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Abstract

Three new pronation-reducing concept mice were designed and tested to evaluate their effects on mousing posture, performance and comfort during a standardized pointing task.  Two baseline models were also tested for comparison: a traditional right-handed mouse, and a commercially available pronation-reducing (upright) mouse.  All of the pronation-reducing mice were shown to improve some aspect of posture relative to the traditional mouse.  The traditional mouse and the three concept mice all demonstrated similar pointing performance; whereas the commercially available pronation-reducing mouse had slower pointing speed.  The traditional mouse was rated as the most comfortable.  One of the pronation-reducing concept mice rated was consistently rated higher in comfort than the other two mice, and the commercially available pronation-reducing mouse was rated as least comfortable.
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1 Introduction

The trend in computer input has shifted away from keyboard input to pointing device input as user interfaces have evolved from text-based interfaces to graphical user interfaces.  Today, average active time on the mouse exceeds average active time on the keyboard by almost 3 to 1 (Chang, et al., 2006).  Duration has been identified as one of the key risk factors for Musculoskeletal Symptoms (MSS) with respect to computer use, and the potential link between mouse use and MSS has also been observed (Jensen et al., 1998).  These factors emphasize that mouse design should be a focus for those seeking to improve comfort at the computer. 
Early efforts at improving mousing posture focused on providing right-handed only mice that were designed to slightly reduce wrist pronation. Other designs have taken more extreme approaches and had varying levels of success.  For example, one neutral mouse model was shown to provide better posture during mousing (Gustaffson, et al., 2003).  Similarly, testing of the 3M Renaissance mouse demonstrated that is was successful at reducing subjective pain over a period of use (Aaras, et al., 2001).  Unfortunately, both of the ‘neutral posture’ mice showed reduced pointing performance, and neither of them have been widely adopted. 
For the present study, three new pronation-reducing concept mice were designed with the intent of improving mousing behaviors that may be associated with increased risk for musculoskeletal discomfort.  The targeted mousing behaviors were:  1) forearm pronation, 2) planting the base of the wrist on the desktop resulting in contact pressure near the carpal tunnel, 3) wrist extension, 4) ulnar deviation, and 5) extended finger postures.  
The goal of this study was to evaluate wrist posture, performance and comfort between the three new pronation-reducing mouse prototypes (Mice H, I, J); a baseline mouse (Mouse F) which was identical to the commercially sold Microsoft Wireless Laser Mouse 6000®; and the Evoulent VerticalMouse™ (Mouse E), a commercially available pronation-reducing mouse.
2 Methods

Twelve experienced computer mouse users (6 male, 6 female) who all self-reported to use the computer at least 10 hours a week participated in this study.  The mean age of the subjects was 32.7 years (range 20 – 52) and all subjects used the mouse with their right hand.  Experimental procedures were approved by the University of Washington Human Subjects Committee and all subjects gave their informed consent.

