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Background

•PC gaming popularity is at an all time high and increasing yearly (Essential Facts 
About the Computer and Video Game Industry, 2017).

•Mechanical key switches are preferred for PC gaming

•Key switch force displacement characteristics have been associated with:

•Fatigue (Gerard et al., 1999; Rempel et al., 1997; Radwin & Ruffalo, 1999)

•Performance (Radwin, 1997; Radwin & Ruffalo, 1999)

•Musculoskeletal Disorders (MSD’s) (Marcus et al., 2002; Rempel & Tittiranonda, 1999)

•Studies comparing combinations force-displacement characteristics in 
mechanical key switches is lacking
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Mechanical keyboards are preferred amongst personal computing (PC) gamers because they are highly durable and provide above average tactile and auditory feedback compared to other key switch designs. 

 Yet there are few studies that compare combinations of force displacement characteristics of mechanical keyboards while performing both gaming and word processing tasks are lacking in the literature







Objectives

The goal of this study was to compare the effects of 6 
mechanical gaming key switch profiles on forearm muscle 

activity, typing and gaming performance, usability and 
preference.

(Fun pic…)
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Methods

• Within subject study of crossover design w/ 64 participants 
from the San Francisco Bay Area

• Recruitment: UC Berkeley Free & For Sale, Eudomonia 
Gaming Cafe, Berkeley Legends, Berkeley e-Sports

• Inclusion criteria : play at least 5 hrs/wk of computer games 

• Passive stratification: mechanical vs non-mechanical keyboard



Methods
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The overall shape of a force displacement curve is typically dictated by the key switch design (buckle-spring, dome, notebook, mechanical, etc.) which influences the amount tactile feedback and muscle activity (Gerard et al., 1999; Jeong Ho Kim et al., 2014; Rempel & Tittiranonda, 1999).   

A force displacement curve provides the amount of force at each point of key switch travel and is characterized by the initial actuating force measured at 0.3mm after its free or resting position, its tactile force which is the “bump” that is felt just before the operating force which ends the pre- travel period and activates the key.  The total travel completes the key stroke until it is released.



KB1 KB2 KB3

KB4 KB5 KB6
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We had 6 different key switches placed in identical encasements to blind subjects to keyboard type.  This slide shows the force-displacement curves of the 6 keyboards tested, the characteristics of which I will describe in more detail.  But just from looking at this you can see that there are some distance differences between KB3 which is linear and keyboard 6 which has a shorter stroke.



Methods

Travel 
Total

Keyboard 1

Sound (L:loud, Q:quiet) L

Total Travel (mm) 3.8

Initial Force (g)

Tactile Force (g)

Tactile Travel (mm)

Operating Force (g)

Operating Travel (mm)

Bottom Force (g)

Click Ratio (%)
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These are the characteristics that we identified for each key switch.  KS 1…



Methods

Initial Force

Keyboard 1

Sound (L:loud, Q:quiet) L

Total Travel (mm) 3.8 

Initial Force (g) 35

Tactile Force (g)

Tactile Travel (mm)

Operating Force (g)

Operating Travel (mm)

Bottom Force (g)

Click Ratio (%)



Methods

Tactile Travel

Tactile
Force

Keyboard 1

Sound (L:loud, Q:quiet) L

Total Travel (mm) 3.8 

Initial Force (g) 35

Tactile Force (g) 60

Tactile Travel (mm) 1.5

Operating Force (g)

Operating Travel (mm)

Bottom Force (g)

Click Ratio (%)



Methods

Operating 
Travel

Operating 
Force

Keyboard 1

Sound (L:loud, Q:quiet) L

Total Travel (mm) 3.8 

Initial Force (g) 35

Tactile Force (g) 60

Tactile Travel (mm) 1.5

Operating Force (g) 50

Operating Travel (mm) 2.2

Bottom Force (g)

Click Ratio (%)



Methods

Bottom 
Force

Keyboard 1

Sound (L:loud, Q:quiet) L

Total Travel (mm) 3.8 

Initial Force (g) 35

Tactile Force (g) 60

Tactile Travel (mm) 1.5

Operating Force (g) 50

Operating Travel (mm) 2.2

Bottom Force (g) 50

Click Ratio (%) 17

Click Ratio= 
(tactile – bottom 

force) / tactile force * 
100
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Bottom force, lowest force post tactile bump



