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Abstract. Trails are a proven means of improving performance in virtual envi-
ronments (VE) but there is very little understanding or support for the role of 
the trailblazer. The Use-IT Lab is currently designing a tool, the VTrail System, 
to support trailblazing in VE’s. The objective of this document is to introduce 
the concept of trailblazing, present the initial prototype for a tool designed  
specifically to support trailblazing and discuss results from an initial usability 
study. 

Keywords: trailblazing, virtual environments, wayfinding. 

1   Introduction  

A hurdle to the wide-scale adoption of 3D interfaces is the lack of tool specificity [1]. 
Current tools and techniques do not take into consideration the specific needs of the 
environment, the task or the user. Generality in 3D interaction design is evident 
within the development of tools for navigation tasks. Navigation is a complex task 
consisting of physical (travel) and cognitive components (wayfinding) [2]. One type 
of wayfinding that receives very little attention is trailblazing – allowing the user to 
mark routes traveled and places visited while traveling through an environment.  

Trails remain a fundamental means of conveying directional information for the 
purpose of wayfinding. Whether the trail consists of footprints in the snow or bread-
crumbs on a website, trails reduce the mental workload associated with wayfinding 
tasks. While there are efforts directed towards the design of improved methods of 
creating and presenting trails [3], [4], [5], there is a lack of research looking at the role 
of the trailblazer in virtual environments (VEs). 

The Usability and Interactive Technology (Use-IT) Lab is currently developing a 
trailblazing tool called the VTrail Tool. The initial objective is to create the VTrail 
Tool to enhance wayfinding within current virtual training environments, like those 
being used by Department of Research Defense Canada (DRDC)-Toronto. Providing 
support for effective trailblazing and trail following tasks can lead to improved  
performance in virtual training applications [4].  

2   Design of the VTrail Tool 

The preliminary design for the VTrail interface was created based on scenario- 
based task analyses performed on a typical infantry training scenario provided by  
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Fig. 1. Initial design for the default VTrail Tool; user related information located at the top 
center of the screen, trail information located on the bottom left, and the mini-map on the lower 
right corner 

DRDC-Toronto. By applying an object-oriented task analysis to the military ground 
troop scenario, the key tools and behaviours to be included for the trailblazer were 
identified. For the initial interface design, the tools were categorized as providing 
information relevant to the user, the trail or the environment. These tools were com-
bined and the resulting interface is show in Figure 1.  

2.1   Trail Information 

A key component to the VTrail tool is the information regarding the trail. The trail 
display, located in the lower left corner, provides information about the trail markers, 
information embedded in a marker, and a preview of environment at the markers’ 
position.   

A trail consists of at least two, and ideally more, markers. Each marker has an ID, 
position (x, y, z) and heading (in degrees) to find the next marker in the sequence. 
Two buttons with triangle icons (pointed up, pointed down) allowed the user to scroll 
through all the markers. Another button allows the trailblazer to remove the marker 
currently being viewed. For the initial implementation of the VTrail, the users  
are only provided with one type of trail marker. Limiting the user to one type of 
marker simplifies the controls needed to create the trail. The marker design is based 
on earlier studies [6]. 

To increase the utility of the markers, the users have the ability to embed additional 
information into the marker. The trailblazer may want to highlight a landmark, or 
provide a warning to the trail followers. Although the current implementation of the 
VTrail only supports text, future versions could include multimedia content to  
enhance the training potential of the VTrail tool.  

A trailblazer may want to provide a trail follower the ability to preview the envi-
ronment prior to arriving at the location. As such, the design of the VTrail marker 
includes a camera that provides a view of the environment in front of the marker. Fur-
thermore, although the VTrail system is designed based on continuous movement 
through the environment, providing a preview of the environment with the marker 
camera reduces disorientation if the training program allows for teleportation as a 
means of travel. 
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2.2   User Information 

To be able to localize within an environment a user must know his position and  
orientation. 

In the real world, GPS data is presented in the conventional format of degrees: 
minutes: seconds, which can then be overlayed on to a map to indicated the user’s 
position in the world. Without the aid of the map, the GPS data is difficult to interpret 
if the user has a desire to travel to a specific position in the world. Within VEs the 
positional information is presented using Cartesian co-ordinates (x, y, and z if neces-
sary to represent vertical displacements). While positional data will indicate when a 
user reaches a desired destination, a compass is useful in indicating the direction  
necessary to reach the destination.  

Using only a compass an expert wayfinder can successfully navigate to a desired 
location and back provided he keeps accurate track of the distance traveled and bear-
ing. The simplest form of providing orientation information similar to a compass is to 
indicate heading information with text, i.e. 0º representing North, and 180º represent-
ing South. Displaying the heading in this manner allows the user to quickly and  
accurately align heading with the orientation of the trail marker provided by the trail 
display. Combining a compass with a map allows for position tracking and terrain 
prediction. 

