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Abstract. Virtual Reality (VR) is becoming a tool that is more often used in
various types of activities, including rehabilitation. However, studies using VR
rehabilitation mainly focus on comparing the performances of participants, but
not their opinions. In this paper, we present a virtual version of the Box and
Blocks Test. We also present the results of a pilot study where participants
completed a physical version of the Box and Blocks Test and the virtual version,
comparing their scores and opinions. We also compare how the participants
viewed the passage of time while performing both versions as a way to see how
engaged they were during the task.
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1 Introduction

The onset of low-cost, off-the-shelf sensing equipment, such as the Leap Motion [1],
have made Virtual Reality (VR) more easily accessible to everyone. It has also
expanded the use of VR and virtual environments into many different fields, such as
driving simulations, cooking, vocational training, and rehabilitation [2–5]. When VR is
used in rehabilitation, exercise programs can provide more interesting and engaging
tasks, causing patients to perform better and recover quicker than traditional rehabili-
tation [6]. Research has shown that therapists would use certain types of VR tech-
nology in a home environment without their presence, creating a form of
tele-rehabilitation [5].

However, with this advent of VR rehabilitation, would people want to perform a VR
version of exercises and tasks, or would they rather do the traditional physical version
Also, other questions can be asked too, such as which version do people find more fun,
more frustrating, or which would they rather do again? This paper aims to answer these
questions by presenting a virtual version of an Occupational Therapy assessment task
called the Box and Blocks Test using the Leap Motion. This virtual version was then
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compared to the tangible and traditional physical version by having participants perform
both tasks and recording their performance. We will also compare how participants
perceive the passage of time to see which version they were more engaged by. Lastly,
we will compare their subjective opinions of the participants to see which version they
prefer and why, as well as their overall opinions of the technology being developed.

2 Background

The Box and Blocks Test is an assessment used in Occupational Therapy used to
evaluate gross manual dexterity [7]. This is done by having a participant sit in front of a
box with a partition in the middle, and having them move blocks from one side to the
other. The goal is to move as many blocks as the participant can in a one minute time
period. Blocks can only be moved one at a time. The test is at first uses only the
participant’s dominant or non-affected (for people with disabilities) hand, moving
blocks from the same side as the dominant hand to the other. The participant get a point
for each block they move over. Carrying multiple blocks over at once only counts as
one point. If the hand does not completely cross the partition (i.e. the block is thrown
over), that block is not counted towards the score. If a block bounces out of the box and
lands on the table or the floor, that block is still counted and the participant does not
have to pick it up. After one minute has passed, the blocks are counted and the test is
reset to be repeated with the person’s non-dominant or affected hand.

The assessment of activity engagement can be done by simply asking participants
to what degree they enjoyed the activity; however this can create expectation demand
which bias the participants’ self-reports. To avoid these demand characteristics, more
indirect means of assessing engagement is required. A relatively simple way of indi-
rectly assessing engagement is through the assessment of perceived time while per-
forming a task.

Characterized by the idiom “time flies when you are having fun,” research has
shown that being exposed to engaging positive activities or stimuli results in indi-
viduals underestimate the amount of time that has passed, while individuals tend to
overestimate time passing when under negative conditions [8–10]. In practical terms,
being exposed to positive stimuli such as pictures of desserts or pleasurable tactile
stimulation [11] result in an underestimation of exposure time. Factors such as pain
[12] and fear [13] have been associated with an overestimations of the time passed.

3 Related Work

Using VR has been shown to have many strengths when applying it to rehabilitation, as
it provides stimulus control, consistency, and real-time performance feedback. VR also
allows the adaptation to a patient’s abilities, and the ability to distract and motivate a
patient [14]. In fact, VR can be used for patients of all ages, helping adults regain the
ability to perform activities of daily living [15] to children with Cerebral Palsy to
improve motor performance [16]. The Leap Motion has been evaluated for game based
therapy. Clinicians and therapists have shown positive feedback when viewing the
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Leap Motion’s use for therapy [17], and that it has the potential to be used in a home
environment with younger users [5].

The Box and Blocks Test has been used in many stages of studies that involves VR
rehabilitation, such as evaluation of VR tasks or even being the task performed. The
performance of people performing VR tasks and games created is correlated to the
scores of that same person performing the Box and Blocks Test [15]. The scores from
the Box and Blocks Test are also used as inclusion and exclusion from studies that
involve VR games as well [18]. There have been versions of the Box and Blocks Test
created in a virtual environment using both a Wii and a Kinect [19, 20]. However, these
two studies only showed the performance between the different versions, and did not
consider the opinions of the participants performing the task.

