
 

  



 

 

AN ABSTRACT OF THE THESIS OF 

 
Surendar Nambirajan for the degree of Master of Science in Computer Science 

presented on June 16, 2016. 

 

Title:  Visual Analysis of Attorney Case Portfolios Over Time 

 

 

 

Abstract approved: 

______________________________________________________ 

Ronald A. Metoyer 

 

 

 

While individual portfolio diversity analysis is a well-studied problem in visualization, 

the visual analysis of individual or groups of portfolios, over time, has received little 

attention.  Such analysis, however, is important to researchers who are interested in 

better understanding portfolio management behavior of experts as well as novices.  We 

conducted a visualization design study using the nested model framework to guide our 

process.  We present a 'memo driven' approach to domain characterization and an 

analysis of data and task abstractions for portfolio diversity analysis over time.  We 

present a generalizable visual encoding that emphasizes a diversity-centered analysis of 

portfolios over time.   We discuss the results of an insight-based evaluation of the system 

by a law researcher interested in studying the court case portfolio management 

behaviors of attorneys over time. 

 

  



 

 

 

 

 

 

 

 

 

 

 

©Copyright by Surendar Nambirajan  

June 16, 2016  

All Rights Reserved



 

 

Visual Analysis of Attorney Case Portfolios Over Time 

 

 

by 

Surendar Nambirajan 

 

 

 

 

 

 

 

 

A THESIS 

 

 

submitted to 

 

 

Oregon State University 

 

 

 

 

 

 

 

 

in partial fulfillment of 

the requirements for the  

degree of 

 

 

Master of Science 

 

 

 

 

 

Presented June 16, 2016 

Commencement June 2017 



 

 

Master of Science thesis of Surendar Nambirajan presented on June 16, 2016 

 

 

 

 

 

APPROVED: 

 

 

 

 

Major Professor, representing Computer Science 

 

 

 

 

 

Director of the School of Electrical Engineering and Computer Science 

 

 

 

 

 

Dean of the Graduate School 

 

 

 

 

 

 

 

 

 

 

I understand that my thesis will become part of the permanent collection of Oregon 

State University libraries.  My signature below authorizes release of my thesis to any 

reader upon request. 

 

 

 

Surendar Nambirajan, Author 



 

 

ACKNOWLEDGEMENTS 

 

First, I would like to thank my advisor Prof. Ronald A. Metoyer for his continued 

support in the development of this work. Further, I would like to thank our collaborator 

Prof. Sachin S. Pandya from the University of Connecticut for his valuable support in 

this work. In addition, I would like to thank Prof. Mike Bailey, Prof. Anita Sarma, and 

Prof. Karl Schilke for accepting my invitation to serve on my committee. I also want to 

thank my good friends Sanket Jain and Amirhosein Emerson Azarbakht for their support 

and timely help during my stay in Corvallis. Further, I would like to thank my family 

for their support throughout my studies. 

 



 

TABLE OF CONTENTS 
 

 

                                                                                                                                        Page 

1. Introduction ............................................................................................................... 1 

2. Background and Related Work ................................................................................. 3 

2.1 Scalable Temporal Visualizations and Techniques ................................. 4 

2.2 Portfolio Visualizations ............................................................................ 5 

2.3 Diversity Visualization............................................................................. 6 

3. Visualization Design Process .................................................................................... 7 

3.1 Domain Characterization ......................................................................... 7 

3.2 Data and Task Abstraction ....................................................................... 9 

3.3 Visual encoding and Interaction............................................................. 12 

3.3.1 Diversity chart ............................................................................... 12 

3.3.2 Portfolio chart ................................................................................ 13 

3.3.3 Co-occurrences chart ..................................................................... 14 

3.3.4 Additional visual encodings .......................................................... 15 

3.3.5 Interaction ...................................................................................... 16 

3.3.6 Informal Think Aloud Study ......................................................... 18 

3.4 Algorithm design .................................................................................... 21 

3.4.1 Case frequency computation ......................................................... 22 

3.4.2 Diversity index computation ......................................................... 22 

3.4.3 Co-occurrence computation .......................................................... 23 

4. Implementation ........................................................................................................ 24 

4.1 Dataset .................................................................................................... 24 

4.2 Technology ............................................................................................. 24 

4.2.1 Why node? ..................................................................................... 25 

4.2.2 Why MongoDB? ........................................................................... 26 

4.2.3 Why D3? ........................................................................................ 27 

4.3 Pre-processing ........................................................................................ 27 



 

 

TABLE OF CONTENTS (Continued) 
 

 

                                                                                                                                        Page 

4.4 Visualization system architecture .......................................................... 28 

4.5 Visualization page .................................................................................. 31 

4.5.1 Visual Encodings ........................................................................... 31 

4.5.2 Bookmark feature .......................................................................... 32 

4.5.3 Interaction ...................................................................................... 32 

5. Informal User Experience Evaluation ..................................................................... 35 

5.1 Goal ........................................................................................................ 35 

5.2 Method ................................................................................................... 35 

5.3 Results .................................................................................................... 36 

5.3.1 Useful features ............................................................................... 36 

5.3.2 Suggestions for improvement ........................................................ 36 

5.3.3 Missing Features ............................................................................ 37 

5.4 System refinements to implement missing features ............................... 37 

5.4.1 Implementation of improvements ................................................. 38 

5.4.2 Implementing the missing features ............................................... 39 

6. Case study ............................................................................................................... 45 

6.1 Goal ........................................................................................................ 45 

6.2 Method ................................................................................................... 45 

6.3 Analysis Process ..................................................................................... 46 

6.4 Analysis of the aggregate portfolio bookmarks ..................................... 48 

6.4.1 Medical malpractice cases ............................................................. 48 

6.4.2 Effects of the 2008 recession......................................................... 53 

6.4.3 No specialization in Eminent Domain .......................................... 54 

6.4.4 Products Liability Specialists ........................................................ 54 

6.4.5 Housing cases: data error .............................................................. 55 

6.5 Analysis of the individual portfolio bookmarks .................................... 56 



 

 

TABLE OF CONTENTS (Continued) 
 

 

                                                                                                                                        Page 

6.5.1 Law firm’s portfolio ...................................................................... 56 

6.5.2 Solo practitioner’s portfolio .......................................................... 57 

6.6 Results .................................................................................................... 58 

7. Conclusion and Future Work .................................................................................. 60 

Bibliography ..................................................................................................................... 63 

 

  



 

 

LIST OF FIGURES 
 

 

Figure                                                                                                                             Page  

2.1: Visual encodings for temporal data. ............................................................................ 4 

3.1: Diversity chart encoding to display the diversity values. .......................................... 13 

3.2: Possible encoding to represent portfolio .................................................................... 13 

3.3: Adjacency matrix encoding for the co-occurrences of the case types ....................... 15 

3.4: Additional visual encodings....................................................................................... 15 

3.5: Mockup screen with the filtering controls and the visual encodings ......................... 17 

4.1: The difference between synchronous and asynchronous programming. ................... 26 

4.2: Visualization system architecture. ............................................................................. 29 

4.3: Visualization page...................................................................................................... 30 

4.4: Bookmark model dialog............................................................................................. 32 

4.5: Demonstration of Context+Focus interaction in the timeline view ........................... 33 

5.1: Two working prototype versions of portfolio chart ................................................... 40 

5.2: Co-occurrence chart visualizing minor case types for all the defendant attorneys. .. 43 

5.3: New controls and improved visual encodings based on feedback............................. 44 

6.1: Defense Attorneys and law firms at least with five medical malpractice cases.. ...... 48 

6.2: Plaintiff Attorneys at least with five medical malpractice cases. .............................. 49 

6.3: Defense Attorneys at least with five medical malpractice cases. .............................. 51 

6.4: Defense law firms at least with five medical malpractice cases.. .............................. 52 

6.5: Effect of 2008 recession ............................................................................................ 53 

6.6: Portfolio chart showing constant distribution of the cases. ....................................... 54 

6.7: Portfolio chart showing the steady increase of product liability ............................... 55 



 

 

LIST OF FIGURES (Continued) 
 

 

Figure                                                                                                                             Page  

6.8: Portfolio chart indicating the missing data ................................................................ 55 

6.9: Visualizing an individual attorney’s portfolio ........................................................... 58 

7.1: Mockup of the diversity chart lie on top of heat map. ............................................... 61 

  



 

 

LIST OF TABLES 
 

 

 

Table                                                                                                                              Page 

3.1: List of attributes of case table and the data types. ....................................................... 8 

3.2: Sample hierarchy of major codes and minor codes. .................................................... 8 

3.3: List of attributes of event table and the data types. ..................................................... 9 

3.4: Sample data for calculation of Shannon and Brillouin index .................................... 10 

3.5: Tasks performed during the Think-Aloud Study ....................................................... 18 

3.6: Shows number of Time-window the case span in Figure 3.5. ................................... 21 

6.1: Analysis of the bookmarks added for the aggregate portfolio visualizations ............ 47 

6.2: Analysis of the bookmarks added for the individual portfolio visualizations ........... 56 

6.3: Case study: Number of times the visual encoding used to perform a task ................ 58 



 

 

1. Introduction 

 

In the financial domain, a portfolio is a collection of investments such as stocks and 

bonds held by an individual or financial institution [16]. Similarly, it is common to 

view lawyers as managers of a portfolio of cases where each case is equivalent to a 

financial asset with some expected return on investment, in time and money, to the 

attorney. Researchers are interested in analyzing attorney behavior in cases based 

on case portfolio analysis. 

Portfolio models of attorney behavior lead to different predictions than models 

in which attorneys act based only on the return of a particular case. For example, in 

a portfolio model, attorneys may take or settle any particular case for a low or even 

negative net return if doing so advances an overall strategy for managing a 

portfolio’s estimated risks and rewards, adjusting the concentration of cases by type 

within a portfolio, or developing a reputation for expertise or tenaciousness that may 

attract clients and favorably affect negotiations with opposing counsel in other or 

future cases [10]. Moreover, if an attorney has a fixed amount of time or energy to 

invest in any case in the portfolio, and if the probability of recovery is itself a 

function of the attorney’s level of investment, then the attorney’s decision to invest 

in any one case may affect the expected net return on other cases in the same 

portfolio. Analysis of such portfolios, therefore, requires an understanding of the 

trade-offs that attorneys are faced with. 

