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Abstract 
 
In this report, we will explore our process for designing several visualizations that help 
residential homebuyers in King County, Washington inform their housing search and determine 
their optimal offer price for a given property. Although residential home sales are heavily 
documented and result in large databases of information, buyers often struggle to make sense 
of all of this data. In light of this, we have designed a tool that aggregates this data and supports 
the key tasks of home buyers, which include finding the right area in which to search for homes 
and determining a fair offer price for a home. We designed this visualization tool using a user-
centered approach through a series of interviews, prototypes, usability tests, and iterations 
come to the final design result.  
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Introduction 
 
In the following document, we will begin by providing an introduction to the project, defining our 
dataset, and stating the user goals that our data will address. From there, we will explore 
existing work in this field and explain how our visualization fits within this space. Then, we will 
provide details into our design process, and how user evaluations informed our design 
progressions. Next, we will present our final visualization and the evaluations of effectiveness. 
Finally, we will conclude with further work, acknowledgements and references.  
 
Goals & Users 

Our objective for this project is to help people buy homes in King County with the use of several 
visualizations interpreting homes that have been sold in the past 18 months (May 2015 - Dec. 
2016). Our target users are potential home buyers who are currently looking for homes and 
people who plan to look for homes in the future. Many of these people follow a similar process 
when searching and buying a home. People who purchase homes to rent out to tenants or to 
solely seek investment gains or to purchase as a secondary home are not part of our target user 
group. These people often have varying criteria when evaluating homes and their tasks are not 
supported by our data. Additionally, our study does not support the tasks of people selling their 
homes. Although we found some overlap between the tasks of home buyers and sellers, we 
focus primarily  on home buyers for this analysis.  

Data 

The data we used in this study is from the Northwest Multiple Home Real Estate Database. It 
includes residential property sales in King County, Washington from May 2015 to December 
2016. We began the study with a data set that included property sales from the entire state of 
Washington but eventually decided to scale it down to King County because users tend to 
initiate searches within a more narrowly defined geographic area.  

Home buyers rely heavily on this data to determine optimal pricing, identify market trends, and 
assess property attributes to inform their decisions. Since this is historical data that has been 
well documented, we believe it to be of high quality and indicative of market conditions in the 
past year. Our dataset consists of over 43,000 data points and includes the following 
dimensions: 

Dimension Data type 

Address Nominal 

City Nominal 

Zipcode Nominal 

Days on market (DOM) Quantitative  
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Sale date Ordinal 

# of bedrooms Quantitative  

# of bathrooms Quantitative  

Listing price Quantitative  

Selling price Quantitative  

Style Code Nominal 

Listing/Selling Price % Difference Quantitative 

View Nominal 

Waterfront Nominal 

Square Footage Quantitative 

# of Fireplace Quantitative 

The original data set contained over 80 dimensions, but including all of those would cause 
cognitive overload for the users and would be less effective for users to find information that is 
important to them. After talking with users, we reduced them to only show dimensions listed 
above as we decided they were most essential to our analysis.  

Supported Tasks 
We create several visualizations from our data that will support the following tasks and subtasks 
by our users. 

1. Find the zip code where you would like to search for homes 
a. Identify the “up markets” and “down markets” within the past year. 
b. Compare price per square foot for houses in different zip codes 

2. Determine a fair offer price for a home you would like to purchase 
3. Determine the appropriate timeframe in which to make an offer 

These were key tasks during the home buying process as indicated by our users and we 
believed our dataset was well-suited to help users accomplish these tasks.  

 
Previous Work 
 
During both our competitive analysis and our interviews with users we ran into two main 
competitors in the housing market visualization space: Redfin and Zillow. 



 

5 

Redfin (https://www.redfin.com/): A national real estate brokerage that has various graphs 
depicting data from the housing market and prompts to match users with realtors. 

Site No. 2: Zillow (http://www.zillow.com/): A home buying and selling tool that geomaps homes 
for sale and their attributes. 

