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Summary

This project is a prototype for a general-purpose online interactive tool for data visualization. It takes 
user-supplied data in the form of a CSV file and generates a table and graph of that data in a form 
and format based on selections made by the user.
Tools and Resources
The project was coded entirely in HTML, CSS and JavaScript and makes use of the D3.js library
Design Approach
My approach to this project was to build a visualization tool that is simple and intuitive, that guides 
the user step by step through the creation of a data visualization and in the process teaches a little 
something about data visualization itself. 
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Screen Layout

The prototype’s screen is divided into 
two sections, on the left, the Control 
area and on the right the Display area. 

This screenshot shows the basic 
layout of the prototype. The left 
quarter of the screen is the Control 
area and is made up of panels 
containing HTML input elements of 
various kinds. The area on the right is 
the Display area composed of the 
Graph section and the Table section.

! Control Area
As its name implies, this is the area 
in which interaction will mainly 
occur. Each interaction with 
Control elements will update 
elements in both areas as the 
application cycles through its 
various states.

! Display Area
This area is subdivided into a 
Graph section at the top (a gray 
rectangle) and a Table section 
beneath it. These two sections 
show the results of user 
interactions.
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Step-by-Step Approach

In the prototype, the user interface builds on itself in a progressive manner. UI elements appear on 
screen only when needed preventing accidental (out of order) interactions. At each step, the user has 
an opportunity to revisit a previous step or reset and start over (Nielsen UI Heuristics #3)

This flow diagram illustrates the prototype’s step-based approach to interaction.

https://www.nngroup.com/articles/ten-usability-heuristics/
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Prototype Walk-Through

Interaction with the prototype progresses through three main states: 
! The Initial (Reset) State, 
! The File Loaded State and 
! The Interactive Graph State 
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Prototype Walk-Through – State 1: Initial (Reset) State

At this point, the app is essentially a 
blank slate.

! Control Area
In its initial state, the Control area 
consists of one panel, the File 
Selection Control containing an 
instruction paragraph, links to 
sample data files and an HTML 
“File” input button. Clicking on this 
button opens a dialog box to select 
a file from the user’s local file 
system.

! Display Area
The Graph (top) section of the 
Display area holds only unmarked 
X and Y axes. The table section has 
yet to make its appearance.
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Prototype Walk-Through – State 2: File Loaded

! Control Area
After the user chooses a file and 
that file is loaded, a second panel 
appears beneath the File Selection 
Control. The Graph Type Control 
contains an instruction paragraph 
followed by an HTML radio button 
with graph types for the user to 
choose from.
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Prototype Walk-Through – State 2: File Loaded

! Display Area
The Graph section is unchanged in 
State 2, but the data from the 
previously selected file now 
appears as a scrollable table 
beneath it.
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Prototype Walk-Through – State 3: Interactive Graph 

Upon selection of a graph type, a third 
panel appears. As with the previous 
two panels, the first element is a set 
of instructions. In this case, however, 
the instructions are more crucial to 
the graphing function as they explain 
what form the data must take in order 
to be processed correctly.

Beneath the instructions are HTML 
input elements, the type of which 
depends on the user’s graph 
selection.
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Prototype Walk-Through – State 3: Time Series

! Control Area
As mentioned above, the 
instructions in the Time Series 
panel lay out the specific 
requirements for this type of 
graph, that is, a JavaScript readable 
date column in the leftmost 
position and data series laid out in 
columns (wide form).
At this point, the user may 
examine the data table in the 
Display area to determine whether 
the chosen data source conforms 
to the requirements. If it does not, 
the user has the option to change 
the selection in the Graph Type 
Control, and continue with the 
current data source, or choose a 
new data file in the File Selection 
Control and essentially reset the 
process.

Below the instructions is a 
checklist with an entry for each 
column appearing to the right of 
the date in the Table. Selecting any 
of these entries will plot its 
column’s data in the Graph section 
of the Display area.
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Prototype Walk-Through – State 3: Time Series

! Display Area
Assuming that the data file is in the 
proper format, upon entering State 
3, the X axis in the Graph section 
will show the date range of the 
data. As at this point no data series 
has been selected, the Y axis 
remains unmarked. 

