears 
difficult to find an ellperirnental task encouraging browsing behaviour. Questions like those use by 
Rada and Murphy (1992) and Watetworth and Chignell (1991) may not be appropriate. In addition, 
speed and accuracy are not relevant for browse behaviour. Some other measure Uke completeness as 
used by Rada and MJ!lPhy may be the more prOmising approach. 
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3. Research questions 

When considering infonnation systems for use before or during the design process two purposes can 
be roughly distinguished. First, in section 2.2 it was described that in the problem structuring phase 
the initial problem space should be enlarged. Secondly, dudng the design process traditional fact 
fmding may be a purpose for using such a system. These two purposes are associated with two 
different kinds of infonnation gathering behaviour: browsing and searching respectively (de Vries et 
aI, 1992). While the success of a browse session would be to increase one's knowledge in a domain, 
the success of a search session would be to find relevant infonnation on a particular topic within a 
domain. 

In the studies mentioned in the fonner section, there does not seem to be a rationale for using 
different structures eSpecially suitable for different tasks or different goals. Searching for speCific facts 
is the task that has been extensively studied using speed and accuracy as measures of succeSS. Some 
kind of browse questioQs, questions that need visiting more than one section of a document have been 
considered also. However, browsing means more than answering a search question involving different 
parts of a document Browsing was characterized as a cognitive state of the user where no definite 
target is present, and therefore 'success' cannot be related to finding such a target. 

The importance of considering relations between tasks and tests has been stressed by Bransford, 
Franks, Morris and Stein (1972). According to Bransford et al. the 'goodness' of particular acquisition 
activities can be defined only in relation to particular testing contexts. They argue that a statement 
about the value of a particular acquisition activity must include reference to the nature of the testing 
context. Although Bransford et al. discuss the notion of transfer-appropriate processing in the area 
of memory research. their ideas can be applied to the area of human-computer interaction as well. For 
example, speaking of 'low perfonnance' in judging browse behaviour has to include reference to the 
testing context (e.g. speed and accuracy). This reveals the need for alternative measures of • success' . 
In the present context, it makes more sense to judge browse behaviour referring to an enlargement of 
the problem space for subsequent problem solving. 

Browsing and searching are infonnation gathering activities that can be observed during nonnal design 
process. Different ways of structuring information are thought to be appropriate for performance of 
such activities. The experiment described in this paper was designed especially to determine whether 
different activities can be perfonned equally well in different infonnation structures, and whether there 
are advantages of certain structures when carrying out a particular activity. Different tasks were used 
in order to bring on browse and search behaviour, rather then letting subjects free to use an 
infonnation system during the design of an object. A control task was introduced where subjects were 
asked to focus on surface characteristics of the infonnation system (e.g. counting the number of figures 
in the pictures in the system). Dependent variables were criterion tasks corresponding to the • desired 
outcome' for each of the three tasks. For browsing, this consisted in looking at the enlargement of the 
initial problem space, for searching knowledge of specific topics was tested and the count criterion task 
involved estimation of surface characteristics. Subjects in all three task conditions were given all three 
criterion tasks. 

The experiment involved perfonnance on the three tasks using three different structures. First, a 
network structure using cross-references permitted to navigate from section to section. Second, a 
hierarchical structure was created with essentially the same infonnation. In the hierarchy, the 
infonnation was grouped into topics and subtopics. and navigation took place by choosing topics and 
subtopics in order reach a section. Finally, a mixed version of the system combined the two ways of 
navigation. 
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Some expectations regarding the desired outcome of each of the experimental tasks can be formulated: 

• Enlargement of the initial problem space. Browsing information is thought to enlarge the initial 
problem space. Browsing a network structure is expected to manifest the largest increase in the 
size of the initial problem space, because sections are related through cross-references and one can 
follow links from section to section. In the hierarchy cross-topic navigation is not favoured, but 
it is possible to browse systematically through all branches. Less exploratory behaviour in the 
hierarchy however would lead to seeing sections within one or two subtopic groups, constraining 
the variety of topiCS addressed. 

Searching for particular topics also means an enlargement of the problem space depending on 
the number and variety of topics searched for. However, searching in the network condition could 
lead to seeing more information irrelevant to the current search topic than searching in the 
hierarchy condition. The enlargement of the problem space resulting from search in the network 
may be larger if attention is paid to information encountered along the way. In the hierarchy 
condition less 'extra' information will be encountered. Subjects in the control condition (counting) 
are thought not to pay attention to content and consequently are not enlarging their initial problem 
space. 

• Knowledge of particular subtopics. Subjects in the search condition searched for topics during a 
period of 20 minutes (time on task was kept constant for subjects in all conditions). When 
explicitly searChing for particular topics, subjects should remember more of these topics when cued 
in the posttest However, subjects in the browse condition may also have encountered these topics. 
Subjects in the count condition are again expected to perform less than subjects from the browse 
and search condition. 