To date, research has not captured a complete picture of attorney case portfolios 

for a particular jurisdiction or provided an analysis of how attorney portfolios 

change over time. At best, in prior studies of plaintiffs’ lawyers, researchers ask 

attorney respondents to report the types of cases they or their firm handles and then 

estimate the percentage of each case type that they handled [10, 32]. Our goal is to 

provide researchers with tools to more effectively explore portfolio contents and 

evolution over time to answer their particular questions of interest. 
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A law researcher, who is also our target user, provided us a memorandum (memo) 

that described the research problem in the law domain. In this work, we present a 

visualization that is designed using the nested model [1] in a memo-driven, user-

centric approach with a single target user from the law domain. We evaluated the 

visualization system with an informal user experience evaluation and a case study 

to perform the insight-based evaluation. 
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2. Background and Related Work 

 

Visualization is the communication of information using the visual representations 

[27]. Computer-based visualization systems provide a visual representation of 

datasets devised to assist people to carry out tasks with higher efficiency [2]. The 

goal of information visualization is to transform data into the visual representation 

that strengthen human cognition in the process of better observation and 

understanding of the data. [35].  

Tables are the typical dataset where each row represents an individual entity 

called an item, and each column is an attribute, which stores a specific property 

about the item. Each attribute’s data is of two types: categorical and ordered. 

Categorical data cannot be ordered implicitly and has hierarchical structure [2]. For 

example, a fruit attribute might contain apple, orange, or peach as the value, which 

can be ordered only by additional attributes such as its weight, price, or 

alphabetically ordered by name. Ordered data have an implicit ordering and further 

divided into ordinal and quantitative. Ordinal data, such as students’ grades, can be 

ordered, but does not support all arithmetic operations. Quantitative data, such as 

the quantity of fruit, is the other type of ordered data and supports all arithmetic 

operations. 

A key is an independent attribute of categorical or ordinal data type for 

identifying an item in a table while the value is a dependent attribute value of one 

of three data types: categorical, ordinal, or quantitative. A new attribute derived 

from existing attributes is called derived data. Derived data can be computed 

through various statistical operations such as averaging, aggregating and so on. 

Marks are basic geometric primitives such as points, and lines that encode 

attributes of an item. A mark has properties such as position, size, color, shape, and 

angle. These properties control the appearance of the mark. Multiple marks are used 
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to draw a complex object called glyph. A visual encoding is a graphical 

representation that a user sees on the screen.  

 

2.1 Scalable Temporal Visualizations and Techniques 

Time series data, also called temporal data are the most ubiquitous form of stored 

data, where an attribute value varies over time. Researchers have widely used line 

based encoding [18,20] (Figure 2.1a), and matrix-based encoding (Figure 2.1b) 

[21,22,26]. In this section we discuss techniques adopted by researchers for 

visualizing large time series data. 

Line Graph Explorer [18] visualizes linearly order data, where each line’s value 

is color-coded instead of height encoding along the y-axis. Line Graph Explorer 

allows users to select and view individual lines with the Focus+Context technique—

ability to view selected region in a fine granularity within the application. Similarly, 

Ziegler et al. color-coded the relative percentage change of stocks’ value over time 

in the financial data by transforming a two-dimensional line chart into a one-

dimensional bar [19]. They also pre-processed necessary combination of attributes 

in advance for seamless interaction. TimeSearcher [20] displays multiple line chart 

as an overview and allows the user to query specific regions by creating a 

rectangular box, Focus+Context technique, to identify patterns in financial data.   

 

(a) (b) 

Figure 2.1: Visual encodings for temporal data. (a) Multi-line chart, each line 

represents an item (b) Heatmap, a matrix based encoding where each row represents 

an item and values are color-coded in a sequential color map. 
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McLachlan et al. followed a user-centered iterative design process to create the 

visualization system, LiveRac [21], that uses matrix based encoding to visualize 

multiple attributes of a time series data. Each cell contains a line chart which uses a 

semantic zooming technique to adapt to the available cell space. Also, LiveRac 

employs stretch and squish navigation by which expanding a region will compress 

the rest of the view. Huo et al. [22] discussed a multi-resolution technique to 

visualize time series data in a matrix based visualization by giving high emphasis 

on recent data and low emphasis on old data. 

 

2.2 Portfolio Visualizations 

Raunch et al. [23] in the process of the visualizing project portfolio, they represented 

each project’s attributes in a symbol. The symbol is made up of an inner circle 

showing the overall progress of the project, surrounded by three arcs displaying 

project properties, further surrounded by several small circles representing work. 

And several symbols are arranged in a matrix layout based on the similarity between 

projects. Wei et al. [24] visualized project portfolios with three-dimensional bar 

charts where each dimension represents a project attribute. FundExplorer [25] uses 

the context treemap technique, in which attributes with zero values occupy the same 

screen space while the non-zero value determines the rest of the attributes' screen 

space. FundExplorer visualizes investor’s current portfolio and helps to diversify 

their portfolio in the non-invested sectors. Brehmer et al. [26] used a heat map to 

aggregate energy intensity values to visualize time series data of energy 

consumption in buildings. Each row of heat map represents a building and columns 

represent the time window. They also used supplementary boxplots to show the 

range and the distribution of energy consumption for each building. 
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2.3 Diversity Visualization 

In the field of ecology, diversity is a measure of species richness and evenness in a 

locality [4]. The term richness refers to the species count in a locality. Moreover, 

evenness is the number of each species in a locality. Pham et al. [5] generalized the 

biological diversity and applied it to a specific attribute of an entity, provided if the 

attribute exhibited a rich variety in values and if each of those values was evenly 

abundant. In their study to understand the diversity of multivariate entities, they used 

Shannon index to compute diversity for the attributes of college applicant data and 

represented it in diversity map—a matrix based encoding—with the six attributes in 

a column and color encoded with the diversity index.  
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3. Visualization Design Process 

 

Initially, our target user provided us with a memorandum document which explains 

the research problems in the law domain, and a toy data set, which is a miniature 

version of the real data. With this information, we started our visualization design 

process using Munzner’s nested model [1]. This model has four stages:  domain 

characterization (the outermost level), task and data abstraction, visual encoding and 

interaction, algorithm design (the innermost level). All the four levels are nested and 

the output from an outer level is the input for an inner level.  In this chapter, we 

discuss the visualization design process using the nested model. 

 

3.1 Domain Characterization 

Designing a visualization without a basic knowledge about the target domain can be 

a difficult task. Hence, the first stage required us to understand the problem 

statement of the target user in their domain. We analyzed the memorandum 

document and learned that the goal of our domain expert is to analyze attorney 

portfolios, over time, to explore interesting issues of the portfolio diversity. From 

the memorandum, we identified an initial set of six questions of interest to 

researchers of attorney portfolio data: 

RQ1: Which attorneys are specialists and which attorneys are generalists? 

RQ2: What are the contents of a particular attorney’s portfolio? 

RQ3: Does the number of specialists change over time and, if so, for which 

case type? 

RQ4: How often and how quickly do attorneys move from generalist to 

specialist and vice-versa? 

RQ5: Do particular case types tend to occur together in a portfolio? 
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RQ6: How are portfolios affected by exogenous events, such as a change in 

law or an economic recession? 

With the identified questions, we performed immediate validation with our 

collaborator through email, to verify our understanding of the problem. Then, 

further examination of all the above questions, except RQ5, required us to define a 

generalist or a specialist. A generalist is an attorney who has pursued a 

diversification strategy to reduce overall risk, or perhaps who has not yet established 

himself/herself as an expert in a particular case type. On the other hand, an attorney 

with low portfolio diversity is considered a specialist.  

 

# Attribute Data type 

1 Attorney name Categorical 

2 File date Quantitative 

3 Disposition date Quantitative 

3 Major case code Categorical 

4 Minor case code Categorical 

5 Court type Categorical 

6 Party type Categorical 

Table 3.1: List of attributes of case table and the data types. 

 

# Major code Major code 

description 

Minor 

code 

Minor code 

description  

1 P Property P00 Foreclosure 

2 P Property P10 Partition 

3 P Property P20 Discharge of Mortgage 

or Lien 

4 P Property P30 Assert forfeiture 

5 P Property P90 All other 

Table 3.2: Sample hierarchy of major codes and minor codes. 
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3.2 Data and Task Abstraction 

Next, we generalized the research questions and the data from the vocabulary of law 

into the vocabulary of information visualization. The toy dataset, provided by our 

collaborator, consists of 2 tables: (1) case table and (2) event table.  

Each row of the case table is a case which includes attributes such as attorney 

name, file date, disposition date, major case code, minor case code, court type, and 

party type. Table 3.1 shows the data type of each attribute. The file and disposition 

dates are the case’s start and end date, respectively. Further, the case type is 

determined using the major case codes and minor case codes. These codes are 

hierarchically organized as shown in Table 3.2; one major case code holds one or 

more minor case codes. A single major code and a minor code is used to define each 

case. The law researcher also provided us with the description of the major codes 

and minor codes in separate CSV files. 

The event table has the exogenous event data. The attributes of this tables are 

event name, event description, and event date (Table 3.3).  

 

# Attribute Data type 

1 Event name Categorical 

2 Event date Quantitative 

3 Event description Categorical 

Table 3.3: List of attributes of event table and the data types. 

 

Further, to answer RQ1, RQ2 and RQ4 we must have some measure of diversity. 

To order and sort attorneys’ level of specialization, we computed the diversity of a 

portfolio using a diversity metric similar to that used in biology for computing 

biological diversity [4]. We adopted the biological definition of diversity [5], where 

a diverse portfolio is one that is rich in variety and even in abundance. This 

definition matches with our definition of a generalist attorney – an attorney that 
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carries many difference kinds of cases and does so evenly. Hence, we used the 

diversity index to measure portfolio diversity.  