Not surprising, video and computer games have also demonstrated distortions in
perceived time passing while engaged. For example, when time performing the
activities were the same, the perceived time playing a video game was shorter than
reading on a computer [21]. Additionally, in a comparison of expert and novice gamers,
expert gamers perceived time as passing more quickly than novices after 30 and 60 min
of play. While initially novice gamers perceived time as going slower while they were
learning the game after 90 min they had similar time experiences as experts as their
experience increased [22].

4 Experimental Setup and Procedure

For this experiment, we had participants perform two different versions of the Box and
Blocks Test. The first version was a traditional version that could be touched. The
second version was a virtual version done on a computer, lacking any tactile feedback.
All participants participating in this pilot study were from a healthy general student
population. The rest of this section will describe the two different versions followed by
the experimental procedure.

4.1 Physical Version

The physical version used in the study was 3D printed. The goal with the physical
version of the test was simply to recreate the size and shape of the original test. The box
has a partition dividing it in half with all of the blocks on one side, where the subject
was asked to move all blocks from one side of the partition to the other in one minute [7].
The goal was to see their ability to reach and grab the blocks, and quickly move them
over the partition to drop them into the other side. The physical setup used for this
experiment is shown below in Fig. 1 Left. The box and blocks were designed using
SolidWorks CAD software, and printed using Makerbot Replicator 2 and Polyprinter
229 3D printers. The reason for this design was centered around some physical goals for
the equipment.

Firstly, it was desired that the physical version be mobile, and easy transport to the
different subjects in the test. Thus, it was decided that rather than making the box
and blocks out of wood, which would be heavy, plastic puzzle pieces would be light,
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and easy to place into a box for easy transportation. Additionally, if any piece of the
box broke, a repair would be easy, requiring only that the broken part be reprinted and
then the experiment could easily continue. Thus, this design was more mobile and
robust, allowing the experiment to be performed accurately on a continuous basis. In
order to accomplish this, the parts needed to be designed using dovetails for a
“puzzle-piece” fitting process. This allowed the parts to be easily printed, easy to
assemble, and easy to transport.

4.2 Virtual Version

A virtual version of the Box and Blocks test was developed using the Unity Game
Engine [23], which can be seen in Fig. 1 Right. All components were developed to be a
scale model of the physical version in comparison to the size of a virtual hand. This
allowed the virtual version to be an accurate recreation of the physical version and
would require participants to perform the exact same actions to complete the Box and
Blocks Test. This virtual environment was displayed on a computer monitor.

A Leap Motion was used to capture the motion of the hand. Grabbing the blocks in
the virtual world is done in a similar fashion to that of the physical version. When a
participant’s fingers were near a block and then brought their fingers close together in a
pinching fashion, a block was bound to the participant’s thumb on their virtual hand.
When they moved their fingers apart, the block would be released from the thumb and
fall from the hand. This prevented multiple blocks to be picked up at once. The physics
model for the hand was turned off to make it easier for the participant to move their
virtual hand and pick up blocks without causing other blocks to fly around the envi-
ronment. The score was automatically tracked and increased each time a block was
placed in or fell into the other side of the box.

For gameplay, timers were implemented for the fifteen second practice and the sixty
second full sessions that turn off sensor input upon completion. During the full session,
the data from the Leap Motion is recorded so that it can be analyzed later and turned
into a report for therapists. These data points include, but not limited to, the wrist
position, palm position, fingertip positions, and joint angles.

Fig. 1. (Left) Physical version that was 3D printed. (Right) Virtual version that was created in
Unity using the Leap Motion.

6 S.N. Gieser et al.



4.3 Experimental Procedure

Twelve participants took part in this pilot study. After obtaining consent, the partici-
pants were given a survey asking the following questions:

• Demographic questions, such as age, gender, and ethnicity
• Have you had any experience playing video games? Significant/Some/No Experience
• Have you had any experience with virtual reality? Significant/Some/No Experience

Then, the concept of the Box and Blocks Test was described to the participants.
Afterwards, the participants performed both the physical and virtual versions in one
minute and five minute formats. The order of the tasks were complete were balanced in
order to not show any bias towards a certain version. The order of tasks can been seen
in Table 1.