• Estimation of sUrface characteristics. Subjects in the count condition should be able to make 
reasonable estimations of surface characteristics, e.g the number of figures in the pictures shown 
with the information. Whereas the hierarchy and mixed condition permit a strategy where all 
branches of the hierarchical tree are systematically visited, the network condition does not permit 
such a strategy. Therefore, estimation of surface characteristics should be more accurate in the 
hierarchy and mixed condition. Estimation of surface characteristics after searching or browsing 
may depend on how well they subjects understood the structure of the system. Estimation of 
surface characteristics will also depend on subjects' assumptions about the degree of coverage of 
the information in the system. These kind of estimations may also be important for reading 
strategies (McKnight, Dillon, & Richardson, 1990). 

4. Method 

4.1. SUBJECTS 

Ninety-three 3rd to 5th year students in Architecture participated in the study. 3rd to 5th year students 
have had some experience with deSign problems throughout their earlier years of study. Subjects were 
invited individually to come to the department. Subjects were paid for their participation. 
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4.2. THE INFORMATION SYSTEM 

Contents 
The infonnation in the system came from environmental psychology and emphasized the relationships 
between environment and behaviour in child play areas. The infonnation on child play areas (adapted 
from Cohen, Hill, Lane, McGinty, & Moore, 1979) was arranged into 56 sections. A section can be 
seen as an infonnation unit or node in the system. Each section comprised of four elements: the title. 
the issue, the principle and a recommendation. The sections are identified by their title. The issue 
explained shortly the main problem of the section. The principle provided a general solution to the 
problem. Finally, the recommendation was a more concrete idea of a solution in reality. This 
recommendation was also illustrated in a picture. In the system each of the S6 sections occupied one 
screen. 

Linking structure 
The linking structure which pennitted the subjects to attain the infonnation was varied. 

Network 

Hierarchy 

In one version of the system the original references of Cohen et a1. (1979) were used 
to create a network of infonnation. Upon entering the system a starting screen 
appeared which showed nine entrances. The subject could proceed by clicIQng on an 
entrance which caused a section to appear with cross-references at the bottom of the 
screen. The references at the bottom of the section pennitted jumping to another 
related section and so on. These links can be considered relational (Mohaheg. 1992). 

In another version of the system the sections were clustered into topic groups. The 
starting screen in this version showed the two labels of the fIrst subtopics of the 
hierarchy. The sections could be attained by successively choosing subtopics on four 
levels. This is a more organizational use of linking. 

A third version combined the two structures. The starting screen in this version 
showed both the two labels of the subtopics in the hierarchy and the nine entrances 
to the network. Subjects were free to use either the hierarchical subtopics or the 
network references. Regardless of the way in which a section was arrived at the 
subject could proceed by choosing a reference or by going up one level in the 
hierarchy. 

In all three conditions, the subject could decide to go back to the starting screen by clicking on the 
word 'Starting screen', or go back only one screen previously seen by cliCking on the word 'Back', 
The names of the ~ons visited, and visit times were written to a 10gf1le. 

4.3. PROCEDURE 

The experiment was held in a classroom, where up till 12 subjects could participate at the same time. 

The pretest 
First a pretest was administered to assess the size of the initial problem space. Subjects were asked 
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to write down their knowledge on the design of child play areas. In order to facilitate the fonning of 
an initial problem space subjects were told that they could imagine receiving the aSSignment of 
designing a child play area near a school. Some characteristics of the school, such as number of 
children, were given in a short deScription. Subjects were invited to write down all the ideas sIhe could 
think of regarding the design of such a child play area. It was explicitly stated that not only design 
objects could be named but that all kinds of design ideas were valid. Subjects were given 10 minutes 
to write down as many ideas as they could think of within this period of time. Most subjects were 
ready writing their r~ports within this period. 

The system assignment 
Subjects read the i~tructions about how to use the information system. These instructions were 
different for the hierarchical, network and mixed condition. They were invited to go over to the 
computers where they found the task assignment typed on a piece of paper. Three different task 
assignments were used. 

Browse The subjects in this condition were told to get to know as much as possible about 
designing child play areas. Subjects were told that they need not try to see everything 
in the system, they could choose topiCS of their interest It was stressed that at the end 
of the computer session they should be able to name important aspects in the design 
of child play areas. 

Subjects in this condition were told that they would get a number of topics on which 
they should search some informatio~ in the system. The subject was told to look for 
information on each topic. When they felt they saw enough, or that nothing could be 
found, they could proceed by taking the next topic. A list of 12 topics (e.g storage, 
orientation) typed on individual sheets of paper and the subjects searched the topics 
in the order in which they were given. They were told that at the end they should be 
able to report on the information found in the system. 

This condition was introduced as a control task. Subjects were instructed to count the 
numl>er of figures in the system as well as the number of arrows (pointing to the 
right). Subjects were told that at the end of the session they would be asked to give 
a re~sonable estimation of the number of figures and arrows in the system. 

Subjects were given 20 minutes to work with the system regardless of structure or assignment. They 
were told to work individually and they were not allowed to take notes. 