Methods Keyboard 1 2 3 4 5 6

Sound (L:loud, Q:quiet) L L Q Q Q Q

Total Travel (mm) 3.8 3.8 4 4 4 3.2

Initial Force (g) 35 35 35 35 35 35

Tactile Force (g) 60 60 LINEAR 50 50 50

Tactile Travel (mm) 1.5 1.2 LINEAR 0.7 1.2 0.8

Operating Force (g) 50 50 45 50 45 40

Operating Travel (mm) 2.2 1.9 2.0 1.9 2.0 1.5

Bottom Force (g) 50 40 LINEAR 35 35 40

Click Ratio (%) 17 33 LINEAR 30 30 20
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If we compare the 6 key switches, we see that keyboard 1 & 2 are the loud or “clicky” key switches that have similar total travel, initial force and tactile force but key switch 1 had longer tactile and operating travel and higher bottom force.  As mentioned Keyswitch 3 was linear with slightly longer total travel.  Key switch 4 -6 had slightly lower tactile force with 4 & 6 having very short tactil travel and key switch 6 having very short total and operating travel, and a slightly lower operating force.



Methods
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Upon recruitment and consent, a baseline survey was administered to collect information on computer use and gaming history.  Subjects were prepped for EMG.   For each key board,  typing and fitts test tasks were administered then a usability and fatigue survey was given.  Subjects were also encouraged to write down notes on how they liked each keyboard.  This was repeated for all 6 keyboards, the order of which was randomized.  After users finished testing all 6 keyboards, they were given a comparison survey and asked about their preferences.  



Methods

Typing Performance                    Subjective Fatigue, Usability 
& Preference                                                              

-Typing Master Pro 10
-@5 minutes

• Fatigue (Neck/Shld & H/W)
• Usability (performance)
• Preference (sound, feel, overall)
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Presentation Notes
Typing performance was assessed using typing master pro where they had to type the passage on the screen for about 5 minutes.

All surveys were administered using qualtrics



	



Methods
Gaming Performance                                  

-Fitts Study Task (University of 
Washington, Wobbrock) using Keyboard 
Mouse Emulator (NeatMouse)

-Target Acquisition: “WASD” keys, Space 
Bar
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This is a typical example of gaming keyboard use


The Fitts Study Task was used to mimic gaming tasks such as character movement and jumping.  The WASD and space bar keys were used for target acquisition as the Amplitude and Widthof the targets varied and movement time was calculated.  
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Methods

• Surface EMG (MyoMuscle,Noraxon USA Inc Scottsdale, AZ)

• Extensor Pollicis Brevis (EPB), Extensor Digitorum (ED), Abductor Pollicis Longus 
(APL), Flexor Digitorum Superficialis (FDS)

• Statistical Analysis

• Repeated Measures ANOVA & Tukey Post-Hoc Test (parametric)

• Skillings-Mack test with Bonferroni adjustment (non-parametric)

• Stratified analysis based on user type (mechanical vs non-mechanical)

Presenter
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We used surface EMG to collect data on the EPB. ED, APL and FDS.  Data was collected and normalized to each persons maximum voluntary contraction and summarized using the 10th, 50th and 90th APDF to represent the static, mean andpeak muscle activity, respectively.  

Statistical analysis wa performed using a repeated measures anova with a turkey post tes or the shilling mack test using bonferroni adjustments for multiple comparisons.  We also stratified the analysis based on user type to see if there were any differences among mechanical and non-mechanical keyboard owners.



Results : Demographics
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We had a young cohort most of whom were between 18-24 years of age, male and asian.  The majority were undergraduate students and there was a near equal split of participants who currently used a mechanical keyboard versus those who did not.



