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Abstract-Virtual environments permit the creation of rehabilitation settings that help prepare clients for subsequent real world 

functional activities. Many questions remain regarding the optimal presentation of the environment, one being how manipulation of 

target position and viewing angle or perspective can affect functional reaching performance. Using twenty healthy young adults 

(24.7+3.0), this study examined the effect on functional arm reaching by manipulating these factors in a first person 3D virtual 

hallway. Their goal was to touch a blue pyramidal target without stepping or overbalancing. The target was randomly positioned 

either directly in front of the participant or offset 10
0
 to either side with randomly assigned viewing angles of 10

0
, 45

0
, and 90

0
. 

Movement was recorded using an Xbox Kinect Motion Sensor. Outcome measures of endpoint error, peak velocity, and index of 

curvature were calculated. Manipulating the viewing angles had no significant impact on peak velocity, endpoint error, or directness 

of path to the target. Target positions that required contralateral reaching across the midline of the body increased peak velocities 

and had a less direct path to the target. Results suggest that for healthy adults, the viewing angle is not a limiting factor in reaching 

to a target. However, more research is needed to test this in participants with sensorimotor deficits. In our healthy population, 

reaching across the midline of the body in a 3D environment affects reaching pathway and peak velocity, and knowing this will be 

helpful in further developing virtual rehabilitation activities. 
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I. INTRODUCTION 

Virtual reality (VR) environments are computerized simulations that offer opportunities to experience a multitude of 

sensory rich environments via controllers, gloves, motion sensors, head-mounted displays, accelerometers, and video capture 

technology. There is considerable interest in their use for many aspects of health and wellness care, including activity 

promotion, evaluation, and rehabilitation [1-3]. One particularly appealing aspect is the possibility of offering safe 

rehabilitation gaming for individuals with multiple sensorimotor and cognitive deficits. 

Virtual environment (VE) platforms have been used with a variety of populations, including those with a range of 

pathologies, phobias, and increased risk of fall [4]. It is suggested that VR can provide an environment for task practice that 

facilitates motor learning and neuroplastic changes in sensorimotor areas of the brain [5]. One review [4] documented the 

success and safety of VR treatments for patients with medical histories of stroke, traumatic brain injury, spinal cord injury, and 

cerebral palsy. VR has the ability to offer a protected and engaging environment for motor re-education. For example, a person 

with limitations in reaching may report difficulties with multiple daily activities such as gardening, shopping, self-care, or 

using a computer [6-8]. Studies of using VR for upper extremity rehabilitation have concluded that the virtual activities were 

comparable to conventional physical therapy for addressing some upper extremity dysfunctions [9]. 

Because VR is becoming an acceptable part of activity and therapy programs, it becomes important to examine affordable 

off-the-shelf options designed by companies such as Nintendo, Sony, and Microsoft as being suitable for therapeutic purposes. 

Dutta [10] focused attention on the Microsoft Xbox Kinect sensor, a portable 3D system that captures and responds to 

movement gestures and voice commands, for the reason that it can be integrated with VR systems outside of its associated 

gaming console. To accomplish this, the system uses an infrared laser projector and infrared camera to measure depth, which 

allows the Kinect to create 3D maps of viewed objects by measuring deformity in a speckle pattern on surfaces. Some [10, 11] 

have concluded that because of its operating accuracy, the Kinect would be a viable, inexpensive device to use in clinics or 

research settings. However, there are potential concerns due to its inability to fully sense dark colors, reflective surfaces, or 

assess rotation movements of joints. Instead it focuses more on flexion/extension and abduction/adduction extremity motions. 

Aside from the potential of the Kinect or other such systems, the creation and integration of customizable virtual 

environments can be complicated and expensive. Research in this area has consistently noted that more studies need to be 

conducted to demonstrate functional improvement and show how manipulation of sensory, auditory, and haptic feedback may 
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affect these functional gains. Other considerations for developers and users to study are costs, accuracy of outcome 

measurements, interface limitations, and prevention of adverse effects such as motion sickness [4, 5]. 