Posttest 
The posttest consisted of criterion tests for all three tasks: browse, search and count. The browse test 
was the same as the pretest. Subjects were asked to write down as much ideas as possible. The search 
test consisted of the 12 topics and the subjects were asked whether they found information about the 
topics and to write down what they knew about each topic. In the count test subjects were asked to 
estimate the number of figures and arrows in the entire system. In addition they were asked to estimate 
the number of sections in the system for two reasons. Estimation of the number of sections in an 
information system is considered important in relation to the assumptions a subject has about the 
degree of coverage of the information in the system and for reading strategies (McKnight, Dillon, & 
Richardson, 1990). Also, subjects are likely to estimate of the number of figures and arrows evaluating 
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the number of sections in the system. For example, a rough estimation of the number of figures can 
be made by multiplying the estimation of the number of sections with the observed mean number of 
figures per section 

'The order in which the tests were administered differed over task conditions. The browse criterion 
test preceded the search criterion test to avoid an influence of the given search topics on the problem 

Table 1 
Overview of the experimental design 

Pretest Task Structure Posttest D 

Browse Browse Network Count~Browse~Search 10 
test 

Hierarchy 11 

Mixed 10 

Search Network Browse~earch~Count 10 

Hierarchy 11 

Mixed 9 

Count Network Browse~CouDt-Search 10 

Hierarcby 10 

Mixed 11 

space. Furthermore, the criterion test corresponding to the particular task the subject had performed 
always came second. Three orders resulted: in the browse condition the order was count, browse, 
search criterion test 'The subjects in the search condition received the criterion test in the order: 
browse, search and count. Finally, the subjects in the count condition answered first to the browse 
criterion test and then the count and search criterion test. Table 1 shows an overview of the 

experimental design. 

Analysis Of the data 

'The browse criterion task 
The pretest and the po~ttest (browse) consisted of reports in which the subjects indicated the objects 
and ideas they would think of when designing a child play area. The statements in these reports had 
to be coded using a cl~sification scheme. A classification scheme was developed to assess the number 
of constraints that wer~ activated and the level of abstraction that was used to express the constraint. 
'The reports were scored using meaningful units (Ferguson-Hessler & de Jong, 1990). A meaningful 
unit is a part of the report that can be defined by one class from the classification scheme. This means 
that the classes of the scheme have to be sharply defined. A unit can be a word, a part of a sentence 
or an entire sentence depending on the content and the context in which it occurred. 

'The classification scheme consisted of a list of constraints. A constraint can be seen as an attribute 
of the designed object the value of which will be important for solution to be a qualitatively good 
solution 'The constraints were stated in very general terms. Examples of constraints are safety, 
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movement, circulation (see also Appendix 1). Constraints were derived from two sources: the reports 
from the pretest and the information in the system. The first source, the reports from the pretest were 
examined to discover some of the frequently occurring constraints. 'The second source, the information 
in the system provided a list of constraints the subjects were supposed to acquire during task 
performance. These constraints were thought to be important for scoring the posttest 'The list of 
constraints in the classification scheme can be found in Appendix 1. 

Statements on constraints may differ considerably in level of abstraction in which they are 
expressed. In scoring the reports three levels of abstraction were distinguished: 

• abstract concept 
• performance requirement 
• materialization 

The highest level of ab&traction consists of naming a concept: like in 'you should consider the safety 
of the children'. A more concrete statement would be 'children should not cut themselves'. Such a 
statement is considered a performance requirement: it states a desired behaviour of the designed object 
Finally, a statement containing reference to materialization is considered the most concrete level of 
expressing a constraint, e.g. naming an object or a property in reality as in 'it should have a sand play 
area' or 'make round edges of objects'. A report may be a list of abstract concepts Uke in 'security, 
suitable for different ages, rest is important', or a report may be a list of objects like in 'fence. 
entrance, cUmbing object, slide. sand and water, trees' or a combination. 

'The levels were scored as 1, 2 and 3 respectively. If more statements were made following a 
certain statement but still concerning that statement, codes would be repeated (see Figure 1). This was 
done to account for writing style. For example, the sentence "for safety I would design a fence and 
use rubber tiles" should receive the same codes as ''for safety I would design a fence and for safety 
J would use rubber tiles" (Safety: 1 3 1 3). In addition, a sentence like ''for safety I would design a 
fence and for body movement I would make a hIgh object" would get codes (safety: 1 3, body 
movement: 1 3). All three statements are considered having the same number of elements with similar 
degree of abstraction. 'The latter statement differs only in the number of different constraints involved 
(two in stead of only one). 

A number of reports were scored separately by two raters. The codes were then compared, where 
the codes given were different the statement was discussed and the decision was made. Reliability was 

Report (units are separated by slashes): 

You should mind the safety o/the play area / children should not be able to suddenly cross the street / so 
you could think 0/ a fence / also they should not cut themselves / so make objects with round edges / 
fmaUy put soft material on the ground. 

Score: 

f!.&!wt..!. 

