INTRODUCTIONThere are many situations where typing limitedquantities of text is required. For example: cashiers at adepartment store sometimes enter a customer�s name andaddress, managers of fast food franchises occasionallyaccess information easily available from the cash registers,and users of a portable hypertext system primarily followlinks but occasionally enter text for a search. Although thetraditional keyboard is well known and allows rapid dataentry, its physical presence and inability to adapt to specialneeds may be a problem. Handwriting recognition hasimproved (Pittman, 1991) but is still slow and constrained,resulting in less satisfactory and less natural interfaces thanexpected. For several years we have been investigating theuse of touchscreens to provide alternative interfaces fortraditional tasks (Sears, Plaisant, and Shneiderman, 1992).A recent series of studies has focused on using touchscreenkeyboards for limited data entry.In most situations, the traditional mechanical keyboardremains the alphanumeric data entry device of choice.However, when users only occasionally enter limitedquantities of alphanumeric data, a traditional mechanicalkeyboard may not be optimal if one of the following is true:¥ the system is accessible to the public (durability),¥ the layout must be changed (QWERTY vs. Dvorak),¥ the character set must be changed (internationalization),¥ feedback must be altered (users with special needs), or¥ size is a concern (notebook or palmtop computers).Touchscreen interfaces provide an attractive alternative toa traditional keyboard when these circumstances areconsidered. Unlike traditional keyboards, touchscreens have consistently been shown to be durable enough for publicaccess systems and the layout, character set, feedback andsize can be changed dynamically to fit user demands. Inaddition, the touchscreen keyboard can be displayed onlywhen needed, increasing the space available for otherpurposes and possibly decreasing the size of systems. PREVIOUS RESEARCH

Target Selection StudiesThere has been a great deal of research that focused ontarget selection. Various strategies have been explored withtargets as small as 0.4x0.6 mm (Sears and Shneiderman,1991). This research has resulted in a relatively consistentset of recommendations. The land-on strategy only allowsusers to make selections where their fingers first touch thescreen. Research indicates that targets 20 mm square orlarger can be accurately selected using this strategy(Beringer, 1989; Hall et al., 1988; Weisner, 1988). The lift-offstrategy allows users to touch the screen, drag their fingerto adjust the selection, and lift it once it is in the correctlocation to make the selection (Murphy, 1987; Potter et al.,1989). This strategy allows the selection of targets as smallas 1.7x2.2 mm (Sears and Shneiderman, 1991).

Summary of First Keyboard Study: T ouchscreen keyboard design and comparisons with a mouse and traditional keyboardThis study investigated many factors that influence theefficiency of touchscreen keyboards, and compared themwith the traditional keyboard and a mouse activatedkeyboard (Sears, 1991). Ten subjects participated in the firstphase of the study which demonstrated that the standardmonitor position (approximately 75 degrees fromhorizontal) is sub-optimal, at least when using a touchscreen.

Subjects preferred using touchscreens mounted at 30 or 45degrees from horizontal, with the majority preferring 30degrees. These results were supported by Ahlstr�m,Lenman and Marmolin (1991) who reported less fatigue anderrors for a touchscreen mounted at 30 degrees fromhorizontal. They also demonstrated that providing an elbowrest is beneficial.The second phase of this study demonstrated that biasesexist when touchscreens are mounted at an angle other thanperpendicular to the users line of sight (also see Beringer andPeterson, 1985; Beringer and Bowman, 1989; Hall et al.,1988). Using a monitor mounted at 30 degrees fromhorizontal, fourteen subjects consistently touched belowtargets regardless of the location on the screen. This bias canbe explained by the small amount of parallax introduced bythe touchscreen. Subjects also consistently touched to theleft of targets that were on either side of the screen.The final phase of this study compared a touchscreenkeyboard to a standard QWERTY keyboard and a keyboardactivated using a mouse with novice users and no practice.The touchscreen and mouse used an abbreviated QWERTYkeyboard (alphabetic, done, backspace, and space keys).The touchscreen was mounted at 30 degrees from horizontaland software was written to correct for all biases discoveredin the second phase of the study. Nine subjects typed sixshort strings with a total of 138 characters. A speed of 25words per minute (wpm) placed the touchscreen keyboardbetween the standard keyboard (58 wpm) and the mouse (17wpm). Although the touchscreen was not as fast as thestandard keyboard it was demonstrated as a usable inputdevice.