While studies document possible health benefits from VR, questions remain as to how manipulating VE variables can 

affect performance [6, 12-15]. One study examined reaching accuracy by comparing depth judgment in the real world (RW) 

and VE. It found that some aspects of VE perception could negatively affect reaching distance estimations [12]. Perception can 

be altered by manipulating the viewing angle in a variety of methods. Gardner and Mon-Williams [16] used prism glasses to 

manipulate the perception of viewing angles and object distance. They found that participants tended to underestimate 

distances when reaching for objects presented with simulated lower viewing angles, and overestimated distances when 

reaching for objects viewed with higher viewing angles. Participants in another prism glasses study [17] underestimated object 

distances as well. After removing the prisms, they consistently overestimated throwing and walking distances. 

Other studies in VR have examined characteristics of reaching. In one, a 2D VE resulted in slower, shorter, and less 

accurate upper extremity movements with reduced shoulder and elbow joint range of motion [18]. Another 3D presentation 

found decreased accuracy and range of motion [13]. 

Another study [6] found that manipulation of viewing angle in a 3D third person point of view (POV) could affect reaching 

distance during performance of open-ended pointing. Greater reaches were achieved with a viewing angle of 45.00-77.50 than 

with larger or smaller angles. This emphasizes the importance of examining the effect of manipulation of VR attributes in 

order to optimize therapeutic results. When compared to ipsilateral reaching tasks in both VR and RW situations, others [19] 

found that reaching across midline for contralateral targets resulted in lower values of movement time, peak velocity, and peak 

accelerations. It has also been found that improved reaction time, peak velocity, accuracy, and more direct movement 

trajectories are seen with ipsilateral target reaching than with contralateral reaching [20-23]. These differences were believed to 

result from participants preferring their dominant hand for ipsilateral and midline reaching, as well as for small, simple reaches 

across the midline. The non-dominant hand was preferred only when a large reach across midline would be demanded from the 

dominant hand [20-23]. 

In order to maximize benefits when using VR for health related gaming, there are many research requirements [6, 12-15]. 

Many VE considerations should be better understood to optimize beneficial effects and to determine whether practice in VR 

can generalize to RW functioning. Research has led to suggestions for further exploration on the manipulation of angles, 

personal viewpoint, visual dimensions, visual delivery equipment, and graphics resolution [4-6, 14, 15]. 

This study examines whether the manipulation of viewing angle while reaching for a target in a first person 3D VE affects 

dominant hand reaching accuracy and speed. It is measured by endpoint accuracy, peak velocity, and index of curvature. We 

also examined the effect on these parameters of target position of the participant, either directly in front of or offset to the 

ipsilateral or contralateral side. 

II. METHODS 

A. Participants 

A volunteer sample of convenience consisting of twenty healthy young adults (14 females, 6 males) with a mean age of 

24.7 ± 3.0 years was recruited for the study. Each of the individuals signed an informed consent form that was prepared in 

compliance with the Helsinki Declaration and approved by a university Institutional Review Board. Initially, individuals 

completed a Berg Balance Scale (BBS) [23] to screen out any participants at high risk of falls. All were interviewed to ensure 

that none had any cognitive or physical health complications that would limit participation or suggest they might experience 

adverse side-effects from the use of a 3D VE. 

B. Instrumentation 

The VE consisted of a rectangular room with patterned walls and floor. It was created using WorldViz software (WorldViz 

LLC, Santa Barbara, CA, USA), on a Dell Alienware M18 laptop (quad-core 2.2GHz Intel Core i7-2670QM processor), with 

computer graphics performed by the Alias’ Maya package for 3D animation (Maya®, Version 7.0.1; Autodesk, Inc., San 

Rafael, USA) and a graphics accelerator (NVIDIA GeForce GTX 560M) integrated with the Kinect Motion sensor (Microsoft, 

Inc). This system presented a virtual hallway on an 82-inch screen (1080p Mitsubishi DLP® TV bundle, RealD), which was 

viewed through Real 3D CE5 glasses. The virtual target consisted of a blue pyramid. The participant’s hand was represented in 

the VE by a virtual hand, which had a visual circle placed on the distal phalange of the middle finger (Fig. 1). 

