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Abstract


As a hub of information controlled by the patient, personal health records (PHR) collect information from the patient medical history including a wide variety of data sources as patient's observations, lab results, clinical findings and in the future maybe even personal genetic data and automatic recordings from monitoring devices. This development will on the one hand make health care more personalized and user controlled but on the other hand also overloads consumers with a huge amount of data. To address this issue we developed a framework for adaptive visual symbols (AVS). An AVS can adapt its appearance and level of detail during the communication process. Finally we demonstrate the AVS principle for the visualization of personal health records. 
1. Introduction

A Personal Health Record (PHR) is in line with the following definition of the National Alliance for Health Information Technology:
“An electronic record of health related information on an individual that conforms to nationally recognized interoperability standards and that can be drawn from multiple sources while being managed, shared, and controlled by the individual.” [1]
Traditionally electronic health records (EHR) are produced by health care providers, maintained at hospitals and doctors offices and are archived at some central place. In contrast to this a PHR is owned and maintained by a patient, who controls the access to it and it includes a lot of additional information about the lifestyle and the subjective well-being of patients.  PHR exist a long time in paper format, e.g. “baby books”, a personal calendar for women who track their menstrual cycles, medication lists or notes about medical directives. However WEB 2.0 technologies empowered PHRs with the possibility to share medical data between different computers and users, and to interlink personal medical notes with information sources on the Internet. Several commercial and non-profit institution already provide PHR data repositories. Microsoft’s Health Vault, Google  Health, and Dossia are the biggest players in this field. 
A PHR typically holds information about the (family) medical history, medications, allergies and reactions, problem lists (diseases and conditions), contact information from healthcare institutions or immunizations and links to patient portals. PHRs can even include advanced features as healthcare providers’ exams, scanned images, such as CT scans or dental images, drug interaction checks, therapeutic modalities, occupational therapies, advance directive forms, living wills, organ donor authorization, appointments, scheduling, and financial information, such as explanation of benefits. [2] 

This comprehensive list shows, that the amount of information within a PHR can be incredibly large, which makes it difficult to (a) overlook the whole data set, (b) access detail information in an easy and effective way and (c) communicate the semantics of data items to different user groups. All three challenges are directly related to the development and evaluation of user interfaces dealing with PHRs. Usability engineers have today quite a number of methods to evaluate the quality of an interface [3]. If such usability tests give good results the design process is finished and the users and the designer are happy, however when this is not the case we have two choices : 
(A) The user adapts its behaviour to the (not perfect) user interface; or

(B) The user interface will be redesigned according to the input from the usability tests, and we restart the evaluation.
Usually alternative (A) is chosen, not due to the fact, that the user interface designer and the usability engineer are lazy guys, but because of the long delay in the feedback cycle (B) and the orientation of the user interface toward the lowest common denominator of all users requirements, see Figure 1. 
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Figure 1 -  Feedback cycles in user interface design 

The solution to this problem seems to be obvious: just let the user interface adapt its visual appearance and codes to the needs of the user. This can be achieved by capturing user input and adapt visual signs according to the previous experience and knowledge of the user, just in line with the statement of Heinz von Foerster ”the hearer and not the speaker determines the meaning of an utterance” [4].

2. Related Work

2.1 Dynamic Visual Languages

The underlying assumption of Dynamic Visual Languages is that by the beginning of the next decade computers allowing the presentation of high resolution moving images will be as ubiquitous as today’s mobile phones. This will for the first time allow to implement a novel concept of communication systems that employs modern multimedia concepts (animations, movies, interactive pictures, dynamic maps, etc.) in combination with dynamic visual languages (i.e. visual languages in which symbols can change in shape, color, size, etc. in time).

