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Abstract: This paper describes the results of a case study 
intended to compare three different user movement para-
digms (metaphoric, symbolic and natural) designed to con-
trol the visit of virtual environments for a NUI-based mu-
seum installation. It also evaluates the effects of previous ex-
pertise with 3D video games in the results for users that took 
part in the study. The study evaluates the performance of 
each movement scheme for the navigation of the environ-
ment, the degree of intuitiveness perceived by the users, and 
the user experience (UX). The analysis is based on the data 
collected in an experiment with 28 participants sorted into 
two groups, separating users with less previous expertise in 
3D videogames from those who considered themselves as 
frequent players. During the experiment, the participants 
completed two different tasks with every movement scheme 
in random order. During the course of the test, the system 
monitored and recorded the user movements in order to ex-
tract relevant data about time to complete the task, number 
of collisions and time spent in a collision condition. A post-
task questionnaire was carried out immediately after com-
pletion of every task. At the end of the session, users also 
took a test questionnaire. In addition, the authors asked users 
for general comments and recommendations for improve-
ment. The results show that the natural movement scheme 
stands out as the most adequate for the contemplation of the 
virtual environment and the most balanced at a general level 
for the three variables considered. The symbolic scheme 
proved the most efficient. The natural movement scheme and 
symbolic scheme appear to be the most appropriate to navi-
gate such digital environments as those present in museum 
installations for any kind of user.  

Keywords: User Experience · Natural User Interfaces · Vir-
tual navigation · Virtual Museum. 

1 Introduction 

The emergence of the New Museology [1-4] entailed a radi-
cal redefinition of many concepts related to the classical idea 
of a museum. Museums have evolved from being just static 
exhibitions to provide their visitors with new and exciting 
learning experiences [5]. To attain the active user participa-
tion, museums employ different strategies, including the use 
of multimedia contents, computer simulations, immersive 
virtual reality environments, etcetera, leading to new muse-
ological forms such as virtual interpretation centres and vir-
tual museums.   

Undoubtedly, the application of interactivity, enriched 
contents and novel technologies are valuable tools to help 
museums to achieve their actual mission to preserve and dis-
seminate knowledge. 

Many museum installations use natural interaction. This 
is frequently seen in science exhibitions, but it can also be 
found in many others, including those related to historical 
heritage. Many of these installations currently use natural in-
teraction, aiming to avoid complex interaction schemes, thus 
offering the user a more intuitive and comfortable operation, 
especially compared with handling traditional input devices. 
Natural interaction can take many forms [6]. Many are de-
signed to present contents in environments where infor-
mation is readily available, while others also include a ludic 
component to reward such effort.  

Among those types of natural user interfaces, Nintendo 
Wii and Microsoft Kinect offer good popular examples of 
gesture and motion tracking technologies. The use of this 
kind of controller has transcended the field of video games 
to enrich many other disciplines where virtual environments 
are explored by natural interaction [7].  

Many experts in the historical heritage field want to go 
beyond visual and virtual representation of the past. They 
want to depict and interpret ancient buildings past just the 
artistic and technical aspects to offer vivid experiences. In 
recent years, many interesting examples of the use virtual 
models have been developed for their use in museums [8, 9]. 
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Technology can now describe archaeological hypotheses 
and put them in a context the public better understands.  

Nowadays, there is a tendency to use game engines such 
as Unreal Engine and Unity to develop such installations. 
Game engines are very powerful tools for interactive, real-
time visualization, making possible a continuous feedback 
between the user and the virtual environment. Game engines 
are sometimes used with a depth camera (i.e. Kinect) to dis-
play visual recreations of archaeological reconstructions. 
[10-15].  

This kind of museum installation demands good 
walkthrough paradigms for exploring the space and contem-
plating the environment and the objects on display prior to 
enabling further interactions [16]. In this sense, we must 
highlight the research by Bowman, Koller & Hodges about 
the analysis and evaluation of travel techniques for use in 
immersive virtual environments [17]. 

The aforementioned examples of digital reconstructions 
make use of different movement paradigms to navigate the 
virtual environment, although they don’t provide a further 
analysis regarding the intuitiveness and ease to use of the set 
of movements and body gesture chosen.  

This paper is based on previous studies [18, 41] carried 
out by the authors. We initially tested and analysed six 
walkthrough paradigms for virtual environments using Ki-
nect based natural interaction. All the schemes tested in that 
experiment showed pros and cons and yielded different out-
comes in terms of ease of use, intrusiveness, and interpreta-
tion of users’ intentions, comfort, and precision.  

Among the aspects considered when designing NUI in-
terfaces, the heterogeneity of the users is one of the most im-
portant. Museum visitors can be very diverse in age, educa-
tion, and previous experience with digital interfaces and con-
tents. They can also come from different cultures and speak 
different languages. If we consider their previous experience 
with such technologies, some studies suggest a positive im-
pact of previous experience playing 3D video games in the 
ability of participants to perform those tasks related to navi-
gation and interaction inside the virtual world [19,20]. In the 
case of a NUI-based installation, a lack of previous experi-
ence may result in a handicap for this user group if they tend 
to focus their attention in the control of the system instead of 
the enjoyment of the virtual visit.  

This paper describes the results of a case study of the ap-
plication of three different movement paradigms in a NUI 
museum installation and evaluates the effect of user’s previ-
ous expertise playing 3D video games. The collected re-
search data should contribute to the study of paradigms of 
navigation inside virtual architectural environments such as 
those used in the field of virtual archaeology. 

2 Objectives 
 
The objective of this work is to identify which of the three 
movement paradigms analysed (metaphorical, symbolic and 
natural) is the most suitable for museum visitors, both for 

expert and non-expert users with regard to their previous ex-
posure to 3D video games.  