Participants stood in front of the screen at a distance of 262cm with their dominant hand outstretched at shoulder height in 

front of them. In the virtual world, the target was created at the point where the circle on their middle finger was positioned. 

The participant performed five practice reaches to familiarize their movements in the first person 3D VE. Each reach started 

with their dominant arm resting on their xiphoid process and ended when the sphere on their virtual hand touched the target, 

causing it to disappear. The sagittal plane distance from their xiphoid process to the tip of their middle finger was measured in 

the physical world. The participant was then repositioned to stand an additional 30% away from the previous target distance. 

This distance was selected as being enough to make it a challenging reach, but not far enough to cause overbalancing which 
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meant that the reaches required trunk movement but allowed them to stay within their limits of stability [24]. Fig. 1 shows a 

participant reaching for the target after repositioning. The target could be located at the midline, which was a direct extension 

of the participant’s arm, or shifted to the left or right side of the midline. 

 

Fig. 1 Participant wearing 3D goggles and to guide the avatar hand to the target, alongside three views of the VE room  

and target with different viewing angles and offsets 

Each participant performed nine sets of five reaches, including all combinations of midline offset (ipsilateral, contralateral, 

none) and viewing angles (10º, 45º, 90º), with set order randomized. When the target was reached it disappeared with an 

audible “pop”, then reappeared five seconds later. 

C. Data Collection and Analysis 

Linear displacement of the participant’s reaching arm (hand segment) in three different planes were recorded by the Xbox 

Kinect Motion Sensor, each at a sample rate of 30 Hz. Displacements endpoint error, peak velocity, and index of curvature 

were calculated from the linear. Statistical analysis was performed with IBM SPSS version 21. Repeated measures factorial 

design ANOVA was used. Mauchly’s test was used to assess for the sphericity assumption, and where indicated degrees of 

freedom were corrected using Greenhouse-Geisser estimates. Post hoc comparisons were adjusted using Bonferroni corrections. 

III. RESULTS 

Findings are summarized in Table 1. There was a significant main effect of offset on peak velocity, measured in meters per 

second, F(1.49, 28.34) = 20.19; p < .001. There was no significant interaction between angle and offset: F(4, 76) =.82; p=.51, 

and there was not a significant effect of angle of view on peak velocity: F(2, 38) = 0.88; p = .42. Pairwise comparisons for 

offset showed a significant difference between no offset and contralateral (across body midline) offset (p = .001). There was 

also a significant difference between contralateral offset and ipsilateral (outward from the dominant side) offset (p < 0.001), 

but not between no offset and ipsilateral offset (p = .45). Peak velocity increased for all contralateral reaches regardless of 

angle of view. When compared to either no offset or contralateral offset, offset at each viewing angle showed the same pattern 

with peak velocity being significantly higher for contralateral offset. There was no significant difference between no offset and 

ipsilateral offset. 
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TABLE 1 DESCRIPTIVE STATISTICS FOR OUTCOME VARIABLES 

VE Parameter Peak Velocity Mean (SD) Index of Curvature Mean (SD) Endpoint Error Mean (SD) 

10º No Offset 1.37 (0.85) 1.46 (0.36) 0.09 (0.04) 

10º Ipsilateral Offset 1.28 (0.67) 1.83 (0.86) 0.09 (0.01) 

10º Contralateral Offset 1.92 (0.84) b,c 3.92 (3.01) b,c 0.09 (0.01) 

45º No Offset 1.42 (0.70) 1.48 (0.34) 0.09 (0.01) 

45º Ipsilateral Offset 1.24 (0.44) 1.91 (1.08) 0.09 (0.01) 

45º Contralateral Offset 2.10 (0.93)b,c 3.34 (2.39) b,c 0.09 (0.01) 

90º No Offset 1.40 (0.69) 1.46 (0.34) 0.09 (0.01) 

90º Ipsilateral Offset 1.29 (0.64) 1.92 (0.87) 0.09 (0.01) 

90º Contralateral Offset 2.26 (1.15) b,c 4.10 (2.82) b,c 0.09 (0.03) 

a N for all measures was 20. 
b Indicates significant difference from No Offset value at same angle of view. 
c Indicates significant difference from Ipsilateral Offset value at same angle of view. 

