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ABSTRACT 
In this paper, we present a well-formed system for immigration 
data visualization. The United States is an immigration country 
since the beginning, and the immigration data is kept well by 
Department of Homeland Security (DHS). All of our data is from 
DHS to keep the accuracy and integrality. Our visualization 
system contains three aspect of immigration situation, which are 
historical trend, factor analysis and immigration flow. We also 
establish cascading steps for users to get a deeper knowledge of 
immigration situation by the three designs in our system. Area 
chart, bipartite chart, choropleth maps and according interactive 
designs are used in our designs. The purpose of our system is to 
help the uses get a basic concept, as well as a deep understanding 
of the immigration situation in the United States. 
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1. INTRODUCTION 
Immigration to the United States is a complex demographic 
phenomenon that has been a major source of population growth 
and the culture change throughout much of the history of the 
United States. [1] The immigration data is important to have 
further analysis as it has significant effects in not only history 
research, but also in the current society analysis in many aspects 
such as demographics, economics, social, crime, education and so 
on. [2] Because of this, the detailed immigration data is well kept 
by DHS since 1820s. 

However, we found a gap between data and the visualization 
provided by DHS. Not like the data, the current visualization in 
DHS is not abundant. As data and visualization focus on different 
effects, this inspired us to create an online visualization system to 
reflect most important data from DHS. In the process of the 
implementation of our idea, we found several good visualizations 
of immigration situation, but some of them are just individual 
designs focus on a single aspect, and some of them have 
limitations we want to improve. This is a second motivation for us 
to build a decent visualization system. 

In our system, we select three aspects of immigration situation, 
which are historical trend between 1820s and 2000s, factor 
analysis by regions and continents in 2012 and immigration flows 
in 2012. We choose these aspects as the following reasons. 
History is crucial to know the overview situation. Flow part is 
designed to discover the deeper analysis behind the numbers and 
percentages, which are where immigrants come from and go to. 
The last part, factor analysis, is about the detailed information of 
immigrants such as age, gender, occupation and so on. By seeing  

 
Figure 1. The visualization system (a) The history part of 
visualizations is a stacked time-series visualization of U.S. 
immigrants, broken down by continents or countries. (b) The 
buttons are to select the regions to show. (c) The buttons are 
to decide whether the y-axis is number or percentage. (d) The 
flow part of visualizations is a node-link bar chart of 
movement flows from continents to states. (e) The map is to 
help to show the top 10 states of immigrants’ favorite from the 
certain continent  

this part, a deep exploration can be generated in users’ perception. 
Figure 1 is an overview of the main designs in our system. 

Besides the importance that we choose these aspects, we also 
organize them in such an order as introduced to help our users 
explore immigration situations step by step. We study some 
cognitive concepts, and treat overview-flow-details as a normal 
step for understanding a situation. Also, to make them good 
visualizations, we use different visual encodings and visual 
methods, as well as interactive designs. 

The main contributions of this paper are as follows: 

We introduce our system, which can help users get a broader 
understanding of the immigration system of the United States. We 
introduce some related work that inspires our design ideas. We 
introduce the visualization system design, including the design 
process, system layout, visual encoding and interaction part. We 
also include how we build our system step by step. 



We have an evaluation study on our system by interviewing a 
group of users. We design our evaluation based on the evaluation 
criteria, and some helpful questions. We give an analysis based on 
the evaluation results and our system implementation. This 
analysis gives a constructive guidance for checking and improving 
our system. 

The following part of this paper discusses the advantages and 
disadvantages of our system and makes a plan for some future 
work we can do. We conclude our paper in the last section. 

2. RELATED WORK 
Immigration is a significant aspect especially in the United States. 
We read some related background about history of immigration to 
the United States on Wikipedia. [3] 

In history trend part, we are enlightened by several graphs and D3 
layouts. We are mainly inspired by the chart Total Immigrants by 
Decade [4], which shows the number of legal immigrants who 
came to America from 1820 to 2009 by decades. Although we 
hope to visualize immigrants by year, there is no detailed source 
data. This graph has three main limitations that we want to 
improve: (a) Too many unrelated colors that cause low data-ink 
ratio, (b) Only shows information about total immigrants, (c) No 
interaction designs. In our system, we increase the data ink, gather 
more detailed information and add interaction designs to help 
users enjoy more exploration. 

