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Abstract — Heuristic evaluation is a fast and effective method 
of usability testing. However, usability heuristics framework 
used for general testing may not be suitable to evaluate gesture 
vocabulary of mainstream gestural interaction found in 
touchscreen devices or emerging technologies natural user 
interface that uses motion tracking. There is a need to do so 
during early stages of product development. The objective of 
this study is to create a set of gesture-specific heuristics that 
would complement existing general usability heuristics for 
design and testing of new gestural interaction. The method to 
do so is to review previous studies of gestural interaction 
design and usability testing.  The result of the study is 
condensed set of four gesture-specific heuristics. 

Keywords- gestural input; usability testing; heuristic 
evaluation; interaction styles; natural language; user-centered 
design 

I.  INTRODUCTION 

Heuristic evaluation is a method of usability testing 
where a number of usability practitioners are presented with 
an interface design and are asked to review it [1]. Heuristic 
evaluation is a rapid, cheap, and effective way for finding 
usability problems [2]. Nielsen [3] proposed a set of usability 
heuristics that could serve as backbone of usability testing. 
Sivaji et al. [4] later enhanced the set of heuristics (as shown 
in Table I) and note that there is a need to customize these 
heuristics to the domain or field of the product being tested. 

The heuristics in [3] was formed at a time when 
mainstream human-computer interaction are done through 
keyboard and mouse; before the popularization of gestural 
interaction in multi-touch sensing touchscreen devices such 
as smartphones [5] and tablets [6].   Gestural interaction 
utilizes gestures [7]–[9] as the primary means of interaction. 
Although gestures used in touchscreen devices are simple, 
the basic gestures like tap, double-tap, and drag had already 
existed in laptop trackpad. Implementing these gestures in 
new input devices, and new operating systems could still 
results in severe usability problems.  

Norman and Nielsen [10] criticized gestural interactions 
of the time (i.e., Apple iOS, and Google Android) as laden 
with usability problems due to refusal to follow decades-old 
fundamental principles of interaction design. Later, when 
Microsoft Windows 8 was launched, its gestures-based 
interface was also criticized for  providing poor user 
experience by having hard-to-discover and error-prone 
gestures [11]. Several heuristics were proposed as important 

gesture heuristics that could enhance usability of gestural 
interaction system significantly. 

There are others who have different views on the 
heuristics for gestural interaction heuristics since the study 
done by [3] . The goal of the study is to gather as many of 
these heuristics, compiled and integrated these heuristics into 
the usability testing framework in the organization MIMOS 
Berhad as outlined in [4]. The gestures heuristics will be 
used for testing software and device that implement new type 
of gestural interactions in mainstream touch screen devices 
or emerging technology motion-tracking devices [12]. 

II. PROBLEM STATEMENT 

Organization with dedicated usability testing team such 
as MIMOS Berhad usually possesses established usability 
testing methods (i.e., heuristic evaluation and user 
experience testing) and its corresponding usability heuristic 
framework (i.e., heuristics in Table I).  The organization 
have used these methods for prolonged period and thus 
proven that these methods are comprehensive for current 
technologies and products.  However, for new type of 
gestural interaction, the organization will need to create new 
usability gesture heuristics to test gestures vocabulary in 
those interactions. The new heuristics would have to work 
together with the current set of heuristics. 

If new usability gesture heuristics are not introduced,  
usability practitioners using the current heuristic may find 
fewer usability issues [10]. As heuristic evaluation also rely 
on user practitioners’ domain knowledge [13], gesture 
heuristics and the additional studies and training weaved into 
the process of using these heuristics would enhance usability 
practitioners’ ability to find more gesture-related usability 
issues in heuristic evaluation and other usability testing that 
utilize domain knowledge.  

Another problem is that, since easy-to-use gestures  relies 
more on user input [14], it is harder to find gesture-related 
usability issues during prototype stage of a product 
development life cycle [15]. The prototype stage is a more 
desirable stage to detect gesture issue because it is easier and 
cost-effective to modified and amended gestures scheme and 
vocabulary here. Doing so in later stage would be costly, and 
in may not be feasible in complex projects. 

Further, the process of designing easy-to-use gestures 
itself is time-consuming and delicate [14], interface 
designers could refer to context-specific usability guidelines 
as means to shorten the gesture design process [16]. By 
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having a set of usability gesture heuristics in the usability 
team of the organization, the process of extracting context-
specific guidelines for gestural interaction would then be 
easier for the interface designers of the organization. 

