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ABSTRACT 

New adaptive hypermedia systems are employing multiple independent models in order to better guide their 

adaptation by considering relevant factors in addition to user characteristics. This approach promises enhanced 

functionality but it entails the possibility of conflicts as different models can suggest contradictory adaptations. 

Finding mechanisms capable of automatically managing these conflicts is a key issue in the development of the 

new generation of adaptive hypermedia systems. This work provides an approach that delivers a context-sensitive 

solution to this issue within the field of adaptive spatial hypermedia. The paper discusses the approach and its 

instantiation, including the underlying concepts, system architecture, adaptation process and key features. 
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1. INTRODUCTION 

Authors composing new documents have to consider the needs of their target audience in order to ensure a proper 

communication of their ideas. However, in environments as prolific as the Web, audiences can vary greatly, 

making it difficult to determine the context of use for the documents. In these environments, documents are 

accessed for different purposes, in different contexts and by many people with very different backgrounds and 

interests. Presenting their ideas in ways that address the potential needs of everyone in audiences like these would 

require authors to create a multitude of documents. This quickly becomes prohibitive in terms of time and effort. 

Therefore, authors often opt to compose general-purpose documents that address the common needs of the largest 

segment of the envisaged audience. 

Nevertheless, individual readers often have particular needs, interests and goals that are not completely met by 

general-purpose documents. Hence, readers often have to adapt to general-purpose documents, mentally filtering 

the irrelevant components and focusing on the relevant components. While most people are used to performing 

this activity in their everyday lives – for example crossing or circling ads when reading the classifieds section in a 

newspaper – it represents an overhead in their process of finding and using the information they need.  

The field of Adaptive Hypermedia emerged as researchers began to focus on devising systems that would reverse 

this situation such that general-purpose documents would adapt to the individual reader rather than the contrary.  

Adaptive hypermedia systems better support authors by facilitating the creation of documents useful to wider 

audiences. Furthermore, adaptive hypermedia systems help readers by reducing the effort required to identify the 

information relevant to them. 

The typical approach used in adaptive hypermedia involves abstracting relevant user characteristics – such as 

interests, knowledge or preferences – and storing them in a user model. This user model is then employed to 

determine the appropriate modifications to the hypermedia documents – such as hiding or annotating paragraphs 

and hyperlinks (De Bra et al. 1999; Brusilovsky 1996). 

Given that human actions are situated and depend heavily on their particular context (Suchman 1987), it was soon 

evident that, in addition to user characteristics, other factors – such as task and situation – needed to be considered 

as well. Consequently, researchers began expanding their user models with these additional factors. This resulted 

in more sophisticated models that improved the responsiveness of the systems. However, this also entangled the 

user characteristics with other unrelated factors increasing the complexity of the models.  

A general interest in adaptive hypermedia research is to create systems capable of scaling and migrating through 

domains and applications (Encarnação 1997; Stephanidis et al. 1997). However, the use of a single complex user 

model often results in rigid adaptation mechanisms with limited ability to migrate and scale through applications, 

domains and time. In response to this, researchers began exploring the simultaneous use of user, task, and 

situation models for delivering medical information (Francisco-Revilla and Shipman 2000; Francisco-Revilla 
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1998) and, subsequently, the use of domain, task and user models for performance support (Brusilovsky and 

Cooper 2002). 

The systems in this first generation of multi-model adaptive hypermedia were designed assuming a fixed set of 

models. This facilitated the coordination of the models in order to ensure a consistent overall functionality. 

However, this approach limits the systems’ ability to scale and migrate since it is impossible to predict which and 

how many models will suffice for every domain and application. 

An obvious enhancement to this first generation of multi-model adaptive systems is the use of multiple 

independent models that can be combined and reused as domains and applications demand. However, a challenge 

with this approach is that different models can suggest mutually exclusive adaptations. Hence, systems need to 

provide mechanisms that can manage these potential conflicts in ways that do not depend on the identity, number 

and nature of the models.  

This paper presents an approach that delivers a context-sensitive solution to managing conflicts automatically 

within the field of adaptive spatial hypermedia. The presentation is organized in five sections. First, it provides an 

introduction to spatial hypermedia and in particular to adaptive spatial hypermedia. Next, it discusses the 

approach of conflict management (as opposed to conflict resolution). Subsequently, the paper discusses the 

instantiation of the approach, including the system architecture and the operation of the adaptation process. 