There were similar findings in regards to the effect of angle of view and offset on the index of curvature, which reflects the 

directness of the path taken to reach the target. There was a significant effect of offset on index of curvature, F(1.20, 22.70 = 

22.70, p < .001 and no significant interaction between angle and offset, F(1.71, 32.44) = .056, p = .55 or angle of view, F(1.52, 

28.90) = .46; p = .58. The index of curvature increased with any offset, indicating a less direct path to the target. Contralateral 

(inward) offset had the greatest deviation. The difference was significant between contralateral and ipsilateral offset (p < 0.001) 

and between contralateral and no offset (p = .002), but not for no offset and ipsilateral offset (p = .06). When each angle of 

view was analyzed individually, the pattern remained significant at each angle of view between inward and ipsilateral offsets 

and inward and no offsets, but not between no offset and ipsilateral offset (Table 1). 

Endpoint error results did not show a similar pattern. There was not a significant effect of angle (F(2.0, 38.0) = 0.44; p 

= .65) or offset (F(1.17, 22.31) = 0.013; p = .94) on endpoint error. There was also not a significant interaction between angle 

and offset (F(2.06, 39.16) = 0.64; p = .54). 

IV. DISCUSSION 

The present study investigated how manipulation of viewing angles and target positions with regards to body midline 

would affect selected performance variables (endpoint error, peak velocity and index of curvature) while reaching for a target 

in a 3D first person VR environment. The three viewing angles used did not significantly affect any of the outcome variables. 

However, changing the offset of the target from the body midline altered both peak velocity and accuracy of the path (index of 

curvature) used to reach the target. 

Reaching directly forward with the hand in a sagittal plane and no offset produced the most accurate path to the target, with 

index of curvature closest to the ideal. When participants reached to a target with their dominant hand and an ipsilateral offset, 

i.e. one displaced away from the body midline, the index of curvature was not significantly larger. Reaches with a contralateral 

offset, i.e. crossing the body midline, had significantly less accurate paths to the target than an ipsilateral or no offset reach. 

This effect was consistently seen across all viewing angles. 

The peak velocity of the reaches also showed a consistent pattern across all angles of view. Reaches to the contralateral 

side demonstrated the highest peak velocity and they were significantly faster than no offset and ipsilateral offset reaches. 

Endpoint error did not demonstrate a similar pattern. For with this outcome variable, there were no significant effects of 
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angle of view or offsets. 

While previous research has shown that manipulation of viewing angle can alter reach distance in a third person VR 

environment, these findings suggest that similar viewing angle alterations have no significant effect on speed or accuracy of 

reaches in a first person 3D VR environment [6]. This effect may be explained by the difference in performance of closed 

versus open-ended tasks. In the present study, the end point of reaching was predetermined and displayed as a single point (the 

peak of the pyramid) on the screen. The reach may not have been affected by changing the visual perspective as this single 

point did not have a 3D representation. By contrast, in the previous study there were multiple possible targets and the endpoint 

of the reach was selected by the participant. It is possible that in the process of target selection in that specific study, 

participants included the parameter of visual perspective in their motor planning and performance. At present these 

explanations are speculative. More work needs to be done to investigate and verify the effects in different virtual environments. 

