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INTRODUCTION 

In the product development chain, a key element to 
delivering high-quality, defect-free products 
quickly to market are the performance of CAD 
design engineers.  If engineers can improve their 
product designs, more easily identify problem 
areas, and do all this in less time, they can 
significantly contribute to their companies’ market 
performance. 

Fundamental user interface 
research by GE Research, 
IBM, the University of 
Toronto and others has docu-
mented the performance 
improvements resulting from 
user interface devices that 
enable the CAD design 
engineer to work with both 
hand simultaneously, 
intuitively navigating 3D 
objects and designs.1   

But no specific research has 
been done to determine just 
how much difference these 3D 
mice make among current 3D 
CAD users and the economic payback of 3D mice. 

Technology Assessment Group (TAG) designed 
the CAD user survey and created an economic 
payback model to answer these questions. 

 

3D CAD USER SURVEY 

A survey of 190 professional CAD design 
engineers who use 3Dconnexion 3D mice was 
conducted by MarketLab, an independent market 
research group.  The design engineers surveyed 
work in companies ranging in size from fewer than 
10 CAD design engineers to more than 500 CAD 
design engineers.  

These design engineers use professional 3D CAD 
applications such as CATIA, Inventor®, NX™, 
Pro/ENGINEER®, and SolidWorks®. They 
represent the full range of 3D mice experience, 

from less than three months to more than two 
years.  

Job Characteristics 

CAD design engineers differ from casual computer 
users in that they use job-specific CAD applica-
tions many hours a day to perform their work 
functions.  Accordingly, 74% reported that they 
spend at least three hours a day using their CAD 
applications and fully 41% spent at least seven 

hours a day.  

As stated earlier, corporate and 
academic research has shown 
that two key factors significantly 
improve the performance of 
people using intensive 3D 
applications:  

• 6 degrees of freedom 
(6DoF) devices for quickly 
orienting 3D objects or 
views  

• Working with both hands 
simultaneously (e.g., a 3D 
mouse in one hand and a 
traditional 2D mouse in the 

other hand) 

The survey wanted to determine whether 3D 
mouse users experienced these two factors in their 
work and whether they thought these factors 
enabled them to produce higher-quality designs, 
improve error detection, and create designs faster. 

Of these users, 83% reported that they found the 
3D mouse’s 6 degrees of freedom navigation was 
“very useful” or “extremely useful”. The detailed 
response percentages are shown below. 

 

Key Research Findings 
- 84% of CAD design engineers 

report a noticeable or significant 
improvement in their product 
designs and their ability to detect 
design problems as a result of 
using 3D mice. 

- The average productivity gain 
reported by CAD users while using 
3Dmice is 21%. 

- The payback period for 3D mice is 
very short, typically less than one 
month. 
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Concerning working simultaneously with both 
hands, 75% found the 3D mouse’s enabling of 
two-handedness “very useful” or “extremely 
useful”. 

 
How then did these factors affect the product 
design process? According to the users, a 3D 
mouse enabled them to much more easily rotate, 
inspect, and explore their designs. As a result: 

• 85% saw a “noticeable” or “significant” 
improvement in their product designs 

• 84% thought that they could “noticeably” or 
“significantly” improve their detection of 
errors 

 

 
And what about design speed—the time it takes 
design engineers to create their design? Are they 
faster (more productive) using a 3D mouse?  

CAD designers reported that they were, on 
average, 21% more productive using 3D mouse 
than they were without a 3D mouse. More than 
86% of the users reported productivity increases, 
ranging from under 10% to over 50%. The 
following chart details the responses. 

 
In order for users to embrace a new way of 
working, it’s critical that they can quickly become 
“comfortable” with the new style.  The learning 
curve for a 3D mouse is brisk. More than half the 
users (58%) were comfortable using a 3D mouse 
within the first four hours, and the vast majority 
(80%) was comfortable within two days. 

