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Abstract 

Recent technological advances have led to the ability to 

reliably track the human body at low cost, allowing for 

the proliferation of Air Gesture (AG) interfaces. It has 

been proposed that AGs may be a safe and effective 

way to interact with in-vehicle technologies. However, 

designers do not presently have a well 

developed/adapted set of heuristics, which they can 

consult to ensure their designs are suitable for the 

driving environment. This paper aims to address this by 

discussing how a popular set of human-computer 

interaction heuristics can be applied to AGs in the 

vehicle. 
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In-Vehicle Gesture Interaction  

Driver distraction - defined as any diversion of visual, 

cognitive, biomechanical, or auditory load from the 

driving task [10], has been a focal point in recent 

driving research. Of particular emphasis has been the 

conceptualization and prototyping of novel in-vehicle 

interfaces that leverage new input technologies. One 
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such technology is Air Gesture (AG), in which the 

position the driver’s body is sensed directly in order to 

control in-vehicle systems. AG systems have the 

potential to be flexible, simple, and safe; streamlining 

interactions while reducing the need for drivers to 

visually search for controls. However, when designed 

poorly such systems can be obtuse and demanding. AG 

designers must prioritize User Experience (UX) in the 

design of vehicle AG systems, primarily focusing on the 

safety of the driver. Unfortunately, the AG space has 

very few guidelines to assist those designers. 

UX designers are trained to apply sets of established, 

widely followed heuristics or ‘rules of thumb’ when 

designing systems. Turk [11] lays out a list of 10 

general guidelines for AG design. While this list contains 

useful principles, it is not tailored to the unique 

constraints of in-vehicle interfaces, nor is it something 

UX practitioners have experience applying. UX 

practitioners turning their attention to AG in the vehicle 

will find it useful to know how to apply a familiar set of 

heuristics to this new space. Nielsen ‘s set of 10 

heuristics [6] is perhaps the most familiar to HCI 

practitioners- while originally crafted for Windows-

Icons-Menu-Pointer (WIMP) interfaces, this set has 

since been applied to a variety of interface types. This 

paper describes how Neilsen’s classic heuristics can be 

applied to the design of AG interfaces in the vehicle. 

This paper is not meant to provide a comprehensive set 

of prescriptive guidelines, but rather to engender 

discussion and research aimed at producing specific 

recommendations and standards. 

Before proceeding we note that gestures are often 

categorized into three types: manipulative motions that 

mimic physical control use; semaphoric 

movements/positions that send signals to the system, 

and conversational movements that occur during 

speech [7]. In addition, there are three classes of 

mappings between gestures and actions: (1) direct 

mapping, where a specific gesture is mapped with one 

action, such as ‘radio on’; (2) mapping to in-vehicle 

controls, where users mimic using physical controls 

such as turning a virtual ‘knob’ to increase volume; and 

(3) selective mapping, where, based on the current 

menu or location in the vehicle, actions correspond to 

selections of items, movement in a menu, binary 

responses, and other contextualized actions [7].   

Neilsen’s 10 Heuristics Applied to AGs in the Car 

Heuristic 1: Visibility of System Status 

System status visibility takes on a new dimension in 

gestural interfaces due to the need to communicate 

recognition state [12]. In WIMP interfaces feedback is 

presented primarily at the point of termination (for 

example, after the mouse is clicked). Surface gestures 

have four recognition states: out of range, gesture 

registration, gesture continuation, and gesture 

termination [12]. AG interfaces have an additional 

tracking state when the body part is in range but no 

gestures are registering. Some AG designers 

recommend giving continuous 1:1 feedback about the 

current recognition state, known as ‘dynamic feedback’ 

[8]. However, in the vehicle, continuous feedback 

should be used sparingly if it all-, particular if said 

feedback is purely visual. Designers should thus strive 

to achieve the correct balance of feedback on the 

current recognition state with the need not to overload 

the driver with information. As such, auditory or tactile 

feedback may be ideal. 

1: Visibility of system 
status 
The system should 
always keep users 
informed about what is 
going on, through 
appropriate feedback 
within reasonable time. 
 