Safety 
Safety 
Safety 

2 
2 

3 
3 
3 

Since all units in this example concern the first mentioned abstract constraint 'safety', level 1 codes are 
repeated (see text for explanation) 

Scoring example. 
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calculated on the basis of 10 posttest reports scored separately. The codes were compared in two steps: 
constraint and abstraction level. The constraints scored by the two raters were compared. The 
percentage of agreement on the constraints was 78% or 160 out of 205 lines in 10 reports. A line 
means a decision about a statement or a group of up to 3 statements if they belong together. cf. the 
number of lines of the report in Figure 1 equals 3. Cohens Kappa was computed to correct for chance 
level. Kappa = .77. ReUability for the level of abstraction was calculated looking at the Unes for which 
agreement existed on the constraint Percentage of agreement for the level of abstraction was 76% or 
167 out of 220 codes (a line could consist of 1 to 3 codes). Cohens Kappa showed a somewhat lower 
value of .66. The remaining reports (pre and posttest) were scored by one rater. and checked by the 
other rater resulting in only few changes. 

One subject described in his report the steps he would take in a design process in general terms. 
both in the pre and posttest This subject was excluded from analysis since we do not have any 
information on his knowledge of the domain. 

The size of the initial problem space was calculated using the number of elements (over all three 
levels of abstraction) and the variety of issues addressed was measured by taking the number of 
different constraints mentioned. The enlargement of the initial problem space could be calculated by 
comparing the size and the variety in the pretest and posttest In addition the number of new 
constraints in the posttest was measured. that is the number of constraints that did not appear in the 
pretest. 

The search criterion tl!sk 
The data of the search criterion task consisted of the subjects answers to 12 topics. First. a list was 
made which contained relevant statements about each topiC. These statements were derived from the 
information in the system. In the next step, the statements reported by each subject on each topic were 
scored by two persons. A statement could either be information from the system relevant to the topic 
or information from the system but irrelevant to the topic. For example, for the topic "storage" relevant 
statements were "close to play area" and "size adapted to children's height". First, the number of topics 
for which subjects produced at least one relevant statement was counted. Second, the number of 
relevant statements of each subject on each topic was counted. Statements from the information system 
but irrelevant to the topic were discarded. 

The count criterion ta§k 
In the count test subjects were asked to estimate the number of figures, arrows and sections in the 

entire system. In each of the three experimental conditions the actual number of figures and the 
number of sections were the same (56 sections, 219 figures). The actual number of arrows varied for 
each of the three systems (225 in the network condition, 80 in the hierarchy condition and 305 in the 
mixed condition). In order to make comparisons between structure conditions the accuracy of the 
estimates was calculated as the percentage deviation from the actual number for each question. 

(% deviation) = 

16 

IEstimation - Actual numberl * 100% 
Actual Number 



5. Results 

5.1. PRIOR KNOWLEDGE 

On the pretest subjects were asked to write down ideas regarding the design of a play ground. With 
the help of the classification scheme the size of the initial problem space and the variety of constraints 

Table 2 
Mean Size and Variety of the initial problem space as a Function of Structure 
and Task 

Structure 

Task Network Hierareby Mixed 

Size 

Browse 

M 16.7 20.3 18.3 

SD 6.8 8.0 7.4 

Seareh 

M 19.2 14.0 22.0 

SD 5.7 9.0 6.6 

Count 

M 20.8 18.3 19.3 

SD 8.6 5.4 6.4 

Variety 

Browse 
M 7.8 7.8 9.0 

SD 2.3 2.4 2.4 

Seareb 

M 8.0 6.2 8.4 

SD 1.6 2.3 2.1 

Count 

M 8.6 7.9 7.6 

SD 2.6 3.1 2.2 

within the initial problem space can be assessed. The size of the initial problem space was calculated 
by taking the total number of elements on the three abstraction levels together. As an indicator of the 
variety of constraints in the problem space the number of different constraints was counted. Mean size 
of the problem space for the entire sample was 18.7 elements (standard deviation 7.3) and mean 
variety was 7.9 different constraints (standard deviation 2.4). The means for size and variety are 
displayed in Table 2. In order to detect differences between conditions a multivariate analysis of 
variance was carried out on size and variety of the initial problem space with structure (network. 
hierarchy. mixed) and task (browse. search, count) as main between subjects factors. The analysis of 
variance showed no multivariate and no univariate effects of task and structure nor an interaction. The 
experimental groups therefore did not differ in prior knowledge of the domain of designing child play 
areas. 
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5.2. BROWSE CRITERION TASK 

The posttest contained a browse criterion task analogous to the pretest for prior knowledge. Since no 

Table 3 
En1argement in Size and Variety and mean number of New co1lStraints in the 
initial problem space as a function of Structure and Task (Size and Variety 
are expressed in the mean dlfference between post and pretest) 

Structure 
Task Network Hierarcby Mixed 

Enlargement (size) 

Browse 

M 16.3 4.2 5.8 

SD 11.8 9.6 8.6 

Search 

M 1.6 3.8 3.7 

SD 9.9 13.2 13.4 

Count 

M -1.4 0.4 0.6 

SD 6.S 10.4 10.0 

Enlargement (variety) 