Putting it differently, there is no reason why information in the future should be recorded only using static text, static images and such, but rather it is conceivable to build on earlier attempts to construct new artificial languages that are not based on letters, but on icons. It was Otto Neurath [5] who showed with his isotypes that in many aspects symbols are superior to textual representations; a number of attempts to construct full communication systems based on symbols have been developed since. A brief survey of the main approaches is given in [6]. However, even in earlier papers such as [7], [8], [9], [10] and [11] the idea to use dynamic symbols, rather than static symbols has been discussed: the idea that symbols can change size, colour, shape, contours or can move and even change position to convey additional semantic meaning is rather appealing: why not e.g. use a symbol for ‘eye’ and to use the same symbol when slightly moving to indicate the verb associated with the noun, i.e. ‘seeing’. This and other techniques as explained in above cited papers, techniques such as orthogonality, macros and using picture dictionaries that explain the same items in a variety of languages, changing the level of abstraction where desirable, etc. are the reasons why it does not seem far-fetched that written language, communication and interfaces as we now know them will be partially replaced by methods involving dynamic visual languages.

2.1 Adaptive Interfaces

A good overview about adaptive interfaces can be found in [12] and  [13].  Intelligent interfaces do not exist in isolation, but rather improve their ability to interact by constructing an user model based on the interaction. This brings the problem of intelligent interfaces close to the area of machine learning, where the user plays the role of the environment in which the learning occurs and the user model corresponds to the learning knowledge base. In such a scenario the interaction acts as performance task, on which learning should lead to improvements [14]. Many applications of adaptive interfaces focus on information filtering and recommendation task, e.g. in content-based filtering and collaborative filtering applications.  Intelligent interfaces can be divided into 3 classes [13]:
(A) Adaptation within direct manipulation interfaces by adding extra interface objects for predicted future commands.
(B) Intermediary interfaces: The nature of interaction is changed in order to act as an intermediary between the user and the direct manipulation interface. 
(C) Agent interfaces: In this case the user retains full control over the direct manipulation interface and is advised by an autonomous agent.  

Our approach focus on a combination of user adaption and intermediary interfaces introducing active communication objects, which can adapt their semantic depth (the level of detail, which is presented to the user) according to needs of the user.
All intelligent interfaces have as central part a user model [14] [15]. Extensions to the simple model of stereotypical user models are programmable user models [16], user models for demonstrational user interfaces [17] and comprehension based user models [18].  In a programmable users model the mental representations and the user behavior results in a cognitive model of the user.  Using an Instruction Language (IL) the user interface designer describes the knowledge, which a user needs to perform a specific task. The Instruction Language can be seen as programming, which is translated to a run able cognitive model. [19]
2.2 Visualization of PHR

Aigner and Miksch [20] give an overview of visualisation methods for computerized protocols and temporal patient data. Their work takes in account graphical patient record summary by Powsner [21], VIE-VISU by Horn 2001 [22], time lines and life lines by Plaisant [23] and time tubes by Konchady [24]. 
Jiye An et al. present a level of detail (LOD) information navigation model, which classifies patient's whole EHR into different detail levels according to their clinical relevance and they introduce a novel navigation and visualization method based on the LOD model. [25]
3. Adaptive Visual Symbols

Building on a number of previous studies in the field of static and dynamic visual languages [5], [6], [7], [8] and [9] we developed a model, where each basic sign is able to adapt its visual appearance and level of detail. In order to achieve this goal we propose a new type of interface object, the Adaptive Visual Symbol (AVS). 
An AVS consists of 

Intended Denotation
Formal or natural language description of its mission.  

Coding 

Representation of the intended denotation.

Semantic Inspection 
Method for the analysis of the receiver reactions.