Since these two sites are so similar we will compare their strengths and weaknesses as 
visualization tools together. Both sites allow you to start your search for homes using a map 
view (image on the left depicts Redfin, image on the right depicts Zillow): 

 

Both tools excel in providing a geographic view of homes in an area. Zillow’s view is more 
information rich, using labels to convey the price of homes and color to represent the listing 
type. The downside of showing such granular data on the user’s first view is that it is hard to get 
a sense of the pricing of different neighborhoods to help narrow the search. We think these 
visualizations fail Schneiderman’s principle of overview, which is a gap that we try to bridge with 
our designs. 

Although Redfin and Zillow do not provide an overview of different areas on the map they do 
provide some high level data once the user drills down (image on the right shows Redfin, image 
on the left shows Zillow: 

 

Redfin and Zillow differ in the techniques and information they use here, with Redfin showing a 
chart with a variety of metrics regarding housing value over the last 90 days whereas Zillow only 
shows median sales price over 10 years, they both aim to assist the user in getting a sense of 
the housing market in a particular neighborhood. Although this information is useful, we think 
they fall short by failing to employ another one of Shneiderman's principles: relate. Redfin and 
Zillow both provide this information about neighborhoods apart from information about other 
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neighborhoods, meaning users are unable to compare neighborhoods and understand the 
relationships between them. Unless the user happens to have an exhaustive understanding of 
other areas’ housing markets, this information is of limited usefulness. 

Lastly we would like to compare how Zillow and Redfin help users estimate the value of homes, 
which can be used to either buy or sell a home. Their methods are depicted below (Redfin 
depicted on the right, Zillow depicted on the left): 

 

Redfin and Zillow both elect to tools that simply provide estimates to the user while providing 
little to no understanding of how the estimate was made or why it should be trusted. We 
discovered that this was problematic during one of our interviews when our interviewee 
expressed his skepticism about the accuracy of these tools. This skepticism is only 
compounded by examples such as the one depicted above wherein the estimators vary by 
about $90,000, almost 10% of the price of the home. 
 
Design Process 
 
We followed a human-centered approach throughout the 10 week duration of this project. We 
maintained a consistent feedback loop by speaking with users or other stakeholders including 
real estate agents throughout each phase of the process. This allowed us to gain various 
perspectives and identify common themes across a wide range of users. The foundation of our 
knowledge of home buying was informed by speaking with real estate agents who work closely 
with home buyers. We were able to form a basic understanding of the process and decision 
points that homebuyers make when searching for homes. With this, we were able better 
understand how our data would support key tasks.  
 
 
Storyboarding & Initial Sketches 
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To better understand the utility of data and how home buyers might use it to make pricing 
decisions, we created a storyboard and rough sketches of potential visualizations. This was 
particularly useful in communicating concepts amongst our team and enabled us to define a 
common understanding of the tasks at hand. Gaining agreement on the scope of the project, 
user scenarios, and level-setting on terminology was essential to moving forward with further 
research.  
 
 

 
Storyboard and initial sketches 

 
Interviews 
 
We conducted a total of three interviews with home buyers to better understand the needs of 
our users. We recruited for interviews using a combination of surveys and social networking. 
Some of the common themes we found in our interviews were: 

● Users price their offers for a new home based on comparable homes. 
● Our main competitors are Redfin and Zillow. 
● A wide variety of factors affect the pricing of a home. 
● People tend to look for homes close to points of interest or school districts. 
● The value trend of a home as well as the “hotness” of the market it is in is valuable 

information to users because most do not plan on staying in their home for more than 5-
10 years. 

● A pain point for users are expensive real estate agents. 
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● Listing price is not always a good indicator of what a house will sell for (particularly when 
a home is deliberately priced low to encourage bidding), users need other ways of 
knowing the value of a home. 

 
We combined our interview findings into a persona we named “Thrifty Sam” in order to build a 
shared understanding of our user. 