Finally, the paper wraps up with the conclusions. 

2. ADAPTIVE SPATIAL HYPERMEDIA 

Spatial hypermedia originated as the result of observations of how people use map-based hypermedia systems 

such as Aquanet (Marshall et al. 1991). These observations revealed that, rather than explicitly creating links 

(arrows) between objects, people often used only visual attributes and the relative spatial position between objects 

in order to imply relationships (Marshall et al. 1992; Marshall and Shipman 1993). Observations of how people 

organize their workspace in the physical world validated these observations (Malone 1983). This motivated the 

development of spatial hypermedia systems like VIKI (Marshall et al. 1994) and VKB (Shipman et al. 2001) that 

explored the use of space to represent explicit and implicit links with varying degrees of formality (Shipman and 

McCall 1994; Shipman et al. 1995). 

Spatial Hypermedia systems provide a medium of expression that uses the relative position and visual 

characteristics of information objects to represent implicit and explicit relationships between them. It 

accomplishes this by providing a space, where objects are placed, making their relationships visually perceivable. 

Reading spatial hypermedia documents often involves the moving, resizing, and/or changing of the information 

objects (Francisco-Revilla and Shipman 2004a). This allows readers to manually adapt the documents to their 

needs – an approach referred as adaptable hypermedia (schraefel 2000). In addition, this ability to interact with 
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the presentation of the information naturally supports the fluctuation between information sorting and information 

structuring exhibited by knowledge workers (Buchanan et al. 2004; Nakakoji et al. 2000).  

The high expressiveness, interactive nature, and support of information workers, ambiguities and fluid 

formalization of the information, made spatial hypermedia particularly attractive for delivering information in 

domains where readers were interested in working with and reusing the information (as opposed to just causally 

reading it). This motivated the development of presentation-oriented spatial hypermedia. 

The advent of presentation-oriented spatial hypermedia created new possibilities for the communication and use 

of information by both authors and readers. At the same time, it also changed some of the previous assumptions in 

spatial hypermedia revealing new challenges. For instance, while spatial hypermedia authors and readers were 

originally assumed to be the same group of people, this was not the case anymore in presentation-oriented spatial 

hypermedia. And, even though spatial hypermedia allows readers to manually modify the documents, this was 

often not enough. This led to the emergence of adaptive spatial hypermedia – just like adaptive hypermedia 

emerged from static hypermedia  

Adaptive spatial hypermedia was informed by the approaches developed in adaptive hypermedia – such as the 

separation of adaptation methods and techniques (De Bra et al. 1999; Brusilovsky 1996). However, these 

approaches needed to be extended as spatial hypermedia poses additional challenges to adaptation. For example, 

the high expressiveness of spatial hypermedia complicates the adaptation process because it allows many more 

ways to represent the suggested adaptations. This, together with the need to consider additional aspects such as 

the space and implicit relationships between objects (intrinsic to spatial hypermedia and absent in navigational 

hypermedia), motivated the creation of a new approach that enabled the development of adaptive spatial 

hypermedia systems (Francisco-Revilla 2005; Francisco-Revilla and Shipman 2004b). 

While several systems have been developed in order to explore the representation potential of spatial hypermedia 

(Grønbæck et al. 2002; Hsieh and Shipman 2000; Marshall et al. 1994; Shipman et al. 2001; Web Squirrel), to the 

best of our knowledge, MASH (Francisco-Revilla 2005; Francisco-Revilla and Shipman 2004b) and WARP 

(Francisco-Revilla and Shipman 2004c) are the only work done in regard to augmenting spatial hypermedia with 

adaptive functionality, with the exception of the access constraints in HyperMap (Trigg and Weiser 1986). The 

general overview of the MASH approach (Francisco-Revilla and Shipman 2004b), WARP’s implementation 

(Francisco-Revilla and Shipman 2004c) and the effects of multi-model adaptation in the reading process in spatial 

hypermedia (Francisco-Revilla and Shipman 2004a) have been presented elsewhere. This document focuses on 

presenting the particulars of how to adapt spatial hypermedia documents using multiple independent models and 

how to automatically manage the conflicts that can arise between the models’ adaptation suggestions. 
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3. CONFLICT MANAGEMENT 