 
Furthermore, users reported that nearly half (45%) 
were more productive using a 3D mouse within 
two days, and 68% were more productive within 
the first week. 

 
 

UNDERLYING USER INTERFACE RESEARCH 

Compared to more common applications like email 
and web browsing, CAD applications require: 

• More frequent navigation of the work 
(models, views) 

• More complex (degrees-of-freedom) 
navigation (panning, zooming and rotating 
much more common) 

• Dramatically more commands/minute and 
navigations/minute than a casual computer 
user 
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• Much greater number of frequently used 
commands 

Based on observation of and interviews with 3D 
CAD users, TAG estimates that 3D CAD users 
issue 5 to 10 times more navigations and 
commands per minute than non-CAD users. This 
demand to “push” a large number of navigations 
and commands per minute bumps against two 
major limitations of non-3D mouse user interfaces:  

• Tedious navigation 
• One-handed interfaces 

For both of these throttles, research provides 
approaches that can significantly increase the 
bandwidth. 

 
Tedious Navigation 

The typical keyboard and 2D mouse interface 
provides adequate navigation for most common 
applications such as web browsing, email and the 
like, where scrolling is the predominant navigation.  

3D CAD applications, however, require the ability 
to rotate, pan and zoom 3D models all at same 
time.  This 6 degrees of freedom requirement is 
severely restricted by a 2 Degrees of Freedom 
mouse.  For example, the user first might pan. 
Then switch modes to zoom.  Then switch modes 
again to rotate. 

In contrast, all three navigation elements—
panning, zooming, rotating—can be performed in 
one continuous action with a 3D mouse. 

This comparison is depicted below, showing how 
navigation speed improves. 
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Mouse (top) vs. 6DoF device (bottom) 3D Navigation 

This suggested productivity gain was measured in 
a GE study of seven users (Salazar and Marteau, 
2004), in which users had to move from one of 
eight possible starting points to reach a precise 
target 3D orientation, using a classic mouse and a 
6DoF device.2   

Users could achieve the target 3D orientation 1.89 
times faster with a 3D mouse as compared to a 
standard 2D mouse. 

Moreover, all users were substantially faster when 
using the 6 degrees of freedom device, ranging 
from 1.56 to 2.25 times faster, suggesting that the 
results would apply broadly to all users. 

 
One-Handed Interfaces 

Although user input is driven through the right and 
left hands, in reality the non-mouse hand is 
typically doing very little except periodically 
invoking a “mode” key press (for example, Ctrl, 
Shift, or Alt). Hence this is called a one-handed 
interface. 

In the user interface bandwidth framework shown 
below, we see that the right hand (assuming a 
right-handed mouse user) is doing almost all the 
work, essentially constituting a single input stream. 
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One-Handed Interface 

Note that the user incurs a switching time by going 
from one mode to another. The near-universal 
example of this is navigation and selection. The 
right hand first navigates to the point of interest, 
say on a model, using the mouse. Then the user 
“switches modes,” whereby the mouse now 
becomes a selection tool to issue a command. This 
process repeats itself endlessly. 

Observe also the lack of parallelism: the user is 
either navigating or selecting at one time, but not 
both. 
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A two-handed interface changes the activity profile 
as illustrated below. 
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Two-Handed Interface 

Because each hand has a tool to perform tasks, the 
user doesn’t need to “switch” the right hand from a 
navigation mode to command mode and back 
again. Removing the unnecessary switches 
essentially reduces the bandwidth requirement.  

In addition, the human physiology allows for 
parallel activities that can be synchronized with 
each other, providing additional bandwidth 
headroom. This parallelism is depicted in the 
preceding illustration by the partial overlap of 
navigation and commands: the user can “start” the 
command with the right hand while the left hand is 
completing the navigation. 