 
Persona 

Graphical Explorations 
 
In the early stages of research, we determined a set of four key research questions we hoped to 
uncover with our data. We were able to identify comparative, correlation, geographic, and time-
series relationships with the following research questions:  
 

1. How does the list price compare with selling price? (comparative) 
2. What is the relationship between sales price and square footage? (correlation) 
3. How does location affect days on market? (geographic) 
4. How does days on market affect selling price? (time-series)  

 
We decided to address the first question because it could help inform our users on several tasks 
including deciding which cities to consider when searching for homes and how much to offer on 
a home they would like to buy. We understand that each property may have its own unique 
characteristics that may influence pricing but we believe aggregate patterns may still be 
revealing. As we suspected, the majority of Seattle neighborhoods sold higher than they were 
listed for. However, we found a few neighborhoods where selling price was lower than listing 
price. For example, the average selling price in North Seattle was $15,000 less than its average 
listing price. Buyers who are more price sensitive may decide to focus their search in 
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neighborhoods like North Seattle. Neighborhoods including Ballard, Greenlake, and Fremont all 
had average selling prices that were higher than average listing prices. These in-demand 
neighborhoods also had very low days on market (DOM), an average of 14 days.  

 
 
Our correlation exploration addressed how square footage impacts price. We chose to use a 
scatter plot to represent this relationship: 

 
What was initially striking about this visualization was the seeming lack of any kind of trend in 
the data. It is apparent that most houses are sold within the first 400 days of listing, and for less 
than 2 million dollars, but otherwise there seems to be no discernable pattern or trend in the 
data.  
 
To explore a how the price of homes are impacted by number of days on market (DOM), we 
decided to use a time-series visualization:  
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This visualization made the relation between days on market and difference between list price 
and sale price much more apparent. As you can see prices that sell within the first 10 days tend 
to go for more than the listing price. Homes that sell over the next fifteen days tend to go for the 
asking price. Prices that sell after day 25 tend to go for lower than their asking price.  
 
We used a geographic representation to understand how average DOM vary between zip 
codes:  

 
The exploration to understand the relationship between DOM and zip code was very insightful 
when looking at a detailed view such as the map with interactivity. We believe the information 
available in the map view would be useful for both sellers and buyers. Sellers who know ADOM 
in their area can set realistic expectations when putting their home up for sale. It would also help 
in the planning and preparation of selling their home. Buyers would benefit from this information 
because it can inform how quickly they should act if they find properties they like in certain 
neighborhoods.  
 
In conducting these visual explorations, we were able to gather the following insights: 
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● The differences between listing price and actual selling price may influence how much 
buyers will offer 

● Number of Days on Market may help users decide when to take action on a property and 
gauge an appropriate offer price 

● The correlation between square footage and selling price is not always entirely clear 
 
High-fidelity Prototyping 
 
The visual explorations allowed us to better understand the data and we were able to take our 
most important findings and build our first functioning prototype. In our early prototypes, we 
attempted to encode multiple dimensions on a few visualizations. This resulted in complex 
visualizations that contained a lot of information but were not necessarily easy to interpret. One 
example is the box and whisker plot below:  

 
In this visualization, we attempted to highlight the relationship between median square footage 
(y axis), zip code (x axis), and price (color). We initially chose those visualization because users 
could see the range in both price and square footage for a given area code. However, we later 
discovered through user testing that this visualization had several limitations which we will 
discuss in the User Evaluation section.  
 
We also used a line graph to encode price over time. We wanted users to be able to identify 
“hot and cold markets” throughout the year, enabling them to either plan or validate their pricing 
decisions. Our initial line graph is below: 
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We put Time (in months) on the x axis, Price on the y axis, and used color to encode Zip Code. 
The shortcoming of this version was that it was visually overwhelming with multicolored lines 
before users filtered down to zip codes of interest. Furthermore, the color encoding was 
inconsistent with the previous bar and whisker graph which used color to encode price.  
 