Both the one minute physical and virtual versions were similar to the original
procedure [24], with the physical being exact, and the virtual having minor modifi-
cations. The one minute tasks consisted of an optional practice period followed by the
actual test. The practice period for the physical version followed the standard rules of
fifteen seconds. The virtual version’s practice period did not have a time limit, but
lasted until the participants had a firm understanding of how to pick up blocks in the
virtual world. After the practice period, the participants than performed the Box and
Blocks Test with both hands with both versions. The participants’ score was recorded
after each one-minute tasks.

After the one-minute tasks, the participants were given another survey to see what
their opinions were of the two different versions. The questions can be seen in Table 5
in Sect. 5, along with the results of the survey.

Once the survey was completed, the participants were then asked to do a five
minute version of both the virtual and the physical tasks. If they ran out of blocks on
one side of the box, the participants started moving blocks back to the other side
without changing hands. The participants were not told when five minutes were over,
but were told to stop whenever they felt five minutes have passed. All other rules of the
one minute version still applied to the five minute version. The five minute tasks were
performed with both hands. The scores and the elapsed time since the start of the task
till the participants stopped were recorded.

Table 1. Order of tasks completed by participants

Participant number Task 1 Task 2 Task 3 Task 4

1, 5, 9 Physical
One-Minute

Virtual
One-Minute

Physical
Five-Minute

Virtual
Five-Minute

2, 6, 10 Virtual
One-Minute

Physical
One-Minute

Physical
Five-Minute

Virtual
Five-Minute

3, 7, 11 Physical
One-Minute

Virtual
One-Minute

Virtual
Five-Minute

Physical
Five-Minute

4, 8, 12 Virtual
One-Minute

Physical
One-Minute

Virtual
Five-Minute

Physical
Five-Minute
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A short video explaining the procedure and technology used can be seen here:
https://youtu.be/ej5ZQBTGDWU.

5 Analysis and Discussion

Below, in Table 2 is the demographic information of the student population that par-
ticipated in this study. The rest of this section will detail the rest of the results obtained.

5.1 Experience with Video Games and VR

Experience with video games and virtual reality was assessed on a three point
self-report measure: No Experience, Some Experience, and Significant Experience.
Though this was a very crude evaluation tool, it does allow students to easily classify
their experience.

As shown in Table 3, there was a fair amount of variability in the response of the
students with only one student reporting “Significant Experience” with virtual reality.

To improve the interpretability of the results, scores were coded: No Experi-
ence = 0, Some Experience = 1, and Significant Experience = 2. The two scales were
summed. Students were then split into two groups, Low Experience (scores of 0 or 1,
N = 5) and High Experience (scores greater than 1, N = 7).

Table 2. Demographic information of student participants

Population characteristics Number of participants Percentage

Male 9 75 %
Age
18– 24 6 50 %
25– 34 4 33 %
35– 44 2 17 %
Ethnic or racial minority 3 25 %
Bacherlors Degree or Higher 6 50 %
Right Handed 10 83 %

Table 3. Participants experience with video games and virtual reality

Level of experience Number of participants Percentage

Video Game Experience
No Experience 3 25 %
Some Experience 3 25 %
Significant Experience 6 50 %
Virtual Reality Experience
No Experience 5 42 %
Some Experience 6 50 %
Significant Experience 1 8 %
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5.2 Comparison of Scores on Physical and VR Tasks

As expected, students scored higher,, in the physical task compared to the virtual task,
as seen in Table 4. At the one minute mark using the dominant hand, students phys-
ically moved 53.6 (sd = 7.1) blocks compare to 19.3 (sd = 5.0) moved through the
computer interface. The results on the non-dominant had were very similar with 55.7
(sd = 6.7) moved in the physical task and 19.5 (s.d = 5.1) moved in the computer task.
Paired comparisons between modalities were significantly different (p < .001).

Overall the it appeared that experience with video games and VR was associated
superior ability to perform the computer task as the level of video game/VR experience
was positively correlated with total blocks moved in the computer task, r = .834, but
not in the physical task, r = .101. Contrary to expectations, the association between the
total moved with both hands was insignificant p > .5.