Summary of Second Keyboard Study: Effect of keyboard size on performanceThis study investigated the effect of keyboard size ontyping rates for touchscreen keyboards (Sears, Revis, et al.,1992). This study explored four touchscreen keyboard sizeswhich varied from 6.8 to 24.6 cm wide (from Q to P keys)(Figure 1). Figure 1: The smallest keyboard used in a previous study measured 6.8 cm from Q to P key.Once again, abbreviated QWERTY keyboards wereused. Twenty-four novice and four experienced users typeda series of three strings with a total of sixty-nine letters. Thisstudy demonstrated the potential speed of touchscreenkeyboards which varied from 10 wpm (for the smallestkeyboard) to 20 wpm (for the largest keyboard) for novicesand from 21 to 32 wpm for experienced users. There wereno significant differences in the number of errors in the finalstrings users typed. A comparison of the results of thenovices and experienced users illustrates the benefits ofexperience. While experienced users were 60% faster thannovices on the largest keyboard, they were 113% faster thannovices on the smallest keyboard indicating the increasedimportance of practice for smaller keyboards.MEASURING USER PERFORMANCE WITH LIMITED PRACTICEThe study presented in this paper attempts to measurethe typing speed of more representative users after limitedpractice. There were several goals for this study. First,subjects were selected to provide a representative sample ofone set of potential users. Second, we wanted to estimatethe typing speed reached after limited practice and determinehow long users must work with touchscreen keyboardsbefore they achieve a significant improvement in typingrates. Third we intended to explore the use of a completeQWERTY keyboard (Figure 2) since previous studies hadused abbreviated keyboards.Figure 2: Complete QWERTY keyboard used in this study.

ApparatusAn NEC PowerMate 386/25 PC with a Sony Multi-scanHG monitor and Microtouch capacitive touchscreen wasused. A special desk allowed the monitor to be mountedbelow the desk surface at 30 degrees from horizontal. Thekeyboard slid into the desk when not in use (Figure 3).

Figure 3: Desk used in this study showing the touchscreenmounted at a 30 degree angle with an arm rest.The touchscreen keyboard was a complete QWERTYkeyboard. Alphabetic keys measured 1.14 cm per side for atotal keyboard size of 13.2 cm between the P and Q keys(this was chosen to be equal to the size of the mediumkeyboard of the previous study by Sears, Revis, et al.,(1992)). Other keys were proportional in size. To shift akey (to get a capital letter or number) users touched the shiftkey first, lifted their finger, and then typed the key to beshifted. A shift-lock key was also available for longerstrings of capital letters. The lift-off selection strategy wasused since keys were too small to be reliably selected usingland-on strategy. When a key was touched it highlighted,users could then drag their finger to a different key ifdesired, when the user lifted their finger the key returned toit�s normal colors and soft clicking noise was heard. Theshift key remained highlighted after it was touched until thenext key was touched. When the shift-lock key was touchedit remained highlighted until it was selected again(deactivated). The space bar was activated by touches thatfell anywhere on or below it to allow for easier selection.

SubjectsThirteen cashiers were recruited for this study. Cashierswere chosen since they represent one set of potential usersof systems where touchscreen keyboards may be useful andspeed remains important. They were recruited frompersonnel offices from several stores in the College ParkMaryland area. All subjects were familiar with, but notnecessarily experienced using, the standard QWERTYkeyboard. Subjects were paid $20 for participating in theexperiment which lasted approximately 2 hours. Subjectswere instructed that speed and accuracy were both importantand that bonuses of $20 and $15 would be given to the twobest performances.

Design and ProcedureA single trial consisted of typing ten names and two names with addresses including numbers and punctuation(Table 1). Every trial contained exactly the same number ofcharacters and was controlled to eliminate any extremelydifficult names or addresses.Sue ShapiroNadine JacobsRebecca LeeYonina SlavinMarica SmithMartine FerretDoron StadlanSophie AtwoodDavid GriverJoe CobJoseph GarvyRonit Romero586 Burton Rd.603 Hyde St.Rockville, MD 20873Silverville, MO 69043Table 1: A sample list of names and names withaddresses users typed for a single trial.Subjects were instructed in the use of the shift key, thentyped a practice string followed by a set of three referencestrings using the touchscreen keyboard. These strings werethe same as those used in a previous study (Sears, Revis, etal., 1992) and were used to allow a comparison between thisstudy and the previous study (Table 2). Next users typed tentrials of names and names with addresses using thetouchscreen keyboard. There was a break of about 3 to 4minutes between each trial. When all ten trials werecompleted users then retyped the practice string and set ofthree strings typed earlier to allow a comparison of theirinitial performance with performance after limited practice.MONDAYFIRST WE MUST STARTTHE QUICK BROWN FOX JUMPED OVER THE LAZY DOGTable 2 - The three reference strings typed at thebeginning and end the study.These tasks were calibrated in a pilot test to provideenough practice to allow an increase in typing speed whilekeeping each trial reasonably short. We wanted to avoidsimulating extended, strenuous use of the touchscreenkeyboard since in a such cases the standard keyboard wouldbe preferred.Subjects answered several questions concerning fatiguebetween each trial. The time to enter each string wasautomatically recorded. Two types of errors were alsorecorded. A corrected error was any contiguous string ofbackspaces, and an uncorrected error was any letter (orsequence of letters) in the final string which was incorrect.RESULTS AND DISCUSSION