Our early prototypes also included a geographic dashboard and a comparable homes tool 
shown below: 
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Geographic dashboard 

 
Comparable Homes Tool 

 
The Geographic dashboard showed average price by zip code so users could narrow down their 
search to areas that match their budget. Since budget is a prioritized criteria for most home 
buyers, we explored how we could use the geographic dashboard to filter other supporting 
visualizations by zip code. The Comparable Homes Tool was intended to help users find prices 
of homes with the same set of attributes (# of BR, # of BA, etc..) that have sold. This information 
would help users determine a fair offer price for a home they’d like to buy.  
 
Usability Testing 
 
We conducted usability testing continuously during our project at different stages. We recruited 
our users through either surveys or social networking. Out of 7 total participants 5 were in the 
process of buying a home or had bought homes recently, and 2 had not ever bought a home. 
Information from the former group we used to help determine our information architecture and 
other high level questions, the latter group’s data we primarily used to improve interactions on 
the visualization and more low level design questions. 
 
We employed a think aloud protocol for all of our usability tests. Upon meeting the users, we 
started with a brief introduction of ourselves and the motivation and purpose of our project. In 
cases when we documented the test with photos, participants gave verbal consent to having 
their picture taken for the purposes of the project. 
 
We interviewed our participants about their backgrounds in order to help build rapport before 
beginning our usability tests. We then proceeded to ask about their home purchase experience 
they had. We asked the following questions to our users, although order and specific wording 
varied during the conversations: 
 

● When you decided that you want to buy a home, where did you start? 
● What was your home search process? 
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● Did you use any tools/websites when searching for a home? If so, what did you use? 
● What were the most important factors for you when you were considering homes to buy? 
● What was your process for pricing the offer for the home you purchased? 

 
After completing the initial interview, we had users complete the following tasks using our 
prototype: 
 

1. Look for the average house price of in a certain zip code 
2. Look for an area where the average house price is increasing within the past 18  months 
3. Find the comparable houses prices in an area of your preferences 
4. Look for an area where the average price per footage is of a certain price 

 
As rewards for users’ participation, we offered light refreshments and pronounced our 
appreciation again at the end of the test. 
 
Results 
 
After the testing, we summarized our findings below: 

● Overall, the visualizations were effective in letting users finish their tasks. 
● Some users had trouble understanding real estate-specific acronyms like DOM (stands 

for “Days on Market”) 
● Prompts are needed to help users them better understand the usage of the 

visualizations. This was partially due to the visualizations being presented to users on 
Tableau Public during the test. Tableau Public is still a relatively novel interface to 
people that are not familiar with data visualization or Tableau. It is geared more towards 
people with background or skills in data visualizations.  

● Users would like to have additional functionalities such as the ability to filter homes by 
types 

● Users would like to see more than just 12 months of data in the housing market. One 
year of data is not enough to evaluate the trend of price change 

● Complete home addresses were not shown on in the visualization. This was an mishap 
on our part when formatting the data. 

● In the line graph that shows price over time, users found the default view before they 
filter view was visually overwhelming; Color mapping to zip code was also not clear. 

● In the areas dashboard, Users were unable to locate zip codes on the map; Users 
wanted filters to meet their search criteria 

● In the comparable homes chart, users found horizontal layout difficult to compare. They 
also felt that Days on Market not useful in term of individual property 
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Final Visualization 

In our final version of the visualizations, we incorporated feedback that we have gathered 
throughout the project. In specific, we made following important changes to our final 
visualization: 

● Instead of simply showing the visualizations on Tableau public, we embedded the 
visualizations to a webpage.  

● We changed the Dashboard mode in Tableau to Story mode so that the visualizations 
appear more coherent together. 

● We added text prompts on the visualization and the webpage to give clearer guidance of 
what users can do with the product. 

● We included data of the past 18 months of houses sold in the King County (May 2015 - 
December 2016) to allow better analysis of price change trends. 