Browse 

M 3.9 2.9 3.0 

SD 3.5 4.8 3.0 

Search 

M 2.4 3.5 3.3 

SD 2.4 2.4 3.6 

Count 

M 1.6 0.6 1.4 

SD 3.3 3.6 3.3 

New constraints 

Browse 

M 7.3 6.6 6.7 

SD 2.1 3.0 2.0 

Search 

M 5.9 5.4 7.3 

SD 2.3 1.9 3.2 

Count 

M 5.1 4.6 5.0 

SD 2.4 2.4 1.8 

design task is performed we can still speak of the initial problem space. Table 3 shows the 
enlargement in size and variety expressed in the difference between pretest and posttest. In addition. 
the number of new constraints. constraints that did not appear in the pretest, is displayed. From Table 
3 it can be seen that the mean number of newly appeared constraints is larger than the increase in 
variety of constraints in all conditions. 'This means that besides naming new constraints, at the same 
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time constraints named in the pretest disappear. While the increase in variety of constraints gives an 
indication of the enlargement of the problem space in terms of the number of themes underlying the 
problem space, the number of new constraints shows the degree to which new constraints are adopted 
from the infonnation in the system. 

Multivariate analysis of variance showed an overall constant effect indicating that an enlargement of 
the problem space took place (F(3, 81) = 346.10, p<.OOI). Inspection of the univariate results revealed 
that this enlargement was significant for both size, variety and the number of new constraints (F(I, 

83) = 12.37, p<.OOl, F(1, 83) = 50.39, p<.OOI, F(l, 83) = 581.83, p<.OOl respectively). The iliitial 
problem space did benefit from working with the information system resulting in longer reports, more 
different constraints and a significant number of new constraints. 

'The task main effect was significant (F(6, 164) = 3.12, p<.OI) on the multivariate test. Again, the 
effect was consistent for all three dependent variables size (F(2, 83) = 5.59, p<.OI). variety (F(2, 83) 
= 3.56, p<.05) and new constraints (F(2,83) = 5.52, p<.01). The task main effect was tested making 
two comparisons. The browse and search condition were compared with the count condition acting as 
a control condition. Secondly, the browse condition was compared with the search condition. 
Examination of the individual parameters of these comparisons revealed that the task effect can be 
explained by a significant difference of the browse and search condition compared to the control count 
condition on all three dependent variables. The means in Table 3 show that as expected the 
enlargement was most important for the browse and search condition. The count condition shows 
minor pre • posttest differences in size and variety of the initial problem space, but still a considerable 
amount of new constraints. So, although subjects in the count condition did manage to grasp some new 
themes from the infonnation in the system, their reports did not gain in length or variety. 

'The parameters for the second comparison between the browse and search condition was only 
significant as far as the enlargement in size was considered. Browsing resulted in a greater enlargement 
in size than searching. 

'The main effect for structure did not reach significance, nor did the interaction effect structure by 
task. In the introduction we did expect an interaction between task and structure conditions, especially 
an interaction between browsing and searching in the network and hierarchy condition was expected 
because browsing in the network condition was thought to be the most beneficial to the size, variety 
and number of new constraints in the initial problem space. The parameter corresponding to this 
interaction therefore needs closer inspection. The analysis confirms an interaction in size, but not in 
variety and the number of new constraints. When looking at the means in Table 3 it can be seen that 
the browse· network condition did indeed produce the most important enlargement in size. The means 
for variety and new constraints show the same pattern, but these differences were not significant. 

Finally, when lOOking at the browse task in isolation, the multivariate effect of structure did not reach 
significance (F(6, 54) = 1.51, ns). So, although the means vary in the expected direction, browsing in 
the network condition gives the most important enlargement, followed by the mixed condition, and 
hierarchy condition, these differences are not significant 

Abstraction level 
In the above, the size of the problem space was measured taking the total number of elements in the 
subjects reports both before and after performing the experimental task. Figure 2 shows the changes 
in the shifts in the number of elements as a function of the abstraction level at which the constraints 
were expressed. From this figure it can be seen that in general the number of abstract concepts, and 
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Figure 2. 
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Changes in the number of elements in the problem space as a function of Structure. Task and Abstraction 
level (I = abstract concept. 2 = performan~ requirement, 3 = materialisation). 

performance requirements increases. (posttest - pretest difference > 0), whereas the number of 
materialization statements decreases. It should be noted that the pretest reports contained more 
materializations, e.g. prototypical objects like sand play area, slide etc. These objects were named to 
a lesser extent in the posttest. The opposite was true for abstract concepts. The number of abstract 
concepts increased as a result of using the system. From the figure it can also be seen that the large 
size increase in the browse -network condition, noted above is almost equally distributed over all three 
abstraction levels. 