Conflict management, as opposed to conflict resolution, is a comprehensive approach that encompasses the 

processes of: conflict prevention, conflict detection and conflict resolution. Conflict prevention aims to avoid 

conflicts altogether or to make conflict resolution unnecessary by using ambiguous presentations. However, given 

that it is not possible to sidestep every conflict, it is necessary to have a detection process that identifies conflicts 

in a timely manner and determines their scope. This seemingly straightforward process has its intricacies because 

conflicts can propagate across relationships. Finally, conflict resolution addresses conflicts by providing 

corrective actions or suggesting alternative representations for adaptations that do not generate conflicts. 

These processes are better understood by considering them within a scenario of use. The following section 

provides such a scenario, which serves as the base for the subsequent explanation of how each of the processes 

work and how some particular features of spatial hypermedia features facilitate their operation. Sections 3.2, 3.3 

and 3.4 describe what the challenges are, while the mechanics of how to address them are discussed in section 4. 

3.1 Scenario of Use 

Consider a system that takes various sources of news and then adapts and presents them as a spatial hypermedia 

document to individual stockbrokers that work in a brokerage firm. This presentation allows brokers to organize, 

analyze and understand the information by allowing them to move, change and annotate the objects. 

The system employs a user model that identifies relevant news stories using information about the individual 

user’s investment portfolio. The user model classifies articles or news stories as very relevant if they talk about a 

company in the broker’s portfolio. Alternatively, when presented with a news story regarding an industry that 

encompasses at least one of the companies in the portfolio, the user model classifies it as so-so relevant, even if it 

does not talk about any of the companies in the portfolio. The model classifies all other stories as not relevant.  

In addition to the user model, the system uses a competitor model that classifies the news stories similarly to the 

user model, although in this case the model bases its decisions on the market performance of a competing trader.  

Finally, the firm’s management included a risk model that classifies the news stories based on the confidentiality 

of the information and the risk that the use of this information might prompt accusations of insider trading. 

Depending on these factors, this model classifies news stories as very risky, so-so risky, and not risky. 

Once the models classify the news stories, the system adapts their presentation by emphasizing the relevant and 

de-emphasizing the irrelevant ones. Similarly, news stories are annotated based on how risky they are. Finally, 

very risky news stories are protected from viewing.  

Based on the functionality described above, consider the case of an article containing confidential information 

about a company that belongs to an industry in which the user does not operate but the competitor does. In this 

case the system needs to deal with suggestions for the same object to protect it from viewing, de-emphasize it and 
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emphasize it. The following sections reflect on situations like this as a way to explain the processes of conflict 

prevention, conflict detection and conflict resolution. 

3.2 Conflict Prevention 

In multi-model adaptive hypermedia (navigational or spatial), conflicts occur when different models suggest 

adaptations that cannot be represented simultaneously. As an example, consider the suggestions from the 

competitor model and the risk model mentioned above. Imagine that the system’s only way to emphasize the news 

story is to highlight its text and the only way to protect the news story from viewing is to hide it. This obviously 

creates a conflict since it is impossible to highlight an object if it is hidden.  

Conflicts can be avoided by designing models to suggest high-level adaptation methods capable of being mapped 

to various adaptation techniques. Consider the previous example where the competitor model suggests to 

“emphasize” (instead of highlighting the text of) very relevant news stories and the risk model suggests to 

“protect from viewing” (as opposed to hide) very risky items. This allows the system to select appropriate 

mappings for each adaptation method. For instance, “emphasizing” can be accomplished by changing the 

background color and “protecting the news story from viewing” can be achieved by occluding the text while 

keeping a placeholder for the object. Since both of these adaptation techniques can be simultaneously represented, 

the conflict is averted. 