While no difference was found regarding accuracy between no offset and ipsilateral offset, our data showed that when 

reaching toward the contralateral offset, participants tended to demonstrate less accuracy as compared to the other two offsets, 

represented by greater index of curvature. As some research has shown, one theory that could explain this difference is that 

when reaching 20º or more across the midline, those with a strong hand dominance tend to use the arm with the closest 

proximity to the object regardless of dominance, while for smaller angle reaches they tended to prefer to use the dominant hand 

[19, 25, 26]. Therefore, when asked to reach to the left, participants preferred to reach with the left hand even if their dominant 

hand was right. Our participants were required to reach with their dominant hand rather than their preferred, and as our offset 

was smaller than 20º, the requirement of using the dominant hand may explain reaching differences for those crossing the 

midline. This is also consistent with a general pattern of research which has found that visually controlled ipsilateral reaches 

are more accurate in their path to the target than contralateral, and that people strive for accurate movements whenever 

possible in the interests of efficiency [27, 28]. 

Complexity of the action required also influences hand preference and kinematics. Individuals are more likely to use the 

dominant arm, even for contralateral tasks, when task complexity increases [21]. When forced to make reaches contralaterally, 

accuracy is then diminished [25]. In comparison, we provided a simple task of reaching to touch a target, but they could only 

use their dominant arm. These studies suggest that in both real and virtual worlds, if our participants were able to choose their 

preferred arm they might have shown better accuracy. 

Our results showed that when participants reached across midline, peak velocity increased. This result is contrary to other 

research [18, 29] which indicated contralateral reaching has slower peak velocity, suggesting that peak velocity decreases with 

across midline reaching. One of these studies [18] compared this in both real and virtual environments, both with similar 

findings. However, in that study researchers noted that there were considerable individual differences. Other possibilities for 

differences between our findings and others’ may relate to participant positioning and the size of the offset. Our participants 

reached from a standing position rather than sitting, and we used a small offset of approximately 10 degrees. Again, these are 

speculative explanations and more investigation is needed. Similar observations have been reported earlier by Gillette and 

Abbas [30]. Participants in their study performed standing reaches either to the left, right, or center. Although participants 

reported reaching to the contralateral side to be their least preferred, the reaches made to the left by the right-handed 

participants (across the body midline) were able to cover greater distances than reaches to the right or center. The author 

explained this phenomenon by trunk and shoulder rotation and other joint segment movements, which turned the shoulder 

closer to the target. In our study, trunk rotation while reaching across the midline could have added momentum and increased 

velocity of the simple reach to touch the target we used. This may not have been required for the ipsilateral targets. There are 

also differences in movement strategies between reaching to manipulate or grasp and reaching for maximal distance or to touch 

a target [28], but more investigation is needed to determine the explanation. 

V. LIMITATIONS 

Some limitations are present in this study. First, limited research has been done using the Xbox Kinect, therefore there is a 

question of system accuracy. While participating in the research, individuals consistently showed more difficulty finding the 

target when reaching across the midline. It is unclear if some of this inaccuracy may be attributed to the system’s ability to 

track the arm movement across the body. It has also been suggested that certain clothing items may not be as recognizable by 

the Kinect system, which may have attributed to inaccuracy of the system [10, 11]. Kinect measurement error may also have 

limited results. 

Another limitation of our study is that the difference between those left hand vs right hand dominant were not analyzed 

separately. Eighteen of our participants were right-handed and two were left-handed. Although we oriented reaches so that they 

were ipsilateral and contralateral to the participant’s dominant hand, we did not address extent of handedness, and our sample 

size did not permit analysis of right and left hand dominant participants separately. This could be an area for further 

exploration. 
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VI. CONCLUSION 

Our study evaluated how manipulation of visual angles and target offset in a first person 3D VE can affect kinematics of 

dominant hand reaching, with endpoint accuracy, peak velocity, and index of curvature as dependent variables. We found that 

manipulating viewing angles did not alter these factors. However, contralateral reaching resulted in less accurate paths to the 

target, as well as increased peak velocities. Some of our findings support those found by other researchers and some do not. 

We then suggest additional work and experimentation to clarify and expand findings. We also recommend comparing future 

off-the-shelf interactive gaming systems with current options to help confirm or refute the findings, determine optimal 

manipulation of factors in different VE, and identify other systems that can be adapted for safe, engaging, and effective virtual 

rehabilitation. 
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