 

Major Code Attorney A 

(case count) 

Attorney B 

(case count) 

A 5 3 

C 5 3 

E 5 3 

F 5 3 

M 5 3 

Table 3.4: Sample data for calculation of Shannon and Brillouin index  

 

The Shannon index is the commonly used diversity index in the field of ecology 

[4]. Moreover, the Brillouin index produces similar values to that of Shannon index 

[4]. However, a significant difference between these two indexes is that the Shannon 

index will always produce the same value if the case count of each case type is 

constant [4], that is, in a given time window an attorney handles an equal number of 

cases for all the different case types. For example, in Table 3.4, Attorney A and 

Attorney B have the same case count for various case types. The Shannon index 

produces the same value of 1.60 for both attorneys, whereas, the Brillouin index 

produces 1.36 for Attorney A and 1.26 for Attorney B. Moreover, because Brillouin 

index produced different diversity values, we preferred to use Brillouin index as a 

primary metric to compute the derived data for each attorney’s case portfolio over 

time. 

 
𝐻𝐵 =

𝑙𝑛𝑁! − ∑ ln(𝑛𝑖!)

𝑁
 

(3.1) 

 

Equation 3.1 represents the Brillouin index, where 𝑁 is the total number of cases 

in the attorney’s portfolio, 𝑖 represents the different case types and 𝑛𝑖  is the number 

of cases in the attorney’s portfolio with the 𝑖th case type. Using this derived metric, 

we represented each attorney’s case portfolio’s in a single value. We calculated the 
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portfolio diversity of attorneys in each interval of the time frame. We named these 

small intervals, as the time window represented in a month, in a quarter, in a half-

year, and in a year, while the time frame is a large period with start and end date 

values. 

To specify tasks in generic rather domain specific way, we considered three 

levels of visualization tasks [3].  At the top level, we identified why the visualization 

is used.  This level is further broken down into categories of Consumers of the data 

who seek to discover, present or enjoy, and Producers of data who seek to annotate, 

record, and derive.   In all of these cases, the user requires to Search for the elements 

of interest in the visualization. Search is classified according to what is known about 

the Target and the Location, resulting in four search types:  Lookup (location known 

and target known), Locate (location unknown and target known), Browse (location 

known, target unknown), and Explore (location unknown, target unknown).  Finally, 

when a target or set of targets is found, a typical user goal is to Query the target for 

additional information.  Brehmer and Munzner break Query up by the number of 

targets the query is performed on.  A Query of a single target is used to determine 

Identity by returning the characteristics of the elements.  For multiple targets, the 

Query is denoted for Comparison.  Finally, when the scope is all targets, the Query 

aims to Summarize. 

Our system must support several visualization tasks. We have identified the 

primary visualization tasks for each research question. Researchers seek to discover 

trends and patterns in attorney portfolio management behavior. They must explore 

the data to compare attorney portfolios of interest such as specialists or generalists 

(RQ1). They seek to browse portfolios to find the extremes in diversity (generalist 

and specialist) (RQ1) and identify portfolio contents for a single attorney or 

summarize portfolio contents for a subset of attorneys (RQ2). Researchers also seek 

to discover trends in portfolio makeup over time (RQ3). They must explore portfolio 

characteristics over time: diversity level, categorization of generalist or specialist, 

portfolio contents (RQ4). Researchers need to browse portfolios to discover 
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correlations and identify the case types that are potentially correlated (RQ5). Finally, 

researchers need the ability to lookup specific exogenous event dates and explore 

portfolio characteristics that correspond to those points in time (RQ6). Further, for 

all search questions, the goal of the law researcher is to discover. 

 

3.3 Visual encoding and Interaction 

Visual encoding consumes one or more key and value pairs as input to create a 

graphical representation. In the data abstraction, we have categorized the raw data 

into different data types and formulated the derived data. These derived data serves 

as input to our visual encodings. In this section, we brainstormed possible visual 

encodings for our visualization system. Also, we employed rapid prototyping 

technique to design static prototypes using the online web-based mockup tool, 

Balsamiq [11].  

 

3.3.1 Diversity chart 

We designed the first visual encoding to provide the answer to the RQ1 and the RQ3 

by representing each attorney based on the diversity value so that the law researcher 

can compare extremes (generalist and specialist) and discover trends. As discussed 

earlier in section 3.2, we use the diversity metric, Brillouin index, to measure a 

derived value for each attorney based on the frequency of each case type in a time 

window. This data consists of one ordered key attribute (time window), one 

categorical key attribute (Attorney), and one quantitative value (diversity value) 

attribute. A line chart encoding is helpful to view trends in input data which consists 

of a categorical key and quantitative value [2]. Because we have multiple attorneys, 

we decided to use a multiple-line chart, which has multiple lines that represent a 

categorical value; in our case, it is the attorney. Further, the law researcher should 

be able to compare extremes, that is, to select those attorneys who are considered to 
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have a diverse portfolio (generalist) and to select those who do not (specialist). We 

added two horizontal bars: a blue bar, and a green bar; which can be moved 

vertically to set the threshold for identifying extremes (Figure 3.1). We named this 

encoding the diversity chart. 

 

 

Figure 3.1: Diversity chart encoding to display the diversity values.  

 

   

(a)                                                               (b) 

Figure 3.2: Possible encoding to represent portfolio: (a) Streamgraph, each layer 

represents a case type and on click of the layer will pop up a tooltip. (b) Heat map, 

each row accounts for a case type. 

 

3.3.2 Portfolio chart 

The second visual encoding should represent case types as a portfolio and 

summarize the case type distribution over time for a single attorney or the multiple 

attorneys (RQ2). The data available for this representation are: one categorical key 

attributes (case type), one ordered key attribute (time window), and one quantitative 

value attribute (case count). The visual encodings that support two keys and one 
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value are streamgraph and heat map [2]. A streamgraph shows how a set of values 

change over time by their relative area (Figure 3.2a).  While the heat map is a matrix 

arrangement of key attributes in which values are represented as colors (Figure 

3.2b). In a streamgraph, each continuous layer’s accounts for a case type and the 

size of the area represents the case count in a time window, each layer is color-coded 

using unique color to differentiate between each other. In the heat map, each row 

accounts for a case type and each cell in the column is color coded by case count 

with varying the intensity representing the makeup of the portfolio in a particular 

time window. We added a feature to the heat map to visualize both case types: major 

case type and minor case type. By default, the heat map will show only the major 

case type. On click of the plus sign near the label (Figure 3.2b) the row expands and 

shows the portfolio of minor case types for each time window. Whereas, the user 

needs to toggle between a major case type representation and minor case type in the 

streamgraph visual encoding. 

 

3.3.3 Co-occurrences chart 

The task involved in answering RQ5 is to browse and identify the case types that 

tend to occur together. The derived data is a two-dimensional case type with a co-

occurrence count, that is, two categorical keys (case type), and one quantitative 

value (co-occurrence) as data. This input data is similar to the network represented 

in an adjacency matrix, where each cell represents an edge from one node to another. 

Figure 3.3 shows the adjacency matrix encoding with the co-occurrence of case 

types over all the time windows, which are color-coded in each cell with the linear 

color scale.   
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Figure 3.3: Adjacency matrix encoding for the co-occurrences of the case types 

 

 

(a) 

 

 

(b) 

Figure 3.4: Additional visual encodings: (a) Event chart which represents each event 

in an ellipse mark. (b) A diversity map representing a one-dimensional array of cells 

to represent portfolio type in a time window. 

 

3.3.4 Additional visual encodings 

To show the exogenous event’s detail (RQ6) such as the event name, and event date, 

we used an elliptical glyph to show each event along the x-axis with the 

corresponding event date. Figure 3.4 (a) shows event chart which has events in blue 

ellipses. In addition to the Portfolio charts (streamgraph and heat map), we added a 
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one-dimensional diversity map (Figure 3.4b) that shows portfolio classification 

(generalist, specialist, and in-betweens) based on the threshold values set for 

generalist and specialists in the diversity chart.   

  

3.3.5 Interaction 

The left panel has HTML input controls to set the time frame, time window, court 

type, attorney type, case type, and party type (Figure 3.5). Any adjustment in the 

value of these input controls will trigger a backend request to fetch and populate the 

matching attorney list and update the relevant visual encodings. The user can also 

interact with the diversity chart by setting the threshold value for generalist and 

specialist. When the selection mode is the specialist, all attorneys whose average 

diversity index value for that time frame below the specialist threshold value will be 

selected, and those lines will be in green. This action by the user will also update 

the portfolio chart, diversity map, and the co-occurrence chart. Similarly, for the 

generalist, all attorneys with an average diversity value above the generalist 

threshold bar will be selected, and for in-betweens, all lawyers' average diversity 

value between the generalist and specialist threshold bar will be chosen. The custom 

mode provides flexibility for selecting individual attorneys by clicking on the lines 

in the diversity chart or by selecting the attorneys from the matching attorney list. 
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Figure 3.5: Mockup screen with the filtering controls and the visual encodings 

 

We added, a vertical red line that moves along the mouse cursor over the event 

chart, the diversity chart, the portfolio chart, and the diversity map to align the user 

in time. Because all these four charts are aligned horizontally representing the same 

x-axis time window values, by using the timeline, the user has the advantage to align 

the exogenous events of the event chart visually with the diversity chart and 

portfolio chart. 
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3.3.6 Informal Think Aloud Study 

As an immediate validation of the visual encoding and interaction stages, we 

performed an informal think aloud study with the law researcher to assess the 

designed visual encodings. Our goal is to have the law researcher perform common 

tasks that he might want to perform with the data and to know the barriers he faced 

while interacting with the designed user interface.  We used the static mockups 

(Figure 3.5) that we created using the Balsamiq online tool [11]. 

 

# Task Task description 

1 Familiarize with the 

interface. 

 

For this task, we want the user to examine the 

interface components, try them out, ask questions, 

and get to know how to use it. 

2 Looking for types of 

attorneys (RQ1) 

Find the attorney who represents mostly a 

‘specialist’ over some target time period (you 

choose the time period)?  ‘generalist’? 

3 Examining portfolios 

(RQ2, RQ3) 

Examine the portfolio of the specialist and describe 

it.  Is there anything interesting to note? 

Examine the portfolio of the ‘generalist’ and 

describe it.  Is there anything interesting to note?) 

 

4 Exogenous event 

effects (RQ4, RQ6) 

 

For this task, imagine selecting a particular 

exogenous event of interest.  Is there any correlation 

between that event and attorney portfolio content? 

5 Analysis scenario 

(RQ5) 

 

For this task, we’d want the user to identify a subset 

of 5 attorneys that user would deem ‘specialists’ 

over a particular time frame of interest (e.g. 2008 - 

2012).  For those attorneys examine their portfolios 

to get a better understanding of what types of cases 

they carried.    Are there any particular types of 

cases that specialists tend to carry together in a 

portfolio? 