2.3   Environment Information 

Providing a map to the users aids with planning, and reviewing of the trail as well as 
construction of a mental model of the environment. The VTrail includes two maps, a 
mini-map available while exploring the environment and a static world map. Both 
maps are created using an aerial photograph and are presented with a North up orien-
tation. The mini-map, centered on the user represented by a dot, shows an exo-centric 
viewpoint of the environment up to 25m around the user.   

3   Usability Study 

The initial objective of this user study is to answer fundamental research design ques-
tions, such as; are there unnecessary features currently included in the standard  
design; are there features that should be added to the standard interface? Furthermore, 
user feedback will be used to evaluate the design of the independent interface compo-
nents. For example, participants may provide insight with regards to the design of the 
map or the marker information provided. While a detailed and separate study can be 
performed on the design and validation of each individual component of the VTrail 
interface, the decision was made to test the interface in its entirety because of possible 
interactions between components. For example, use of a map is improved with the 
presence of a compass. 

This study compared performance on creating trails to guide a user to multiple tar-
gets in the environment using either the interface with a minimum number of features 
or the current proposed default interface. The minimum interface is representative of 
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performing the task with only a map and compass. The minimum interface is included 
for comparison to ensure that adding additional information into the user’s visual field 
does not interfere with task performance.  

Additional insight for modifications to the design may be gleaned from studying 
how individuals of different genders and spatial ability interact with the interface. 
There are known behavioural differences in navigation due to gender and spatial abil-
ity, but it is unknown if the differences will require changes to the standard interface 
to be more universal.  

3.1   Participants 

Twelve (6 male, 6 female) undergraduate students from the University of Waterloo 
agreed to participate. All participants were right hand dominant and had normal 
(20/20) or corrected to normal vision. When asked to rate their level of comfort on 
using the computer controls all participants rated themselves with a score of at least 3 
on a 5-point Likert scale, indicating somewhat comfortable using computers.   

3.2   Experimental Setup 

The virtual world was generated using the Virtual Navigation and Collaboration Ex-
perimentation Platform (VNCEP) supplied by DRDC. VNCEP ran on Pentium™ 4 PC 
desktop computer with a 3.4 GHz processor and 3 GB of RAM. The computer uses 
Windows™ XP operating system with a Quadro™ FX 3450/4000 SDI (256 MB) from 
NVIDIA™. The large projection screen display was an 81” Fakespace® ImmersaDesk 
with 1280 by 1024 resolution at a 75Hz refresh rate. Non-stereoscopic vision was 
used to reduce possibility of simulator sickness [7] 

Movement through the environment was similar to controls used in popular first 
person computer games. Participants used the “W”, “A”, S”, and “D” keys on the 
keyboard to translate through the environment. The participant’s walking speed was 
set to 1.5 m/s to simulate walking, but the participant could increase their speed to 3 
m/s by pressing either “Shift” keys on the keyboard. Participants controlled their 
viewpoint through the mouse. Translating the mouse forward allowed participants to 
look up and translating the mouse backwards moved the viewpoint down. Left and 
right mouse movements controlled the viewpoint in their respective directions. The 
left mouse button was used to drop the trail markers and the right mouse button  
removed the marker nearest to the user. Travel was coupled with the gaze of the  
user. Participant movement was restricted to a single plane to simplify control and  
environment design. 

The experimental environments consisted of three large-scale, approximately 300m 
x 300m, environments. Since there are no self-reported differences in wayfinding 
strategies between indoors and outdoors [8], the environments represented an outdoor 
rural setting. A rural environment was preferred over an urban environment because 
of the increased complexity of selecting a direction at a decision point. In an urban 
environment the decision may be constrained by the structure of the decision point 
(e.g. a 4-way intersection forces a choice between 3 directions). The environments 
were constructed in the form of a 3x3 matrix, consisting of nine square tiles each 
100m x 100m. To reduce possible experimental bias due to the design of the world,  
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Fig. 2. Exocentric View of One of the Experimental Environments 

the environments were created from a random arrangement of the nine tiles. Each tile 
contained a large feature (e.g. a building), a smaller feature (e.g. windmill), and  
assorted vegetation (e.g. trees and bushes). Participants were not able to enter the 
buildings. An exocentric view of an archetypal rural landscape is shown in Figure 2. 
Lighting simulated daytime levels. 

3.3   Method 

Upon arrival at the USE-IT Lab the participant was seated at a table approximately 
one meter in front of a large (81”) projection screen. The participant was provided 
with an information letter describing the main objectives, the benefits of participating 
and the potential minimal risks of participating in a computer-based experiment. After 
reading the information letter the participant was asked to sign a consent form and 
complete a background questionnaire. The background questionnaire collected infor-
mation on demographics (age, gender, computer experience, wayfinding experience), 
vision, and computing gaming experience. Participants completed the cube-
comparison test [9]. Both tests are pencil and paper based and measure mental  
rotation, which has been linked to wayfinding ability [10]. Spatial ability will be stud-
ied as a covariate in these experiments as it may help explain individual differences in 
performance. 