● We added functionalities to allow users to filter houses by styles (e.g. condos, , 
townhouses etc) 

● We added full address names of homes in the visualizations by reformatting the data in 
the database 

● The box and whiskers chart was removed due to users’ difficulty in understanding this 
type of visualization.  

● Instead of showing all lines by default, users are able to find filter zip codes that they are 
most interested in in the map. The other visualizations (average selling price, number of 
homes sold, and price per square footage) will update accordingly. 

● We changed the bathroom filter number format into discrete values instead of 
continuous ones, because it does not make practical sense to have 1.4389 bathroom. 
But we did keep numbers with decimals of X.25, X.5 and X.75 because they do have 
practical meanings(Rogers, 2011). We also explained those on the webpage. 

● We created a logo to establish branding and enhances a sense of professionalism. 

 
Our web-based visualization includes prompts and guidance to enhance usability. Users were 
able to better complete the tasks after given clear direction on how to proceed. We designed the 
flow of actions to match the needs and expectations of our users, beginning with selecting the 
type of home they are looking for and the areas in which they are interested in.  
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Search Areas Dashboard 

Our “Search Areas Dashboard” allows users to filter based on the City, Number of Bedrooms, 
Number of Bathrooms, Style, and Year Built for a more targeted search. We decided to use a 
histogram instead of a box and whisker plot to represent Price per Square Feet by Zip Code. It 
was more familiar to users and they were able to make comparisons more efficiently. We also 
included line graphs of Average Selling Price over time and Frequency of homes sold so users 
could identify price and activity trends over the course of the year. 
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Find Comparable Homes Dashboard 

In the “Find Comparable Homes Dashboard”, users are able to find homes comparable to their 
desired ones. We provide filters including City, Zip Code, Number of Bedrooms, Number of 
Bathrooms, Style, and Year Built as in the “Search Area” visualization. We also displayed the 
average days on market for homes in users’ selected area because our research showed that 
this is another thing users are interested in seeing.  

 

Evaluation 

Our goals were to help homebuyers find areas to live, and figure out a price to offer for homes 
they wanted to buy. Regarding our first task we think we were partially successful. We think we 
provided visualizations that can effectively facilitate home buyers ascertaining the average value 
of homes in a zip code, the “hotness” or frequency of sales in that area, as well as the trend of 
the value of homes in that area. The biggest drawback to our design was that we were not able 
to put in the names of areas in zip codes. This makes the areas hard to recognize since most 
users are not familiar with the boundaries of various zip codes the way they are with the names 
of neighborhoods. 

Another problem with our design was that we could not accommodate a need that many of our 
users expressed having when choosing a neighborhood; its proximity to other areas of interest. 
Many of our users only wanted to explore neighborhoods within a certain proximity of their work, 
a social group, a school district, or some other item of interest. Ideally we would facilitate users 
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being able to search neighborhoods within a certain distance of a point of interest. Unfortunately 
this was beyond our technical skills so we had to shelf the idea. 

Despite this, many users expressed interest in using the tool to get an overview of the housing 
market before using a tool like Zillow or Redfin to search for particular houses. Since users said 
that the tool was valuable to them, and were able to complete the task of finding areas they 
would look for a home in during the usability tests we think our tool is effective in the tasks it 
facilitates, although limited in scope. 

We think we were particularly effective in our use of color on the housing views. Color was used 
on the area value map to represent the selling price of homes, and we thought this was a 
particularly effective way of giving users a rough idea of which areas are in their price range. 
One they select these areas they are given more precise graphs for further details. On these 
graphs color is used to represent different zip codes, which again allows users to quickly 
differentiate different areas during comparison.  

In order to better understand the efficacy of our tool, we have evaluated in terms of 
Shneiderman's Visual Information Seeking Mantra (Shneiderman, 1996): 

Overview: We think our housing areas visualization effectively provides an overview of our 
entire data set. The color coding effectively shows which areas are most expensive and which 
ones are more affordable. The comparable homes visualization is less effective in providing an 
overview. Although it does illustrate the full range of comparable home values the immense 
number of data points on it makes the graph hard to read without filtering first. 
 