The study compares the user’s performance in navigation 
tasks, the perceived intuitiveness of the interface and the user 
experience (UX) of 28 users separated in two groups based 
on their previous expertise 

The test-bed used consisted in a virtual interactive recre-
ation of a domus olearia (a Roman country house and olive 
farm dedicated to oil production). This recreation rebuilds 
the existing archaeological remains of an ancient site near 
Seville (Spain) dated from the fifth century of our time. It 
also includes some interesting mosaics found on the excava-
tion (Fig. 1). 

The virtual reconstruction of the villa is also used to put 
in context and facilitate the interpretation of the mosaics, 
whose actual remains are displayed in the museum. The vis-
itors can contemplate the fragments found in the dig along 
with their original appearance, and their placement in the 
floors of the different rooms of the house. The installation 
seeks to promote the experiential value of the virtual visit by 
means of the perception of the spaces and interaction with 
cultural multimedia content present in the virtual museum, 
creating an educational atmosphere. 
 

 

 
Fig.1 Virtual Domus: Natural interaction in the digital reconstruction   

 
Visitors used natural interaction schemes to explore the dig-
ital reconstruction with a Kinect v2 Sensor designed for 
video game interaction, the device detects players' presence, 
body gestures and motion. 
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3 Methodology 
 
This study adopted a mixed-method research approach, com-
bining quantitative and qualitative methods to achieve com-
plementary results [21]. The control interface of the installa-
tion uses the depth camera of the Kinect attached to the sys-
tem to read and interpret different user actions depending on 
the interaction model chosen. The authors gathered quantita-
tive data that includes the time spent in completing the tasks, 
collisions with the virtual walls and the Likert values for the 
users’ responses to the questions regarding different aspects 
of the experience. Furthermore, the study obtained qualita-
tive data, including videos, notes, “think aloud” feedback 
and open interviews with questions regarding aspects such 
as the ease to contemplate the villa, the mosaics and other 
objects that could be found during the walkthrough.  
The study was carried out strictly following the guidelines of 
the Ethical Code for Research of the University of A Coruña 
(Comité de Ética da Investigación e da Docencia). 

3.1 Movement paradigms 

Several studies in the HCI literature explore the cognitive 
mechanisms that underlie in the intuitiveness of the interac-
tion [22-25] Depending on the conceptual relations to the 
everyday gestures that they mirror, three different models, 
and their corresponding movement schemes can be estab-
lished:   
 
• Metaphoric: Actions that evoke the desired behaviour of 

the system by the existence of a correspondence and 
similarity. In a metaphoric interface, there is a mapping 
of concepts and operations between two domains. In this 
case, it's the virtual world and the reality so that an in-
teraction suggested by the metaphor source domain cor-
responds to the execution of the application implement-
ing the metaphor target domain. [26] (i.e. moving a 
hand, left and right in the air to browse a sequence of 
pictures in a projection screen). 

• Symbolic: In symbolic natural interaction, their visual, 
aural, and maybe in the future, touch sensitive clones 
represent the objects. They are naturally manipulated, 
but they are still representations and not real things [27] 
(i.e. driving a virtual car by moving hands to control a 
virtual steering wheel). 

• Natural: The user applies gestures for the exact same ac-
tion in the real world. (i.e. the action of grabbing to han-
dle a virtual object.) 

 
Based on these models, three movement schemes were im-
plemented corresponding with every interaction model. Ta-
ble 1 illustrates those schemes according to the cognitive 
mechanism that they activate. 
 
 
 
 

 

  Metaphoric Symbolic Natural 
March Point forward  Lean forward Step forward 
Turn Point sideways  Twist upper body Twist upper body 

 

   
 

Table 1 Cognitive mechanism and movement paradigms. 

• Metaphoric: Point forward/sideway with arm: This ap-
proach uses the movement of the user’s arm to control 
both displacement and orientation. In order to explain 
the functioning of this paradigm to the users, they 
should imagine themselves holding the leash of a guard 
dog that should lead them in the direction that they ex-
pected to go. Users found this metaphor very clear and 
easy to embrace. 

The player controller analyses how much the user 
lifts his or her hand and measures the angle formed by 
the wrist and the elbow. Both in the horizontal plane 
(yaw) relative to the direction to the Kinect device, 
which is used for turning, and the inclination in the ver-
tical plane (pitch) relative to the vertical axis, which is 
used to move forward and control the speed. An idle arm 
pointing to the floor means a zero angle in both direc-
tions. 

The pitch angle may be negative, thus allowing for 
backward displacement by pointing the arm just slightly 
backwards.  
By lifting his or her arm, the user increases or decreases 
the speed. The user can change his or her orientation at 
the same time by pointing sideways with the same arm. 
The user can turn and control the displacement speed 
simultaneously. 

While the user points his or her hand left or right for 
steering, the deviation from the initial idle angle deter-
mines the magnitude of the turn in radians per second 
up to a maximum angular speed. The arm’s sideways 
movement must go past a threshold angle to start the 
turning mode. 

• Symbolic: Lean forward/ Twist upper body: Users are 
told to move as if controlling a Segway-like vehicle. The 
user is instructed to lean forward slightly to begin the 
walk, now at the max speed, and straighten to stop. The 
system analyses the vector with origin in the base of the 
neck pointing forward and compares it to the horizontal 
plane. Again, a postural threshold value is considered, 
and the walk begins once the user leans past this thresh-
old. 
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The user can change his or her orientation by twisting 
the upper body, following the natural rotation that oc-
curs while changing the walking direction. The system 
measures the angle between the vector that connects 
both shoulders and the screen plane and applies an an-
gular speed to the user's camera based on that angle. 
Again, there is a threshold angle and a maximum angu-
lar speed. 