Two researchers were present during the study. One researcher was responsible for 
recording observations while the other researcher was responsible for running the 
study. Test scripts were used to reduce experimental variation. The participant was 
given an opportunity to learn how to use the VTrail interface during a familiarization 
in an environment similar to the experimental environment.  

Upon completing the familiarization task, participants began the experimental  
trials. During the experimental trials participants were asked to use a “think aloud” 
protocol. The participant completed three (minimum/default/control interfaces) trials. 
For the minimum and default trials the trailblazing participant was asked to create a 
trail that would help someone deliver five packages to the appropriate locations. For 
example, the football would go to the stadium. At the beginning of each trial the  
trailblazer was provided a list of the delivery items and could either locate the five 
delivery targets and then create the trail or generate the trail while searching for  
the delivery locations. Once the participant was satisfied with the trail they could  
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terminate the trial. The control condition was used to measure the participants’ per-
formance on the delivery task without the additional task of creating a trail. In the 
control condition the participant had to memorize the list of five items to be delivered. 
Upon locating all five locations, the participant was required to return to the starting 
location. Once the participant was back at the starting point the control trial was com-
plete. Due to the differences in the task between the control trial and the minimum 
and default trials, the control trial was not included in the analysis. The control trial 
was included to determine if there are any baseline differences between the partici-
pants in this study and the participants selected for a planned study on trail following. 

The order of minimum and default trials was random for the first two trials and the 
control was always the third trial. Performance on the control was not relevant in the 
comparison between the two VTrail interface designs but is used for another aspect of 
the study not discussed in this paper. 

At the end of each trial the participant was asked to complete a subjective usability 
questionnaire on the interface they had just used. After completing the three trials the 
participant was thanked and provided with a general feedback letter outlining the 
benefits of the research. 

3.4   Measures 

There were two types of measures used in the assessment and comparison of the  
proposed interfaces; performance measures, and usability measures.  

Performance Measures  
The common method of quantitatively comparing interface designs is through task 
performance metrics. For this study the task metrics were time and distance travelled.  

A more useful metric in assessing the effectiveness of the VTrail interface was the 
quality of the trail generated. A well-designed interface enables a trailblazer to create 
trails using an appropriate number markers that are placed in a manner that facilitates 
effective trail following. Poorly performed trailblazing will result in the placement of 
markers that are confusing or do not provide useful information. However, the litera-
ture does not provide any recommendations for assessing the quality of a trail from a 
user’s perspective. Quantitatively it is possible to use graph theory to determine the 
number of markers dropped and positioned in the VE, as well as the distance between 
markers. However, such an approach does not view the trail within the context of the 
environment. The use of qualitative measures is likely to more suitable. The proposed 
approach to evaluating trail quality is based on modified criteria set by Parks Canada 
[11]. Modifications to the guidelines were required to due to physical requirements in 
the real world that are not applicable in virtual worlds, such as soil erosion. For this 
study, the virtual trails were evaluated on the following: marker placement (hard to 
spot, easy to spot), frequency of markers (too many, too few, appropriate number), 
length of trail (too long, not long enough), location of interest (e.g. start, finish, deliv-
ery location) indicated and overall impression of the trail quality. Graduate and  
Faculty members of the Use-IT lab were asked to independently review the created 
trails and evaluate the trails on a 5-point Likert scale based on a set of heuristics. One 
example of a heuristic is; “are the markers positioned in the environment so that  
the markers are easy to identify?” If all the markers are easy to identify, then the  
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participant may receive a high score (around 5 on the scale) for the trail, whereas 
markers that are poorly positioned will result in a low score (around 1 on the scale). 
Averaging the ratings across the reviewers will contribute to an overall measure of the 
path quality.  

Usability Measures 
In addition to the task metrics an important source of data for evaluating interface 
design is user preference data captured through subjective questionnaires. The ques-
tionnaires were based on a 5-point Likert Scale, where 1 represents “strongly  
disagree” and 5 represents “strongly agree”. For example, a question asks the partici-
pant to rate the usefulness of each tool provided. Participants were also asked to rate 
the overall interface. Space was provided for the student to add additional feedback.  

Accumulated observational data, from the “think aloud” protocol and recorded  
observations during the trials provided additional insight into the effectiveness and 
usability of the components of the interface designs.  

3.5   Results 

The results of the pre-task mental rotation test were analyzed to determine if there 
were any differences in spatial ability between the genders. A T-Test comparing 
scores on the mental rotation task found no significant difference (p >.05) between  
the genders. 

