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Abstract 
With the growing popularity of a wide variety of mobile devices, including smartwatches, 
phones, tablets, laptops, desktops, and everything in between, it has become increasingly 
challenging for developers to visualize data in convenient and consistent ways across all form 
factors. This problem is exacerbated by massive increases in the amount of data available with 
the recent rise of connected devices. The rapid increase in form factor variety has made it 
difficult to put in place best practices for visualizing all of this data across different devices in a 
consistent and usable manner. This paper looks at several main categories of data visualization, 
exploring the positives, negatives, and best practices of each in the context of usability on a 
variety of form factors. 

Introduction 
There are many methods of data visualization. In this paper we will examine several main 
categories of visualization, looking at strengths and weaknesses and how well each scales to 
different devices. In addition, throughout the paper, some new ideas are presented as possible 
improvements to the current standard practices for that chart type. To start, we look at the most 
basic form of data visualization, the table. 

Tables 
Tables are perhaps the most basic form of data visualization, but can still be very useful for 
comparisons or displaying data that is not suited for a chart. In addition, it is easy to enhance the 
usability of tables by adding appropriate visual elements or color-coding. A very common 
example of this is comparison tables on shopping websites, as shown in Figure 1. 



 
Figure 1. A phone comparison chart from Amazon.com shows how a table can be useful as a 

comparison tool, and the use of visual elements in the table 
 
In this example, it is easy to see that the information displayed would not be appropriate for other 
visualization techniques, such as charts, since most of the information is unrelated. It is very easy 
to directly compare details across columns in this view. 
 
In addition, the effective use of colors, visuals, and fonts greatly enhances the usability of this 
table. For example, the font size of the price row is much larger than the others, since that is a 
key data point that shoppers are looking for. The table also includes images of the phones and a 
graphic for the phone’s rating that makes it much easier to obtain the rating at a glance. Finally, 
the “Add to Cart” button is designed to stand out from the rest of the table, making it very easy 
for shoppers to select and purchase a phone. 
 
One of the biggest drawbacks of tables, however, is their scalability to other screen sizes. Once 
again using Figure 1 as an example, Amazon is a website that is likely frequented by phones in 
addition to computers. If this table were to be display as-is on a phone, it likely would not be 
very usable. Figure 2 shows Amazon’s strategy to get around this. 
 



 
Figure 2. Mobile view of phone comparison table from Amazon.com 

 
Amazon uses a couple of popular strategies for scaling tables in this example. First, horizontal 
scrolling is used in order to display each item at a reasonable size, while also displaying more 
than two items in the table. According to Nielsen/Norman Group, the use of horizontal scrolling 
should only be used when two conditions are met. First, it must be obvious that content can be 
scrolled horizontally; in this case, the third phone’s information is cut off, which is a good 
indication that horizontal scrolling can be used. Second, horizontal scrolling should only be used 
on touchscreen devices (basically phones or tablets), as horizontal scrolling with a mouse has 
very poor usability. Many mobile websites also use small variations on horizontal scrolling as 
shown above to mitigate potential issues, such as the use of clickable dots or arrows in lieu of 
direct scrolling. 
 
The second practice that Amazon uses in this table is simplifying the table by hiding some of the 
less-important information. When users aren’t able to view as much information at a time due to 
smaller screen size, more memory has to be used when trying to compare products. Amazon is 
helping the shopper by showing less information by default, making it easier to remember the 
most important pieces of information when scrolling and comparing phones [1]. 
 



The final form factor to consider is the newest, but quickly rising, player in the market, the 
smartwatch. Smartwatches aren’t able to browse the internet, so scaling tables from desktop to 
smartwatch isn’t a concern. Generally, smartwatches are designed to display only the most 
necessary information in a way that can be read quickly. Therefore, complex tables should not be 
used on smartwatches. Instead, the data is synced to a phone or computer and viewed on a larger 
screen. 
 
The only type of tables that exist on smartwatches are very simple and short. They should also 
contain supporting visuals that help the viewer obtain information as quickly as possible. Figure 
3 shows an example of a table used to show the weather forecast on a smartwatch. 
 