Exposure 
Although, subjects in all nine conditions worked 20 minutes with the information system, there may 
be differences in the number of sections visited depending on structure or task. Differences in 
enlargement of the problem space may be related to differences in exposure (number of sections 
visited). Exposure is displayed in Table 4 expressed in the mean number of sections visited. The 
analysis of variance performed on size, variety and new constraints was repeated with the number of 
sections as a covariate. This analysis revealed that only the difference in size enlargement between the 
browse and search condition could be attributed to differences in number of sections visited. This 
means that the larger increase in size in the browse condition as compared to the search condition can 
be explained by the fact that subjects in the browse condition saw more sections than subjects in the 
search condition. All other effects remained unchanged, notably the interaction between browsing and 
searching in the network and the hierarchy condition. 
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Table 4 
Mean Exposure (number of sections visited) as a Function of Structure and 
Task 

structure 

Task Network Hierarchy Mixed 

Number of sections visited 

Browse 

M 35.1 29.9 29.1 

SD 7.1 10.8 6.8 

Search 

M 24.6 12.5 21.1 

SD 3.8 2.4 2.8 

Count 

M 30.8 24.8 26.6 

SD 7.8 12.7 9.5 

5.3. SEARCH CRITERION TASK 

The search criterion task tested subjects' knowledge of specific topics. Subjects in the search condition 
are expected to answer to more topics on the search criterion test (maximum is 12) because they 
searched specifically information on these topics. In addition, they are expected to be able to tell more 
about each topic, resulting in a higher total search score. Table 5 shows the number of topics answered 
to with at least one relevant statement, and the search score (total number of relevant statements over 
all topics). Multivariate analysis of variance revealed a main effect of task (F(4, 160) = 5.27, p<.OI). 
This effect was significant for both the number of topics answered to (F(2, 80) = 9.54, p<.Ol), and 
the search score F(2, 80) = 11.27, p<.01). This effect can be attributed to the low performance of the 
subjects in the count condition. Subjects in the browse condition performed equally well compared to 
the subjects in the search condition3• 

A structure by task interaction should be found if the hierarchy and mixed condition are more 
suitable for searching. The analysis of variance did not show an interaction (F(8. 160) = 1.14, ns). 
Table 4 shows that the means are comparable across structure conditions for each task. In addition, 
no main effect of structure was found (F(4, 160) = 0.88, ns). 

Searchers' performance can be influenced by the fact that individual differences existed in the number 
of topIcs actually searched for. A separate analysis should be carried out for the search condition only. 
Three variables are inspected here: the number of topics actually searched for, the percentage of these 
topics answered to, and the mean number of relevant statements per topic answered to. Multivariate 
analysis over all three variables with structure as a between-subjects factor did not show an effect of 
structure (F(6,52) = 1.36. ns). Each of the variables will now be described separately. 

3 3 subjects from the search condition were left out of this analysis because they only tried to answer to topics they 
actually searched for despite of the instructions to answer to all topics. 

21 



Table 5 
Number of topics answered 10 and Search score as a Function of Structure 
and Task 

Structure 

Task Network Hierarchy Mixed 

Topics answered to (maximum = 12) 

Browse 

M 8.9 8.6 7.6 

SD 1.3 1.6 1.6 

Search 

M 8.6 8.0 9.1 

SD 1.4 1.4 1.8 

Count 

M 7.5 5.8 6.7 

SD 2.4 2.4 2.1 

Search score 

Browse 

M 18.2 16.3 15.3 

SD 3.6 7.5 5.8 

Search 

M 17.3 16.4 17.7 

SD 4.2 6.0 4.1 

Count 

M 11.3 10.3 12.0 

SD 5.6 4.9 5.3 

None of the subjects in this condition searched for all 12 topics (minimum 3, maximum 11). Table 
6 shows the mean number of topics searched for. No difference existed between the structure 
conditions in the number of topics that were searched for in the 20 minutes experimental period 
(F(2,27) = .57, ns). This means that subjects in the three structure conditions were equally fast in 
deciding to go on to the next topic (whether they found some information or not). Despite the 
availability of an organization in topics and subtopics in the hierarchy and mixed condition, this did 
not result in searching for more topiCS. 

However, a difference existed in the percentage of these topics for which at least one relevant 
statement was made in the posttest (F(2, 27) = 4.60, p<.02). It was expected that subjects in the 
hierarchy and mixed condition would find more relevant information. However, the means show that 
the structure effect can be attributed to the high score in the mixed condition only. Individual 
parameters for the structure effect show that the difference between network and hierarchy as opposed 
to mixed condition is significant. No difference between network and hierarchy was found 

Finally, the mean number of relevant statements for the searched topics that were answered to did 
not vary across structure conditions (F(2, 27) = 0.46, ns). So, although in the mixed condition more 
topics can be answered, the number of relevant statements per topic was not higher. 
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Table 6 
Search condition: Number of topics searched for, percentage of these topics 
for which at least one relevant statement was made, mean number of 
statements per topic answered to as a junction of Structure 

Structure 

Network Hierarchy Mixed 

Number of topics searched for 

M 7.3 6.7 7.6 

SD 1.9 1.7 1.8 

% searched topics answered to 

M 74 66 88 

SD 17 20 10 

Mean number of statements per topic answered to 

M 1.76 1.61 1.87 

SD .49 .78 .40 

5.4. COUNT CRITERION TASK 

The count criterion task consisted of estimation of surface characteristics, i.e., the number of figures 
and arrows in the information system. Since estimations supposedly are related to the number of 
sections in the system, the estimation of the number of sections was also taken as a dependent 
variable. Some subjects gave very large estimations, but there is no reason to exclude them from 
analysis. Large estimations are valid observations given the task. An analysis of variance therefore 
does not seem appropriate, because the large estimations have a great influence on the means and 
standard deviations. Therefore the Kruskal-Wallis test was used to test differences between the mean 
percentages of deviation from the actual numbers of sections, figures and links. 