Gaming as a way of Life

Gaming 
Journey

A Way 
to 

Pass 
Time

A Key 
Part of 

My 
Identity

My 
Primary 
Passion Other Total

Improving my 
skills 4 6 7 0 17
At my peak 2 4 5 0 11
Still fun but no 
time 11 19 3 3 36
Total 17 29 15 3 64

Results : Gaming Journey vs Way of Life
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We wanted to know how into gaming our participants were and asked these 2 questions about where they were on their gaming journey and how big gaming was in their life.  ….
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Results : Total Keyboard Time
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Looking at total keyboard use, these individuals spent 10-70 hours on the keyboard with the median being 31 hours



Results
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Presentation Notes
Here are the results for the fitts test with all 6 keyboards represented by their different colors.  Although there was a slight decrease in % error for KB1 & 2 relative to the others, there were no statistically significant differences.  Movement time and through put were very similar across keyboards.



Results
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Key switch 3 consistently had the worst typing performancewith  a lower net typing speed and accuracy (p<0.05) compared to key switches 1, 2 and 5.


Accuracy (%)  Ranged 93.47 to 94.04
Speed = wpm (strokes/5/duration) 
Error Total:  97.8(KB4) to 108.9 (KB3)
Net speed (wpm adjusted for errors) 67 (KB3) to 70.2 (KB2)

Net strokes (number of correct key strokes) 1687 (KB3) to 1767 (KB2)









Results (typing)

Presenter
Presentation Notes
-No significant differences in muscle activity across key switches during the Fitts Study so I will just present the data while typing.  

-APL muscle activity consistently lower bilaterally while using key switch 3 and 5 compared to key switch 1.







Results (Typing)
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The same pattern was true bilaterally for mean muscle activity.  Additionally, keyswitch 3 had lower ed activity on the right.



Results (Typing)
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Similar patterns were observed for peak muscle activity with key switch 3 and 5 having slightly lower muscle activity than keyswitch 1.







Usability Ratings (Typing & Fitts)

1 (strongly Agree) to 5 
(strongly disagree)

Comfort: I could use this 
keyboard for an extended
period of time comfortably

Ease: This keyboard was easy 
to use.

Feel: I liked the tactile 
characteristics (feel of  the 
keys) of the keyboard

Force: I had to apply a lot of 
force to the keys to activate 
them

Travel: The keys had to travel 
a long way to activate them
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We asked participants about comfort, ease of use, feel the force applied, and the travel of the key switches. Statements such as … were asked and responses were on a 1-5 scale.  Key switches 3 &. 6 had poor comfort , ease and feel ratings than all 4 other keyswitches.  Interestingly,users perceived keyswitch 6 as having to apply a lot of force to activate the keys.



Fatigue Ratings (Typing & Fitts)
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Presentation Notes
When asked about fatigue, subjects reported more fatigue after using keyswitch 3 &6 versus kb 2 and 1.  for next shoulder discomfort, keyswitch 4 showed elevation over keyswitch 1 &2.  there was no difference in discomfort ratings across key switches.



Results-Final Preference Survey
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Final Rankings

 GAMING MOST Favorite

 TYPING - MOST Favorite

Overall- Most Favorite

 GAMING LEAST Favorite

 TYPING - LEAST Favorite

Overall -Least Favorite
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Overall key switch preference rankings found key switches 2 and 5 were the most preferred overall, although 1 also received good ratings.  Keyswitch 3 &6 were the least preferred for gaming, typing and overall

 



Conclusions
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To summarize, keyswitch 3 &5 had slightly lower APL and/or ED activity than the other keyswitches, yet 5 also had improved typing performance, and favorable preference ratings.  Since the initial force, operating force and bottom force are all equivalent, tha main difference appears to be the bump or tactile force in keyswitch 5. Key switch 3 had a linear force displacement curve and lacked tactile feedback – these findings are consistent with prior studies that found that a lack of tactile feedback reduced typing performance and muscle activity.

Overall key switch preference rankings found key switches 2 and 5 were the most preferred overall. It’s possible these preferences are due to the shared tactile travel(1.2mm), operating travel (1.9-2.0mm), similar bottom force (35-40g), or all 3 characteristics together.

 Key switches 1 & 2 were very similar in all other characteristics but key switch 1 had longer tactile(1.5mm) and operating(1.9mm) travel and higher bottom force (50g), had slightly higher emg values and slightly lower preference ratings.