III. LITERATURE REVIEW 

The literature review starts with the research question 
“what is the definition of gesture?” The definition is resolved 
before the study can proceed with the intricacies of gestures 

problems and heuristics stemmed from these problems. 

A. Definition and theoreitical framework 

According to Karam [17], the term “gestures” could be 
refers to an  expensive range of interactions enabled through 
a variety of gesture styles, enabling technologies, system 
response, and application domain (as shown in Fig. 1). 
Further, the study reviews several classification of gesture 
styles (the physical movement of gesture) and categorizes 
gesture styles into five categories: deictic, gesticulation, 
manipulation, semaphores, and sign languages. 

Deictic gestures are gesture that involves pointing in 
order to identity or position objects. Deictic gestures are very 
similar to direct manipulation input of a mouse. It is also one 
of the simplest gestures to implement. 

Manipulation gestures are gestures that controls objects 
as “applying a tight relationship between the actual 
movements of the gesturing hand/arm with the entity being 
manipulated”[18]. The manipulation type could be further 
classify as 2D manipulation (occurs in 2-dimension 
displays), 3D manipulation (2D manipulation with additional 
element or pressure, weight, or velocity). In addition, 
manipulation gestures can be use with tangible objects (e.g., 
doll, model arm) to control on-screen objects (e.g., avatar) or 
physical objects (e.g., robot arm). 

Semaphores gestures are gestures that employ a stylized 
dictionary of hand or arm static poses (symbols), dynamic 
movements or combination of both. Semaphores do not 
typically require feedback control and could be used to 
enables eyes-free interactions. When using interaction tools 
just a pen or mouse, another type of semaphores called 
stroke gestures can be executed such as flicking the tool back 
and forth for screen navigation or drawing strokes or patterns 
to issue program-specific commands. 

Gesticulation gestures are gesture that could be used to 
accompany or substitute speech. The gestures rely on 
computation analysis of body, hand, or arm movements in 
the context of speech. Used in accompany to speech, 
gesticulations are intended to add clarity of speech 
recognition. Used in lieu of speech, gesticulation are classify 
further into iconic and pantomime gestures.  

Lastly, sign languages gestures are linguistic-based and 
require the collective interpretation of multiple, individual 
hand signs that combine to form grammatical structures. 
There are more than a hundred of known sign language in 
the world [19]. Sign languages are not usual designable by 
interface designer and therefore not testable and, 
consequently, not included in the scope of this study. 

TABLE I. SIVAJI’S USABILITY HEURISTICS USED FOR GENERAL-PURPOSE 
HEURISTIC EVALUATION. 

Heuristics Descriptions 

Accessibility The system should be able to be used by people 
with the widest range of characteristics and 
capabilities to achieve a specified goal in a 
specified context of use. 

Compatibility The way the system looks and works should be 
compatible with user conventions and 
expectations. 

Consistency & 
Standards 

The way the system looks and works should be 
consistent at all times. 

Error Prevention 
& Correction 

The system should be design to minimize the 
possibility of user error, with inbuilt facilities 
for detecting and handling; users should be able 
to check their inputs and to correct errors or 
potential error situations before the input is 
processed. 

Explicitness The way the system should works and is 
structured should be clear to the user. 

Flexibility & 
Control 

 

The interface should be sufficiently flexible in 
structure, in the way information is presented 
and in terms of what the user can do, to suit the 
needs and requirements of all users, and to 
allow them to feel in control of the system. 

Informative 
Feedback 

The system should always keep user informed 
about what is going on through appropriate 
feedback within reasonable time. 

Language & 
Content 

The information conveyed should be 
understandable to the targeted users of the 
application. 

Navigation The system navigation should be structured in a 
way that allows users to access support for a 
specific goal as quickly as possible. 

Privacy The system should help the user to protect 
personal or private information belonging to the 
user or their clients. 

User Guidance 
& Support 

Informative, easy-to-use and relevant guidance 
and support should be provided to help user 
understands and use the system. 