The magnitude of the effect of every gesture into the 
user’s movement depended on several coefficients (ges-
ture amplitude, threshold angles, minimum displace-
ments, etc.). Those coefficients were determined in pre-
vious usability tests. 

• Natural. Step forward/Twist upper body: In this third 
approach, users explore the virtual building by using 
movements similar to those used in a real walk. In this 
scheme, user may increase or decrease the walkthrough 
speed by stepping forward or backward and turn by 
twisting the upper body clockwise for a right turn and 
counter clockwise to steer to the left. The system con-
siders the location of the starting point as the initial dis-
tance. It takes into account a threshold distance to and 
from this point as a safe area for the user to stand before 
moving to avoid unwanted displacements. 

When the user steps forward, thus exiting this safe 
threshold distance and approximating to the Kinect de-
vice the distance from the starting position is divided by 
the threshold distance to use it as an intuitive ratio be-
tween the safe zone and the area travelled. This helps to 
calibrate the system for different kind of users, estab-
lishing threshold distance close their approximate step 
size. One, two or three steps have meaningful influence 
in the speed of the displacement: one to exit the safe 
zone and begin moving, two to increase speed and three 
to reach maximum speed. To stop, the user has to step 
back to the start position. A step back from the start po-
sition initiates backward movement. 

The user can change his or her orientation by turning 
the upper side of the body. This movement combines 
with the previous one so the user can also turn and con-
trol the displacement speed simultaneously. The system 
measures the orientation of the vector corresponding to 
the neck joint of the user’s skeleton, which points in a 
direction normal to the chest plane in the idle pose. The 
system evaluates the variation of the angle of this vector 
rotating around the z axis, namely the twist angle. 

 
A previous test carried out with another set of participants 
determined the values required to configure the different pa-
rameters involved, such as thresholds, angular and linear 
speeds, etcetera. This test permitted to calibrate the system 
prior to the experiment for every movement paradigm.  

3.2 Participants 

The set of users involved in the experiment was selected to 
obtain a sample similar to the profile of the potential museum 

visitors, with a bias to the population segment of young and 
adult people with good educational level. [28].   

The authors contacted and recruited participants from the 
university’s students, faculty and other staff. Twenty-eight 
participants (14 male and 14 female), with ages ranging from 
17 to 54, with an average of 25 years. Participation data per 
age segment were as follows: young, 17-24 years old 
(67.8%); adults, 25- 45 years old (25%); and adults, 45-plus 
years old (7.2%).  
We created two groups segmented for self-reported expertise 
on video games. Fourteen people composed each group to 
ensure statistically significant evidence in the sample size 
[29]. A group integrated by users without or with little pre-
vious experience in 3D videogames (43% male, 57% fe-
male), and a second group composed by experienced users 
(57% male, 43% female). Each session lasted approximately 
30 min for each individual. 

3.3 Experiment design 

Before the beginning of the test, the moderator explained the 
mechanics of the session to the participant and required the 
user to fill out a brief demographic questionnaire (age, gen-
der, educational level, self-reported expertise in 3D video-
games).   

The experiment set consisted of a dimly lit room with a 
projection screen with a Kinect sensor underneath, and 
marks on the floor; one of them indicating the starting point 
of the experience, located 3.80 m in front of the screen. In 
this range, the depth and skeleton views from the sensing de-
vice cover the entire user’s body. 

 
 

 
Fig.2 Virtual Domus: Proposed path for task #1 

 
 
Participants had to complete two different tasks for every 

paradigm tested. In both cases, the values of time spent, 
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number of collisions with walls and objects, and number of 
frames in collision state were measured. The tasks that users 
had to carry out were as follows: 

• Walkthrough to reach a specific place in the house: The 
purpose of this task was to gather metrics to analyse the 
performance of the navigation and the ease to use of the 
system. The user began in front of the main door of the 
Domus, then he or she had to cross the vestibule to the 
main atrium, surround it and exit the atrium through a 
door located in the side opposite to the entrance leading 
to the cubiculum containing the lararium (Fig.2).  

This task required the users to perform actions such 
as following corridors and crossing doorways. Such ac-
tions involve an accurate perception of distances be-
tween the viewpoint and the different objects present in 
the virtual environment in order to avoid collisions.  
 

• Walk along a narrow and winding path: The second test 
measured the accuracy of every paradigm. This one re-
quired a more precise driving, since the user had to pass 
between two rows of objects and pass around another 
object to finish stopping in a given place. In this task, 
users had to perform more complex manoeuvers to 
avoid colliding with objects while applying a more pre-
cise control to carry out full turns. 
  

 
Fig.3 Virtual Domus: User performing task #2 

 
The subjects tried the different movement schemes in 
random order to counter the effect of an increase of their 
navigation skills through repetition (Fig.3). 

During the course of the test, the system monitored and 
recorded the user moves to extract relevant data about time 
to complete the task, number of collisions and time spent in 
a collision condition. A post-task questionnaire was carried 
out immediately after completion of every task.  

At the end of the session, users also took a test question-
naire. Post-task questionnaires and test questionnaires, to-
gether with the record of the comments made freely by the 
participants, provided a good source for subjective data. 

3.4 Metrics 

3.4.1. User navigation performance 

The experiment compared the performance in users’ naviga-
tion for the three movement paradigms, evaluating the influ-
ence of their previous expertise with 3D video games.   