Table 3.5: Tasks performed during the Think-Aloud Study 
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3.3.6.1 Tasks and Method 

We created five tasks, shown in Table 3.5, and organized them from the simple task 

of familiarizing the user interface, to a more complex task of analyzing attorney 

portfolio with respect to a particular exogenous event. All the five tasks are created 

from the research questions. We performed this study in a video conference; the law 

researcher shared his desktop screen and worked on the tasks which we asked the 

law researcher to perform with the mockups. Before starting the study, we explained 

the different user interface controls for filtering and how to interpret the various 

visual encodings in the mockup screen. During the study, the law researcher 

articulated to us the actions that he would perform with the controls, the expected 

behavior of the visual encodings, and how he would view the visual encoding to 

gain information relevant to the task. We recorded the entire study by capturing 

screen and audio via Camtasia™ screen capture tool. Also, we wrote handwritten 

notes as supplementary data. 

 

3.3.6.2 Results 

For all the tasks, the law researcher started by setting the filter controls such as the 

time frame, the time window, the court type, and the party type and he expected that 

the matching attorney list would populate only those attorneys matching the filter 

control values. Moreover, for task 2, when the threshold bars are adjusted vertically 

to set threshold values for generalist and specialist, he expected the system would 

automatically populate attorneys in the matching attorney list. After a while, he 

realized that the ‘specialist’ radio button would subset the attorneys with only 

specialists by stating, “I now realize that I should check this box and that would give 

me all the specialist.” To get more information we asked him to explain what would 

happen to the lines in the diversity chart for that situation. He said, “[The green] line 

will move,” which was not the exact behavior. Hence, we explained to him how the 

lines in diversity chart worked. After a little explanation that the green highlighted 
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line represented a selected attorney, the law researcher understood that there would 

be more green lines when multiple attorneys are selected in the diversity chart. 

For the task 3, the law researcher understood how to get a single attorney and 

then look at that attorney’s portfolio and how to read the case type from the portfolio 

chart. The law researcher knew what to expect if the attorney was a specialist, which 

is a fewer dark blocks in the portfolio chart. Moreover, the law researcher completed 

this task by interpreting a correlation in the co-occurrence chart. 

In task 4, the law researcher stated that he wanted to look at the event, follow 

down and to see the various attorney lines and see if there were any significant 

changes before and after the event in question, then he would eventually look at just 

at specialist or just at generalist. Once the law researcher picked an event, he had an 

intuition for how it might affect attorneys. For example, he said that more attorneys 

would have bankruptcy cases during a recession. In that case, we might see attorneys 

become ‘specialist’ in bankruptcies, or labor and employment lawyers taking more 

labor and employment cases. We asked him to identify an expert on a particular case 

type, but he did not see that this can be performed by using the case type filtering.   

Finally for the task 5, from the populated list of specialists in that time frame, he 

selected five of them and expected to see five lines highlighted in the diversity chart. 

He mentioned the portfolio chart would display an aggregate of five attorneys’ 

portfolio, stating that “…this will represent all attorneys as if the single attorney, 

essentially represent them in aggregate…” and concluded this task by correlating 

case types for all five attorneys in the co-occurrence chart. We also asked if the 

aggregate portfolios would help him to get any useful insights. The law researcher 

stated that it might be helpful when the individual attorneys work at the same law 

firm—which would allow viewing law firm's portfolio.  
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3.3.6.3 Study Findings 

From this study, we learned that the law researcher would first set the filter values 

and expected the matching attorney list to get populated. Then, he selected a single 

attorney or multiple from the matching attorney list to see them in the diversity chart 

as the highlighted green lines, their portfolio in portfolio chart, and co-occurrence 

of case types in co-occurrence chart. However, he did not search for attorneys in the 

text search box. Also, the law researcher did not mention any use of the streamgraph 

in the tasks and stated that the streamgraph was not intuitive and hard to understand 

portfolio from it. For viewing the diversity, he used the portfolio chart very often. 

He was able to figure out that x-axis of all charts in the timeline portion was aligned 

with each other. 

 

 

Figure 3.5: An illustration for time window calculation. The line indicates the start 

and end date of a case time span.   

 

Time window Mode Time windows Count 

Yearly 2014 and 2015 2 

Half-Yearly H2 of 2014, H1 of 2015, and H2 of 2015 3 

 

Quarterly 

Q4 of 2014, Q1 of 2015, Q2 of 2015, and 

Q3 of 2015 

4 

Monthly October of 2014 to September of 2015 12 

Table 3.6: Shows number of Time-window the case span in Figure 3.5.  

 

3.4 Algorithm design 

All the three visual encodings: diversity chart, portfolio chart, and co-occurrence 

chart rely on the attorney’s case count in a time window. Each case has a file date 
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attribute, which refers to the date that the lawsuit was filed, and disposition date 

which is the closing date for the trial. The period between the file date and the 

disposition date is the amount of time an attorney spent on the case. A case can span 

multiple time windows as shown in Figure 3.5. From Table 3.6 the case by year 

spans from 2014 to 2015, by half year (H) spans from H2 of 2014 to H2 of 2015, by 

quarter (Q) spans from Q4 of 2014 to Q3 of 2015, by month spans from October of 

2014 to September of 2015. Hence, this case counts for all these time windows while 

calculating the case frequency. 

 

3.4.1 Case frequency computation 

From the total cases, case frequency is calculated as the number of cases of case 

type 𝑖, an attorney 𝑎 handled in the time window 𝑤𝜖𝑊 . The case type can be major 

case type or minor case type. In Equation 3.2, 𝐶𝑜𝑢𝑛𝑡 is the function that calculates 

the number of cases for 𝑎, 𝑖, 𝑤 , such that 𝑤𝜖𝑊 and for all (∀) 𝑖. The calculated 

frequency value is the input to the portfolio chart.   

 

 𝐹(𝑎, 𝑊) =  𝐶𝑜𝑢𝑛𝑡𝑤𝜖𝑊,∀𝑖(𝑎, 𝑖, 𝑤) (3.2) 

 

3.4.2 Diversity index computation 

From Equation 3.1, for each time window 𝑤𝜖𝑊 and for an attorney 𝑎 with the case 

types 𝑖𝜖𝐼 Brillouin diversity index 𝐻𝐵 is calculated by  

 

𝐻𝐵(𝑎, 𝑊) =
ln(𝐶𝑜𝑢𝑛𝑡𝑤𝜖𝑊,∀𝑖(𝑎, 𝑖, 𝑤)!) −  ∑ ln (𝐶𝑜𝑢𝑛𝑡𝑤𝜖𝑊(𝑎, 𝑖, 𝑤)!)𝑖𝜖𝐼

𝐶𝑜𝑢𝑛𝑡𝑤𝜖𝑊,∀𝑖(𝑎, 𝑖, 𝑤)!
 

(3.3) 
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Where ! represents the factorial. The computed values serve as input for the diversity 

chart.  

 

3.4.3 Co-occurrence computation 

The co-occurrence of the case types 𝑖, 𝑗 for an attorney 𝑎𝜖𝐴, is the number of 

occurrence of  case type 𝑗 if there exist an instance of case type 𝑖 in each time 

window 𝑤𝜖𝑊.  This computed co-occurrence values will be utilized by the co-

occurrence chart.  

 

 

𝐶(𝑖, 𝑗, 𝑊) = {
𝐶𝑜𝑢𝑛𝑡𝑤𝜖𝑊,𝑎𝜖𝐴(𝑎, 𝑗, 𝑤)         ∃𝑖 𝑎𝑛𝑑 𝑖𝑓 𝑖 ≠ 𝑗

0                                                ∃𝑖 𝑎𝑛𝑑 𝑖𝑓 𝑖 = 𝑗
0                                                                        ∄𝑖

 

 

(3.4) 
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4. Implementation 

 

4.1 Dataset  

Our collaborator provided us Connecticut state courts data in multiple Excel 

(XLSX) files, due to size constraint (Microsoft™ Excel 2010 worksheet has a size 

limitation of 1,048,576 row [12]) We converted the XLSX files into CSV files, and 

then merged them into a single large CSV file. There are 2,119,446 cases in the 

dataset; out of which, our collaborator was only interested in those cases filed after 

January 1st of 2004. We found many records had an end date (disposition date) of 

the court case lesser than the start date (file date), for example, the disposition date 

attribute’s value was lesser than the file date attribute’s value. For this issue our 

collaborator clarified us that it was due to the manual entry of the date values. 

Further, few cases had disposition date values as a dot, which indicated that these 

cases were still in process and pending for judgment. We considered these records 

as invalid and excluded them. Subsequently, our final count was 1,491,176 cases 

handled by 12,771 attorneys, who have handled cases in one of the five party types: 

plaintiff, defendant, garnishee, other, family-other, and Limited. Our collaborator 

informed us that he was in the process of getting the federal and other states court 

dataset which we would be receiving in the future for the visualization. Adding this 

dataset would increase the case count to dozens of millions of cases. Hence, our 

visualization system should support visualizing large dataset of court cases, which 

requires us to emphasize scalability as a major factor while selecting the technology 

for implementation. 

 

4.2 Technology 

In this section, we discuss the frontend and backend frameworks used for 

implementing our visualization system. 
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4.2.1 Why node?  

We selected node.js, also referred as a node, as the backend platform, to run the 

application server and to handle the HTTP web-service request from the client web 

browser. Node is an event-driven architecture, which uses a single thread to process 

entire requests. Also, it employs non-blocking event loop to process the request that 

eliminates the idle time due to the input–output (IO) operations like HTTP request, 

file IO operations, database IO operations, and network IO operations. For example, 

in a synchronous program of a traditional backend platform, to fetch data from the 

database, the execution of code halts until the database fetch and returns the data. 

That causes the process to remain idle, even when there are multiple requests to 

serve. However, node, being an asynchronous backend platform, uses callbacks—a 

function called after the completion of a task—and proceed further instead of 

waiting for the result from the database (Figure 4.1). Once the database fetches the 

data, the callback gets executed. Hence, even though node is a single threaded event 

loop architecture, there is a maximum utilization of CPU without stall [6]. Also, 

studies have shown that Node environment is much faster for the single page 

applications (SPA) [13]. In our application, each visual component will call an 

individual HTTP request to fetch the data from the server. Hence, with the node 

application server responses to these multiple requests will be much faster than the 

traditional application servers, which employs threads to process multiple requests 

in a blocking IO architecture. 