Upon selection of a data series, the 
Y axis will display the data range. 
The scale is automatically adjusted 
to the extent of the data series and 
will automatically re-adjust as data 
series are added to and deleted 
from the graph. Each data series 
has a unique color which can be 
seen in three places: the line 
plotted on the graph itself as well 
as the corresponding table header 
in the Table section and checkbox 
in the Control area, either of which 
may serve as a legend for the 
graph.
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Prototype Walk-Through – State 3: Scatter Plot

! Control Area
Instructions for a Scatter Plot 
graph, like those for the Time 
Series above detail data format 
required for processing. Data series 
for this graph type must be in rows 
with variables in columns not 
including the leftmost, which is 
reserved for a series name. The 
Scatter Plot graph is a bit more 
forgiving than the Time Series as it 
will accept and plot any column 
containing numeric data (the data 
in the timeseries-sample.csv file 
for instance, will be drawn 
correctly in a Scatter Plot, though 
the relationship between the 
variables may well be meaningless.

In place of the checklist shown 
with the Time Series, the Scatter 
Plot Control contains two drop-
down Select inputs, one for each 
axis and allowing only one 
selection each. 



13

Prototype Walk-Through – State 3: Scatter Plot

! Display Area
When a data series is selected for 
either axis, that axis will display the 
range for that series. After both 
axes have been selected, the data 
will be plotted on the Graph. 
Changing the data series for either 
axis will automatically re-plot the 
data and adjust its axis accordingly.
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Domain Expert Evaluation and Feedback

For expert evaluation I enlisted Mary Beth Fisher, PhD, a senior financial analyst with Amherst Pierpont Securities in New York. Her 
evaluation of the prototype overall was positive for the most part, particularly concerning the simplicity of design and ease of use, 
according to her comments:

Ease of use
Constructing graphs was effortless and “…so much easier than doing it myself in Excel.”

Simplicity of Design
“I like that the tool is simple, I’ve tried to use the super fancy visualization tools and I usually give up because trying to remember 
how to use them and do plots is too much trouble.”
This comment calls to mind Jakob Nielsen’s 6th Usability Heuristic, “Recognition Rather than Recall”: 
The user should not have to remember information from one part of the interface to another. Information required to use the 
design (e.g., field labels or menu items) should be visible or easily retrievable when needed.
Certain other aspects of the design, however, were found to be either unintuitive or lacked sufficient feedback when performing 
tasks:

Instructions on File Loading are Unclear
The initial file loading control (State 1) was found to be confusing in that it is not made clear in the instructions that the tool 
expects the user to upload their own data and that the sample links provided were for download and would not open directly 
within the app.
Two possible approaches to this problem would be:
Clearer instructions at the beginning of State 1 and more separation between the downloadable samples and the File Selection 
Control, i.e., removing the sample links to their own panel, or
Re-coding the links to perform as she said she expected them to, i.e., to load the sample files into to tool rather than download to 
the user’s file system.
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Domain Expert Evaluation and Feedback (cont’d)

Tool continues to operate when data file and graph type are incompatible
Mary Beth noted that at one point she “…accidentally tried to plot the scatter data as a timeseries. It looked like it was going to do 
it. Then I realized I had to choose the timeseries file.” This comment highlights two issues in the design:

Shifting responsibility to the user that should belong to the program – It should not be up to the user to ensure the data format 
of their source file is compatible with their selected graph type. The tool needs to perform its own compatibility test.

Continuing to operate when incompatible data is used – The tool should halt when it detects incompatibility between data and 
chart type. I reproduced this error (see below). Rather than continuing in a non-sensical state as the screenshot shows, the tool 
should give the user feedback on the error and how to correct it (see Nielsen’s Usability Heuristics #9). Jakob Nielsen, 10 Usability 
Heuristics for User Interface Design

https://www.nngroup.com/articles/ten-usability-heuristics/
https://www.nngroup.com/articles/ten-usability-heuristics/
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Wish List for a Full Version of this Web Application

! More graph types
The most obvious improvement would be to give users a wider selection of graph types to choose 
from

! More comprehensive instructions
If the app is to serve as a teaching tool, it would need to have more than the brief explanations of 
various graph types and data formats of the prototype. My models for an interactive teaching tool 
would be Josh Comeau’s excellent “Let’s Learn about Waveforms” and Marijn Haverbeke’s
interactive online textbook, Eloquent JavaScript.

! Automated Compatibility Detection
Suggested by my domain expert, the app should be able to detect whether data sources are 
compatible with chart types and throw an error if not.

! Ability to process “long-form” data files
Being able to read this form of data, as programs like Tableau do, would enable more complex 
interactive visualizations such as Gapminder-style motion charts.

! Additional data series information
The graph could show additional, not necessarily quantitative information as tooltips or other 
similar sidebar views, on rollover or other interaction.
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