The experiment was a repeated measures design where subjects performed a series of standardized mousing tasks with all five different mice (Figure 1).  Functional mouse models were made by inserting wireless optical tracking sensors into mouse bodies and making the left button operational with a tactile switch.  The test workstation was set up according to ANSI HFS 100 standards to match the subject’s stature and the subjects were allowed to make slight adjustments in the workstation for their personal comfort.  
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Figure 1 - Mouse models tested.  Mouse E (neutral pronation/supination), Mouse F (baseline), and one of the pronation-reducing designs - Mouse H.  (Mouse I and Mouse J, not pictured)
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Figure 2 -  Large, medium and small omni-directional pointing tasks.  The large pointing task on the left shows the sequence of the pointing movements.
The standardized task consisted of performing a series of omni-directional pointing tasks which consisted of alternately clicking on 18 evenly spaced round targets arranged in a circle (Figure 2).  Subjects would move the cursor with the mouse and click on the first active, black-highlighted target, the target would disappear, and then the target on the diametrically opposite side of the circle would become active, and the subject had to move the mouse to acquire this target.
The series of tasks consisted of performing: 1) six large pointing tasks with a center-to-center target distance of 142 mm and target width of 12 mm; this target size is similar to the size of folders and icons on a computer desktop; 2) six medium pointing tasks with a center-to-center target distance of 71 mm and target width of 6 mm; and 3) three small pointing tasks with a center-to-center target distance of 28 mm and target width of 2 mm; these small targets approximated the size of individual characters.  Subjects were instructed to move the mice as fast as possible while maintaining a balance between speed and accuracy.  At the conclusion of each test, participants were asked to rate each mouse for comfort using a seven point Likert scale.  Mouse model and task order were randomized.  No instruction was provided on how to grip or use the mice.
2.1 Data collection and Analysis
Right wrist angles were measured using an electrogoniometer (Model XM-65; Biometrics), and forearm pronation/supination was measured with an inclinometer (FAS-G; Microstrain, Inc.) mounted to the distal end-block of the electrogoniometer. All measures were stored at 20 Hz on a portable data logger.  The neutral flexion/extension (F/E) position of the wrist was defined at the position where the horizontal plane formed by the back of the hand was in line with the plane formed by the back of the forearm.  The neutral radial/ulnar (R/U) position was defined as the position where the third metacarpal was in line with the long axis of the forearm.  With the inclinometer, subjects positioned their hand in a neutral pronation/supination (handshake) position and pronation/supination (P/S) measurements were relative to this neutral position (0º).
A Labview program analyzed the omni-directional pointing tasks.  The program calculated movement times between targets, and measured accuracy by measuring how many millimeters the cursor was from the center of the target when clicked.  Data was then analyzed using repeated measures analysis of variance (RANOVA) methods using the statistical program JMP (Version 4.0; SAS Institute; Cary, NC).  Differences were considered to be significant when p-values were less than 0.05.
3 Results

There were significant postural differences between the five mouse models (Table 1).  Mouse E was operated with the greatest amount of wrist extension and the least amount of hand/forearm pronation.  Mouse I was operated with the least amount of extension; and Mouse J the least amount of radial/ulnar deviation.  Mouse F required the greatest amount of ulnar deviation and hand/forearm pronation.  On average, compared to the baseline mouse (Mouse F), the new pronation-reducing mouse designs (Mice H, I and J) reduced pronation by 13.1º , ulnar deviation by 6.9º and increased wrist extension by less than 1º.

	Table 1 – Mean (standard error) posture with each mouse [N=12].

	
	Mouse E
	Mouse F
	Mouse H
	Mouse I
	Mouse J
	p-value

	Extension
	41.2º
(± 3.0º)
	36.1º
(± 3.4º)
	40.7º
(± 3.0º)
	35.0º
(± 3.3º)
	37.4º
(± 3.5º)
	p = 0.01

	Ulnar(+)/Radial(-) Deviation
	3.9º
(± 3.0º)
	8.1º
(± 3.9º)
	1.6º
(± 3.7º)
	2.1º
(± 3.2º
	-0.2º
(± 3.1º)
	p = 0.04

	Pronation
	40.4º
(± 2.1º)
	70.5º
(± 2.4º)
	61.3º
(± 2.5º)
	56.4º
(± 2.4º)
	54.5º
(± 2.1º)
	p<0.01


3.1 Performance and Subjective Preference
There were significant performance differences between the five mouse models tested. Average movement times during the three omni-directional pointing tasks are summarized in Table 2.  Subjects consistently performed tasks the slowest with Mouse E.  There were only small differences in movement times between the reduced pronation prototypes (Mice H, I and J) and the baseline mouse (Mouse F).  Only small differences in pointing accuracy were seen between all five mice with mouse Mouse F having the best overall performance.  Based on the Likert scale comfort responses, the traditional mouse, Mouse F, was ranked as most comfortable, and closely followed by Mouse H.  Mouse E was ranked as least comfortable.
	Table 2 – Mean (standard error) movement times in seconds during the large, medium and small pointing omni-directional pointing tasks. [N=12].