Further, node applications are written in JavaScript, a dynamic programming 

language. Because the frontend client code is also in JavaScript, it is possible to 

share code between the server-side and client-side. Moreover, loosely typed nature 

of JavaScript assists in dynamically adding properties to the already defined objects. 

Furthermore, JavaScript supports anonymous function, which can be created inside 

another function. Node utilizes anonymous functions for the callbacks. Moreover, 
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JavaScript object notation (JSON) format is the natively supported data format for 

the JavaScript language, which can be used in both client web browser and node 

application server. Hence, the need for formatting the data between client and server 

is unnecessary in the node environment. 

 

data = query(“select * from table”); 

(a) 

query(“select * from table”, function(err, data){ 

/* This is callback function. Code in this block gets 

executed after the database fetch*/ 

}); 

(b) 

Figure 4.1: The difference between synchronous and asynchronous programming. 

(a) Shows traditional code to fetch data from the database. (b) Shows node’s 

asynchronous code with the callback to fetch data in a non-blocking IO architecture. 

 

4.2.2 Why MongoDB? 

For storing and retrieving data, we preferred to use MongoDB, a document-oriented 

NoSQL database management system. MongoDB stores data as a document (a set 

of key-value pairs) in a BSON format which is the superset of JSON [8]. A 

collection in MongoDB—which is equivalent to the table in a Relational Database 

Management System (RDBMS)—is a group of documents. Similarly, a document 

in MongoDB is equivalent to the record in RDBMS. MongoDB provides flexibility 

to store a wide variety of datatypes in a document such as string, integer, array 

(multiple values), and so on. Studies have shown that MongoDB outperformed 

relational database in the insert, read and update operation for an extensive data 

[7,8]. Also, Li et al. studied the performance of different NoSQL databases and 

found that MongoDB and CouchBase outperformed other NoSql databases like 
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RavenDB, Cassandra, Hypertable, CouchDB in the record create, read, update and 

delete operations (CRUD). Further, MongoDB supports indexing, which is not well 

developed in CounchDB and it is relatively more complex. Because of this reason 

fetching data based on a key is much faster in MongoDB when compared to the 

CouchDB [7,9]. Since both MongoDB and node support JSON as the data format, 

there is no need for additional formatting of data. Moreover, Mongoose library [14] 

for MongoDB database provides extensive support to perform the CURD operations 

in the node environment. 

 

4.2.3 Why D3?  

Scalable vector graphics (SVG) allows rendering graphical objects such as the 

rectangle, circle, ellipse, line, polygon and so on. HTML5 supports embedding 

SVGs in a web page. Hence, using SVG we can create and arrange glyphs for our 

visual encodings and provide interaction with the JavaScript. We used D3 [15], a 

JavaScript library for creating dynamic and interactive visualizations in a web 

browser. D3 binds the input data with the SVG elements like rect, path, arc, and so 

on by selecting and manipulating existing elements, or by creating new elements. 

Further, D3 is tested in major browsers such as Firefox, Chrome, Safari, Internet 

Explorer, and so on [28]; hence it produces the same output in all web browsers. 

Also, D3 natively supports interactions such as: dragging SVG elements, brushing 

(selecting a particular region of the visual encoding), and force-directed graph 

(assigning a spring-like force among the nodes), and so on. 

 

4.3 Pre-processing 

Because the data size is in millions, fetching the data on the go and computing 

derived data for each HTTP request would slow and stall the visualization system. 

Hence, to provide responsive interaction for the user with the visualization system, 
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we precomputed the derived data for different combinations of the party type and 

time windows.  The batch job is added using the configuration page and queued as 

a first-in-first-out list for the batch processor, which runs periodically and performs 

precomputation. For each batch job, in the first pass, the batch processor calculates 

the frequency of court cases and stores this derived data into the MongoDB. The 

portfolio chart uses the court case frequency data as the input. During the second 

and third pass, the batch processor utilizes the frequency data as an intermediate 

input to compute the diversity index and the co-occurrence of case types. Diversity 

index is calculated individually for both the major case type and the minor case type 

and stored in MongoDB along with a corresponding array of minor codes. This 

minor code array in each record is used for filtering based on case types. The co-

occurrence count of major case type and minor case type are stored as a separate 

document (record) in the MongoDB.     

   

4.4 Visualization system architecture 

The visualization system (Figure 4.2) consists of the web page with HTML controls 

for filtering the data and with the SVGs for rendering the visual encodings. The data 

is fetched from the backend to frontend through the HTTP-post API call. The 

backend is the node application server. For each HTTP-post request, node 

application server fetches the requested data from the MongoDB and sends it as a 

response. Further, the visualization system consists of three pages: login page, 

visualization page, and configuration page. Once the user login with a valid 

credential, the node application server redirects to visualization page. The user can 

navigate to the configuration page by clicking the hyperlink in the visualization 

page. Besides, In the node application server, the business logic layer does the 

computation by fetching the data from the data access layer and return formatted 

data to the web service or batch processor. The data access layer has access to three 

data sources: JSON file, CSV file, and MongoDB. Each CSV file has the court case 
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data, exogenous event data, and case type description, respectively. The JSON file 

has precomputed logarithm of factorial values from 1 to 2 million; these values are 

used by the batch processor while computing the diversity index derived data. 

 

 

Figure 4.2: Visualization system architecture. The top rectangle represents web 

browser. The bottom rectangle represents the AWS server that runs the node 

application server, batch processor, and MongoDB.  
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Figure 4.3: Visualization page. Timeline view consists of (c), (d), (e), (f) and (g) 

aligned parallel and sharing X-axis. On top of these visual encoding, a vertical red 

colored timeline which moves along with the mouse cursor. (a) Filter controls, 

where each control holds a filter parameter. On value change in filter control, will 

populate corresponding data for the visual encodings. (b) Bookmark panel, listing 

the saved bookmarks. (c) Event chart, showing the exogenous events. (d) Diversity 

chart, with draggable horizontal bars, each line, represents an attorney. (e) Diversity 

map represents portfolio type: specialist, generalist and in-between. (f) Portfolio 

chart represents an overview of selected attorney’s portfolio makeup. (g) Co-

occurrence chart representing co-occurrences of major case type. (h) Labels to 

display event details and timeline's details. (i) Matching attorney list shows 

attorneys (names are blurred) based on the filter parameter.   
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4.5 Visualization page 

The visualization page (Figure 4.3) is a three column layout, in which the extreme 

left and right columns have the same width and smaller than the middle column. The 

left column has the filter panel and bookmark panel, the right column has labels and 

matching attorney list, and the middle column has all the visual encodings. 

 

4.5.1 Visual Encodings 

Based on the results of think aloud study, we removed the stream graph encoding 

and the cluster map encoding from the visualization page. We implemented other 

components with few changes. The event chart uses tick mark to represent each 

event instead of the ellipse (Figure 4.3c), and when the timeline is moved near the 

tick marks, respective event's detail is shown in the labels in the right column (Figure 

4.3h). The diversity map (Figure 4.3e) is only displayed when a single attorney is 

selected, and hidden when the multiple attorneys are chosen in the matching attorney 

list (Figure 4.3i). 

The diversity chart (Figure 4.3d) highlights each line in green when the 

corresponding attorneys are selected in the matching attorney list (Figure 4.3i). 

Moreover, the unselected attorneys in the matching attorney list are displayed as the 

gray colored lines. On mouse cursor over the line will highlight it in thicker red and 

the corresponding attorney name will be displayed in the right panel's label with the 

timeline date value. Similarly, on mouse cursor over the matching attorney list will 

highlight the corresponding line in thicker red. The user can set the threshold bar for 

the generalist and specialist by moving the blue or green bars respectively. When 

'select' radio button is checked as custom and a single attorney is selected in the 

matching attorney list, dragging the threshold bars in the diversity chart will update 

the diversity map with the corresponding portfolio type. 

The portfolio chart (Figure 4.3f) shows the frequency of major case type occurrences 

in each row for each time window. On mouse over each cell will pop up a tooltip to 
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show major case type description and the case count. Similarly, on mouse over the 

description labels will show the major code appended with its description.  Beneath 

the portfolio chart is the co-occurrence chart (Figure 4.3g) that shows co-occurrence 

of the major case types. On mouse over each cell will show a tool tip with the 

corresponding two major case types’ description and their co-occurrence count. 

 

4.5.2 Bookmark feature 

Bookmark panel helps to save and reload views (Figure 4.3b). Saved bookmarks 

listed in this panel allows user to restore the filter control values and visual 

encodings stored in the bookmark. The user can add a new bookmark by clicking 

the Add button in this panel to save the current view of the visualization by 

providing a bookmark name and a few lines of notes about the view in the bookmark 

dialog box (Figure 4.4). 

 

 

Figure 4.4: Bookmark model dialog. By clicking the Add button in the bookmark 

panel will launch this dialog to save the view as a bookmark. 

 

4.5.3 Interaction 

In the visualization page, on page load, filter controls (Figure 4.3a) are set to the 

default values except the party type. On checking a party-type checkbox will send a 
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request to the server for fetching the data which matches the current filter 

parameters. If no match is found, then the matching attorney list will show ‘no match 

found’ information label. However, if there are attorneys in the specified filter 

parameters, then the matching attorneys will be populated with the name of the 

attorneys as a clickable button which turns to green on select and turns to white on 

deselect (Figure 4.3j). The user can sort attorney based on the average diversity 

values, or based on alphabetical order of attorney name using the sort by button. 

Next to this button is the search text, in which user can type search phrase to filter 

attorneys by name (Figure 4.3j). 

 

     

(a) (b) 

Figure 4.5: Demonstration of Context+Focus interaction in the timeline view 

components. (a) A region of diversity line chart is selected by mouse button down 

and drag, also known as brushing. (b) On mouse release, that is, after brushing, 

charts expand to show only selected region. On click of clear zoom, will restore back 

to (a). 

 

Based on the time frame’s start and end value visual encodings such as event chart, 

diversity line chart, diversity map, and portfolio chart width expands or shrinks to 
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adapt and utilize the entire available screen space. Based on the selection mode radio 

button, attorneys will be selected in the matching attorney list. 