An AVS is modelled in an object oriented way, i.e. it has an internal state (data) and autonomous behaviour (methods), see Figure 3. In order to achieve the overall goal - congruence between the intended denotation and the constructed denotation – the semantic inspection method adapts the presentation process (rendering, level of detail, presentation speed, additional explanations). The fundamental innovation of an AVS lies in the distinction between the semantics of a message and the used visual sign.
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Figure 3 – Adaptive Visual Symbols

A semantic inspection method does an analysis of the communication process in three constitutive levels:

Level 1:  The communication process was successful
The receiver has seen the symbol and the construction of the denotation has started. Semantic inspection can be achieved by recording user interactions (e.g. the symbol was touched) or by a simple eye tracking systems. [26]

Level 2:  The construction of the denotation at the receiver is finished 

Analysis of user interactions and/or facial expressions [27] can be used as indicators for the completion of the interpretation task This does not mean that the intended denotation is concordant with the constructed denotation. 

Level 3: The constructed denotation is concordant to the intended denotation
In this case we can distinguish between  (a) simple denotations, e.g. a command or question, where the fulfilment of the command deals as direct confirmation, and (b) complex denotations, e.g. a part of a medical treatment. In the case of a complex denotation concordance can only be measured in a wider context. 

Experiments have shown, that it is sufficient to provide feedback mechanisms at level 1 and 2 in order to implement an adaptive visual communication process. If the receiver has a completely wrong constructed denotation, the following communication steps will fail even at level 2 tests, if they are constitutive.
4. Symbols for PHRs

The basic element of a medical history is an event. Main attributes of an event are it’s type together with a short description, localisation, main outcome and the event’s temporal range. 
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Figure 4 – Visualization of a medical event

Together with medical doctors we developed a visual language [28], which transform a part of textual diagnosis in a visual symbol, see figure 4. In this approach each visual symbol represents either an observation or procedure in a treatment history and corresponds to an unique ICD10 coding [29] as widely used in health care institutions. With the help of such a visual summary experts can overview a medical case within seconds, see figure 5.
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Figure 5 – Visualization of a medical finding, as used by medical experts. 
This very condensed (visual) representation of a medical finding is on the one hand effective when used by trained medical experts in their day-to-day business, but on the other hand still too complicated and not self-explaining for patients. Based on input gained in focus groups from patients and considering design principles described by John Maeda [30] we re-worked the visual language, see figure 6.
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Figure 6 – Visualization of the same disease history as in figure 5, but from a patient’s perspective. Each symbol tells the “what” and “when” and has an optional indicator for the outcome (green checkmark)
In particular the “patient style” visual language builds on the following principles and methods:

· Remove obvious facts and add more meaningful symbols for patients. 

· Focus on emotions. 

· Organize information. 

· Provide a gesture-based interface for information organization and semantic inspection. 
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Figure 7 – Selection of additional information embedded within the symbol
Figure 7 shows the application flow of the user interaction with adaptive symbols. When the user touches the border  (1) the symbol shows additional information, e.g. personal notes, the doctors diagnosis, web links or a even a video recording (2). The user can move the new information item to the center, where an iconic representation is shown (3). In this case the master symbol of the event, e.g. a chemotherapy treatment is moved to the bottom right area.  The iconic representation itself holds the user-interface, i.e. the video content is played by pushing the play button in the center of the symbol (4).  
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Figure 8 – Explanations and configuration of symbols

Figure 8 shows how a symbol explains itself. By touching the border of the symbol, a small question mark appears in the top left area (1).  This button activates an explanatory interface (2), where the user gets a short textual explanation and can change (or upload) an alternative symbol (3).  In our example the symbol for chemotherapy was changed from a pill to an infusion bottle. Please note, that the symbol is changed for every chemotherapy event (4).

5. Conclusion

We developed a framework for adaptive visual symbols for the visualization of personal health records. With the help of adaptive symbols an user can summarize his medical history with the desired complexity and visual style. The adaptive and flexible approach can even support the visualization of  "universal health records" (UHR) as proposed by John Morgenthaler [31]. UHRs are the union of electronic health records as used by health care provides and PHR both shared in a granular way. With the help of the framework, implemented as actionscript library (FLEX), a demonstrator application was realized. We prospectively plan to move to a HTML-5 approach in order to support multitouch tablet devices and gesture based interaction paradigms. 
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