 Interestingly key switch 4, which was similar to key switch 5 was not rated as well. Perhaps the short tactile travel (0.7mm) was negatively perceived.   This may also be the reason that keyswitch 6 had poor preference and usability ratings.  It had similar forces but required them over shorter distances












Conclusions
-The linear force displacement curve lacked adequate tactile feedback which may have 
contributed to low preference ratings; the lower muscle activity and poor typing performance
are consistent with prior research (kim et al, 2014)

-KB5 had similar reduction in muscle activity but with good typing and Fitt’s Study Task 
performance, possibly due to tactile bump

-Shorter travel (0.7-0.8mm) with equivalent force characteristics appear to less preferable 

- Important to collect robust survey data in addition to objective data

Presenter
Presentation Notes
Key switch 3 had a linear force displacement curve and lacked tactile feedback. This may have contributed to reduced typing task performance, slightly reduced muscle activity and a lower preference ranking compared to the other key switches.

Final Rankings
Consistent with interest rankings
Green/Brown > Blue > Orange > Romer G > Red


Lower actuation force is associated with lower keying force (Gerard, Armstrong, Franzblau, Martin, & Rempel, 1999; Rempel, 1994) decreased muscle activity (Gerard et al., 1999; Rempel et al., 1997) and decreased subjective fatigue (Radwin & Ruffalo, 1999). 

Only one study compared a comprehensive combination of key switch characteristics on muscle fatigue, yet it was limited to measuring muscle activation patterns and did not attempt to infer possible differences in fatigue between key switch characteristics (Lee, Kuo, Jindrich, & Dennerlein, 2009).

Lower muscle activity in key switch 3 are consistent with a study by Kim et al (2014) that found decreasing typing performance was associated with reductions in muscle activity. 

Interestingly, key switch 5, which had comparable typing performance to key switch 1, caused similar reductions in muscle activity. Key switch 5 had lower tactile and bottom forces compared to key switch 1 as well as a shorter tactile travel. 
Overall key switch preference rankings found key switches 2 and 5 were the most preferred overall. It’s possible these preferences are due to the shared tactile travel(1.2mm), operating travel (1.9-2.0mm), similar bottom force (35-40g), or all 3 characteristics together.

 Key switches 1 & 2 were very similar in all other characteristics but key switch 1 had longer tactile(1.5mm) and operating(1.9mm) travel and higher bottom force (50g).

 Interestingly key switch 4, which was similar to key switch 5 was not rated as well. Perhaps the short tactile travel (0.7mm) was negatively perceived. Key switch 3 was the least preferred overall.






Keyboard Usage (hrs/wk) by Type of User

Non-Mechanical KB Users Mechanical KB Users
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Results: Usability by User Type
Within Keyboard Comparisons- Statistically Significant (p<0.05)

○ Non-Mech KB users consistently rated keyboards louder than Mech KB users 

○ Mech KB users liked the sound of the KB 1 and KB2 keyboards more than non-mech 
KB users (2.0 vs 3.1 on a 5-pt scale)

○ Mech KB users found the KB 3 more fatiguing for the neck/shoulder than non-mech
KB users (1.5 vs 0.8 on 10-pt scale) 

○ Mech KB users found the KB 6 more uncomfortable in the hand/wrist than Non-mech 
KB users (5.6 vs 3.1 on 10 point scale)

○ Mech KB users liked the feel of the KB 1&2 more than non-mech KB users (1.9 vs 2.5 
on a 5-pt scale)



Limitations & Future Research
Limitations
● Incomplete control of various keyswitch characteristics 
● No comparison of interaction between force-displacement characteristics
● Short duration of typing/gaming tasks

Further Research 
• On the roles of tactile, operating and bottom force and travel, and possible 

interaction
• How important is loudness
• Alternative tasks to simulate “gaming”
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Lastly, this study did not directly compare individual force displacement characteristics nor their interaction. Thus, we do not know if there is one individual characteristic that is most important, or if certain key switch characteristics interact with one another and to what result.
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Thank You!
Questions & Comments

We’d like to thank Logitech and particularly Sylvain Sauvage for supporting this 
project and the UC Ergonomics Research & Graduate Training Program.
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