On every value change in the filter controls available in the left panel, first, the 

matching attorney list will get updated based on the ‘select’ radio button, then other 

charts such as diversity chart, event chart, diversity map, portfolio chart, and co-

occurrence chart will get updated. Further, the portfolio chart and the co-occurrence 

chart also get updated based on selected attorneys in the matching attorney list. 

When a single attorney is selected, portfolio chart will show the selected attorney's 

portfolio, and the co-occurrence chart will show the co-occurrence of case types for 

this attorney. When multiple attorneys are selected, the portfolio chart will show the 

aggregate of portfolios, and the co-occurrence chart will show the co-occurrence of 

all these attorneys case types. Charts of the Timeline view also support 

Context+Focus interaction; Figure 4.5 shows this interaction when a particular 

region is selected in the diversity chart by mouse drag, on mouse release, all charts 

will get expanded to show only the selected portion. 
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5. Informal User Experience Evaluation 

 

Using the working prototype, we performed user experience evaluation with the law 

researcher to collect subjective data related to the visualization design and the user 

interface. Lam et al. provided guidelines for conducting the user experience 

evaluation with the domain experts [30].  We conducted this evaluation based on 

these guidelines to assess visualization by collecting subjective feedbacks like 

convenience, trust, features liked, and features disliked from the target user. The 

data collected with this study helped us to refine the system. 

 

5.1 Goal 

Our primary goal was to get the law researcher's opinion and feedback to refine the 

system before we conduct the case study to gather data for the insight-based 

evaluation. The following questions were asked to the law researcher during the user 

experience evaluation to collect the intended subjective data: 

(1) What features are seen as useful? 

(2) What features are missing? 

(3) What are components of the application which require improvement? 

 

5.2 Method  

Due to the geographic location limitation, we could not perform field observation 

with the law researcher. However, we performed the informal user experience 

evaluation with the law researcher requesting to provide subjective feedback while 

interacting with the system. First, we gave a demo to explain user interface and the 

visual encoding of our visualization system to the law researcher in a video 

conference session; this was the first time law researcher saw a working prototype 
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with the Connecticut's state court data.  After clarifying his queries, we provided a 

document which had information related to the summary of data imported to the 

visualization system, login credentials to access the visualization system, the name 

of visual encodings, the usage of the configuration page, and the three intended 

questions of this study.    

 

5.3 Results 

Because we did not provide structured tasks and allowed the law researcher to 

perform any of his intended tasks, the law researcher played with the system for a 

span of two weeks and provided us feedback about the three user experience 

evaluation questions through an e-mail.      

 

5.3.1 Useful features 

The law researcher stated the following features of the visualization system as 

useful:  

 Filtering based on time, party, and case type 

 Bookmark for saving the views 

 Diversity chart including the movable threshold bars 

 Co-occurrence chart 

 Matching attorney list 

 

5.3.2 Suggestions for improvement 

The following improvements were suggested by the law researcher:   

(1) The width of the chart section (middle layout of the web page) was small, and 

the page did not occupy entire screen space.  
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(2) The sort functionality of matching attorney list based on the diversity score was 

unclear because the order of attorneys did not match with the diversity chart’s 

spatial position of the lines.  

(3) A small subset of attorneys had date value appended to the end of their name. 

(4) An x-axis scale is needed below the portfolio chart to indicate time interval at 

the bottom of the timeline.  

 

5.3.3 Missing Features 

The following features were reported missing by the law researcher.  

(1) Filtering minor case type was a critical feature, and it was missing in the working 

prototype. Furthermore, he needed to view portfolio and occurrences based on 

the minor case types. 

(2) A provision to filter attorneys based on a threshold number of cases handled in 

the time frame. The law researcher wrote, “… attorneys involved in X tort cases, 

what are other kinds of cases they handle? the distribution of those cases might 

be conditional on the number of tort cases in their portfolios…”.  

(3)  Matching attorney list had both lawyers and the law firms. The law researcher 

wanted the ability to view only law firms or only attorneys. 

 

5.4 System refinements to implement missing features   

We discussed the details of the missing features and improvements with the law 

researcher and tracked its implementation status in an online collaborative 

spreadsheet. 
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5.4.1 Implementation of improvements 

To increase the width of the charts, we replaced the existing three column fixed 

layout container, with a fluid layout container so that the layout occupies the entire 

screen space. Further, we assigned the width value of the charts with the width value 

of a div element to create the screen width adaptive visual encodings [29]. 

The mismatch between matching attorney list entries sorted by the average 

diversity and the diversity chart was due to the predefined average function of 

MongoDB, which calculated mean value only with the non-zero values. For 

example, consider a yearly time window with a time frame 2013 to 2015, which is 

three time-windows. If Attorney A has a diversity score of 3.0, 3.5, and 4.0 in each 

year, then 3.5 is the computed average value. And, if Attorney B has diversity score 

of 0.0, 3.5, and 0.0 (0.0 diversity index value is because of not having a diverse 

portfolio in that year) in each year then his average is also computed as 3.5 instead 

of actual 1.16. This was the cause of the issue. We changed the average diversity 

computation by fetching the sum of diversity values and then divided it by the 

number of time-windows in which the attorney had at least one case count in the 

selected time frame. 

We analyzed the cause for the date value appended with attorney name issue, 

with the provided dataset and found that name attribute had date value for some of 

the attorney entities.  When we reported this to the law researcher, after inspection, 

he stated that,  

 

“…the dates that appear in the attorney names that begin with ‘PHV' ... refers 

to the phrase ‘pro hac vice’ – roughly that the attorney does not have a 

license to practice in the State, but in the case before it, the court has granted 

the attorney special permission to appear in the case...”. (Law researcher) 

  

With this information, we removed the dates from these entities’ name using a 

regular expression, while importing the data to the MongoDB. Further, during our 
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discussion regarding this issue, we also found that the law researcher wanted to 

search by keyword. He asked us, “given the attorney ‘PHV JOHN CORNER 

10/18/04,' [name is changed] if I enter ‘Corner John’ in the search bar, will it find 

this attorney?”. The search query “Corner John” would not work to match “PHV 

JOHN CORNER 10/18/04” because we used the search by phrase method to match 

and filter the attorney names, and the order of keywords of the search query in his 

question was different from that of actual attorney name. To overcome this issue, 

we replaced our search algorithm with the search based on the keywords. 

Further, for the final improvement of adding new x-axis below the portfolio chart, 

we replicated and used the diversity chart’s x-axis which would allow the user to 

look at the time interval tick marks in both x-axis of diversity chart at the top, and 

x-axis at the bottom (Figure 5.3e). 

 

5.4.2 Implementing the missing features 

We added a text box in the left panel to set the threshold value for the case count 

(Figure 5.3a). By default, the value of this textbox would be ‘1’ and the user is 

allowed to change the value by entering any non-negative integer. The application 

would fetch the records from the MongoDB based on this threshold value and 

populate the attorneys in the matching attorney list. 

To segregate the lawyers and law firm in the matching attorney list, we analyzed 

the dataset and found that there were 2,489 entities which represents law firms and 

reported this information to the law researcher. To which the law researcher wrote 

that “There is a subset of attorneys for whom ‘entity type’ attribute equal to ‘firm’ 

value that are actually individuals, not law firms.  These are the name values which 

begin with the prefix ‘PHV’…” Therefore, we have two requirements: (1) to filter 

attorney based on entity type equal to firm, (2) a subset of attorneys with the entity 

type as firm and with the entity name starting with ‘PHV’ should also be considered 

as a lawyer. Based on these requirements, we imported the data into MongoDB. To 
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filter, we added three buttons (Figure 5.3b): attorney, law firm, and both, similar to 

the time window. Further, label text for matching attorney list was changed to 

matching attorney/law firm list. 

 

 

(a) 

 

(b) 

Figure 5.1: Two working prototype versions of portfolio chart: (a) Each row are 

major code with fixed height. The first row shows minor case types of the major 

case type ‘Appeals from Administrative Boards’  (b) All cells are the same height. 

Top row is expanded to show minor codes as well the corresponding major code. 
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For implementing the minor case type feature, first, we used the jsTree plugin 

[31] to list the minor and major case type in a hierarchical checkbox list (Figure 

5.3c). The user can select entire minor case types of a major case type or specific 

minor case types from the checkbox list. We showed the count of selected minor 

case type along with the major case type in a label. Second, we used the jsbin [17] 

to create working prototypes of portfolio charts. In the first version of portfolio 

chart, each row had height depending on the number of minor case types in the major 

case type (Figure 5.1a). Clicking each row would toggle to show minor case types 

of the corresponding major case type, and clicking the toggle link would switch 

between major case type and minor case type. We shared this version with the law 

researcher for his feedback. 

 

“I do not think you need to vary the height of the major code cells by the 

number of minor case codes, so long as it is otherwise easy to see the 

underlying minor code cells. The number of minor case code categories for 

each major case code is not terribly important information for the 

visualization to convey, particularly because some minor case code 

categories tend to contain few to zero actual cases.” (Law researcher) 

 

The law researcher did not want the information about the minor case types 

underlaid in a major case type. To address this issue we created the second version 

of portfolio chart where each row of major case type expands to show respective 

minor case types (Figure 5.1b). We received positive feedback for this version of 

portfolio chart with a minor improvement to use the abbreviation for the row label. 