Supporting ambiguity in the presentation is another approach that, while it does not prevent conflicts from 

occurring, it sidesteps the need to resolve them. In the previous example, consider the conflict between the user 

model and the competitor model. One suggests de-emphasizing the news story while the other suggests 

emphasizing it. If these methods are implemented using complementary techniques (for instance increasing and 

decreasing the font size) then these adaptations will cancel each other out. Alternatively, in a system that supports 

ambiguity, each method can be expressed using a different technique. For instance, if de-emphasizing reduces the 

size of the object, then emphasizing can change the color of the text. This conveys the meaning that the news 

story is relevant from the point of view of one model and irrelevant from the other model’s perspective. The 

decision of whether or not to support ambiguity is important and depends on the domain and application. 

3.3 Conflict Detection 

Detecting conflicts when different models propose contradictory adaptations for the same object is fairly simple. 

However, given that spatial hypermedia objects can be implicitly related, conflicts can be created indirectly as by-

products of adaptations to other objects. For instance, in the adaptive news system, one object presented to the 

user can be a picture of a company’s production floor while another object can be the text that comments the 

picture. In cases like this, hiding the picture can render the text meaningless.  

Determining the scope of conflicts and how they propagate through the relationships between objects is 

challenging. Fortunately, spatial hypermedia systems have the ability to identify these implicit relationships using 
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their spatial parsers (Francisco-Revilla and Shipman 2005). This feature of spatial hypermedia systems provides a 

method for detecting indirect conflicts and helps to determine their scope. 

3.3.1 Context of Conflicts 

Spatial parsers are a key feature of spatial hypermedia systems used for the recognition of the implicit structures 

such as piles and lists that emerge as a result of the relative positioning and visual similitude of the objects 

(Francisco-Revilla and Shipman 2005). These structures are often used by authors to express meaningful 

relationships informally. Spatial parsers typically recognize structures by grouping sets of objects into composite 

objects, where composites “contain” atomic objects or other composites. This process iterates until the overall 

document structure is computed.  

The hierarchical structure determined by the spatial parsers allows the system to determine the scope or context of 

conflicts – and how they propagate – as a function of containment. This in turn allows conflicts to be classified 

into the following categories: 

• Object conflicts. These occur when an object receives some adaptation suggestions that oppose each other – e.g. 

when one model suggests hiding the object while another suggests showing it. 

• Sibling conflicts. These occur when suggestions for an object affect or clash with the presentation of another 

object in the same context. For instance, suggestions to show and highlight a text that talks about a picture can 

conflict with the suggestion of hiding the picture. 

• Parent-child conflicts. Parent-child conflicts occur when suggestions for the adaptation of the parent composite 

oppose suggestions for the components of the composite (children). For instance, suggestions of hiding a list of 

objects conflict with suggestions of highlighting individual objects in the list.  

• Parent conflicts. Since composites are computed based on the spatial positioning and visual appearance of the 

objects, modifications to the visual appearance of an object can affect its parent composite potentially 

destroying it. For instance, hiding an object in a list of objects can visually break the list in two. While 

sometimes it might be best to maintain the two lists as separate objects, other times it might be better to 

“contract” the list, repositioning the other objects in such a way that it still is recognized as a list. Whether any 

corrective action is appropriate depends on each case. Parent-child conflicts differ from parent conflicts, in that 

the former are the result of contradicting adaptations at different levels of the document hierarchy, while the 

latter are by-products of adaptations for a single object. 

• Parent-parent conflicts. Objects can often belong to multiple composites. For example, consider a vertical list of 

objects that intersects a horizontal list. The object in the intersection is contained in both lists. Hiding this object 

affects both lists. However, the parent lists are limited in the corrective actions that they might use. It is not 

possible to contract both lists as two objects would be “pulled” into the same position. Alternatively, instead of 
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hiding the object in the intersection, it might be better to replace it with a placeholder that, while occluding the 

information, still conveys the meaning that an object is there and that there are two intersecting lists. 

3.4 Conflict Resolution 

Since conflicts can propagate across object relationships – for instance, a sibling conflict can spread from sibling 

to sibling – it follows that conflicts must be resolved early before they can propagate far.  