Speed and skill were the variables that were taken into 
account. The first one was measured considering the time 
spent to complete task 1. In order to measure the navigation 
skill, the system counted the number of frames of the simu-
lation that every user spent colliding (even tangentially) to 
walls or objects. Considering a frame rate of 30 fps, we can 
obtain the time in collision state and the percentage of the 
task performed in collision state in relation to the total task 
time. 

Furthermore, since this study deals with a 3D interactive 
installation, it is important to include certain measurable 
characteristics of the quality of navigation [17] as a mean to 
solve certain tasks such as velocity, accuracy and spatial 
awareness.  

3.4.2. Interface intuitiveness 

One of the goals of natural interface design is to develop sys-
tems that interfere as little as possible with the user’s expe-
rience. When the interface behaves as we expect it to [30], it 
responds to user’s desires in a fluent, comfortable and confi-
dent way, allowing the user to focus attention on the experi-
ence instead of on the interface. We used two variables to 
measure the intuitiveness of every paradigm, namely atten-
tion and reliability (confidence on a trustworthy and con-
sistent behaviour of the paradigm to follow the user’s inten-
tions). 

3.4.3. User Experience 

To measure the user experience in this test, we used the ap-
proach described by Tullis and Albert [31], where UX is the 
combination of all behaviours and attitudes people have 
while interacting with an interface. These include and go be-
yond traditional usability [32] and broader metrics dealing 
with users' attitudes and perceptions. In order to follow this 
approach, it is necessary to combine both objective and sub-
jective measures to enable satisfaction analysis as a “subjec-
tive sum of the interactive experience” [33]. 

Beginning with the concept of usability [34], [35], we 
measured effectiveness by the completion rate, the number 
of collisions and the number of frames that the system regis-
tered where the user collided with walls and objects, which 
can be expressed as time in collision state.  
Efficiency was measured by the mean time taken to complete 
each task in seconds.  

We measured user satisfaction through the users’ re-
sponses to questions related to several aspects of the experi-
ence, such as: ease of learning, physical fatigue, user comfort 
and degree of motivation and pleasure with the experience 
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[36]. Furthermore, the emotional factor influences the poten-
tial of learning new skills and acquiring new knowledge, 
which are key points of this kind of installation. 

3.5 Data collection 

Data were collected in several sessions. During those ses-
sions, two moderators observed and interacted with the users 
as they were completing the tasks using the different move-
ment paradigms. We videotaped the users while they were 
performing the different tasks and noted their spontaneous 
comments about their impressions related to the experience. 
During each task, the system registered the tasks' completion 
times and frames in collision state.  
After each task and the end of the session, the participants 
rated the movement paradigms on a 10-point rating scale. 
 

Table 2 Post-tasks and test questionnaire  
1 10 

Q1- How difficult or easy did you find the 
task? (Post-Task#1) 

Very difficult Very easy 

Q2- Did the system respond accurately to 
your actions(Post-Task#2) 

Not accurate Very accurate 

Q3- How much of your attention was de-
voted to contemplate the environment and 
how much was given over to control the sys-
tem? 

No attention 
put on the envi-
ronment 

Most attention put on 
the environment 

Q4- Is it easy to observe all the objects and 
mosaics? 

Very difficult Very easy 

Q5- How well does the system interpret your 
intentions?? 

Very badly Very well 

Q6- Do you feel tired or relaxed after using 
the system? 

Very tired Very relaxed 

Q7- Did you find the system comfortable? Very uncom-
fortable 

Very comfortable 

Q8- Did you find the experience enjoyable? Not enjoyable Very enjoyable 

 
- Post-Task#1: Based on Single Ease Question [37]: The user 
rated the difficulty of the activity they just completed. 
- Post-Task #2: The user rated the accuracy of the system for 
the activity they just completed. 
Subsequently, users completed a general test questionnaire 
that collects data about the perception of the experience as a 
whole. It includes five subjective measures: 

-  Reliability: how well the system interpreted user’s inten-
tions. 
- Attention: the level of attention they put into the experience 
instead of on controlling the system.  
- Physical fatigue: the level of fatigue 
- User comfort: the level of comfort 
- User pleasure: how exciting and enjoyable the experience 
was. 
In addition, the authors asked users for general comments 
and recommendations for improvement. 
 

Table 3 Metrics: variables and data collection 
  Variable Collection method  

User  
Navigation  

Performance 

Velocity Task1 completion time.  

Navigation skill Percentage of time in collision 
state for Task1  

Accuracy   Task2 completion time.  
Likert scale: Post-task2 question 

Spatial Awareness Likert scale: test questionnaire 

Intuitiveness 
Attention Likert scale: test questionnaire 

Reliability Likert scale: test questionnaire 

User  
Experience 

Effectiveness 

Tasks 1-2: completion rate, 
Tasks 2: Number of collisions 
and percentage of time in colli-
sion state 

Efficiency Tasks 1-2: completion time.  

User  
Satisfaction   

Ease of  
learning  Likert scale: post-task1 question 

Physical  
fatigue Likert scale: test questionnaire 

User  
comfort  Likert scale: test questionnaire 

User pleas-
ure Likert scale: test questionnaire 

Comments 
Videos. General observation. Notes. 