	
	Mouse E
	Mouse F
	Mouse H
	Mouse I
	Mouse J
	p-value

	Large Task
	1.04
(± 0.07)
	0.89
(± 0.07)
	0.91
(± 0.07)
	0.92
(± 0.05)
	0.87
(± 0.06)
	p = 0.01

	Medium Task
	1.03
(± 0.06)
	0.88
(± 0.07)
	0.88
(± 0.06)
	0.91
(± 0.06)
	0.90
(± 0.07)
	p = 0.04

	Small Task
	1.21
(± 0.12)
	1.04
(± 0.11)
	0.99
(± 0.07)
	1.00
(± 0.08)
	1.04
(± 0.06)
	p = 0.07


4 Discussion

The reduced-pronation mouse concept models (Mouse H, I and J) promoted more neutral hand/forearm pronation and radial/ulnar deviation postures compared to the baseline mouse (Mouse F), as did the commercially available reduced-pronation mouse (Mouse E).  Mice F, I, and J all promoted similar amounts of wrist extension (average 36°), whereas Mouse H and Mouse E promoted greater extension (average 41°).
As mentioned in the ‘methods’ section, no instruction was provided on how to use or hold any of the reduced-pronation concept mice.  These mice were designed to face slightly rotated in towards (Northwest) to the user when held with a straight wrist.  Most subjects were observed to address/grasp the mice straight away (similar to a traditional mouse), requiring more extension and ulnar deviation than if they gripped the mouse so the long axis of the mouse body pointed Northwest.  This observation suggests that wrist extension and ulnar deviation may be further reduced with some instruction or as users adjust to the mouse over time.
All of the tested models used the same optical tracking engine, so, all differences reported in performance are due to the shape of the mice.  Mouse F (the baseline mouse) and Mice H, I, J (the concept mice) all demonstrated similar pointing times in the pointing task.  This shows that that it is possible to improve wrist posture during pointing without the negative impact on performance reported in previous mouse studies (Gustafsson, et al., 2003, Aaras et al., 1999).  Contrarily, Mouse E (the commercially available reduced-pronation mouse) was significantly slower than the other four mice.  Only small differences existed in pointing accuracy between all five mice, indicating that users followed the instructions to maintain accuracy. 
Mouse E’s relatively slower pointing speed is likely due to its fully vertical shape and orientation.  It appeared that Mouse E utilized larger upper arm and shoulder muscles along with wrist flexion/extension to create movement.  In contrast, smaller, faster forearm muscles are typically used to move a traditional mouse.  It appears that the new pronation-reducing concepts were able to strike a balance between using larger arm and shoulder muscles and smaller wrist and finger motion for mouse operation.

4.1 Final Mouse Selection

In the end, all three pronation-reducing concept mice were strong options because they all demonstrated benefits for posture and equivalent pointing speed relative to the baseline mouse. But one model (Mouse H) differentiated itself due to higher comfort and preference ratings.  Mouse H was also observed to best accommodate a variety of grip styles.   These benefits led to Mouse H being selected as the model for commercial development as the first Microsoft Natural® mouse.  It is hoped that the postural improvements demonstrated in the final production mouse will follow the trends of the postural and musculoskeletal heath improvements associated with split keyboard designs.  
4.2 Study Limitations and Future Study Directions
The main limitation of this study is the short exposure time that each participant had with each mouse - roughly 15-20 minutes with each.  This means that only initial performance was captured with a limited variety of tasks from users who were novices with all of the mice except Mouse F, the baseline mouse.  
The final pronation-reducing mouse was designed to address a number of potential risk factors for injury, but how do these design changes translate to real world benefit for users over the long-term? This is really the most important question that must be answered moving forward.  Other future study areas include evaluating the other mouse design criteria, such as finger posture, muscle load, carpal tunnel pressure and desk contact pressure for which the mice was designed to improve, but these were not tested in the present study.  
5 Conclusions

The new pronation-reducing concept mice were successful in promoting more neutral hand/forearm pronation and wrist deviation postures of the wrist in addition to providing equivalent pointing performance when compared to the traditional/baseline mouse.   The commercially available pronation-reducing mouse was also successful in reducing wrist deviation and pronation, but suffered from inferior pointing speed and poor preference ratings.  One final concept mouse was selected for commercial development based on its top performance across all measures in this study.
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