Because we limited the label size to 18 characters to avoid text overflow, those case 

types which had a longer description and started with the same word caused 

confusion to the law researcher in differentiating them. Hence, we asked the law 

researcher to provide abbreviations for all the major case types and minor case types. 
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Further, we used the received abbreviated descriptions as the labels for both 

portfolio chart and co-occurrence chart; on mouse over the label will activate tooltip 

which would show the full description along with the case code. For the co-

occurrence chart, to display minor case type co-occurrence (Figure 5.2), we used 

separate encoding similar to major case type encoding (Figure 5.3f). The user can 

toggle between the minor case types’ co-occurrence and major case types’ co-

occurrence using the toggle link. Furthermore, Minor case types are grouped with a 

green borderline. Lastly, we added a button (Figure 5.3a) to display diversity chart 

with diversity values calculated based on major case type or minor case type. 
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Figure 5.2: Co-occurrence chart visualizing minor case types for all the defendant 

attorneys. 
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Figure 5.3: New controls and improved visual encodings based on feedback from 

user experience evaluation: (a) Buttons to select major case type or minor case type 

for the diversity index of diversity chart. (b) Buttons to select attorney, law firm, 

and both for the visualization. (c) Hierarchical checkbox list for selecting major case 

type and minor case type. (d) portfolio chart with each row displaying major case 

type and on click will show minor case type. (e) Secondary x-axis. (f) The co-

occurrence matrix in the major case types view.   
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6. Case study 

 

To conclude our design process, we conducted a case study with the law researcher 

to assess the visualization system’s support for analysis and reasoning tasks. Lam et 

al. [30] published guidelines for conducting the case study involving visual data 

analysis and reasoning (VDAR) about available data with the visualization tool to 

generate both quantitative data and subjective data. We conducted this case study 

with our domain expert who interacted with the visualization system to explore 

hypotheses and verify his intuitions. We used the data generated by this case study 

to perform the insight based evaluation. 

 

6.1 Goal 

Our principal goal for this case study was to collect data for the evaluation and to 

determine potential directions for future work. Sairya and colleague's work on 

insight based evaluation was an inspiration for our evaluation process [33]. We 

adopted the following questions for the case study: 

(1) List of insights gained while interacting with the visualization system? 

(2) List of frustration and success experienced while interacting with the 

visualization system? 

 

6.2 Method  

We performed VDAR with the law researcher over a three weeks as he performed 

analysis and reasoning of Connecticut court case data with the visualization system 

in his work environment with the realistic tasks. We requested the law researcher to 

add the bookmarks with a name and a note for all insights gained, and frustrations 

he experienced while interacting with the visualization system. In the bookmark 
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notes, for searching the bookmarks based on insights and frustration, we also told 

him to add a hash tagged word such as #insight and #frustration. 

 

6.3 Analysis Process 

On completion of the study, we had a video conference discussion session with the 

law researcher to discuss the significance of the bookmarks he added during the 

study. In the discussion, the law researcher shared his screen with us. He showed 

each bookmarked view and explained the motivation and intuition behind it. We 

captured the screen and audio using the Camtasia™ screen recorder. After the 

discussion session, we asked the law researcher to assign a value between 1 to 5 (5 

being the highest), for each bookmark to rank based on its significance. In total 

twelve bookmarks were created by the law researcher with four bookmarks 

hashtagged frustration along with insight. 

We analyzed the bookmarks based on the collaborator's bookmark note and the 

data collected during the discussion session. Further, we grouped eleven bookmarks 

into two groups: (1) aggregate of portfolios visualization, in which domain expert 

combined multiple attorneys or law firms together as a single portfolio, (2) 

individual portfolio visualization, in which domain expert visualized a single 

attorney or a law firm.  For every bookmark, we identified the tasks that the law 

researcher performed with the visual encodings using the data collected during the 

discussion session.  Furthermore, depending on the insight gained from the 

bookmark we classified it into four classes: 

(1) “Surprising finding” bookmarks are the unexpected insights acquired by the 

domain expert without having an intuition  

(2) “Intuition verification” bookmarks are the hypothesis or hunch that the domain 

expert tried to verify with the visualization system  
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(3) “Knowledge exploration” bookmarks are seeking information by search and 

filter 

(4) “Issue” bookmark is the view saved for missing data 

 

Bookmark data by the law researcher Analysis 

 

# Bookmark name Value 

Task 

performed Visual encoding Classification 

1 

 

Medical malpractice-

Defendant attorneys and 

law firms 

 

 

4 

summarize, 

explore, 

lookup, 

identify 

 

 

 

Portfolio chart 

 

 

Intuition 

verification 

2 

 

 

 

Medical malpractice-

Plaintiff attorney 

 

 

 

 

3 

explore, 

compare, 

lookup, 

summarize, 

identify 

 

Portfolio chart 

and 

co-occurrence 

chart 

 

 

 

Intuition 

verification 

3 

 

Medical malpractice-

Defendant attorney 

 

 

5 

explore, 

lookup, 

identify 

 

 

Portfolio chart 

 

Surprising 

finding 

4 

 

 

 

Medical malpractice-

Defendant law firms 

 

 

 

 

3 

explore, 

summarize, 

browse, 

compare, 

lookup 

 

 

Diversity chart 

and portfolio 

chart 

 

 

 

Intuition 

verification 

5 

 

Collections/Foreclosures 

after Recession 

 

 

4 

explore, 

browse, 

identify 

 

 

Portfolio chart 

 

Intuition 

verification 

6 

 

No specialization in 

Eminent Domain 

 

 

3 

explore, 

summarize, 

lookup 

 

 

Portfolio chart 

 

Intuition 

verification 

7 

 

Products Liability 

Specialists-Attys only 

 

 

5 

explore, 

lookup, 

identify 

 

 

Portfolio chart 

 

Surprising 

finding 

8 

 

Housing cases: data 

error 

 

 

2 

explore, 

summarize, 

lookup 

 

 

Portfolio chart 

 

 

Data Issue 

Table 6.1: Analysis of the bookmarks added for the aggregate of portfolio 

visualizations 
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6.4 Analysis of the aggregate portfolio bookmarks 

Eight bookmarks are grouped into this category. There were four bookmarks added 

for Medical malpractice case type. Hence, we discuss all the four visualization views 

in Section 6.4.1. Further, we discuss other bookmarks in their section. 

 

 

Figure 6.1: Defense Attorneys and law firms at least with five medical malpractice 

cases. A higher degree of concentration for major case types: (a) Vehicular torts 

major case type. (b) Non-vehicular torts major case type. (c) Medical malpractice 

minor case type. 

 

6.4.1 Medical malpractice cases  

The law researcher had an intuition that the subset of attorneys who have handled 

medical malpractice cases would also have handled cases related to subfields of the 

malpractice cases. He verified this intuition with the bookmark #1 (Table 6.1).  The 
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filter parameters were set to view only defense attorneys and law firms that handled 

at least five of the medical malpractice minor case type, and the time window was 

set to yearly (explore). He mentioned that, initially, he thought that the portfolio 

chart was showing only attorneys, but then he realized that it was showing both 

attorneys and law firms after noticing the most diverse makeup (summarize) as 

shown in Figure 6.1. However, his intuition was true for both the attorneys and the 

law firms, as the portfolio chart showed a higher degree of concentration for the 

vehicular and nonvehicular tort cases (lookup, identify). 

 

 

Figure 6.2: Plaintiff Attorneys at least with five medical malpractice cases. Higher 

degree of concentration for major case types: (a) vehicular torts and (b) non-

vehicular torts. (c) Medical malpractice minor case type. 
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Further, in the bookmark #2 (Table 6.1), the filter parameters were set to show 

only plaintiff attorneys (explore). He mentioned that the portfolio chart had the 

similar makeup (compare) as the bookmark #1. Moreover, the portfolio chart had 

many blank cells (lookup, summarize), for which he stated that the individual 

attorneys tend to handle a fewer variety of case types when compared to law firms 

who handle a wider range of case types. Furthermore, the darker rows in Figure 6.2 

indicated the high concentration of vehicular and non-vehicular tort cases (lookup, 

identify); this was again similar to bookmark #1. Both bookmark #1 and bookmark 

#2 confirmed his hypothesis that the attorneys who have handled more than one 

medical malpractice cases, also tend to practice in its subfield case types. 

Furthermore, the filter parameters were set to view only defense attorneys 

(Explore) in the bookmark #3 (Table 6.1).  He mentioned that the result was 

surprising because the subset of attorneys in question carried a high number of non-

vehicular tort all-other cases, miscellaneous habeas cases and miscellaneous all- 

other cases in their portfolio (lookup, identify). Further, he told us that he did not 

have a valid explanation to this behavior for this subset of defense attorneys (Figure 

6.3). 

In addition, the law researcher changed the filter parameter to view only law 

firms (explore) and said that defense law firms were very generalist (summarize).  

He confirmed this behavior with the diversity chart (Figure 6.4), which had many 

lines above the generalist threshold bar and very few lines below the specialist 

threshold bar (browse, compare). Further, defense law firms carried very few non-

vehicular-tort all-other cases, miscellaneous habeas cases and vehicular tort all-

other case in their portfolio (lookup, summarize) when compared to the defense 

attorneys. 
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Figure 6.3: Defense Attorneys at least with five medical malpractice cases. Higher 

degree of concentration for Miscellaneous Habeas corpus (b) and all other (c) along 

with non-vehicular torts (a) and vehicular torts. 

 

Also, the law researcher expressed frustration with the co-occurrence chart for 

bookmark #2 because he experienced difficulties interpreting it in the minor case 

type view. He mentioned that “the co-occurrence chart, again it is, somewhat I am 

not exactly sure how to read this, again there is no obvious cluster that I can see.” 

Moreover, he mentioned that major case type view of the co-occurrence chart was 

too vague to get any insight as there were only ten major case types. 
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Figure 6.4: Defense law firms at least with five medical malpractice cases. Higher 

degree of concentration for major case types: (a) diversity chart with most of the 

lines at the far end of y-axis (b) non-vehicular torts. (c) Medical malpractice minor 

case type. 
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6.4.2 Effects of the 2008 recession 

To understand the effects of the 2008 recession, the law researcher had set the filter 

parameters to view plaintiff attorneys and law firms (explore) in bookmark #5 

(Table 6.1). He had an intuition that certain classes of cases such as foreclosure and 

debt collection, which are sensitive to the economic recession, would tend to have a 

high degree of appearance. This behavior was visible with the portfolio chart 

(browse, identify) as seen in Figure 6.5. There was an increase in concentration from 

2005 to 2009 and started to decrease gradually after 2010. The following quote 

describes the effect: 

 

“A spike in lawsuits, and here we see, the intuition matched up fairly, well. 

Most of these are contract cases, the bulk of all cases are debt collection 

cases, they keep on going, so that was very nice. And foreclosure, same 

pattern, timing is very consistent, there is a little bit of drop off as we move 

out.” (Law researcher) 

 

 

Figure 6.5: Effect of 2008 recession visualized with the portfolio chart which shows 

high degree of concentration in the collection cases (a) and forecolosure cases (b). 
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6.4.3 No specialization in Eminent Domain 

Eminent domain is the process of government forcing the sale of property to advance 

the public purpose [32]. Because these type of cases do not happen often, the law 

researcher checked (explore) the frequency of the eminent domain cases handled by 

attorneys and law firms of both plaintiff and defendant part type (Figure 6.6). 