We expected that subjects in the hierarchy would make more accurate estimations. However, 
Kruskal-Wallis test did not reveal a main effect for structure for any of the three estimations (sections, 
figures and links), Second, a main effect of task was expected. Subjects in the count condition should 
be able to make more accurate estimations. The Kruskal-Wallis test did indeed reveal a task main 
effect on the estimation of the number of figures (kw = 9.34, p<.Ol) and the number of links (kw = 
9.22. p<.01) while the test for the number of sections only approached significance (kw = 4.77. p<.lO). 
Table 7 displays mean deviations from the actual values, mean rank per group and the number of 
observations per group. It can be seen from Table 7 that the subjects in the count condition indeed 
showed the lowest deviations from the actual numbers (the most accurate estimations) followed closely 
by the browse condition. Subjects in the search condition showed the largest deviations from the actual 
numbers. 

Finally, separate tests for a structure effect within the count condition did not reach significance (the 
number of sections (kw = 4.90. ns), the number of figures (kw = 3.42, ns) and the number of links (kw 

= lAO. ns). When the task was counting. subjects did not benefit from the hierarchical structure in the 
hierarchy and mixed condition to make more accurate estimations. 
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Table 7 
Mean accuracy, mean rank and number of subjects as a function of Task 

Task Mean Rank N 

Accuracy (Number of sections) 

Browse 63 43.84 31 

Search 94 55.02 30 

Count 67 40.92 31 

Accuracy (Number of figures) 

Browse 99 41.40 29 

Search 86 56.76 29 

Count 64 37.37 31 

Accuracy (Number of links) 

Browse 55 41.75 30 

Search 110 56.96 28 

Count 49 37.34 31 

6. Conclusions and discussion 

In this section the results presented are shortly reviewed. Then implications for use of an information 
system during the design task are discussed. Finally, some directions for future research are suggested 

6.1. EVALUATING THE RESULTS ON THE THREE CRITERION TASKS 

Enlargement 0/ the problem space 
The results on the pretest showed that the experimental groups did not differ in prior knowledge with 
regard to designing child play areas. The initial problem space measured with the pretest was assessed 
again after the experimental period. Analysis of the results on the posttest revealed that in general an 
enlargement of the problem space took place. The initial problem space did benefit from working with 
the information system resulting in longer reports. based on a larger variety of constraints and 
containing a significant number of new constraints as compared to the test for prior knowledge. 

The enlargement of the problem space depended on the kind of task performed with the 
information system. The enlargement was more important when browsing or searChing as compared 
to counting. From these results it can be concluded that performing a task which is not directed at the 
content but at counting surface characteristics of the information system results in only minor 
enlargement in terms of size and variety of the problem space. Subjects in the count condition did see 
a considerable number of sections, so mere exposure to the information does not suffice. Still. a 
considerable amount of new constraints appeared in the posttest reports in the count condition. 
Apparently. subjects were able to write down some themes grasped from the information in the system. 
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but were unable to give a more extensive report integrating prior knowledge. 
For the search and browse tasks directed at the content of the information system the enlargement 

only differed in size. Browsing resulted in a larger increase in the length of the report as compared 
to the pretest. This difference between browsing and searching could be attributed to the number of 
sections visited during the 20 minutes experimental period. So, browsing resulted in seeing more of 
the information than looking for specified topiCS during the same period of time and this in turn was 
reflected in the length of the subjects' reports. The variety and the number of new constraints were 
as high when searching as compared to browsing. This can be explained by the fact that since the 
search topics covered the whole subject area, searchers were likely to be able to expand their problem 
space during searching. 

The enlargement of the problem space did not depend on the kind of structure in which the 
information was presented. All three structures, network, hierarchy and network were effective for 
enlarging the problem space. In addition, no interaction effect of structure by task was found. 
However, inspection of the interaction between browsing and searching in the network and hierarchy 
condition revealed that browsing the network condition was most beneficial to the size of the initial 
problem space. Browsing in the network condition resulted in a much larger size increase than 
searching in the same structure (Network: MBrawse = 16.3, MSearch = 1.6). Performing the two tasks in 
the hierarchy condition resulted in intermediate size enlargement (Hierarchy: MBWRSe = 4.2, MSearch = 
3.8). Interestingly, this interaction was still significant after taking into account the number of sections 
visited during the 20 minutes, i.e. the exposure. Browsing in the network condition resulted in high 
exposure. Searching in the network condition also visited a reasonable amount of sections, but this did 
not result in size enlargement. Subjects searching in the hierarchy visited the lowest number of sections 
but still showed an intermediate enlargement of the problem space. So, although searching in the 
network does result in seeing more sections than when searching in the hierarchy, this does not help 
in stretching the problem space. The opposite is true for browsing. Although browsing in the hierarchy 
shows a mean exposure almost as high as browsing in the network condition, these subjects only show 
intermediate size enlargement. 

