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ABSTRACT

In this study, we experimentally evaluated the effectiveness of using a spectacle-type wearable display (SWD) to
enhance safety and efficiency.  Particularly,  we aimed to understand whether the use of SWDs instead of small
monitors in medicine or aviation will improve task accuracy and efficiency and to what extent. Specifically, we
applied an SWD for operating an object while watching an image displayed on the monitor, and we investigated the
effect of using SWDs as an alternative to small monitors via simulation experiments. We focused on efficiency and
safety, and found that safety improved by 24% and efficiency by 8%–29%. The effectiveness of the SWD is larger
in case where the position of the small monitor makes operating the object difficult. 
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INTRODUCTION

Spectacle-type wearable displays (SWDs) are expected to see considerable market growth. The diversification of
SWDs depending on the application is also expected. In particular, SWDs that do not block the field of view of the
user and overlay information are expected to find use in many applications related to work assistant. Introduction of
SWDs to inspection and preparation activities is expected and the verification of their use has been carried out via
simulation experiments (Nakanishi et al.,  2003, 2005) (Yamazaki et al.,  2013).  An SWD enables users to have
access to information when they need it. For example, in assembly lines and wiring work, the use of an SWD allows
the user to access instruction manuals and procedures, thus avoiding the need to use conventional paper media and
stationary terminals (Caudell et al., 1992) (Nakano et al., 2006) (Nakanishi et al., 2008). In the aviation and medical
fields, where safety is paramount, the application of SWDs has been proposed (Andrei et al., 1996) but no specific
verification results or discussion of benefits exist (Muramatsu et al., 2008). With the introduction of the element of
human interface, the degree of difficulty increases and the lack or delay in such studies is attributed to the higher
safety and performance requirements in the medical and aviation fields. However, significant improvement in the
hardware and changes in the business environment in the medical or aviation industry are making introduction of
SWDs possible.

In this study, we experimentally evaluate the effectiveness of using SWDs in medicine and aviation in order to
enhance safety and efficiency. Particularly, we aim to understand whether using an SWD will improve the accuracy
and efficiency of the work done otherwise.
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METHOD 

Experimental Tasks

We simulated performing an operation while obtaining video information for parts that cannot be directly viewed.
We used images viewed from above a labyrinth formed by two parallel walls (Figure 1) as the actual field of view;
the  operation  was  simulated  on  a  23  inch  display  (Diamond  Crysta  RDT 23IWM,  MITSUBISHI,  28°34′5″  ×
16°17′55″).  In addition, we used images viewed laterally on a portable 7 inch monitor (HM-TL7T, Hanwha Q
CELLS Japan, 17°37′17″ × 9°56′ 39″) (Figure 2). The starting point of the route is shown in red and the end point in
blue. Bending points, shown in green and that could be seen in the real field of view, were placed between the
starting and end points. Furthermore, virtual irregularities were placed along the route, which could be seen in the
portable monitor. There were five checkpoints indicated by yellow in the middle of the route and they could also be
seen in the portable monitor. The task was to move the operating element from the starting to the end point without
touching the floor and the walls, while checking successively the image in the portable monitor and the real field
image. However, it was required to touch all the checkpoints. The image displayed on the portable monitor was the
section from one bending point to the next, and we could switch to the image of the next section by touching the
bending point. The operating element was controlled by a three-dimensional input device (Phantom Omni, 3 D, Inc.
Figure 3).  When the operating element  touched the floor or the walls,  the three-dimensional  input  device was
programmed to present a reaction force, which was experienced physically by the subjects.

Figure 1. Example of the simulated video of the actual field of view
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Figure 2. Example of the presentation image of the SWD or monitor

Figure 3. Three-dimensional input device

Experimental conditions 

For  the  aforementioned  tasks,  the  following  experimental  conditions  were  set  in  order  to  examine  how  the
performance of the subject changes when we replace the portable monitor with the SWD. In Case 1, the portable
monitor was positioned in front but slightly off the subject's eyes, opposite to the real field of view image (Figure 4).
In Case 2, the portable monitor was positioned in such a manner that the subject must move his/her head to view it
(Figure 5). In both cases, the distance of vision to the portable monitor was the same (50 cm). In Case 3, the image
shown on the portable monitor was also shown on an SWD of a monocular see-through-type terminal (Air Scouter,
Brother Industries, Ltd.). The use of SWD allows the subject to view the see-through-type terminal image (17°37′ ×
9°56′) of the equivalent 7 inch monitor at the viewing distance of 50 cm (Figure 6). 
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Figure 4. Condition where the monitor is positioned in front of user’s eye        

Figure 5. Condition where the monitor is positioned on the left side
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Figure 6. SWD image in the real field of view

Participants 

The subjects were 24 male and female adults (average age 21.92 years, SD 0.86 years) with no vision problems. We
established the dominant eye of the subjects in advance by the hole-in-card test. The subjects wore the SWD on the
dominant eye. We also installed the portable monitor in front and on the side of the field of view.