4 Results 
 
This study used the IBM SPSS 26 statistics software. In or-
der to know if user’s previous experience had a significant 
effect on every variable being analysed, the authors applied 
statistical inference with an contrast statistical significance 
level of α=0.05.  
Particularly, and with regard to the use the results for the de-
sign of museum installations, this work tried to detect if any 
of the paradigms could be especially adequate for all users 
independently of their previous experience.  
Since the sample is small, with a non-normal distribution, 
this study used a nonparametric Kruskal-Wallis test. Sam-
ples were analysed as follows:  
1- Comparative analysis of the results obtained by group 1 
(No experience/Casual Player) and group 2 (Frequent 
Player) performing every movement. (G01-PP/G02-PP, 
G01-LT/G02-LT, G01-ST/G02-ST) 
2- Comparative analysis of the results obtained by all users, 
by movement. (PP-LT/PP-ST/LT-ST) 
3- Comparative analysis of the results obtained by every 
user group for every movement scheme. (G01-PP/G01-
LT/G01-ST/G02-PP /G02-LT/G02-ST) 

4.1 User navigation performance 

4.1.1. Velocity: Mean values of times to complete task 1 
were calculated for the three movement paradigms and for 
both user groups (Fig.4). From the analysis of the influence 
of previous expertise for every movement scheme on the 
time spent, we did not find statistically meaningful differ-
ences (α=0.05) between both user groups using the same par-
adigm (PP: p=0.352; LT: p=0.146, ST: p=0.817). The sym-
bolic scheme (LT) obtained the best times for the task for 
both user groups.  
Some differences appeared (α=0.05) in the time taken for 
task 1 if we compare the symbolic with the metaphorical 
schemes (p=0,04) and comparing it with the natural scheme 
(p=0,00059). No differences were round between the meta-
phorical and natural schemes. (p=0.285). 
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Gestures User's previous skills N Mean SD 

Metaphoric: PP 
No Experience/Casual Player 14 69,1 9,4 
Frequent Player 14 66,0 7,6 

Symbolic: LT 
No Experience/Casual Player 14 64,2 7,3 
Frequent Player 14 60,5 5,7 

Natural: ST 
No Experience/Casual Player 14 69,5 5,6 
Frequent Player 14 69,0 3,4 

 

Fig.4 Task1 completion time by movement scheme and user group 

The difference detected for all users between the symbolic 
(LT) and the rest of movement schemes is confirmed by the 
comparative analysis considering previous expertise. There 
are differences with a significance α=0.05 between symbolic 
(LT) and natural (ST), both for group 1 (p=0.026) and group 
2 (p=0.001). 

4.1.2. Navigation: The natural scheme (ST) was the one with 
smaller percentage of time in collision state (4.3%) for both 
groups.  

 
Fig.5 Percentage of task1 collision time by movement scheme and user 

group 
 
The metaphoric scheme (PP) reached the highest percentage 
of time in collision state both for group 1 (16.7%) and group 
2 (7.8%). In the analysis by movement type, no statistically 
significant differences were detected (α=0.05) in time spent 
in collision state between the two user groups (Kruskal-Wal-
lis PP: p=0.183; LT: p=0.290, ST: p=0.505).  

Comparing the three movement schemes, and consider-
ing all users, we found some significant differences between 
the natural and the metaphoric schemes (p=0.004), but no 
meaningful differences among the rest of movements. 

Making the analysis by movement considering previous 
expertise, differences were found in group 1 between meta-
phoric and natural schemes (p=0.015), and no significant dif-
ferences for group 2. 

4.1.3. Accuracy: We calculated the average time to complete 
task 2 (Fig.6) for the three movement schemes and user 
groups. If we compare globally, considering all users, there 
are meaningful differences (α=0.05) between symbolic and 
natural schemes (p=0.033), but no difference for the rest of 
combinations. 

 
 

 
 

Gestures User's previous skills N Mean SD 

Metaphoric: PP 
No Experience/Casual Player 14 57,6 32.8 
Frequent Player 14 39.6 6.2 

Symbolic: LT 
No Experience/Casual Player 14 51.1 11.9 
Frequent Player 14 44.1 6.4 

Natural: ST 
No Experience/Casual Player 14 54.0 7.7 
Frequent Player 14 52.8 6.3 

 

Fig.6 Task2 completion time by movement scheme and user group 
 

The symbolic scheme obtained the best time for task 2 by 
users in group 1, while metaphorical helped to obtain the best 
time for group 2. Nevertheless, considering the responses to 
the different schemes inside each group, hence taking into 
account previous user expertise, group 1 did not mark differ-
ences, but group 2 presented meaningful differences be-
tween natural and metaphoric schemes (p=0,0002) and nat-
ural and symbolic (p=0,017). 

After completion of task 2, users were asked to fill out a 
questionnaire to rate the accuracy of the system in the activ-
ity they just completed.  

Generally, the percentage of positive answers (score 6-
10), defining all movement scheme as accurate was high. 
Comparing the score median for accuracy for all users, no 
significant differences among movements were found. 
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Fig.7 Accuracy by movement scheme and user group 
 

The natural scheme (ST) was considered as the more precise, 
obtaining the best scores (9 y 10 points) for group 1 (71.5%) 
and group 2 (58.10%).  

Analysing by movement type, the metaphoric scheme 
was the only one which obtained some low scores on accu-
racy (below 5) for both user groups. (7.1% for group 1 and 
14.3% for group 2).   
  
4.1.4. Spatial awareness: In order to evaluate this aspect, the 
authors analysed the subjective answers obtained from the 
open interview about the easiness to observe the rooms, ob-
jects and mosaics for each movement paradigm. Concur-
rently, (Fig. 8) we analysed the responses about the degree 
of conscious attention put into enjoy the museum experience 
(6-10 points) instead of controlling the system (≤ 5 points)  
 

 
Fig.8 Observation and attention by movement scheme and user group 

 
The ease of contemplating the objects and the scene received 
a good evaluation by both user groups in three paradigms. 
Contemplation of the mosaics, presented more difficulties 
for PP than for LT and ST. 