 

Heuristic 2: Match Between System and the Real World 

Designing a system that behaves in a way that mimics 

the real world is vital for usable interfaces. In AG 

systems, designers should strive to achieve stimulus-

response compatibility with gestures used. By focusing 

on properties such as the orientation, polarity, and 

magnitude of dynamic gestures, as well as the 

semantic content of static gestures, designers can 

utilize AG in a way that co-opts existing knowledge 

about physical and electronic systems. The AG space 

does not yet have an established overriding metaphor 

such as the ‘layered windows with clickable buttons’ 

model of WIMP interfaces. In this absence of clear cues 

about the metaphorical analog for each gesture system, 

drivers may conceptualize AG interfaces in a variety of 

ways. For example, some users may expect to use 

semaphoric signals, whereas others may expect to 

mimic direct content manipulation. To determine 

expected gestures and associated metaphors, designers 

can apply the ‘theatre approach’ during early stages 

[5]. However, we note that user preferences and 

expectations must be weighed against the potential 

benefits of novel designs, and that the goal of achieving 

‘natural’ stimulus-response mappings may not overlap 

with the goal of minimizing manual, cognitive, and 

sensory complexity. While extensive research must be 

done regarding mappings, it has been found that 

simple, directional semaphoric gestures may be well 

suited to secondary task control [4].  

Aside from designing an interface that functions in 

accordance with the optimal mental model, designers 

can also use visual, auditory, and tactile details to 

cause the user to select that model. Mahr et al. found 

that the feedback assigned to a given gesture can have 

an impact on the perceived intuitiveness of that gesture 

[5]. As AGs mature, established sets of standard 

metaphors may emerge for the designer to refer to. 

Existing conventions from similar domains such as 

multitouch (and the direct manipulation metaphor) may 

not be appropriate for the vehicle, because these can 

be highly visual. 

Heuristic 3: User Control and Freedom 

This heuristic centers on the notion that users should 

be free to explore without fear of adverse effects. 

Because of the wide variety of possible gestures and 

associated potential for accidental recognition, 

designers can encourage safe exploration through the 

implementation of universal ‘back’, ‘home,; and ‘undo’ 

gestures.  

Users may also feel constrained by the need to conform 

to narrowly defined styles of physical gesture 

execution. Designers can choose loosely defined 

gestures that allow users to provide slightly different 

inputs due to their preferences and physiology. Users 

should not feel the need to learn precise movements 

but should instead perceive that the system is correctly 

interpreting their intent. However, supporting different 

execution styles can conflict with the need to use 

redundantly coding to make each gesture distinct and 

should therefore be used judiciously. 

Heuristic 4: Consistency and Standards 

There are few existing conventions or standards for the 

use of AGs. However, designers can take advantage of 

existing skill sets by trying to enable skill transfer from 

current interfaces. While mapping to in-vehicle controls 

and mimicking the functionality of existing turn knob or 

touch interfaces may not be the most effective use of 

AG technology, designers should be attentive to the 

2: Match between 
system and the real 
world 

The system should speak 
the users' language, with 
words, phrases and 
concepts familiar to the 
user, rather than system-
oriented terms. Follow 
real-world conventions, 
making information 
appear in a natural and 
logical order. 
  
3: User control and 

freedom 
Users often choose 
system functions by 
mistake and will need a 
clearly marked 
"emergency exit" to 
leave the unwanted state 
without having to go 
through an extended 
dialogue. Support undo 
and redo. 
 

4: Consistency and 
standards 
Users should not have to 
wonder whether different 
words, situations, or 
actions mean the same 
thing. Follow platform 
conventions. 
  
  

 



 

relevant experience drivers may have and make skill 

transfer as smooth as possible. At present, drivers may 

expect conventions from touch interfaces. For example, 

during the use of an AG interface drivers initially tended 

to prefer pointing gestures, increasing visual load [1]. 

However, when additional visual cues as to alternate 

gestures were added, drivers learned to utilize a novel 

AG, decreasing the visual demand. It should be noted 

that while specific standards for AGs in the car are not 

yet present, many existing standards for in-vehicle 

technology remain valid and should be adhered to.  

Heuristic 5: Error Prevention 

Error prevention is arguably the most important 

heuristic to consider when designing AGs, which are 

inherently error prone. We suggest four methods to 

address this issue: relaxing constraints on gestures 

(decreasing false negatives); increasing distinctness of 

each gesture through redundant coding or other means 

(decreasing false positives); using a limited, concise set 

of gestures that are easy to remember (see ‘recognition 

rather than recall’); and providing fitting feedback 

before gesture closure (see ‘feedback’).  

To reduce gesture misreads it may be necessary to 

relax gesture constraints such as movement rate, 

magnitude, orientation, spatial location, or static pose 

accuracy. This will allow the system to respond to 

variations in execution- drivers should not be 

concerned with precise execution while performing a 

secondary task. Thus, it has been suggested that 

designers conduct testing in a realistic scenario to 

gauge the likelihood of execution errors [6]. Another 

way to address these issues is to design gestures that 

are more distinct and relaxing the recognition limits. 