To determine trail quality four graduate members of the Use-IT lab (2 male, 2  
female) received an hour-long training session involving a description of the trail 
quality metrics and practiced evaluating trails to ensure consistency. Trail evaluators 
then independently assessed all the trails in a random order. The final trail quality 
score was the average of individual evaluators scores.  

A repeated measures analysis of variance (ANOVA) design was used to analysis 
the time spent trailblazing, distance traveled, and trail quality score, with factors  
being, Gender (2; male, female) X Interface (2;minmum, default) and spatial score as 
the covariate. 

Analysis of the time and trail quality found no significant (p >.05) main effects or 
interactions. There was a significant interaction between gender and interface on the 
distance traveled while trailblazing, [F(1,9) = 8.30, p <.05]. On average, females trav-
eled further (M = 37774m, SD = 14240) when using the minimum interface compared 
to the default interface (M = 23790m, SD = 10611). 

Usability data was analysed using Friedman’s test.  Results indicate that the par-
ticipants significantly,  preferred using the default interface [mean rank = 1.75; c2 (1, 
n=12) = 6.00, p <.05] compared to the minimum interface [mean rank = 1.25]. Par-
ticipants also indicated that they did not like the embedded marker cameras, c2 (2, 
n=12) = 6.50, p <.05. 

4   Discussion 

The objective of this initial study was to validate the current toolset provided in the 
default VTrail interface.  In addition the study investigated the effect of providing 
additional information on trailblazing performance (minimum interface versus default 
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interface). Due to known differences, gender and spatial ability were included as co-
variates to gain insight on the impact of individual differences on interface design.  

Some interface components were viewed as critical, such as the compass and mini-
map. However, the features that participants responded to positively require further 
development. For example, the compass was provided in a strictly digital display, and 
a participant mentioned a preference of having a combined traditional dial compass 
for a relative sense of direction and digital information for improved accuracy. In ad-
dition, the marker camera feature was considered to provide of little or no support. 
While being able to view a location prior to teleporting reduces disorientation [12] the 
ability to teleport was not provide in this study and so this feature had limited use. 
However, other applications may allow users to jump between locations and so future 
VTrail interfaces may incorporate this feature that can then be customized to the 
needs of the specific application.  

Participant feedback also led to some design considerations for the next version of 
the interface. The current interface provided users with a single type of trail markers 
to simplify the controls. However, participants expressed an interest in having another 
marker, one for conveying directional information, and another for marking important 
locations.    

Previous studies [13], [14] reported that participants failed to create trails when 
asked to simply manually drop the markers. However in this study all the participants 
made use of the markers to create trails. The difference may be due to the fact that the 
primary task in this study was the creation of the trail whereas trailblazing was a sec-
ondary task in the previous studies. This suggests that users are capable of producing 
trails which may be more meaningful than a trail generated automatically based on an 
individual’s travel history. However, based on trail quality results there is room for 
significant improvement to the quality of the trails generate, which can be achieved 
through improved awareness of the concept of trailblazing and further improvements 
to trailblazing support tools. 

Despite the lack of difference in spatial ability, females tended to travel further 
when using the minimum interface compared to using the default interface. This  
suggests that providing additional information improves female performance on a 
trailblazing task, while males may achieve little performance gains from enhanced 
information on basic trailblazing tasks. Since the gender difference disappears when 
provided with additional support, this suggests that there is no need to consider the 
need for different interface designs for the different genders.  

The small number of participants used in the study may be viewed as a limitation, 
particularly with a lack of significant results. However, this study is primarily a  
preliminary a design activity to determine interface design guidelines for the VTrail 
system. Similar to heuristic evaluation [15], individually participant feedback is in-
complete, but the aggregated data of the 12 participants provided enough information 
to move forward with the next design cycle.  

5   Conclusion 

Initial results are encouraging and provide insight for the direction for future studies. 
Tools included in the original design have been identified as not useful and removed 
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in the next design. Furthermore, feedback from the users has resulted in the inclusion 
of additional VTrail modifications such as the use of multiple trail marker types.  
Finally, this study demonstrated that providing additional information to the trail-
blazer did not overload or hinder the performance on the trailblazing task. While the 
trails generated from trailblazing with the VTrail interface were not better than the 
trails with the minimum interface, this may be due to the participant’s lack of trail-
blazing experience.Further modifications to the trail quality heuristics may also be 
necessary in future studies. Feedback provided by participants will be reviewed and 
incorporated into the next version of the VTrail trailblazing interface.  

The efforts of this research are directed towards the design of the VTrail Tool to 
aid in the generation of trails in virtual training environments. However, due to the 
lack of understanding on how to support trailblazing, this study and the others that 
follow will be setting the foundations for the understanding of trailblazing in the  
current known and future unknown environments.  
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