Zoom: The housing areas visualization effectively allows users to zoom in on zip codes they are 
interested in by clicking on them. The zoom is effective because the zip code selected is 
highlighted, thereby giving the user feedback they clicked it, but also keeps the rest of the 
visualization visible in order to maintain a sense of context for the user.  
 
Filter: Both our housing areas and comparable homes visualizations provide many options for 
users to filter for data that is most relevant to them. Filters include City, Zip Code, # of 
Bedrooms, # of Bathrooms, Year Built, and Style Code. 
  
Details-on-demand: Our comparable homes visualization effectively provides details on 
demand. Once a user has filtered down to a set of comparable homes, they can scroll over the 
homes to find more in-depth details on the home. These details include the square footage, # of 
fireplaces, what type of view the house had, and whether or not it is waterfront. Our areas map 
also makes use of details on demand by providing the precise median selling price and the 
median square footage of homes in that zip code on hover. 
 
Relate: Both our housing areas and comparable homes visualizations effectively allows users to 
relate different parts of the data to one another for comparison. Housing areas does this through 
our use of line graphs that allows users to compare the frequency of homes sold and median 
selling price over time of zip codes that have been selected, as well as our bar graph on the 
bottom that compares the price per square foot of different zip codes. Our comparable homes 
bar graph facilitates the comparison of different selling prices of houses in an area. In general 
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we made frequent use of bar graphs in our visualization since it is primarily a tool to make 
comparison, whether they be between different zip codes or comparable homes.  
  
History: Our visualization minimally meets Schneidermans criteria of history. Users can “undo” 
previous action by clicking the undo button, but replay and progressive refinement are not 
supported. We attribute this to limitations of using Tableau rather than an intentional design 
decision on our part. 
 
Extract: Our visualization supports users extracting data through use of Tableau’s “share” 
function. This allows users to save or share a view they made within the visualization with other 
users. Users can also easily embed the visualizations to external web pages through either its 
corresponding URL or automatically generated code. 
 
Further Work 
 
Throughout our design process, we uncovered numerous opportunities to improve our product 
that we did not have either the time or skill sets to pursue. These are some directions we see as 
promising for further work: 
 

● Supplement with Inventory Data: We would like to include total number of homes as a 
benchmark in our frequency of sales chart to make the frequency of sales more 
meaningful. As of right now there is no way to differentiate the causes for why many or 
few homes are selling in an area, whether it should be attributed to the number of homes 
available or the popularity of that area. 

● Include Neighborhood Name: As mentioned above we would like to divide our map by 
neighborhoods instead of zip codes. This would provide more granular data on areas as 
well as a more understandable interface. 

● Standardize Home Type Definition: The category “Style Code” in our data refers to the 
type of home e.g. condo, one story, two story, etc. This category is user generated which 
makes it inconsistent at times. We would like to standardize the home types for more 
clear data. 

● Include Quality of Life in Neighborhood Information: Users take into account other 
factors than price when choosing a neighborhood to live in. If we could include 
information such as bus access, nearby restaurant, etc. we think the tool would be more 
valuable to our users. 

● More Data: Right now we only have about 18 months of data in our visualization. Ideally 
we would have at least 10 years worth of data to give a better idea of housing market 
trends. 

● Include a Price Estimator: Although users do not like the black box estimator approach 
to provided by Zillow and Redfin, our method requires a lot of work on the part of the 
users. Ideally we would include an estimator that would provide users with a value along 
with an estimation of how we got it along with the ability for users to explore the factors 
that affect price in order to provide both an easy answer to their question and 
understanding into how it was made.  
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● Point of Interest Search Function: As mentioned above, many users wanted to limit their 
search to areas that were close to specific points of interest. Ideally we would support 
this need by allowing users to place a point of interest and then have all neighborhoods 
within a certain distance of it selected for comparison. 
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