Visual Clarity Information displayed on the screen should be 
clear, well-organized, unambiguous and easy to 
read. 
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Meanwhile, the gesture theoretical framework proposed 
by Karam (as shown in Fig. 2) defines gestural interaction as 
a human-computer interaction (HCI) that involves four main 
components of gestures, application domain, enabling 
technologies, and system response interacting within two 
HCI task artifact cycles [20]. In this model, gestures (task) 
provide requirements for enabling technologies (artifact) 
which in turn provides possibilities to gestures; and 
application domain (task) provides requirements for system 
response (artifact) which in turn provides possibilities for the 
application domain. 

B. Review of Gesture Usability Heuristics 

This study gathers usability guidelines of past studies and 
extracts the gesture-related usability heuristics. The selected 
studies are: Baudel and Beaudouin-Lafon [21], Norman and 
Nielsen [10],  Ryu [22], Wach [23], Yee [24], and Wu [25].  

Baudel and Beaudouin-Lafon [21] created Charade, a 
glove-based free-hand gestural interaction device. Usability 
is heavily emphasized heavily when designing and testing 
gestures for the device. The heuristics that were used are 
“fatigue”, “non-self-revealing”, “lack of comfort”, 
“immersion syndrome”, and “segmentation of hand 
gestures”. This work is one of the earliest to focus on gesture 
usability heuristics and is a frequently cited study; thus, is 
suitable as a foundation for other study on the same subject. 

Norman and Nielsen [10] pointed that, in 2010, 
established software developers still have the problem of 
lack of established guidelines for gestural interactions. [10] 
described gestures usability heuristics that are based on 
fundamental principles of interaction design such as: 

Visibility, Feedback, Consistency and Standards, 
Discoverability, Scalability, and Reliability. 

The proposed heuristics may have some overlap with 
existing general-purpose  usability heuristics by Nielsen 
[3]. This literature review has to limit the proposed heuristics 
to scope of gestures only.  

Ryu et al. [22] conducted a systematic gathering and 
evaluation of information and guidelines of gesture 
applicability (as shown in Fig. 3). This provides gesture 
heuristics organized based on application, situation, and 
functions. Usability heuristics derived from these studies are 
“Naturalness” and “Expressiveness”. This study still needs 
further validation on its heuristics effectiveness.  

Wach et al. [23] focus on the problems of embracing new 
alternative interface such as gestures (as opposed to 
traditional keyboard and mouse); and also stressing on more 
natural human-machine communication. Usability heuristics 
derived from this study are “Learnability”, “Intuitiveness”, 
“User Feedback”, “Low Mental Load”, “User Adaptability”, 
“Reconfigurability”, and “Comfort”. The scope of 
application of these gestures usability heuristics are wide, 
ranging from medical systems such as surgery; to 
entertainment system such as computer games; to command-
and-response system such emergency crisis management and 
relief center. This makes the set of heuristics suitable for 
general use.  

Yee [24] tackled the problem of usability of “indirect” or 
abstract gestures which, according to the classification in 
[17], could be a mixture of gesticulation, and semaphores. 
The study identified five major needs and the corresponding 
heuristics for gestural interaction: 

 
Figure 1. Karam’s Classification of Gesture with highlight on the gesture styles of our study scope. 
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 Achieve high effectiveness by providing a high degree 
of interaction context; allowing users to gestures with 
minimal effort; using appropriate metaphor; designing 
gestures for repetitive use and minimal muscle stress; 
and facilitate accurate recognition by the application. 

 Deviate potential limitation in productivity application 
by sufficiently distinct gestures that software can 
recognize and can effectively cue-in end-user behavior 
and executed by the end-user in repetitive situations; 
minimizing the learning curve among users; and using 
finger movement gestures in place of full-hand 
gestures. 

 Minimize learning among users and increase 
differentiation among gestures by examining the whole 

gesture ecosystem for redundant gestures; evaluating 
and testing related or similar gestures; applying 
consistent semantic gesture guidelines; increasing 
discoverability by focusing on the design of the user 
interface. 

 Design efficient gestures to increase user adoption by 
ensuring gesture extensibility; enabling selection of 
different modes of gesture interaction (with or without 
menus); and leveraging the use of zones. 

 Maximize the value of finger gestures by playing to 
users’ strengths; and not assuming gestures need to 
scale. 

The problems listed focuses mainly on getting the most 
out of gesture interaction and on advance gestures. The 
heuristics in this study complements with other studies that 
focus on gestures that are more “direct” and general users. 