Designers can consider using redundant input coding-

such as the use of a hand pose and dynamic 

movement, but this may lead to high physical or 

cognitive load. 

Accidental actuation can arise when the user does not 

realize their limb is inside the interaction box. This 

space can be quite large on some devices but can often 

be constrained to a smaller area with software or 

physical boundaries. The use of a ‘clutch’ to enter the 

registration phase of gesture recognition has been 

recommended, combining a static pose with a dynamic 

action [12]. Again, this approach to redundant input 

coding may prevent recognition errors but also may 

increase cognitive demand. 

Three common constraints to dynamic gestures are 

magnitude, speed, and direction [5]. Little research in 

this area is available to direct designers, who should 

therefore exercise caution in applying these constraints 

to gesture codes. While all can be used to increase the 

distinctness of gestures, designers may find that speed 

is best used as a binary state (‘fast enough’ or not). 

Movement magnitude constraints can be applied with 

similar caution. While using these may lower accidental 

actuations, if magnitude is applied in an analog fashion 

system output could become unpredictable. Movement 

direction would seem that to be safely applicable as a 

code in many situations, but designers should take care 

not to divide the space too finely. Designers may also 

investigate the use of static semaphoric gestures such 

as holding up a number of digits, as these are highly 

distinct and easily recognized, depending on the sensor 

system. However, overuse of complex semaphoric 

gestures may lead to high memory recall load. Previous 

work has recommended that designers utilize direction-

coded dynamic gestures [7]. We note that while Neilsen 

 5: Error prevention 
Even better than good 
error messages is a 
careful design, which 
prevents a problem from 
occurring in the first 
place. Either eliminate 
error-prone conditions or 
check for them and 
present users with a 
confirmation option 

before they commit to 
the action. 



 

advises requiring confirmation in order to prevent 

errors, in the present context adding this extra step 

may only be appropriate for highly important actions. 

Heuristic 6: Recognition Rather than Recall 

The goal of this heuristic is to facilitate easy memory 

access to content- potential gestures, in this case. 

There are two primary memory tasks that users must 

undergo when using an AG system: remembering the 

right gesture, and recalling how to execute the gesture. 

While gesture systems are often discussed as direct 

mappings to control a subset of functions, this model 

does not scale well. Supporting all current in-vehicle 

functionality using direct-mapping would require that 

the driver memorize 300-700 gestures, increasing 

cognitive load [7]. In addition, complex semaphores 

with abstract associations (e.g. using two extended 

fingers to represent a telephone) would be difficult for 

users to learn or remember through experimentation. 

While manipulative and simple directional semaphoric 

gestures may be learnable through experimentation, 

the same may not be true for systems based on 

complex semaphores and/or direct mapping. It has 

been recommended that designers use a selective 

mapping model, in which a small gesture set sends 

different control signals depending on context [7].  

The ideal size of a gesture set is currently unknown. 

Wigdor and Wixon argue that working memory capacity 

is not an appropriate guideline for how many gestures 

to use, since the load is incurred from retrieving 

gestures from long-term memory, not holding them in 

memory concurrently [12]. Others state that using a 

smaller set of gestures and limited set of options 

available at each step may be preferred due to the 

lower complexity of planning decisions [1]. 

Heuristic 7: Flexibility and Efficiency of Use 

While selective mapping may seem to be the ideal core 

of an AG system, there are also benefits to the use of 

direct mapping. The heuristic of flexibility and efficiency 

states that accelerators, or shortcuts, should be 

available to experts in addition to standard interaction. 

This means that while a gesture interface may primarily 

utilize manipulative simple semaphoric gestures, 

complex semaphores can be used as interface 

shortcuts. When designing AG interfaces, it is important 

to investigate the ability of such systems to support 

multiple distinct modes of functioning simultaneously. 

This can lead to highly flexible and efficient use, but 

may increase the amount of memory recall required, 

raising frequency of errors due to less clear distinctions 

between gestures, and more narrowly defined gestures.  

WIMP users tend to switch from total reliance on the 

mouse to keyboard shortcuts over time [12]. Users of 

AG systems may follow a similar pattern. While 

selective-mapped gestures may be preferred for 

novices because they can be easily discovered and may 

work similar to existing interfaces, experts may prefer 

to begin to utilize shortcuts. 

There are two ways to encourage shortcut behavior. 

One is to display indicators of selectively mapped 

shortcuts that perform different actions depending on 

the current menu context—analogous to WIMP ‘control 

hotkeys’  [12]. When such indicators were presented, 

participants switched from a highly visual pointing 

method to a nonvisual semaphoric one [12]. Secondly, 

designers can construct universal direct-mapped 

 
6: Recognition rather than 
recall 
Minimize the user's memory 
load by making objects, 
actions, and options visible. 
The user should not have to 
remember information from 
one part of the dialogue to 

another. Instructions for use 
of the system should be 
visible or easily retrievable 
whenever appropriate. 
 