Ten trials of names and addresses

Time. Mean times, mean+standard deviation, andmean-standard deviation for users to type each of the listsappear in Figure 4. An ANOVA with repeated measures fortrial showed a significant effect F(9,108)=13.2 (p < .001).Tukey’s post hoc HSD showed that trials four through tenwere faster than trial one, and that trials seven through ten were faster than trials one through three (p < .005). Theseresults indicate that subjects improved steadily, reaching theirfastest performance at trial seven and then maintained thatspeed.

3503002502001501005001234*5*6*7**8**9**10**MeanMean+SDMean-SDTime(seconds)TrailFigure 4 - Graph of mean time to complete each trial. Mean+SD and Mean-SD are also plotted.*Significantly faster than trial 1** Significantly faster than trials 1 through 3

Errors. Means and standard deviations for the numberof corrected and uncorrected errors appear in Table 3. Anysequence of consecutive backspaces is considered onecorrected error. Any incorrect letters (or sequence of letters)in the final string is considered one uncorrected error. TwoANOVAs with repeated measures for trial were performed,one for corrected errors and one for uncorrected errors. Theresults showed no significant effects of trail on either type oferror.Trial12345 -------------------------------------------------------------------Corrected Errors8.77.07.85.85.9SD4.92.95.43.72.4-------------------------------------------------------------------Uncorrected Errors5.44.26.13.44.0SD6.54.910.04.43.6-------------------------------------------------------------------Trial678910-------------------------------------------------------------------Corrected Errors4.75.35.97.26.7SD3.63.83.64.24.8-------------------------------------------------------------------Uncorrected Errors3.63.23.12.64.0SD4.84.34.04.04.5-------------------------------------------------------------------Table 3 - Mean and standard deviation for corrected anduncorrected errors for each trial.

Discussion. The results for the ten trials show thatsubjects steadily increased in speed. On trial seven, subjectsreached their peak speed, 30% faster than their first trial, andmaintained that speed for the remainder of the experiment.Overall, these results indicate that subjects reached their peakperformance after an average of approximately 25 minutesof touchscreen keyboard use. Subjects quickly learned that itwas not possible to �touch-type� on the touchscreen as they

might on a traditional keyboard and adopted variousstrategies using several fingers. On average subjects improved from 9.5 wpm (assuming5 characters per word) in the first trial to 13.8 wpm in thelast trial. The previous study (Sears, Revis, et al., 1992)found speeds of 16.5 wpm for novice college students withthe same size abbreviated keyboard. It is likely that thepresence of uppercase characters, numbers, and punctuationresulted in these differences. Rating(1-10)Trial

OverallArmsFingersEyes

1.003.005.007.009.0012345678910

10.00Figure 5 - Mean ratings for four fatigue questions after each of 10 trials.Between each trial the subjects rated the fatigue they feltin their eyes, arm, fingers and overall on a scale from 1 to10. The results show that the ratings grew slowly but nevercame close to the maximum value, which seems to indicatethat fatigue was not a factor in this study (Figure 5). Severalsubjects stated that a touchscreen keyboard would be fine touse.

Reference Strings

Time and Errors. The three reference strings were usedto provide a supplementary measure of speed increaseduring the test and also to compare the results of thisexperiment with the previous experiment. Means andstandard deviations for time, corrected, and uncorrectederrors for this study appear in Table 4. A t-test wasperformed for time, corrected, and uncorrected errors.Results indicate that performance improved significantly inboth time and corrected errors between the first and last timesubjects used the touchscreen keyboard (T=5.374, p < .001and T=3.247, p < .01 respectively). There was nosignificant difference for uncorrected errors. AttemptTimeCorrectedUncorrectedFirst65.8 (22.9)3.0 (2.5)0.3 (0.6)Last42.8 (11.2)1.2 (1.0)0.2 (0.4)Table 4 - Mean time, corrected errors, and uncorrected errors to enter the two sets of three strings (standard deviations in parentheses).