Wu et al. [25] proposed a set of design principles for 
constructing multi-hand gestures. The study called these 
principles Gesture Registration, Gesture Relaxation, and 
Gesture and Tool Reuse. These design principles focused 
heavily on usability aspect. With these three design 
principles, [25] created four simple gestures that are 
constantly reused for varied types of gestural interaction. 

 

IV. PROPOSED HEURISTICS 

 
 
 
 
 

 
Figure 2. Karam's Gesture Theoretical Framework. 

 
Figure 3. Ryu’s set of gesture applicability heuristics. 
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In this study, a simple classification method based on 
phenomena or phase-based [26] is chosen. This method of 
classification has the benefit of being simple to understand 
and comprehensive for all stages of gesture use. The gestures  
heuristics are put into four phases: “Before using”, “During 
using”, “After using”, and “Prolonged using” (as shown in 
Table II) could be deemed as software UI-based or hardware 
performance-based heuristics and thus should be fold into on 
existing general-purpose usability heuristics framework. 

Labels are assigned to the classifications based on the 
generalization of the heuristics inside the classification. The 
labels are names for the four proposed heuristics: 
Learnability, Cognitive Workload, Adaptability, and 
Ergonomics (as shown in Table III). 

These heuristics would need to have the prefix “gesture” 
when used in conjunction with the existing usability 
heuristics framework or model in order to avoid confusion. 
The is especially true with label “learnability” which is 
common is many usability heuristic model [27]. 

V. CONCLUSION 

The study proposed four usability heuristics for the use of 
heuristic evaluation specifically on the gesture vocabulary 
used in human-computer interaction. The heuristics are 
Gesture Learnability, Gesture Cognitive Workload, Gesture 
Adaptability, and Gesture Ergonomics. These heuristics does 
not include software UI-based heuristics or hardware 
performance based-heuristics that could be evaluated in 

existing usability model. The study gathered six existing 
usability heuristics models to create the proposed heuristics. 

VI. FUTURE WORKS 

Usability practitioners could validate the gestures 
heuristics via heuristic evaluation in a series of common use 
cases using mainstream touch-screen devices. In addition, 
usability practitioners could use the gesture heuristics to 
improve the gesture vocabulary of existing hand-tracking 
interface and a comparison between existing and new gesture 
vocabulary could measure the proposed gesture heuristics 
effectiveness 

TABLE II.  PROPOSED HEURISTICS BY PHASE-CLASSIFICATION. 

       Study title 
 
 
 

 
 
 
Phases 

 Charade: 
Remote 

control of 
objects using 

free-hand 
gestures 

Gestural 
interfaces: a 

step backward 
in usability 

Vision-based 
hand-gesture 
applications 

Conditions of 
Applications, 

Situations and 
Functions 

Applicable to 
Gesture 

Interface 

Potential Limitations of 
Multi-touch Gesture 

Vocabulary: Differentiation, 
Adoption, Fatigue 

Gesture 
Registration, 
Relaxation, 
and Reuse 
for Multi-

Point Direct-
Touch 

Surfaces 

Before using Non-self-
revealing 

Consistency 
and standards, 
Discoverability, 
Visibility 

Learnability, 
Intuitiveness 

Naturalness 
(subitems: 
Communication, 
Behavioral 
pattern) 

Deviate potential limitation in 
productivity application. 
Minimize learning among 
users and increase 
differentiation among 
gestures. 

 

During using Segmentation 
of hand 
gestures 

Feedback, User feedback, 
Low mental load 

Expressiveness 
(subitems: 
Entertainment, 
Security, Special 
manipulation) 

Achive high effectiveness. Gesture 
registration, 
Gesture 
relaxation, 
Gesture reuse 

After using  Scalability User 
adaptability, 
Reconfigurability 

 Design efficeint gestures to 
increase user adoption. 

 

Prolonged 
using 

Fatigue, lack-
of-comfort 

 Comfort  Maximize value of finger 
gestures. 

 

 

TABLE III. NAMING OF THE FOUR GROUPING OF GESTURES HEURISTICS. 

Phase Generalized usability 
concepts 

Heuristic Name 

Before using Discoverability, 
Learnability, Memorability 

Gesture Learnability 

During using Cogntive workload, 
Segmentation, Feedback 

Gesture Cognitive 
Workload 

After using Adaptability, Extensibility, 
Reconfigurability, Scaling 

Gesture Adaptability 

Prolonged 
using 

Comfort, Fatigue, 
Ergonomics 

Gesture Ergonomics 
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