5.3 Time Perception

Students, when asked to stop when they perceived five minutes had passed, spent
approximately the same amount of time on the each modality. Total time spent of both
dominant and non-dominant hands were 545 s (sd = 204) for the physical task and 536
(sd = 227) for the computer task, p > .5.

When the analysis was done between Low and High Experience students, there was
a significant difference in the time spent performing the computer task. Those with
High Experience performed the task for 427 s (sd = 169) compared to the Low
Experience students who performed the task for 689 s (sd = 223), 2 min more.

Table 4. Number of blocks moved by each participant

Participant number Physical Virtual
Right Left Right Left

1 44 48 26 21
2 55 57 24 25
3 58 50 27 28
4 49 46 21 17
5 62 61 16 24
6 56 69 20 21
7 58 52 12 12
8 60 55 13 14
9 63 60 20 13
10 45 46 20 18
11 45 51 21 15
12 59 62 15 24
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5.4 Student’s Subjective Experience

The subjective experiences of the students were evaluated. Table 5 presents the
questions asked and the preferences of the students. As can be seen, the physical task
was viewed as easier and less frustrating by the majority of students. Of note, the
majority of students felt that technologies like the one used here should be developed to
improve rehabilitation and would recommend this type of system to a family member.

One interesting finding was that the subjective ratings appear, in part, related to the
amount of experience the student had in video games/VR. In the item “Which version
was more fun?” zero (0 %) of students in with Low Experience felt the virtual task was
more ‘fun’; this is significantly lower than the High Experience students where four
(57 %) reported the virtual task was more fun, X2(2, N = 7) = 8.6; p = .004).

There were two common comments that were received by the participants about
why the virtual version was harder and more frustrating. The first was that it was very
difficult to grab the blocks at times in the virtual version. The second was that it was
sometimes hard to perceive where the fingers were and what block you would be
picking up.

Table 5. Subjective comparison of physical and virtual based tasks

Physical Computer No preference
n % n % n %

Which version was more fun? 6 50 % 4 33 % 2 17 %
Which version was more frustrating? 0 0 % 10 83 % 2 16 %
Which version was more stressful? 3 25 % 6 50 % 3 25 %
Which version make you more tired or
worn out?

5 42 % 5 42 % 2 17 %

Which version required more work? 2 17 % 9 75 % 1 8 %
Which version would you rather do
again?

7 58 % 3 25 % 2 17 %

Ratings on 1–10 with 10 being the highest Average SD
How useful do you think the tehcnology would be in assisting in
rehabilitation?

7.1 2.1

If you were asked to use this type of technology for rehabilitation at
home, how likely would you use it?

7.2 2.1

How strongly do you feel these types of technologies should be
developed?

9.4 0.9

Would you recommend a friend or family member to use this technolgoy
in their rehabilitation?

N %

Yes 9 75 %
No 0 0 %
No Opinion 3 25 %
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6 Conclusions

In this paper, we have presented a virtual version of the Box and Blocks Test. We
compared the scores and opinions of student volunteers who performed both the
physical and virtual versions of the test. We showed that the amount of experience with
video games and VR was positively correlated with their performance of the virtual
task. We also compared their time perception during the two different tasks, showing
that students with less video game and VR experience perceive time going slower than
students with more experience. Lastly we showed that students, even though they
found the virtual version more frustrating, would rather do that version again instead of
the physical version. Also students with more VR experience found the virtual activity
more fun than students with less experience.

7 Future Work

Future plans for this work include conducting a clinical versions of this study to get the
opinions of patients who are actually undergoing therapy and whether they would want
to use VR technologies or not. The target populations for future studies could include
patients who are post-stroke, have significant hand pain due to arthritis, or children with
cerebral palsy. Besides just gathering their opinions of the technology and comparing
the performances between the two versions, we would also be comparing their pain
levels between the two versions to see if patients feel less pain performing the virtual
version.

We also plan to develop analysis tools to process the data obtained by Leap Motion
during the one and five minute sessions. The data and results will be presented in a user
interface designed for therapists. We will meet with therapists and discuss the data that
is collected and how to visualize the data in a way that is useful to them.

Lastly, we will improve the ability for the person to interact with the virtual
environment, mainly the ability to grasp blocks. There are two possible solutions being
considered. The first is to improve how the game interprets the pinching motion of the
hand while picking up the blocks. The second is to either change sensors or include
other sensors to get a more accurate reading of the hand, fingers, and joints.
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