Depending on the situation and their type, conflicts need to be resolved differently. It is necessary to be flexible 

and support different resolution strategies. Consider the financial news system mentioned above. Assume that an 

object conflict is detected between the user model’s suggestion of emphasizing a particular news story and the 

suggestion of the risk model to protect it from viewing. If the firm wants to minimize the chances of facing an 

insider trading lawsuit, then the best conflict resolution strategy might be to assign priorities to each model. This 

way the risk model suggestion can override the suggestions of the other models. However, an object conflict 

between the user model’s suggestion of de-emphasizing an object and the suggestion of the competitor model to 

emphasize it might be best resolved differently. In this case, a better solution would be to always take the 

suggestion that classifies the news story with the higher relevance.  

There has been previous research on the issue of competing suggestions offered by different mechanisms (Ferber 

1999; Sandholm 1999; Sycara 1989). Different schemas have been suggested, such as voting, priority-based, and 

market-based strategies (Conry et al. 1998; Durfee et al. 1989, Sycara 1989). These strategies can be assigned to 

solve different kinds of conflicts. However, it is often not enough to decide which strategy to use solely based on 

the type of conflict since the same kind of conflict might require different resolution strategies depending on the 

particular objects that are involved. Hence, it is necessary to support variable conflict resolution strategies also at 

the object level.  

Flexibility is a necessary feature of conflict resolution that can be challenging to implement and support. In 

adaptive hypermedia systems, authors can get annoyed if they are required to specify the adaptation strategy for 

every object. Hence, systems need to provide a default strategy for objects and types of conflicts such that authors 

and users can get the basic functionality without being required to invest excessive amounts of time and effort. 

However, default strategies are not always appropriate and the system must allow authors and users to override 

the default resolution strategies in order to meet their preferences. 

The selection of strategies follows the idea used in CSS, where style rules cascade such that the most specific one 

is selected (Bos et al. 2005). In this regard MASH the least specific strategies are those specified by the system 

designers, followed by those specified by the authors and finally those specified by the readers.  
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4. WARP 

WARP is a multi-model adaptive spatial hypermedia system written in Javascript and Java that executes inside IE 

and Netscape Web-browsers. By virtue of being a Web-based application, WARP circumvents some of the 

distribution issues typically associated with proprietary spatial hypermedia systems. 

Figure 1 shows a WARP implementation of the abovementioned Financial News system running on Internet 

Explorer 6. Visible in the figure are objects representing news stories that the system has collected and presented 

to the user. Also visible in Figure 1 are two collections, each representing an industry included in the broker’s 

portfolio (“Technology” and “Health”). These collections that contain the objects that represent the individual 

companies that the broker operates. This is the initial presentation of the information, it has not been adapted nor 

has the broker interacted with it yet. 

 

Figure 1. Financial News in WARP 
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On the top left corner of Figure 1 is WARP’s control applet. This applet is in charge of parsing of the space and 

executing the adaptation process, while the visualization and interaction is handled by the Javascript components. 

This separation allows system designers to reuse the adaptation mechanisms in other systems.  

The architecture of WARP is shown in Figure 2. It includes all the functional aspects of spatial hypermedia: 

generator, platform, spatial parser, analyzer and transformer. The spatial hypermedia generator supports the 

authoring of the spatial hypermedia. In WARP, this is accomplished in collaboration with VKB (Shipman et al. 

2001). The platform refers to the system component that allows users to interact with the document. The spatial 

parser, as previously mentioned, is responsible for recognizing the implicit structures present in the document. 

The analyzer is in charge of evaluating the document based on the metrics available. The transformer is the 

component that computes the actual adaptations to the document. 

 

The adaptation process in WARP is carried out mainly by the spatial parser, analyzer and transformer and is 

guided by the set of available models. This process is explained in the following section. 
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4.1 Adaptation Process 

WARP’s approach to adaptation is designed to take an existing spatial hypermedia document and produce, guided 

by the set of models, an improved version of it.  

The adaptation process is elaborate and can vary. It is best understood by tracing its functionality through an 

example. Figure 3-1 shows a sample presentation of the Financial News system before being adapted. The number 

of objects and complexity has been limited for clarity purposes. 

At the spatial hypermedia platform, objects are simply located in space (Figure 3-1). There might be implicit 

relationships but the system has not yet inferred them. As previously mentioned, these implicit relationships 

define the context of the objects and recognizing them is critical for the resolution of conflicts. Hence, the first 

step in the process is to pass all objects to the spatial parser.  