The natural scheme (ST) was the one which obtained the 
best values for this variable. 
Comparing the ease of contemplation of the virtual environ-
ment among the three movements for all users, there are 
some differences with a level of significance α=0.05 be-
tween the natural and the metaphoric schemes (p=0.010) and 
natural with symbolic (p=0.011).  

Regarding the level of attention devoted to contempla-
tion of the virtual environment, a meaningful percentage of 
neutral values appears (5-6 points). There is a small differ-
ence, not statistically important, between group 1 and 2. The 
first considered the symbolic scheme (LT) as the one which 

allowed for a better concentration in the environment, while 
group 2 gave slightly better to the natural scheme (ST). 

4.2 Intuitiveness: 

4.2.1. Attention: Generally speaking, more than 30% of users 
considered that they put more or less the same degree of at-
tention to observe the environment than to control the move-
ment. (5-6 points: PP=32.1%, LT=42.9%, ST=35.7%). Con-
sidering the degree of previous expertise, the symbolic 
scheme (LT) was the one that best permitted the users to fo-
cus their attention in the museum experience, whereas the 
natural scheme (ST) obtained the best results for group 2. In 
both cases, the percentage of positive values (≥8 points) 
reached 42.9%  
 
4.2.2. Reliability: In order to analyse the capacity of the sys-
tem to adequately interpret the user’s intentions, the medians 
of the responses were calculated and compared for the three 
movement paradigms by user group (Fig.9). 
 
 

 
 

Gestures User's previous skills N Median SD 

Metaphoric: PP 
No Experience/Casual Player 14 7.50 1.31 
Frequent Player 14 8.00 1.59 

Symbolic: LT 
No Experience/Casual Player 14 8.50 1.02 
Frequent Player 14 8.00 0.86 

Natural: ST 
No Experience/Casual Player 14 8.50 1.68 
Frequent Player 14 8.50 1.59 

 

Fig.9 Reliability by movement scheme and user group 

The symbolic (LT) and natural (ST) schemes obtained the 
better scores for group 1, whereas the natural scheme (ST) 
got the best values for group 2. The Kruskal-Wallis test did 
not present significant differences considering previous ex-
pertise in any of the three movements. 
 

 
Fig.10 Reliability by movement scheme and user group 
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Completing the previous analysis, Figure 10 displays the de-
gree of reliability on interpretation of users' intentions for 
both user groups and for every paradigm. 
The natural scheme (ST) obtained the best scores (8 to 10 
points) for 71.4% of users from group 1 and for 78.6% of 
those from groups 2. 

4.3 User experience 

4.3.1. Effectiveness: All the tasks were completed success-
fully. Data collected by the system during the execution of 
the tasks indicate that sometimes as the user advanced, he or 
she stuck laterally to the walls and continued this way, in-
stead of returning to the centre of the path, or the user stuck 
frontally against obstacles for a while.  

Collisions are a kind of unintended action a user makes 
while trying to do something on an interface even though the 
goal is correct. Norman used the term "slips" for these kinds 
of actions [38]. 

In our case, the analysis of the number of collisions in 
task 2 and time in collision state (Fig.11) helped to figure out 
how quickly the user learned to drive the system properly. 

We used the data related to collision obtained in task 2 
only. Since it is a collision test. It works better to check the 
influence in the interaction with the virtual environment.  

The Kruskal-Wallis test shows meaningful differences in 
the percentages of time in collision state for the natural 
scheme (ST) related to previous expertise between group 1 
and group 2 (p=0.024), without significant differences for 
the rest of the movements. The natural scheme (ST) obtained 
the best results, with smaller percentage of time in collision 
state for both user groups. 
 
 

 
 

 
Fig.11 Number of collisions and percentage of time in collision state 

 
 

Regarding the number of collisions detected, we found 
differences with a significance level of α=0.05 between the 
metaphoric (PP) and the symbolic scheme (p=0.024) and 
with the natural (p=0.030). The symbolic scheme (LT) ob-
tained the smaller number of collision for group 1 and the 
natural scheme (ST) got the best results for group 2. 

The longest time in collision state and the highest number 
of collisions were observed on the metaphoric scheme (PP) 
for both groups. In any case, it is important to note that col-
lisions did not affect the completion of the task. Therefore, 
this factor has only a relative effect in the performance of the 
system [39]. 
 
4.3.2. Efficiency: The symbolic movement (LT) obtained the 
best results for task 1 for both user groups.  

Analysing the three movements for all users, the best av-
erage time to completion for task 1 was 54 s (Fig.4). This 
value establishes an ideal time for this task to obtain the av-
erage task time estimate for a small sample. In order to set 
up a benchmark, we considered as efficient times all times 
smaller than the ideal time multiplied by 1.5 [29]. A time 
shorter than 81 s should be considered efficient.  

Regarding the benchmark, all the averages for task 1 fall 
inside the range of efficient time for the natural and symbolic 
schemes, while 89.3% of users reach this score for the met-
aphoric scheme. 

Fig.12 Time savings by movement scheme and user group. 
 

Comparing by user group and type of movement (Fig.12), 
the symbolic scheme (LT) obtained the most efficient times, 
reaching time savings with respect to the benchmark up to 
more than 10 s for 71,4% of groups 1 users and for 100% of 
users of group 2. The metaphorical scheme (PP) presents a 
remarkable fact: although 10.7% of users needed more time 
than the benchmark value (81 s.), 78.6% of users of group 1 
and 64.3% of users of group 2 obtained time savings higher 
than 10 s. 
   