Experimental Procedure

Figure 7 shows the experimental procedure. After the subjects received training for the task, they practiced by using
the route. After we confirmed that the subjects could perform the task, the subjects performed the task five times
under the previously mentioned experimental conditions. In addition, efforts were taken to offset the order effect of
the three conditions. In all cases, the subjects first followed straight routes without bending points (Figure 8) and
then followed routes with bending points four times. In addition, we unified the distance from start to end and the
number of bending points, and we changed the location of the checkpoints and bending pattern each time making the
route followed by the subjects different.

Figure 7. Experimental procedure 
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Figure 8. Image of the actual field of view without a bending point

Experimental Environment

The subjects sat in front of the 23-inch display, which showed the actual field of view image, and operated the three-
dimensional input device manually. Then, we adjusted the height of the chair to bring the line of sight of the subject
at the center of the 23-inch display. The average interior luminance was 3.22 lx during the experiment.

Ethics

We obtained the informed consent of the participants and we encrypted the data.

DATA ANALYSIS

We analyzed the subjects’ performance to obtain a measure of the efficiency and safety in using SWD. We
treated  the  time  needed  to  end  the  task  as  an  indicator  of  efficiency,  and  the  number  of  times  the  subjects
accidentally touched the floor or walls as an indicator of safety. In addition, we standardized the task performance
because we anticipated differences owing to the individual subjects. The standardization was carried out separately
for each condition of route without bending points and route with bending points.

: integrated value for each task performance and all conditions experienced by each subject

: average integrated value for each task performance and all conditions experienced by each subject

: standard deviation of the integrated value for one subject

: Z-score 

RESULTS

Task performance and efficiency 

Figure 9 shows the time required for completing the route without bending points, which is the first task for each
condition. Figure 10 shows the time required for completing the routes with bending points, which were second to
fifth tasks for each condition. In addition, the index value is the value after the aforementioned normalization is
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completed. The time required for performing the task when the portable monitor was placed in front and when using
the SWD was significantly shorter than when the monitor was placed at the left side. When we compared cases 1
and 3, we confirmed the reduction in time for case 3 for routes with bending points, whereas there was no significant
difference between them for routes without bending points. It was more difficult to alternate between the portable
monitor  and the actual  view for  routes  with bending  points  than for  routes  without  bending points.  When we
compared the use of the SWD and the portable monitor in front, we found no significant difference; however, tasks
that require frequent alternating of views were affected. 

For routes with bending points, the time required for case 3 is 92% of the time needed for case 1 and 79% of the
time for case 2. For routes without bending points, the time required for case 3 is 71% of the time needed for case 2.

Figure 9. Time required for each condition (route without bending points)
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Figure 10. Time required for each condition (route with bending points)

Task performance and safety

Figure 11 shows the number of times the floor or walls were touched for routes without
bending points. Figure 12 shows the number of times the floor or walls were touched for
routes with bending points. The index value is the value after normalization. No difference
was seen between the routes without bending points; however, the number of contacts for
case 3 was significantly lower than case 2 for routes with bending points. Therefore, when
the portable monitor is positioned away from the objects of vision, the subjects were forced
to frequently change views. Thus, we suggest that the errors will decrease by introducing
the spectacle-type terminal.

For routes with bending points, the number of contacts for case 3 is 76% of the number for
case 2.

Figure 11. Task accuracy for each condition (route without bending points)
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Figure 12. Task accuracy for each condition (route with bending points)

DISCUSSION

We expect increase in efficiency and safety when an SWD is introduced in situations where the monitor is placed
away from the object of vision and for tasks that require frequent changes of view. For tasks that do not require
frequent view changes, as long as the portable monitor is close to the objects of vision, we found that the SWD is
not  necessary.  The results  suggest  the following for  medical  or aviation applications.  First,  we expect  that  the
introduction of  a  spectacle-type  terminal  will  result  in  24% improvement  in  safety and  8%–29% in efficiency
relative to conventional methods. The introduction of such new devices incurs costs; hence the data will be useful
for evaluating the cost-effectiveness. In the case of using a portable monitor, the position never affects the safety and
efficiency when using an SWD. 

CONCLUSIONS

In this study, we aimed to study the task of operating an object while watching an image on a monitor and we
investigated  the  use of  SWDs as  an  alternative  to  small  monitors  via  simulation  experiments.  We focused  on
efficiency and safety, and concluded that safety improves by 24% and efficiency by 8%–29% compared with the
conventional  methods.  The  effectiveness  of  the  device  is  larger  when  the  small  monitor  is  not  positioned  at
favorable locations.

To date, the introduction of SWDs in the medical or aviation field has not been considered as much as factories, for
example, but the results suggest that this is an effective method for increasing the efficiency and safety, and will
help decision-making in real life. Despite the difficulties, we anticipate that the use of such devices in the medical or
aviation field will increase in the future. 
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