We also inspired by the chart Total Immigrants by Region [5], 
which shows the number of legal immigrants who came to 
America from each region from 1820 through 2010. However, 
this graph also has some limitations: (a) the chart only shows the 
total immigrants from each continent. Therefore, no trends are 
represented in this chart; (b) the chart is a simple graph without 
interactive design. We make two main improvements based on 
this static graph: (a) Visual trends for different continents; (b) Add 
interactive design. The idea about different continents or countries 
shown in a same chart is inspired by the Streamgraph [6], which 
is a D3 layout that can be used in place of stacked bars for 
continuous data such as time series. The percentage format of 
each chart in our visualization system is inspired by the format of 
visualization Where we came from and where we went, state by 
state [7]. 

In Flow part, we are inspired by the visualization Where we came 
from and where we went, state by state [7], which shows the 
movement of people from one state or region outside the U.S. to 
another state. We decide to include the flow part as NY Times 
shows that people may be in interested in the movement of 
immigrants. However, the form of this part in our visualization 
system do not refer to by the visualization Where we came from 
and where we went, state by state. We are at first enlightened by 
Chord Diagram [8], which is a D3 layout that can show directed 
relationships among a group of entities. However, we find this 
layout is not very suitable for our design since the “from” data and 
“to” data is in two different categories. But both elements in chord 
diagram are in the same category. The final decision is using 
BiPartite [9], which is a D3 layout that could represent what we 
want most. We also add a Choropleth map to help users read the 
data. This idea is inspired by the visualization Where we came 
from and where we went, state by state [7], which every chart has 
a little map to show the spatial location of the state. 

 

In factors part, our first idea to visualize the detailed data is 
sortable-stacked bar chart by using D3. However, some 
limitations lead us to give up this plan. Our second idea is inspired 
by Parallel Sets [10], which is a D3 layout used to analyze factors. 
However, since the data is not so detailed that we cannot apply 
parallel sets layout in our visualization system. The final decision 
is also BiPartite [9]. We also think this type can represent data for 
this part best. 

3. VISUALIZATION DESIGN 
3.1 Design Process 
3.1.1 Select Data 
We explore all the immigration data on the website of Department 
of Homeland Security and select three main types of data. The 
data we select and the reason for selecting are as below: 

(1) Population number in total and by continents from 1820s to 
2000s, 10 years per update. We choose this data because it can 
reflect the overall trend very well. The time period is long, so a 
deep exploration is possible. Also, the data by continents can give 
a clear view of how much contribute of each continent to the 
whole immigration change. This is the first step to get an 
overview of immigration situations. 

(2) The immigration flow data. These data contain the information 
about how many immigrants from different regions to a certain 
states in USA. As immigration is a movement or flow itself, it is 
very necessary to visualize this data. 

(3) The detailed data of various factors related to immigration. 
These factors are age, gender, marital status, admission types and 
occupations. We select the data, as they are important to deeper 
understanding. Age, gender and marital status can tell the basic 
information about the immigrants. Admission types can tell about 
the popular methods to become an immigrant. Occupation data 
can tell about the immigrants’ life situation, whether they get a 
good job or not, how they survive and the contribution they make 
to the society. 

3.1.2 Select Methods 
We use different methods for the three parts in our visualization 
system. We use area chart to show the overall trend as well as the 
proportion. We use bipartite chart to show the factor and flow 
parts and an additional choropleth map in the flow part, in order to 
get a clear and direct understanding of relationships and 
comparisons. 

3.1.3 Integration 
We build a framework for our visualization, including an index 
page to introduce our project and collect three visualization pages 
to display three part of our system. 

The index page contains an instruction and three buttons. When 
users hover on certain button, the instruction of that part of 
visualization system will show. When users click on a certain 
button, the related visualization page will open. 

In each visualization chart page, the frame contains a “back to 
menu” button, which brings users back to index page; two 
exploring buttons, which bring users to explore more parts of this 
system. These buttons are in the bottom left side and right side. 

 



3.2 Layout  
3.2.1 Main Page 
In our main page, we include the system name and a brief 
introduction to the system as instructions to users. The three 
buttons can lead to three visualization designs in our system. 
When users hover different button, a related graph will show. This 
graph is the related design in this part, which can help users know 
the part they want to enter first if they don’t have a clear mind. In 
Figure 2, left part shows the original main page when you just 
enter in, right part shows the change of graph when you hover the 
flow part. 

 
Figure 2. System Main Page with Interaction 

3.2.2 History Part 
This chart visualizes the history trends of immigration to U.S. It 
gathers 2 key words and according them to produce visualization. 
The 2 key words are: (a) region, and (b) format. The default 
region is “total”, which means display total number of immigrant; 
the default format is “number”, the other choice is “percentage”. 
Figure 3 is the overview of the design for this part. 