Figure 3-2 illustrates the results of parsing the document. The spatial parser has recognized a horizontal list, a 

vertical list and a pile composed of the horizontal and vertical lists. In this example, the spatial parser disregards 

piles of implicit composite objects. 

Once the parser has finished, it passes the resulting object structure, comprised of all composite and atomic 

objects, to the spatial analyzer, as shown in Figure 3-3. At this point, the inferred structure is analyzed and the 

context of possible conflicts is inferred. This is the stage where conflict prevention techniques can be used. E.g., 

the analyzer can automatically instantiate behaviors that enforce a minimum distance between objects in order to 

prevent the possibility of unintentionally overlapping objects due to adaptations that move or resize the objects. 

The implementation of behaviors is discussed in section 4.3 in more detail 

After deciding which conflict prevention strategies to use – guided by the suggestions from the models – the 

analyzer passes the objects and recognized structures to the transformer. At this point the transformer requests all 

models to provide their adaptation suggestions for all the objects as shown in Figure 3-4. These suggestions 

specify the method to be used, the strength of the method and the model’s confidence on the suggestion itself. 

Once all suggestions are collected, each object combines them using a conflict resolution strategy. The strategy 

employed can be the default strategy or an alternative strategy explicitly specified by the author or reader. 

WARP’s set of conflict resolution strategies include:  

• Weighted average: averages the strength of the suggestions, weighted by the object’s confidence in the model 

and the model’s confidence in the suggestion. 

• Maximum strength: uses the suggestion with the highest strength. 

• Minimum strength: uses the suggestion with the lowest strength. 
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• Maximum confidence in model: uses the strength suggested by the model that the object trusts the most. If the 

object trusts two or more models with the same maximum confidence, then the suggestions from these models 

are weight-averaged. 

• Maximum suggestion confidence: uses the suggestion from the model with the highest confidence in the 

suggestion. If more than one model trusts its suggestion with the same maximum confidence, their 

suggestions are weight-averaged. 

• Heuristic best: uses the suggestion with the highest heuristic value. The heuristic value is the product of the 

object’s confidence in the model multiplied by model’s confidence in the suggestion. 

When using resolution strategies that select suggestions based on priorities such as the strength magnitude value 

or confidence value, deadlocks can occur when multiple suggestions have equal values. E.g., imagine WARP is 

using the maximum strength resolution strategy and among all suggestions two have the same maximum strength 

magnitude value. In these cases, WARP resolves the tie by computing the weighted average of those suggestions. 

Since suggestions can always be averaged, this approach guarantees reaching a final resolution. 

Once each object has combined the suggestions from every model, the transformer then translates the high-level 

adaptation methods suggested into actual adaptation techniques. This translation is accomplished by revising the 

available transformations. Transformations are mappings that define which adaptation techniques can be used to 

implement every adaptation method. Transformations operate at an abstract level. The actual visualization occurs 

when the adaptation process is completed and the platform receives the final results.  

Figure 3-5 shows the objects after registering all the suggestions (the composite objects have also received 

suggestions from the models, but they are not shown for clarity purposes). The object in the center has integrated 

all its adaptation suggestions and has concluded that it is very risky and needs to be protected from viewing. The 

object on the left has consolidated its suggestions resulting in a higher relevance that requires the object to be 

emphasized. The default mapping from adaptation methods to specific adaptation techniques can vary across 

objects. In the case of the left object, the default is to increase the border width. The default mapping for 

preventing the central object from viewing is to hide it.  

The default mappings of adaptation methods may, or may not, produce the best results. Hence, the transformer 

requests the analyzer to evaluate the results of the transformations, as shown in Figure 3-6. 

Using the context provided by the inferred spatial structure, the analyzer detects possible conflicts including: 

parent conflicts, parent-child conflicts and parent-parent conflicts. In addition, the analyzer identifies the set of 

constraints that need to be met when mapping the adaptation methods to techniques. For instance, in Figure 3-6, 

the analyzer has detected a parent-parent conflict – hiding the central object has broken the visual appearance of 

both lists. In order to search for better alternatives, the analyzer returns the objects to the transformer along with 

the identified mapping constraint to not hide the central object.  
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The transformer then needs to revise the available transformations to select alternative mappings that meet the 

constraints set by the analyzer. This can produce different configurations. Figure 3-7 shows two alternatives for 

the “protect from viewing” method.  

