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In a medical world with a large volume of time-stamped information, the clinicians and medical researchers 
need useful, intuitive intelligent tools to process the multiple time-oriented patient data. Standard means, 
such as tables, statistical tools, and even more advanced temporal data mining techniques, are often 
insufficient, can help only in particular cases, or require special experience. 

To solve the computational aspect of this problem, we have been using the knowledge-based temporal 
abstraction (KBTA) method for automated derivation of meaningful interpretations and conclusions, called 
temporal abstractions, from the raw time-oriented patient data, using a domain-specific knowledge-base 
(KB).The input of the KBTA method includes a set of time-stamped parameters (e.g., platelet counts) and 
interventions (e.g., bone-marrow transplantation (BMT)); and the output is a set of interval-based, context-
specific parameters at the higher level of abstraction (e.g., a period of nearly 3 months of grade II bone-
marrow toxicity). Then, these abstractions can be visualized and explored.  

To analyze clinical trials, or for quality assessment purposes, an aggregated view of a group of patients is 
more effective than exploration of each individual record separately. In addition, certain patterns can only be 
discovered through the analysis of multiple patients. 

Therefore, we have designed and developed a new system called VISITORS (VISualizatIon of Time-
Oriented RecordS) which combines the intelligent temporal analysis and information visualization 
techniques. The VISITORS system includes several tools for intelligent visualization and exploration of raw 
data and derived abstracted concepts for multiple patient records.  

We, also, have been developing the ontology-based query language, and the graphical query-construction 
interfaces which enable the construction of the three types of queries: Select Patients Query, Select Time 
Intervals Query and Get Patients Data Query, based on the aggregation query-language semantics. These 
queries retrieve the list of patients, list of relevant time intervals and time-oriented patients' data 
correspondingly. The query language enables population querying, i.e. the Select Patients Query, using an 
expressive set of constraints. For example, the typical Select Patients Query is: ”Select all male patients, 
either younger than 20 or older than 70, whose hemoglobin state was conducted as “moderately low” or 
lower for at least two days, during the first month after bone-marrow transplantation”. 

Figure 1 shows the main interface of the VISITORS system. The top panel (A) is used for the patients and 
time intervals selection tasks. The user can select previously retrieved groups of patients/time intervals from 
the table, input the necessary patients/time intervals by himself, or construct a new Select Patients/ Select 
Time Intervals Queries.  

 
Figure 1. The main VISITORS interface 



The main part of the interface (B) is used to explore the patients' time-oriented data. The left side includes 
a browser to the clinical domain ontology, retrieved on the fly from the relevant domain KB. Clicking on a 
concept node in the ontology tree displays the data of that concept for the selected group of patients. In this 
case, the user explores the data of a group of patients named My patients (58 patients), previously retrieved 
by the Select Patients Query. The 1st panel from the top displays all of the WBC laboratory test values during 
March 95. The top (red) line represents the daily maximal value of the WBC count. The 2nd panel shows the 
daily mean value of HGB for each patient during 1995. The top (red) line and bottom (blue) line represent, 
respectively, the monthly maximal and minimal patient HGB values within the group. The 3rd panel displays 
the monthly distribution of the HGB state-abstraction values for each month of 1995, and the 4th panel 
displays the daily distribution of the Platelet state-abstraction values of March 1995. For example, in Apr 95, 
73 % of patients in the group have had a moderately_low value of  HGB state-abstraction. 

However, the most interesting task is to discover new interrelations or patterns, especially temporal 
interrelations, within a set of patient data. For such purposes, we developed the temporal association graph. 

In Figure 2 (left) we show the temporal and statistical associations among four concepts selected by the 
user for 58-patients group. In this visualization we can see the distribution of the values of the HGB and 
Platelet state abstractions; and the WBC and RBC yearly mean values for each patient over 1995. Values of 
all parameters for each patient are connected by lines. Only 45 patients in this group have data during 1995. 

Edges between abstract concepts provide additional statistical information, and represent the relation of 
specific values of the first concept to specific values of the second concept. The edge width denotes the 
proportion of the patients population. The support, confidence and actual number of patients of relation are 
displayed on the edge. For example, the widest edge in Figure 2 (left) represents a relationship between the 
“low” value of the Platelet state and the “moderately_low” value of the HGB state: 55.8% of the patients 
have this combination of values (i.e. support), while 96.6% of the patients who have the “low” value of the 
Platelet state, have the “moderately_low” value of the HGB state (i.e. confidence), and this association is 
valid for 25 patients. 

  
Figure 2. Temporal association graph visualization 

In this visualization, by using direct manipulation, the user can dynamically apply additional constraints; 
e.g., we can answer the question “how constraining one parameter can affect the association between 
multiple concepts”. The user is able to select another range of the values for the raw-concept data by using 
trackbars, or to select a subset of the relevant values for the abstract concept. For example (See Figure 2 
right), increasing the WBC value from 1400 cells/ml to 5400 causes a refiltering of the patient data: in the 
new subgroup, there are no patients with a “very_low” value of the Platelet state, and only half of the patients 
have a “moderately_low” value of the HGB state. 

In a current state we finished to perform the functional evaluation. For this purpose we used the 
retrospective data base of more than 1000 oncology patients followed for 2-4 years after bone-marrow 
transplantation procedure. 

The usability evaluation is currently ongoing regarding: (1) query specification interfaces by asking the 
clinicians to construct the aggregate queries at different difficulty levels; and (2) the visualization and 
exploration capabilities of the VISITORS by asking the clinicians to answer the clinical questions about 
patients' time-oriented data.  
 