 
Figure 3. Overall Immigration trend from 1820s to 2000s 

 

For further exploration, you can click buttons on the left to change 
the regions. Also, you can click buttons on the right to select the 
format between number and percentage. Figure 4 and 5 are 
examples for these two choices. In figure 4, you can see each 
leading country’s trend and the region’s overall trend with the 
composition with these countries. It is clear to show them both 
together and individually to represent the comparisons. In figure 
5, we show the data by percentage. Different effects happen with 
the same data. You will surprisingly find Asia played a significant 
role in 1860s that you must have ignored by viewing figure 4. 

 
Figure 4. Immigrants from Asia by number (1820s-2000s) 

 
Figure 5. Immigrants from Asia by percentage (1820s-2000s) 

3.2.3 Flows Part 
This chart visualizes the movement of immigration from 
continents to U.S. states. It gathers 3 key words and we produce 
visualizations according to them. The 3 key words are: (a) year, (b) 
continents, and (c) states. The default year is 2012. The left 
column shows the continents in the world; the right column shows 
the main states in U.S. the link represented the immigration flows 
from continents to states. The height of each bar represents the 
number / percentage of immigrants. The right part is a map to help 
users understand the geography position of the states as well as 
the population density. Figure 6 is an overview of the flow part 
design in our system. 
 

 
Figure 6. Immigration flows to U.S. in 2012 

 
    This visualization is a bipartite chart, which means you can 
view the flow from both directions. In figure 7, flow can be 
viewed from Asia and to California.  
 



 
Figure 7. Immigration flow from Asia and to California (2012) 
 
The choropleth map is additional design for this part. As figure 8 
shows, when you hover on a region, you will the flow to different 
states; it will also show the geography locations and the 
population density of the top ten states of this region. As location 
is an abstract factor, this design will help users get a clearer 
understanding about the data with the real world. 
 

 
Figure 8. Map to visual according location and density (2012) 

3.2.4 Factors Part 
This chart visualizes the factor analysis of immigration to U.S. It 
gathers 3 key words and according them produces visualization. 
The 3 key words are: (a) year, (b) regions, and (c) factor types. 
The default set is “2012, continents, gender”. These key words 
mean that the chart visualizes the percentage of gender in each 
continent in year 2012. Figure 9 shows this default page overview. 
You can click buttons on the left to change the region between 
“continents or U.S. geographic regions”; and also, you can click 
buttons on the right to select the factor type in “gender”, “age”, 
“marital status”, “occupation”, and “broad class”.  
We use the bipartite chart again as it is good to represent these 
data. The data here is not really flow data. People from different 
continents or to different regions are going to have these factors 
for their own, so the data is like flow data. In figure 10, you can 

 
Figure 9. Immigration situation by factors to U.S. in 2012 

view the exploration by people’s locations or by different factors, 
which can help users know their relations based on different 
aspects. In figure 11, users can easily compare the data between 
different factors. 

 
Figure 10. Immigration exploration by locations & by factors 

 
Figure 11. Comparison between different factors 

3.3 Visual Encodings 
We refer Michael Dubakov’s visual encoding introduction [11], 
and apply these rules in our system design. The main visual 
encodings contained in our system are as below. We use different 
visual encoding considerations for our three graphs and list them 
below from table 1 to table 3. 

Variable Type Encoding 
Number of Immigrants Quantitative Y 

Year Ordered X 

Region Categorical Color Hue 

Table 1. Visual Encoding for History Part 



Variable Type Encoding 

Number of Immigrants from 
different continents 

Quantitative Y 

Number of Immigrants to 
different states 

Quantitative Y 

Continent Categorical Color Hue 

Number of Immigrants Quantitative Size 

The U.S. map Categorical X and Y 

Number of Immigrants Quantitative Color Value 

Table 2. Visual Encoding for Flow Part 
 

Variable Type Encoding 

Number of Immigrants from 
different region 

Quantitative Y 

Number of Immigrants in 
different type category 

Quantitative Y 

Immigration type category Categorical Color Hue 

Number of Immigrants Quantitative Size 

Table 3. Visual Encoding for Factor Part 

3.4 Interactions 
3.4.1 Buttons for switch between different parts 
There are two main parts of buttons in our system. One is switch 
to another page; the other is to select different factors to show 
accordingly visualization. Figure 12 are some designs for our 
buttons. 

 
Figure 12. Some buttons designed in system 

 

 
Figure 13. Interaction of hovering for detailed data 

3.4.2 Hovering for details 
The detailed data can be seen if hovering in every part of our 
visualization. We believe a good visualization is not just showing 
graphs but also giving users chances to explore related data. 