Furthermore, he had found that all minor case types of eminent domain had the 

constant frequency (summarize). Moreover, this subset of the population had 

handled more foreclosure cases (lookup, summarize). This bookmark was #6 in 

Table 6.1. 

 

 

Figure 6.6: Portfolio chart showing constant distribution of the cases relevant to 

eminent domain. This population also handles more forecolosure cases. 

 

6.4.4 Products Liability Specialists 

The law researcher had an intuition that plaintiff attorneys who have specialized in 

product liability case type (explore) might also have a high degree of vehicular torts 

(lookup, identify). He had confirmed it with the portfolio chart (Figure 6.7). 

However, the surprising finding he noticed was that the steady increase of the 

product liability cases after 2008 and gradual decline (identify) after 2011 can be 

correlated with the great recession. 
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Figure 6.7: Portfolio chart showing the steady increase of product liability cases 

from 2008 to 2014. 

 

6.4.5 Housing cases: data error 

One issue that the law researcher had found while using the portfolio chart (explore, 

summarize) was the absence of housing cases for plaintiff and defendant attorneys 

in the period of 2004 to 2014 (Figure 6.8). He believed that this could be a missing 

data issue (#8 in Table 6.1). 

 

 

Figure 6.8: Portfolio chart indicating the missing data for the housing cases from 

2004 to 2012. 
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6.5 Analysis of the individual portfolio bookmarks 

In this section, we discuss the analysis of four bookmarks which had visualized an 

attorney or a law firm (names are hidden). Out of four, three bookmarks are related 

to a particular law firm, hence we discuss it in the Section 6.5.1 and discuss another 

bookmark in its section. 

 

Bookmark data by the law researcher Analysis  

 

# 

 

Bookmark name 

 

Value 

Task 

performed 

Visual 

encoding 

 

Classification 

1 Law firm’s portfolio 

(plaintiff-side only) 

 

4 

locate, 

summarize 

 

Portfolio chart 

Intuition 

verification 

2 Law firm’s portfolio 

(Plaintiff and Defendant) 

 

3 

lookup, 

compare 

 

Portfolio chart 

Intuition 

verification 

3 Playing with Diversity chart 

parameters 

 

3 

lookup, 

summarize 

 

Portfolio chart 

Knowledge 

exploration 

 

 

 

 

4 

 

 

 

Solo practitioner’s portfolio 

 

 

 

 

3 

locate, 

identify, 

summarize, 

compare, 

lookup 

 

Diversity chart, 

Diversity map, 

and portfolio 

chart 

 

 

 

Knowledge 

exploration 

Table 6.2: Analysis of the bookmarks added for the individual portfolio 

visualizations 

 

6.5.1 Law firm’s portfolio 

A law firm (name is hidden) in Connecticut had the reputation for specializing in 

the plaintiff side of medical malpractice cases. For the bookmark #1 of Table 6.2, 

the law researcher had set the filter parameter with plaintiff party type and searched 

this law firm by its name (locate). He had experienced frustration while trying to 

view this firm's portfolio, which he had mentioned in the bookmark note as "A minor 

#frustration is that clicking on the firm name (found after entering [law firm name] 

in the search box) is by itself not enough--had to remember also to click the 'Custom' 

button." He had found that visualization was consistent with the law firm's 

reputation (summarize), which had been indicated by the portfolio chart.  
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Further, he had viewed both the defendant and plaintiff side for this law firm 

(lookup), which did not affect their portfolio (compare) much as there were only a 

few additional case types added to their plaintiff side portfolio (Bookmark #2 of 

Table 6.2).  

Furthermore, he had set the timeframe in the half-yearly window and found that 

the firm’s reputation as a specialist in medical malpractice was consistent with the 

portfolio chart (lookup, summarize). However, he had expressed frustration in the 

bookmark note that calibrating the threshold bars in the diversity chart was difficult 

because he did not know the diversity distribution of the subset of the population in 

question. This bookmark was #3 in Table 6.2. 

 

6.5.2 Solo practitioner’s portfolio 

As a last individual portfolio analysis, the law research had chosen to view the 

portfolio of an individual attorney (Figure 6.9). He had set the time window as 

quarterly and selected an attorney from the matching attorney/law firm list in the 

custom mode (#4 in Table 6.2). He told us that the chosen attorney (locate) was a 

generalist based on the diversity map (identify). This was also consistent with the 

portfolio chart (summarize). This attorney had one family law case in 2004, after 

which his portfolio had high diversity (compare). Most of the family cases this 

attorney handled were divorce case type; he had high case count for car accidents as 

opposed to product liability in vehicular torts; for non-vehicular torts, he did not do 

medical malpractices but did many 'all other' cases. Moreover, this attorney handled 

many foreclosures as a part of being a solo practitioner (lookup, identify). 
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Figure 6.9: Visualizing an individual attorney’s portfolio: (a) Diversity chart 

shows highlighted attorney in red, (b) Diversity map shows generalist portfolio 

type, (c) Portfolio chart showing overview of portfolio in major case types 

 

6.6 Results 

By analyzing the case study data, we learned that the law researcher was able to get 

significantly valued insights from the visualization (#3 and #7 of  Table 6.1). 

Further, he was able to verify all his hypothesis and intuition using the visualization 

system, which confirmed the accuracy of visual encodings. Moreover, the system 

also indicated the missing data for one of the case types, which in turn validated the 

dataset.   

 

Visual encoding Usage count 

Portfolio chart 12 

Diversity chart 2 

Co-occurrence chart 1 

Diversity map 1 

Event chart 0 

Table 6.3: Case study: Number of times the visual encoding used to perform a task  
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From the Table 6.3, the law researcher used the portfolio chart extensively for all 

the individual portfolio analysis and the aggregate portfolio analysis, which showed 

that this graphical representation was most spontaneous and straightforward to get 

useful insights about the portfolios. Further, portfolio chart was used to view 

portfolio summary and case type distribution, which were its intended use. 

However, the law researcher was also able to use for co-occurrence case types with 

the portfolio chart. Further, the law researcher also found it easier to spot a trend in 

portfolio chart, for example, the increase and decrease degree of concentration 

pattern for the foreclosure cases after 2008.  

The law researcher used the diversity chart for the two visualization views to 

identify extremes and trends. However, he also mentioned that setting the threshold 

values for the diversity chart was unclear because he did not know the diversity 

distribution of the attorneys and law firms. This reported issue also affected diversity 

map encoding, which uses the threshold values to assign the portfolio type such as 

generalist, specialist, and in-betweens. 

Co-occurrence chart was the least used visual encoding in this case study. During 

the discussion, the law researcher mentioned that it was very hard for him to read 

the co-occurrences of minor case types in the co-occurrence chart whereas it was 

very intuitive to perform in the portfolio chart. Event chart was not used in this case 

study. Law research mentioned that “…the trend I thought of seeing the exogenous 

event made me think the biggest exogenous events like the recession…” 

Overall the insight based evaluation using the bookmarks have provided us 

fruitful insights to proceed further for the future work in refining and adding more 

features to the visualization system.  
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7. Conclusion and Future Work 

 

In conclusion, we have discussed the design process to create visual encodings with 

the nested model that allows researchers to perform the visual analysis of individual 

or aggregate of portfolios over time. Further, we discussed a scalable visualization 

system that was created using the designed visual encodings. We refined the visual 

encoding and the system by conducting an informal user experience evaluation with 

the domain expert. In addition, the case study that we carried out with the law 

researcher produced fruitful insights from the Connecticut civil court dataset for 

analyzing both single portfolio as well as a group of portfolios. Moreover, the insight 

based evaluation that we carried out with the collected data from the case study 

helped us to identify key improvements to the visual encodings for the future work. 

A major finding from the insight based evaluation was that the law researcher 

felt it was hard to interpret the co-occurrence chart, while he was able to interpret 

the co-occurrence of case types intuitively in the portfolio chart. In the current 

system, the labels of the co-occurrence chart in the minor case type view were 

grouped based on the major case type. To obtain more useful insights from the co-

occurrence chart, each row and column of this chart could be sorted to form visible 

clusters [34].  

Another important finding that we found in the insight based evaluation for the 

diversity chart was that the law researcher mostly looked for the distribution of the 

diversity spatially. Further, we noticed both the bookmarks, in which the law 

researcher used the diversity chart, had a sparse subset of attorneys and law firms. 

Moreover, the law researcher was able to identify the extremes (generalist) because 

there were fewer lines in the diversity chart for these two bookmarked views. The 

other bookmarked views had a vast population of attorneys and law firms which 

caused lines to overlap with each other (occlusion) in the diversity chart and made 

it hard to interpret. Perhaps a matrix based encoding such as heat map might be 
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useful in this scenario to show the spatial distribution of the diversity values for both 

the entities (both the attorneys and the law firms). Also, the diversity chart could 

superimpose on top of the heat map and show lines based on the selection mode 

such as ‘show generalists’, ‘show specialists’, and ‘show in-betweens’ (Figure 7.1). 

Further, the diversity values for each entity in a time window could be normalized 

with the highest diversity value in that time window to make the diversity relative 

to the subset of the population in question. 

 

 

Figure 7.1: Mockup of the diversity chart lie on top of heat map. Heat map shows 

the spatial distribution of the diversity. This mockup shows ‘only specialist’, green 

line below the green threshold bar.   

 

The current system is limited to visualize the civil court cases of the state of 

Connecticut. In the future, to capture attorney and law firm portfolios, the 

visualization system needs to support the federal court cases as well as the criminal 

cases in both state and federal courts with suitable filter controls.  

While we have focused primarily on the law domain in this work, we also believe 

that this visualization system has several use cases in other domains. For example, 

in the stock portfolio management, each investor and capital firms can be considered 
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as the attorney and law firms. The sectors such as basic materials, consumer goods, 

and so on can be considered as the major case type, while the industries in these 

sectors can be seen as the minor case type.  With our visual encodings, a stock 

market analyst can perform visualization tasks such as identifying capital firms or 

investors who have diversified portfolios and how it evolved over a period, 

identifying the sectors or industries that have a rising degree of concentration, and 

so on. 
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