 
Figure 3. A simple table showing the weather forecast on a smartwatch 

 

  



Line Charts 
The next major category of data visualization to examine is line charts. The primary use of line 
charts is to display trends over time. A good example of the use of a line chart is shown in Figure 
4. 
 

 
Figure 4. A line chart comparing Google search interest in Pho (noodle soup), Ramen, and Soba 

(Japanese noodles) over time. Data source: Google Trends (https://www.google.com/trends). 
 
Figure 4 represents a perfect example of what line charts are good at - displaying trends in data 
over time. Within only a second or two, anyone viewing this chart can see that interest in Ramen 
is the highest, and that it has recently been trending upwards faster than Pho or Soba. Also 
captured in the screenshot is the hover details, which allows viewers to see more detailed 
information about any point on the chart if desired. This provides an easy way to display a huge 
amount of data while abstracting away details to make it easier to see the main trends. 
 
Best practices for line charts on large screens are pretty well established at this point. More 
interesting and less established are best practices for these types of charts on smaller screens. 
Looking at the same chart from Figure 4 on a mobile device (Figure 5), we can see that not much 
has changed with the chart to optimize for the smaller view and different controls. 
  

https://www.google.com/trends


 
Figure 5. A line chart comparing Google search interest in Pho (noodle soup), Ramen, and Soba 

(Japanese noodles) over time as viewed on a mobile device. Data source: Google Trends 
(https://www.google.com/trends). 

 
The width of the chart is scaled to fit the device width, and instead of hovering over the points 
for more information, the viewer can tap on a point. The mobile view of this chart still performs 
its primary duty of quickly displaying trends well, but also presents some usability issues. For 
example, in a chart with this many points it is very difficult to tap a specific point for more 
information. Also, it is still easy to identify the main trend of this graph when the width is 
reduced, but smaller trends become less obvious when the points are so close together. 
 
However, this type of behavior seems to be the most popular way of handling line and area 
charts on mobile devices, possibly simply because it is the easiest solution for the developer. One 
method that could improve the usability of line charts on mobile devices could be to take 
advantage of gesture support and allow users to pinch and zoom in on specific sections of the 
chart. Of course, this would need to be slightly modified from the normal pinch-and-zoom, as the 
chart would only zoom horizontally. This would likely take significant effort from developers, 
and would only be applicable for charts with a large number of data points. However, for 
situations where a highly detailed chart will see heavy mobile use, it may be worth exploring the 
usability of allowing pinch-and-zoom on line charts. 
 
Line charts can also be useful on smartwatches. For example, many smartwatches include a heart 
rate trend graph like shown in Figure 6. 
 

https://www.google.com/trends


 
Figure 6. Heart rate line chart on a smartwatch. 

Image source: Garmin.com (https://buy.garmin.com/en-US/US/p/603201) 
 
As this example shows, the line graph can still be effective on a very small screen when showing 
a trend with a limited number of data points. Notice that in this chart, only the last 4 hours of 
data are displayed, which improves the readability of the chart. Additional space is saved by 
labelling the minimum and maximum on the chart instead labelling the y axis on the left or right. 
The other way of making this chart more usable is the coloring scheme. This works very well for 
heart rate in particular, because normally the heart rate “zone” is one of the most important 
pieces of information that the user is trying to obtain when viewing a chart like this. Both the 
color scheme and minimum/maximum labelling could prove useful on mobile or even desktop as 
well, depending on the situation. 
 
In conclusion, despite some shortcomings, line charts are a very useful tool for visualizing trends 
in data on a variety of devices. The biggest hurdles to overcome occur when trying to visualize a 
large amount of data on small screens. Some ideas for improving usability when this is the case 
include allowing horizontal pinch-and-zoom on phones or tablets, restricting the data range, 
color-coding zones of significance, and labelling minimums, maximums, or other points of 
interest. 