In our system, there are hover-to-switch designs everywhere. For 
example, figure 7 shows hovering the original place and 
destinations. Figure 8 shows hovering to view additional map. 
Figure 10 and 11 show hovering to switch between locations and 
factors.  

3.4.3 Hovering for switch between factors 
In our system, there are hover-to-switch designs for many choices. 
For example, figure 7 shows hovering the original place and 
destinations. Figure 8 shows hovering to view additional map. 
Figure 10 and 11 show hovering to switch between locations and 
factors.  

4. IMPLEMENTATION NOTES 
We create our online visualization system by collecting different 
kinds of knowledge together. 

First, we prepare the background knowledge before designing the 
real system. As a visualization system is not just to represent data, 
we must understand the objects we want to show. We search 
related work and papers to get a broader understanding, and have 
discussions and analysis before we choose our types. 

Second, after preparation, we build our main idea to design this 
visualization system. We achieve our functions by using web 
techniques. We use D3.js, a powerful library to draw and control 
SVG by using JavaScript. We also design the pages by using CSS 
and design some interactive functions by using jQuery. 

Third, we always keep in mind that a good visualization is more 
than techniques. We explore a lot of good designs to get a clear 
idea. We try to increase the data ink, choose suitable colors, make 
interaction part more friendly to users and make our whole system 
attractive. 

5. EVALUATION 
To evaluation the users’ feedback to our system, we design an 
interview with five evaluation questions and three testing 
questions. Our candidates are chosen randomly, including 21 
candidates in total, with 13 males and 8 females; they are all 
students with 5 undergraduates, 13 masters and 3 PHDs; their 
self-evaluation of immigration knowledge is 2.76 based on a total 
score 5. Figure 13 shows the design of our interview and the 
feedback from these candidates. 

 
Figure 13. Evaluation interview tables 

 



Figure 14 shows the results of the evaluation questions. The five 
questions are related to five evaluation criteria [12], which are 
functionality, effectiveness, efficiency, usability and usefulness. 
We get average scores for different parts and the scores can give 
us a brief overview of our better part and worse part. For example, 
we seem to need more functions in our future design. We do well 
for the interaction part. However, we should try more to inspire 
the users’ thinking; for example, we can try to make more 
collections between different visual part in our system. 
 

 
Figure 14. Average scores for evaluation criteria 

6. DISCUSSION 
6.1 Advantages and Limitations 
The main advantages of our system are as below: 

1. It is a whole system with different types of data, which can give 
users an overall understanding of immigration situations in USA. 
2. The three parts of our system are step by step. Users can follow 
them to get a better exploration, from the overall trend to flows, 
then to the detailed factors. 
3. We choose suitable types to visualize different data. Area chart 
is very good for visual trend and proportional comparisons. 
Combining bipartite chart and choropleth map together can give 
users a very clear mind of flow data. Also, bipartite chart is very 
suitable for visualizing immigration factors as users can combine 
the people’s original places or destinations and factors as a whole. 

4. Our interaction design is easy for users to master and direct to 
understand. Users can interact with our system without confusion 
and not need guidance.  

6.2 Future Work 
According to the weak point in our evaluation part and our self-
evaluation, there are still some parts that we will work on in the 
future. 
1. Although we design the system as a whole and make them 
interact with each other, some users may not engage in it because 
they don’t have a general sense of immigration background. We 
will try to give a tighter relation between our different designs and 
make it easier for users to consider them as a whole. 

2. For the history part, we will add more zooming in and zooming 
out designs for users to enjoy the visual exploration. The later  

years contain more data then earlier ones. By using zooming 
design, we can show more data for some parts such as later years 
and collect them with the other flow and factor designs. 

3. We need to work on more functions in our system according to 
evaluation. For example, we just include the year 2012 in our flow 
and factor parts, as time is limited. We will add more years and 
interactive designs to these two parts for users to know more 
detailed information and their comparisons. 

4. The map interaction part needs some improvement. The map 
will show when you click on the left side. We will add some 
functions to show the left side when clicking on the map. Also, we 
will work on the map to let it show more information or choose 
some other methods to show additional information. 

7. CONCLUSION 
In this paper we have presented a system for immigration data 
visualization. We integrate several visualization techniques 
together and apply them in the design of our system. Our system 
is used to help people get a better understanding of immigration 
situation in the United States and help them to explore more of the 
data. In the future, we plan to continue our work to give the 
system more functions and improve its interface and designs. 
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