4.3.3. Overall Satisfaction: Upon finishing the test, the users 
answered a questionnaire related to their ease of learning, 
physical fatigue, comfort and user pleasure with the usage 
and performance of the corresponding movement scheme. 

• Ease of learning: After task 1, we measured the degree 
of difficulty perceived by users during the performance 
of the task with a Single Ease Question (SEQ), from 
very difficult to very easy. Analysing the results, at a 
general level, the perception of easiness to learn for all 

Task2 Nº Collisions 

Task2 % Collision Time 
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movement paradigms is high for both user groups. 
(Fig.13).  
 

Fig.13 Single Ease Question by movement scheme and user group 
 
Considering the whole set of users, LT and ST received 
the best evaluations. If we take into account the previous 
expertise, group 1 users considered the natural scheme 
(ST) as the easiest to learn. Users of group 2 considered 
the symbolic scheme (ST) to be the easiest.  

Comparing the medians of the score obtained for ease 
of learning, we found differences with a level of signif-
icance α=0.05 between the metaphoric and symbolic 
schemes (p=0.046) for group 2. No meaningful differ-
ences were found for group 1.  

The percentage of users describing the task 1 as easy 
ranges from 85.7% to 96.4%. If we consider values 
equal or higher than 8 as positive, and separating users 
by previous expertise, the symbolic scheme (LT) was 
considered the best for group 1, with 85.7% positive val-
ues. Group 2 gave the best values to the natural scheme 
(ST), with a 78.6% of positive responses.  
 

• Physical fatigue: The question to evaluate this aspect 
asked the user to rate the level of fatigue, from very tired 
to very relaxed. The natural scheme (ST) was consid-
ered as the most relaxed for both user groups (Fig.14).  

Arranging the results by movement scheme and user 
type, ST stands out as less fatiguing for the no experi-
ence/casual player user (8.1, 95% CI 7.3,9.2) and fre-
quent player (8.4, 95% CI 7.4, 9.4). The most tiring 
movement schemes, by group, are LT for the no experi-
ence user (7.6, 95% CI 6.6, 8.5) and PP for frequent 
player (6.7, 95% CI 5.6, 7.9). 
 

 
 

Fig.14 Fatigue by movement scheme and user group 

Comparing the level of fatigue for the three movement 
schemes, and for all users, there are differences with a 
meaningful level of significance α=0.05 between natural 
(ST) and metaphoric (PP) (p=0.031) and between natural 
(ST) and symbolic (LT) (p=0.028), no meaningful differ-
ences were found between PP and LT. 
The ST movement scheme obtained the highest percent-

age of positive answers (>= 8 points: being less tiring) 
for the no experience user (78.6%) and frequent player 
(64.3%), the LT scheme was the one which received less 
positive values both for group 1 (57.2%) and for group 2 
(35.6%). 
 

• User comfort: This question asks the user to rate the 
level of comfort, from very comfortless to very comfort-
able. The Kruskal-Wallis test does not display meaning-
ful differences for the three movements taking into con-
sideration users’ previous expertise.  

Natural scheme (ST) appeared as the most comforta-
ble (Fig.15) for no experience/casual players (8.0, 95% 
CI 7.2, 8.9) and frequent players (7.7, 95% CI 6.6, 8.8). 
The metaphoric scheme (PP) resulted to be the less com-
fortable both for group 1 (7.1, 95% CI 6.5,7.7) and 
group 2 (6.1, 95% CI 5.1,7.0).  
 

 
Fig.15 Comfort by movement scheme and user group 

Comparing the three movement schemes, and consider-
ing all users, there are only significant differences be-
tween the natural (ST) and metaphoric (PP) (p=0.0004). 
Of all movement schemes, ST obtained the highest per-
centage of positive answers (>=8:  very comfortable), 
for the no experience users (78.6%) and frequent players 
(58.1%). PP was the one which received fewer positive 
responses both for group 1 (35.7%) and group 2 (42.9%). 

• Pleasure: This question asks the user to rate how excit-
ing and enjoyable the experience was, from very unlik-
able and boring to very pleasing and exciting. 
Generally, all user groups perceived all movement 
schemes as pleasing and exciting, giving average values 
> 7.5/10. Arranging the results by groups, the most 
pleasing schemes were ST for no experience users (8.4, 
95% CI 7.7, 9.0) and frequent players (8.1, 95% CI 7.2, 
8.9). 
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Fig.16 Pleasure by movement scheme and user group 

The rest of the movement schemes obtained very close 
valuations, without significant differences among them. 
Finally, the percentage of positive answers with respect 
to user perception of pleasure is very high in ST (78.6%) 
for all users.  

5 Discussion 

From the data and analysis described in the previous section, 
Table 4 summarizes the performance of every movement 
scheme for every user group considering the variables that 
correspond to every aspect of the analysis. 

 
Table 4. Summary. Performance of every movement scheme for every var-
iable and user group. 
 

 
The analysis of the previous results, supported with the us-
ers’ comments and the notes taken by the authors during the 
experiment, provides clues to characterize the behaviour and 
performance of the movement schemes and their suitability 
for their use on a museum environment for virtual 
walkthroughs. 

From the data and the analyses described in the previous 
paragraphs, and combining multiple usability metrics into a 

single metric for every dimension analysed, some character-
istics for every movement scheme can be obtained (Fig.17). 

 

Fig.17 Single metric for every dimension by movement and user group. 
 
 
• Metaphoric: Point forward/sideway with arm: 
This scheme seems to be the less adequate to navigate in vir-
tual environments for museum installations due to several 
reasons:  
- It required the highest levels of attention devoted to con-

trol the system, making it the most intrusive.  
- It obtained the highest percentage of time in collision 

state and the greater number of collisions for all users. 
- It was considered the least adequate for the contempla-

tion of the environment, especially with regard to the ob-
servation of the mosaics.  