Bar Charts 
In contrast to line charts, bar charts are good at comparing specific categories against each other. 
Figure 7 shows an example from Google Trends of search interest by country in the US 
government shutdown. 
  

https://buy.garmin.com/en-US/US/p/603201


 
Figure 7. Bar chart of search interest in the US government shutdown by country. Desktop view 

is displayed on the left, and the mobile view is on the right. Data source: Google Trends 
(https://www.google.com/trends). 

 
It is easy to see some advantages of bar charts in this example. First of all, it is easy to fit 
detailed information about each category even on smaller screens - the rank, category name, 
value, and bar all easy fit into one row. The bars make it easy to compare between categories, 
and details are also readily available without the need for hovering or tapping. 
 
Bar charts also scale well to a larger number of data points and categories. Scaling for more data 
points is trivial, as they can usually be added into additional categories, or if there are many very 
small categories, an “other” category can be created to lump all of the less significant categories 
together. If there are too many relevant categories to fit on the screen, it still scales well as it can 
be scrolled vertically, although with many categories this is not an ideal solution. The main 
usability concern becomes how much the user can view and remember at one time. 
 
There are also many methods of modifying bar charts to improve usability, especially on mobile 
devices. One common method is to make better use of space by overlaying labels and data onto 
the bar itself. Figure 8 shows an example of this. This method puts more focus on the visual 
differences between bars, which should be the focus on bar charts. While it takes a little extra 
development effort, it could be a worthwhile investment if it is an important chart that will be 
frequently viewed on mobile devices. 
 

https://www.google.com/trends


 
Figure 8. A bar chart in mobile view from a website displaying a leaderboard of kilometers 

skied. It is an example of overlaying labels onto the bars to save space. Source: kmtracker.org 
 
While bar charts scale very well from desktop to mobile, they don’t scale as well to 
smartwatches. This is for a couple of reasons. First, many smartwatches to not have 
touchscreens, so scrolling is more difficult, which limits the number of categories (in addition to 
already being limited due to a small screen size). Also, unlike desktop and mobile displays, it is 
difficult to fit a category name and bar onto the smaller display of a smartwatch. 
 
In conclusion, bar charts are useful to visualize data that can be sorted into categories. They also 
scale very well between desktop and mobile with minimal extra effort from developers, but do 
not scale very well to smartwatches. Bar charts can be further improved by overlaying labels on 
top of the bars to save space on smaller screens. 
 

Other Chart Types 
Donut and pie charts are very similar to bar charts in that they are both useful for data that can be 
split into categories, other than that each category is usually a percentage so that the entire circle 
represents one hundred percent. 
 
Donut and pie charts scale well to mobile and smartwatches, but the main difficulty is showing 
labels for each category on smaller screens. They also do not scale very well to a large number of 
categories, as it quickly becomes difficult to see differences between categories. Radial charts 
are another similar chart type that have become more popular with smartwatches. 



 
Figure 9. From “Glanceable Visualization: Studies of Data Comparison Performance on 

Smartwatches”, comparing the performance of bar, donut, and radial charts. Test charts are on 
the left (a), results are shown on the right (b) [2] 

 
Bar, donut, and radial charts were compared in the research study, “Glanceable Visualization: 
Studies of Data Comparison Performance on Smartwatches”. In the test, participants were asked 
to identify the larger of two sections on a chart for data sizes of 7, 12, and 24. The time it took 
the participant to identify the correct section is shown in Figure 9b. Based on the results obtained 
in this study, donut and bar charts performed similarly, but radial charts are much worse on 
smartwatches [2]. 
 
Another chart type that can be useful when displaying location-specific data is the geochart. An 
example is shown in Figure 10. 
 



 
Figure 10. A geochart example from Google Charts. Data source: Google Trends 
(https://www.google.com/trends). 
 
While this chart type is extremely useful for displaying geographic data on large screens, it does 
not scale very well to smaller screens, as the physical space and shape cannot be modified. 

Conclusion 
While there are innumerable different ways to visualize data, we have looked at several main 
categories, including line, bar, donut, pie, and radial charts. Each chart type was evaluated on its 
strengths and weaknesses, and how well it scaled to different form factors. Then, some ideas for 
potential usability improvements were presented for several of the chart types. 
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