7: Flexibility and efficiency 
of use 
Accelerators -- unseen by the 
novice user -- may often 
speed up the interaction for 
the expert user such that the 
system can cater to both 

inexperienced and 
experienced users. Allow 
users to tailor frequent 
actions. 
 
 

 



 

gestures, similar to the ‘alt hotkeys’ that WIMP users 

tend to eventually learn [12]. Such gestures could also 

be customizable by the user. While direct-mapped 

gestures have to be memorized, they can make 

common tasks very simple by essentially bypassing the 

user interface. While many such shortcuts may be 

available, users can learn only the most useful 

gestures. Designers should consider defaulting such 

direct-mapped accelerators to “off” and/or making 

these highly distinct to prevent accidental actuation. 

Alpern and Minardo discuss a hierarchal gestural 

marking menu in which sequential gestures can 

‘collapse into a single motion with practice’ [1]. 

Designers should be sensitive to the possibility of these 

emergent patterns, and support them when possible, 

since they may allow for efficiency gains over time. 

However, supporting immediate sequential actions may 

lead to errors (see ‘error recovery’). 

Heuristic 8: Aesthetic and Minimalist Design 

Drivers should be able to comprehend all visually 

presented content with a few brief, periodic glances 

[1]. AG designers should thus consider the use of 

parsimonious multimodal displays that make key 

information salient, such as gesture recognition state 

while minimizing unnecessary data display. Designers 

can apply a similar philosophy to gesture design by 

avoiding multi-step gestures and other complex 

motions. In general, using a more concise gesture 

language should decrease memory load and errors.  

Heuristic 9: Help Users Recognize, Diagnose, and 

Recover from Errors 

It is important that users immediately understand why 

unexpected system states or outright errors occur, and 

how to correct them. Nielsen recommends that error 

messages be plain in language, indicate the exact 

problem, and suggest a constructive solution [6]. In the 

context of in-vehicle AGs, what we often mean by 

‘errors’ is those cases where the system responds in a 

way that differs the driver’s intent. As such, it’s 

important that drivers are given feedback so that they 

know what, exactly, they have just done or are in the 

process of doing, so that they do not become confused 

after committing such an error. Auditory or tactile 

feedback can be considered for this purpose.  

However, while providing feedback, designers should 

minimize the attention-grabbing qualities of error 

messages and feedback in general, especially when 

using audio, which is strongly attention-orienting. It 

also may be important that system designers do not 

use feedback that is overly negative, as negative driver 

affect has been shown to affect performance [3]. 

Finally, designers should balance the danger of 

overloading the driver with feedback with the hazard of 

requiring visual attention and cognitive effort to 

determine what went wrong. Rather than requiring that 

the driver diagnose unexpected system states and 

come up with specific solutions, including dedicated 

gestures for ‘back,’ ‘home’ and ‘undo’ can provide a 

low-load avenue to recovery from errors. 

Finally, we note that there is a documented tendency 

for users to attempt to immediately redo a gesture that 

they feel was misrecognized, which can lead to 

additional errors [2]. Designers can thus consider 

disallowing multiple actions from occurring in close 

temporal proximity. This will prevent the driver from 

going deeply off-task.  

8: Aesthetic and 
minimalist design 
Dialogues should not contain 
information, which is 
irrelevant or rarely needed. 

Every extra unit of 
information in a dialogue 
competes with the relevant 
units of information and 
diminishes their relative 
visibility. 
  
9: Help users recognize, 
diagnose, and recover 
from errors 
Error messages should be 
expressed in plain language 

(no codes), precisely indicate 
the problem, and 
constructively suggest a 
solution. 
  
 

 



 

Heuristic 10: Help and Documentation 

While well-written documentation should always be 

available, designers of gestures should consider 

implementing interactive tutorials (ideally with 

feedback) due to the novel nature of AGs. 

Conclusion 

By considering these heuristics and their unique 

application in this space, designers can begin to 

construct a better understanding of how to approach 

the design of AG interfaces for the vehicle. However, 

much investigation needs to occur in order to produce 

more substantial guidelines and standards. 
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10: Help and 
documentation 

Even though it is better if the 

system can be used without 

documentation, it may be 

necessary to provide help 

and documentation. Any such 

information should be easy to 

search, focused on the user's 

task, list concrete steps to be 

carried out, and not be too 

large. 
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