- All users considered it as the least comfortable. 
During the test, some users expressed confusion about how 
to hold the arm in the air. The notes taken by the test super-
visors also indicate that some users raising their arm com-
pletely in the air, unintentionally adopting a tiring pose, 
while others kept their arm flexed, making difficult for the 
system to identify the pose.  

Considering the degree of previous expertise, this 
scheme was considered as the most tiring for frequent play-
ers.  

Metrics give this scheme the worst percentage in intui-
tiveness and user navigation performance. Regarding UX 
metric, it obtained the lowest percentage for frequent players 
and the second worst for no experience/casual players. 

• Symbolic: Lean forward/ Twist upper body: 
Globally, this movement scheme obtained a high evaluation, 
standing out in time efficiency, and obtaining time savings 
of more than 10 s with respect to the benchmark. 

 Poor    Medium    Good 
 

NO  
EXPERIENCE 

FRECUENT 
PLAYER 

Variables Collection 
method  PP LT ST  PP LT ST 

Velocity Task1time        
Navigation skill T1 collision time       

Accuracy   
Task2 time        

Q2 Question       
Q2 Best scores       

Spatial Awareness 
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Q3 Question       

Attention 
Q3 Question       

Q3 Best scores       

Reliability 
Q5 Question       

Q5 Best scores       

Effectiveness 
Completion Rate       
T2 Nº collisions        
T2 collision time       

Efficiency 
Tasks 1 time       
Saving time        

Satisfaction 

Ease of learning 
Q1 Question       
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Physycal fatigue 
Q6 Question       
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User comfort 
Q7 Question       

Q7 Best scores       

User pleasure 
Q8 Question       
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Furthermore, this scheme was perceived for all users as 
the most reliable to interpret users' intentions. Users com-
mented verbally during the test about the accuracy of this 
scheme to control acceleration, turn, and stop. 

Considering previous expertise, this scheme permitted to 
obtain the smallest number of collisions for no experi-
ence/casual players. 

Although this scheme obtained positive feedback regard-
ing how much users can enjoy the environment, the individ-
ual values for this question in group 2 display a high devia-
tion. Frequent players in group 1 considered this scheme the 
easiest to learn.  

This movement scheme obtained the second best per-
centage in intuitiveness and user navigation performance. It 
also obtained the best percentage in UX metric for no expe-
rience/ casual players, and the second best for frequent play-
ers. 

• Natural. Step forward / Twist upper body:  
This scheme constitutes a good candidate for museum instal-
lations. Globally, it obtained very good evaluations for all 
users: 
- This was the movement scheme that obtained smaller times 
spent in collision state. 
- It was valued as the most comfortable and least tiring, while 
obtaining the highest scores in accuracy. 
- It obtained the best scores for contemplation of the envi-
ronment.  
- Users perceived it as the most pleasing and exciting for 
both groups. 
- It obtained the second place in efficiency (mean average 
time to finish tasks) and reliability, after Lean forward /Twist 
upper body.  
Considering the degree of previous expertise, it was the eas-
iest to learn for no experience/casual players. For frequent 
players, it was also the scheme that allowed the users to pay 
a better conscious attention to the scenario. Additionally, it 
yielded the least amount of collisions 

This paradigm obtained the best values in intuitiveness 
and user navigation performance. It also was the best valued 
in UX metrics for frequent players and the second one for no 
experience/casual players. 
 
6 Conclusions 
 
Virtual museums can offer to their visitors much more than 
the mere visual representation of things. They may be seen 
as sources of new experiences, fostering a deeper interpreta-
tion and a more persistent memory that a simple exhibit. Nat-
ural user interfaces such as Kinect are extremely useful to 
achieve this goal, but it is important to find the movement 
scheme that best facilitates, in terms of HCI, visiting the vir-
tual spaces.  

Among the three schemes presented here, Natural Move-
ment (Step forward /Twist upper body) stood out as the most 
balanced in all aspects with the best valuations in satisfac-
tion, user navigation performance and intuitiveness. 

This movement scheme appears to be the most appropriate 
to navigate such digital environments for any kind of user, 
regardless of the previous expertise of the visitor in video 
games.  

Symbolic Movement (Lean forward /Twist upper body) 
proved to be the most efficient scheme to interpret the user 
intentions. The degree of previous expertise did not mark 
significant differences in this result. This movement scheme 
seems to be very satisfactory for the generic profile of mu-
seum visitors.  

Although this study evaluates the performance in naviga-
tion, intuitiveness and user experience, we should not forget 
that learning is one of the main goals of any museum instal-
lation. Users should be able to construct concepts through 
the observation and experience of the content provided. 
Therefore, it is necessary to find out how the UX metrics 
obtained relate to users' cognition, immersion and flow [40]. 
The results obtained may also be used to achieve a higher 
level of attention to the contents inside the virtual environ-
ment as a learning tool for visitors to the museum. 

It is necessary to continue researching the optimization 
of these movement schemes and the acquisition of even more 
transparent movement interfaces. For instance, it is desirable 
to develop a schema that could permit a free combination of 
gestures from the three paradigms as a way to find out a pat-
tern that results the most intuitive and natural for the user. 
This could constitute a future line of research.  

The authors expect that the performance metrics and UX 
results presented here will be useful for designers of virtual 
environments to choose the natural interaction walkthrough 
scheme that may fit best with their needs based on the par-
ticular features of their installation. 

Disclaimer 

On behalf of all authors, the corresponding author states that 
there is no conflict of interest. 
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