The resulting comparison of one-handed and two-
handed performance is shown below. 
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Unimanual (top) vs. Bimanual (bottom) Bandwidth 

This conceptual framework illustrated was 
validated in a study conducted by IBM (Zhai 
1997), in which they found that a two-handed 
interface was 1.36 times faster than using the 
mouse alone, in tasks involving navigation and 
selection.3   

Taken together, the underlying factors of direct 6 
degrees of freedom navigation and two-handed 
input provide the supporting foundation for the 
21% productivity increase reported in the survey. 

So, from the CAD user perspective, 3D mice are a 
“smart” decision.  But are they also a “smart buy”?  
Specifically, does the investment in 3D mice make 
good economic sense?  

ECONOMIC PAYBACK OF 3D MICE 

Three principal factors drive the ROI of investing 
in 3D mice for CAD design engineers: 

• Cost of the 3D mouse 
• Loaded salary of the CAD design engineer 
• Productivity gains as a result of 3D mouse use 

Companies use two common metrics to evaluate 
such investments: payback period and annual ROI.  

The payback period determines how quickly the 
investment cost will be fully recovered. The 
calculation is as follows: 
Payback Period in Years = 
      3D Mouse Cost /  
       (Annual CAD Designer Loaded Salary * Productivity Gain) 

Two of these variables are reasonably straight-
forward: the 3D mouse cost and the CAD design 
engineer’s loaded salary. The critical variable—
productivity gain—is derived from the survey of 
3D mouse users. 

These constitute the inputs into determining 
expected economic returns on investment in 3D 
mice for CAD design engineers. 

3Dconnexion’s professional 3D mice range from 
$99 to $399 in price. Many companies select the 
higher-end professional devices, SpaceExplorer™ 
($299) or SpacePilot™ ($399), due to their richer 
feature set. For the purpose of this analysis, we’ll 
use the $399 cost of the SpacePilot.  

Several websites summarize salaries for various 
job titles. Simply Hired reports the average salary 
for a CAD design engineer in 2008 as $58,000.  

 
This will vary by the usual factors, including years 
of experience, location, and industry. In general, 
3D CAD design engineers will make more than 2D 
CAD design engineers. 
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Employee benefits (vacation, health insurance, etc) 
are estimated conservatively at 25% of base salary, 
resulting in an average benefit-loaded cost of 
$72,500 per CAD design engineer. 

Fully loaded costs (space, equipment, and so on) 
add another substantial cost multiple. In the 
absence of solid data, this factor will ignored in the 
analysis. 

 
3D Mice Productivity Gains 

The productivity gains from using 3D mice are 
calculated by taking the average productivity gain 
reported in the survey and multiplying it by the 
average percentage of the day that design 
engineers spend using their 3D CAD applications.  

The average productivity gain reported by the 190 
3D mouse users was 21%. The average time per 
day users reported that they used their CAD appli-
cations was five hours; a conservative estimate of 
50% of their day will be used.  

Multiplying these two figures together, we get an 
average productivity gain of 10.5%.  

Now, using the earlier payback period formula of 
Payback Period in Years = 
   3D Mouse Cost / (Annual CAD Design Engineer 
Loaded Salary * Productivity Gain) 
 

we get the following calculation: 
$399 / ($72,500 * 10.5%) = .052 years (19 days) 

This means that an investment in a 3D mouse will, 
on average, pay for itself in less than one month.  

 

 
 

CONCLUSIONS 

This report purported to evaluate the anecdotal 
claims that 3D mice can significantly improve 
CAD design engineer productivity. Based on a 
survey of 190 3D mice users, substantial gains of 
more than 20% are being experienced by CAD 
design engineers while using 3D mice with their 
CAD applications. 

Underlying user interface research supported that 
6DoF navigation and simultaneous two-
handedness were two key factors leading to their 
improvements. 

Finally, it was shown that an investment in 3D 
mice can have an unusually fast payback—less 
than a month—leading to the 3D mice are in fact a 
“smart buy”. 
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