UsersTimeCorrectedUncorrectedNovice55.2 (15.0)3.4 (2.8)0.4 (0.6)Experienced32.3 (1.4)1.3 (1.0)0.0 (0.0)Table 5 - Mean time, corrected errors, and uncorrected errors for novices and experienced users to enter the set of three strings (standard deviations in parentheses) from Sears, Revis, et al. (1992).

Discussion. These results also show that users improvesignificantly given limited practice with a touchscreenkeyboard. A comparison of the results with those of Sears,Revis, et al. (1992) indicates that at the beginning of theexperiment subjects in the current study performed slightlyworse than the novices in the previous study (Tables 4 and5). By the end of the current study subjects improved toperform better than the novices, but not as well as theexperienced subjects in the previous experiment (Tables 4and 5). CONCLUSIONSThe standard mechanical keyboard remains the inputdevice of choice when large quantities of alphanumeric dataneeds to be entered. However, when data entry is limited, akeyboard is not practical, or flexibility is a requirement(alternative layouts or languages), a touchscreen or styluskeyboard may prove useful. We have provided abenchmark for typing speed that may help designers decidehow appropriate this technology is for their application. Wehave also shown that users reached their fastest performanceduring this experiment after only 25 minutes of practice.Although performance did not improve between the seventhand tenth trials, additional practice may result in even fasterperformance. A touchscreen interface provides easysolutions to many problems. Although custom interfaceswill be preferred for special types of data (e.g., telephonenumbers, times, dates, compass directions, colors) (Sears,Plaisant, and Shneiderman, 1992) there will always besituations when limited quantities of free form text must beentered. In these situations a touchscreen keyboard can beused. ACKNOWLEDGEMENTSWe want to thank Miriam Weiss for her many hourspreparing and administering the experiment, Daniel Mosseand all the members of the Human-Computer InteractionLab for their help, and NCR for partial support of thisresearch.REFERENCESAhlstr�m, B., Lenman, S. and Marmolin, T. (1991).Overcoming touchscreen user fatigue by workplace design.Interaction and Presentation Lab., Department of ComputerScience, Royal Institute of Technology, S-100 4 Stockholm,Sweden.Beringer, D. and Peterson, J. (1985). Underlyingbehavioral parameters of the operation of touch-input devices: biases, models, and feedback. Human Factors.27,4, 445-458.Beringer, D. (1989). Touch panel sampling strategies andkeypad performance comparisons. Proceedings of the33rd Annual Meeting of the Human Factors Society, SantaMonica, CA.Beringer, D. and Bowman, M. (1989). Operator behavioralbiases using high-resolution touch input devices.Proceedings of the 33rd Annual Meeting of the HumanFactors Society, Santa Monica, CA, 320-322.Hall, A., Cunningham, J., Roache, R. and Cox, J. (1988).Factors affecting performance using touch-entry systems:Tactual recognition fields and system accuracy. Journal ofApplied Psychology, 73, 4, 711-720.Murphy, R. (November, 1987). Evaluation of methods oftouch screen implementation for interactive computerdisplays, Abstract presented at 2nd International Conferenceof Human-Computer Interaction, Honolulu, HI.

Pittman J. A. (May, 1991). Recognizing Handwritten Text,Proceedings of Human Factors in Computing Systems, NewOrleans 271-273; ACM Press, New York.Potter, R., Berman, M. & Shneiderman, B. (1989). Anexperimental evaluation of three touch screen strategieswithin a Hyperties database. International Journal ofHuman-Computer Interaction, 1, 1, 41-52.Sears, A., Plaisant, C. and Shneiderman, B. (1992). A newera for high-precision touchscreens. To appear in Hartson,R. and Hix D. (Eds.) Advances in Human-ComputerInteraction, Vol. 3,Ablex Publ., NJ.Sears, A. and Shneiderman, B. (1991). High precisiontouchscreens: Design strategies and comparisons with amouse. International Journal of Man-Machine Interaction,34, 4.Sears, A., Revis, D., Swatski, J., Crittenden, R. andShneiderman, B. (1992). Investigating TouchscreenTyping: The effect of keyboard size on typing speed. Toappear in: Behaviour and Information Technology.Sears, A. (1991). Improving touchscreen keyboards:Design issues and a comparison with other devices.Interacting with Computers, 3, 3, pp. 253-269.Weisner, S. (October, 1988). A touch-only interface for amedical monitor. Proceedings of the Human FactorsSociety -- 32nd Annual Meeting, Santa Monica, CA, pp.435-439.NOTE: A video showing the touchscreen keyboards, �OpenHouse �91�, is available from the Human-ComputerInteraction Lab, A.V. Williams Building, University ofMaryland, College Park, MD 20742.