One alternative – shown at the top of Figures 3-7 and 3-8 – is to gray-out the central object. This prevents content 

from being viewed but maintains the presence of the object in the space. This new adaptation is sent back to the 

analyzer. The analyzer then evaluates it. The adaptation is accepted if the analyzer does not detect conflicts. But if 

new conflicts are detected then the process iterates, requesting the transformer to generate another alternative 

adaptation. For instance, while normally the grayed-out alternative would have been accepted, for the purpose of 

this discussion assume momentarily that it was not. In this scenario, the transformer then can ask both parent 

composites (the vertical and horizontal lists) to react to the hiding of one of their members. As a result, both of 

them “contract”, moving their visible members together. The resulting structure is then passed to the analyzer, 

which then detects a new conflict and returns it to the transformer along with the new constraint to avoid 

overlapping objects. The transformer then moves the lists in order to meet this constraint and returns it to the 

analyzer. This result is the second alternative shown at the bottom of Figures 3-7 and 3-8. 

Once the transformation alternative is deemed appropriate, or the transformer is incapable of finding better 

alternatives, the analyzer passes the adapted objects to the parser, which in turn passes them to the spatial 

hypermedia platform. 

The last stage of the adaptation process occurs at the spatial hypermedia platform where the adaptation techniques 

are instantiated and the user is presented with the adapted document, as illustrated in Figure 3-9. 

4.2 Conflicts and Constraints 

A constraint describes a relationship that must or should be maintained (Freeman-Benson et al 1990). The 

behaviors instantiated in WARP as part of the adaptation process as described in section 4.1 (e.g., fixing the 

distance between two objects) represent examples of constraints. Constraint-based systems have been used 

successfully in user interfaces (Borning and Duisberg 1987; Hosobe 2001), graphical layout (Ryall et al. 1997; 

Sutherland 1963), information visualization, simulation (Borning and Duisberg 1987), and general purpose 

programming languages. They provide a convenient way to represent and automatically maintain relationships 

between objects. However, given that different constraints can interact with each other, finding a solution that 

satisfies all constraints can be very difficult. The research in this area is extensive and many approaches have been 

devised such as constraint hierarchies (Freeman-Benson et al 1990), force-directed algorithms (Tamassia 1998), 

and constraint solvers (Freeman-Benson et al 1990). 

Constraints are of great relevance in MASH and more specifically in WARP, since its adaptation process relies on 

them to: 
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1. Prevent conflicts by explicitly enforcing the graphical relationships between objects 

2. Detect conflicts by providing explicit ways to identify the context of conflicts 

3. Resolve conflicts appropriately by identifying the possible propagation paths for conflicts 

However, constraints also require a constraint solver. Currently, WARP uses a simplistic implementation of a 

constraint solver. The objective was to prove the feasibility of the overall conflict management approach. 

WARP’s constraint solver cannot deal with cycles and performs a complete search for the best solution, resulting 

in a time complexity that limits its ability to handle large sets of constraints. Future work is necessary to identify 

improvements to the current solver.  

One alternative to improve the constraint solver is to explore the use of previously developed approaches. 

However, since the characteristics of the constraints often limit the approach used for the constraint solver, it can 

be challenging to find an efficient approach capable of handling all the possible kinds of constraints in WARP. 

This challenge originates in the MASH approach, which by design allows document authors to create their own 

constraints without setting limits on the kinds of constraints that authors can define.  

However, there are other features of MASH that can facilitate the facilitate finding a solution that satisfies the 

constraints. In MASH, the constraints can be transient, created and destroyed by the system as part of the 

adaptation process. This limits the computational overhead of the constraint solver to the adaptation process and 

minimizes its effects on the normal user interactions. Since the system-created constraints are instantiated in order 

to represent and enforce the implicit relationships inferred by the spatial parser, an alternative approach is to 

develop search heuristics based on the characteristics of the visual structures – e.g., piles, labeled lists, etc. This 

research, currently underway, attempts to find algorithms that take advantage of specific properties of the 

structures and solves them locally in order to limit the search space. It also attempts to determine whether the 

kinds of constraints currently being used are the most appropriate or if there are other kinds that can provide 

satisfactory solutions and at the same time are easier to solve. 