Knowledge of particular topics 
Knowledge of particular topics was tested with the search criterion test. Analysis of the results on all 
subjects revealed a main effect of task. This main effect could be attributed to the low performance 
of the subjects in the count condition. Even when given specific topics as cues these subjects only 
could reproduce a limited number of relevant statements. Subjects in the browse condition performed 
equally well compared to the subjects in the search condition. 

No effect of structure and no interaction was found. From these results it can be concluded that 
knowledge of particular topics is affected by the type of task. Activities have to be focused on content 
rather than on surface characteristics in order for the knowledge base to grow. 

Estimation of sUiface characteristics 
Subjects in the count condition should be able to make more accurate estimations. Non-parametric tests 
indeed revealed a task main effect on the estimation of the number of figures and the number of links 
while the test for the number of sections only approached significance. Subjects in the count condition 
indeed showed the lowest deviations from the actual numbers (the most accurate estimations) followed 
closely by the browse condition. Subjects in the search COndition showed the largest deviations from 
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the actual numbers. 
We expected that subjects in the hierarchy and mixed condition would make more accurate 

estimations. However, the results did not reveal a main effect for structure for any of the three 
estimations (sections, figures and links). Accuracy of the estimations in general was very low. It seems 
difficult to estimate the size of the information system after 20 minutes period, and consequently it 
may also be difficult to evaluate the degree of coverage important for strategies of information system 
use (McKnight, Dillon, & Richardson. 1990). This effect was present in all three structure conditions. 
Subjects were not able to calculate/oversee number of , branches in the tree. 

6.2. IMPLICATIONS FOR USE IN DESIGN PROBLEM SOLVING 

In order to provide recommendations for use durlng an actual design task each task condition may be 
judged on its own criterion or desired outcome. 

Inspecting the enlargement of the problem space in the browse condition revealed that the means did 
vary in the expected direction, with the largest increase in the network condition followed by the 
mixed and hierarchy condition, but this difference was not significant. 

When looking at the performance in the search condition (number of topics searched for, 
percentage of searched topics answered to and mean number of statements per topic answered to) the 
means did not vary in the expected direction. Means were highest in the mixed condition. followed 
by the network condition, and surprisingly lowest in the hierarchy condition. 

Finally in the count condition subjects did not benefit from the hierarChical organization in the 
hierarchy and mixed condition to systematically go through all branches in order to make more 
accurate estimations. 

On the basis of these observations network structures do seem to have an advantage when browsing 
is the purpose of system use. Searching also seems to benefit from the cross-references. The hierarchy 
did not seem to be particularly efficient in gaining knowledge of particular topics. It may be that the 
specific way in which the information was structured did not give insight as to where to find certain 
information. In fact, all three structures may pose problems of orientation as indicated by the low 
performance in the count condition. 

6.3. FUfURE RESEARCH 

In design problem solving different types of information gathering behaviour will occur spontaneously. 
In this experiment time on system was kept constant in order to systematically investigate the effects 
of task and structure. Individual differences in spontaneous information gathering behaviour during 
the design task may be an important factor in the success of information systems. 

The abstraction level at which a constraint can be expressed received only limited attention in this 
study. TIle enlargement of the problem space appeared to take place more at the level of abstract 
concepts. Abstract concepts are generic in the sense that they can be the basis for deduction of several 
different performance requirements. The performance requirements will be the starting point for 
proposing alternative subsolutions or materializations. Knowledge of abstract concepts is not proven 
to be prerequisite for good design. However, it plays an important role in the problem structuring stage 

26 



prior to problem solving. Future research may clarify the role of abstraction level in presenting, 
learning and using design information. 
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Appendix 1 

Classification scheme for the constraints in the initial problem space 

1. Situation: Analysis 
1.1. Declarative knowledge 

Repeating statements from the problem description and asking questions about the situation. 
Example: 'It would depend on the available space'. 

1.2. Procedural knowledge 
Describing steps that would be undertaken when actually designing a child play area. 
Example: 'I would first carry out interviews to know more about what the users want'. 

2. General architectural constraints 
2.1 Neighborhood level 

2.1.1 Neighborhood-based play 
2.1.2 A variety of possibilltes in a neighborhood 
2.1.3 Play areas as the center of a neighborhood 

2.2 Play area level 
2.2.1 Arrangement 
2.2.2 Circulation 
2.2.3 Accessibility 
2.2.4 Microclimate 
2.2.5 Groundcovering and berms 
2.2.6 Planting 
2.2.7 Basic utilities 
2.2.8 Maintenance 
2.2.9 Safety 
2.2.10 Use of materials and colours 

3. Constraints from environmental psychology 
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3.1 Psychology 
3.1.1 Perception, orientation 
3.1.2 Challenge 
3.1.3 Emotion 
3.1.4 Attraction 

3.2 Activities 
3.2.1 Rest 
3.2.2 Fantasy 
3.3.3 Creativity 
3.3.4 Natural elements (water, sand, fire) 
3.3.5 Education on environment (environmental yards, gardens, animals) 
3.3.6 Body movement - horizontal (sports, running etc) 
3.3.7 Body movement - vertical (climbing, three dimensional spaces) 

3.3 Social constraints 
3.3.1 Different ages 
3.3.2 Different group sizes 
3.3.3 Views to and from play area, supervision 