4.3 Key Implementation Features 

The set of models used by WARP can be fixed and predetermined by the author or can be variable and partially 

determined by the reader. In the first case, authors specify the set of models to be used and include them in the 

document as part of the adaptation applet. Alternatively, authors can specify the use of external models that can 

be located somewhere else on Internet. By using a naming scheme, WARP can resolve the location and identity of 

the models at run time. This enables authors to specify the use of models provided by the reader. In this scheme, 

readers manage and maintain their own personal user models, releasing authors from creating and managing 

individual profiles. Readers benefit by being able to reuse their models in different domains and applications. 

Since this approach bypasses the need to send sensitive information over the Internet, readers also benefit by 

keeping their private information safely in their own machine. 
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WARP supports specifying whether models are used for the adaptation of the whole document or just individual 

objects. While by default objects accept suggestions from all models available, each object has a list of the models 

from which it accepts adaptation suggestions. Objects also maintain a confidence assessment for each model. This 

confidence value represents how much the object trusts the model. This way authors can configure objects to only 

follow – or at least prefer – the adaptation suggestions of models specifically designed for a particular type of 

object.  

The only constraint necessary for any independent model to participate in the adaptation process in WARP is that 

it suggests adaptations at a very high level using adaptation methods known to the system. Figure 4 shows 

WARP’s adaptation suggestions API. 

 

As illustrated in Figure 4, the models’ adaptation suggestions have three values, an adaptation method, a strength 

magnitude value (ranging from -1 to 1) and the model’s confidence of that assessment (ranging from 0 to 1). The 

adaptation method needs to be known to the transformer such that it can be instantiated into an actual adaptation 

technique. The strength and confidence values, together with the value of the objects’ confidence in the models, 

are necessary to enable the transformer to apply its conflict resolution strategies. WARP allows any models that 

produces properly formed suggestions to be reused for any spatial hypermedia document. 

4.4 Approach Evaluation  

The MASH approach to adaptation supported by WARP has gone through a first round of evaluation (Francisco-

Revilla 2005; Francisco-Revilla and Shipman 2004a). This study evaluated the efficacy of the adaptation 

approach in meeting the goals of two independent models whose adaptation suggestions conflicted. The study 

showed that the automatic resolution of conflicts produced effective adaptations that augmented the effectiveness 

of the spatial hypermedia document as an instructional medium. The adapted document facilitated the users’ 

assigned task of authoring a Web page when compared to a non-adapted version of the same document. While 

this study validated of the overall adaptation approach, it tested only a subset of the possible conflict management 

techniques supported by the system. A thorough evaluation of all the features is scheduled to be conducted.  

method strength confidence 

getAdaptation(Object)

Transformer M1

adaptation (“emphasize”, 0.75, 0.95)

Figure 4. Adaptation Suggestion 
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5. CONCLUSIONS 

New adaptive systems already employ multiple models to guide their adaptation process. However, in order to 

improve the systems responsiveness, it is necessary to support of a variable set of independent models.  

However, this approach is challenging as conflicts can occur between the suggestions from different models. In 

adaptive spatial hypermedia the challenge is even greater since conflicts can propagate across relationships 

between objects. This requires of a comprehensive conflict management scheme that encompasses the processes 

of conflict prevention, conflict detection and conflict resolution. 

WARP is a Web-based system that illustrates how multi-model adaptive spatial hypermedia systems can deliver 

presentation-oriented spatial hypermedia documents over the Web and adapt them using a variable set of multiple 

independent models. WARP provides a comprehensive conflict management approach that exploits the features of 

spatial hypermedia. By using high-level adaptation suggestions WARP provides coherent adaptive behavior even 

when employing independent models that are not explicitly coordinated. 

WARP illustrates how conflicts can be prevented by taking advantage of spatial hypermedia’s support of 

ambiguity and by dynamically selecting the appropriate mappings from adaptation methods to techniques such 

that the adaptations can be simultaneously represented. WARP’s spatial parser facilitates the detection of conflicts 

by determining their context and scope. This enables WARP to use the appropriate conflict resolution strategy 

before the conflicts propagate through the object relationships. 
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