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characters are entered. The failure to accurately model keyboard transitions becomes important 

in situations where characters are required that are not available on the primary keyboard. 

Therefore, Sears et al. (2003) propose a KLM-style model that shifts the focus from predicting 

the time required to move between specific keys to predicting the total time necessary to 

complete tasks when multiple characters are entered. The model builds on the following 

definitions: 

T  Total task completion time; 

1t   Time for the first key press when beginning a new task;  

dt   Time to make a decision that a transition is required; 

rt   Time to recover from a transition and complete the subsequent key press; 

kt   Time for each additional keystroke (not addressed by rd ttt ,,1 ); 

c   Number of characters required by the task; 

sc
 

Number of shifted characters (e.g., uppercase letters or alternative symbols); 

and  

tc   Number of transitions between keyboards required by the task. 

 

The total task completion time T is then computed as follows: 

 

     1**1  tsktcd ccctctttT  

 

Using this equation, the predicted time showed a very high correlation with the observed time 

in actual experiments. 

Stylus Activated Typing 

Numerous studies have been conducted with the goal of better understanding the 

efficacy of stylus-activated, QWERTY-style keyboards. Most, if not all, of these studies were 

motivated by the fundamental problem that users encounter entering data on small, handheld, 

mobile devices. 
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Mackenzie and Zhang (2001) studied novice users on soft keyboards. To achieve this 

goal, 12 participants were recruited. Two sizes of keyboard and two different layouts were used. 

One of the keyboards was a QWERTY keyboard and the other one was a keyboard that randomly 

changes the location of letters after each key entry. Random generation requires users to do a 

visual scan each time thus lowering the typing speed. Another question addressed in this article 

is whether touch typing skills are transferred to touch tapping. In the experiment two different 

keyboard sizes were used. Bigger keyboard had keys 10*10 mm each, small ones, 6*6 mm each. 

Each participant was given a short phrase that could be memorized thus easily avoiding the 

cognitive effort that is required to copy from a source. Each participant typed 10 phrases for 

each condition which totals 40 phrases. Each character entry time and character position were 

noted. Errors were ignored by the users. Mean typing speed with the fixed-large keyboard was 

21.17 wpm and with the small one was 19.97 wpm. There was not any significant difference 

between the means.  The typing speeds for the random large and small size keyboards were 

respectively 5.34 and 5.52 wpm. Keyboard size showed no effect on typists’ performance. 

However there is quite big difference between the layouts. Keyboard size doesn’t have an effect 

on typing speed which we know from Fitts’ Law. As long as the ratio remained same there 

should be no difference, although Fitts’s Law only accounts for physical movement. For the error 

rates, the small, fixed keyboard showed a higher rate than large, fixed keyboard. The error rates 

on the random keyboard were very low. This is hypothesized to be due to the cautious behavior 

of users. With the random keyboard, each time users type a character they have to scan and 

find the proper key, whereas when users type a character on the fixed keyboard, they rely on 

automatic motor control which is more error prone. There is an important result pertaining 

error rates. Fitts’ law assumes no change in error rates between keyboards as long as they have 

the same letter sizes. But the error rates were statistically different. This is hypothesized to be a 

function of the visual scanning effect. Also touch typing and tapping were compared. There was 

a modest correlation between these two groups on fixed keyboard. But this wasn’t observed 

with the random layout. 

 Sears et al. (1993), tested the effect of keyboard size on typing speed. His study 

investigated the soft keyboard for novice and expert users.24 novice and 4 expert users 

participated in the experiments. Each letter size was 2.27, 1.14, 0.76 and 0.57 cm per side for 

large, medium, small and extra small sizes respectively. An ANOVA was used to analyze the 

results.  A significant effect was observed for keyboard size among novice users. There was a 

difference among the expert users as well. Corrected and uncorrected error rates were 

measured. For novice users a significant effect was found for keyboard size on corrected errors. 

But there is no significant effect for uncorrected errors. Overall, the results favor large and 

medium size keyboards over small and extra small. Most users used one or two fingers while 

typing with the medium, small and extra small keyboards. However users were able to use more 

fingers with large keyboard set. This showed up as an effect on typing speeds and typing 

comfort. Below Figure 1.5 displays the results. 
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Figure 1.5 Typing speed in terms of words per minute for varying keyboard size (Sears, Revis, 

Swatski, Crittenden, & Shneiderman, 1993) 

Andrew Sears and Ying Zha (2003) built on the previous study using a stylus activated 

soft keyboard. Their study aimed to gain insight into the effectiveness of a stylus activated soft 

keyboard and determine whether or not keyboard size affects performance. As an extension to 

existing models, a key stroke tapping prediction time was included in their model. In this article 

30 participants’ performance was observed on three different size QWERTY soft keyboards over 

6 tasks. The tasks included writing an address, entering a URL, replying to an e-mail and writing 

appointment information. Each participant completed all the tasks in each of the three keyboard 

sizes. This means 6 3 18   different conditions. Unlike many other studies, users corrected 

most but not all of the typos during the experiment. Upon completing the test, a questionnaire 

was given to each participant. The experiment results and theoretical values from the 

mathematical model were compared. Text entry was performed using a stylus. Therefore only 

one hand is active in tapping. This study used the smallest sized soft keyboard in all of the 

studies that had been undertaken to date. Until this study, there was no research that proved 

validity of Fitts Law for keyboards used in this model this small. The keyboard had a button that 

displays punctuation and numbers. There are basically two different screens. The transition time 

between two keyboard layouts is important in the model. The results showed that different size 

of the keyboards did not have an effect on performance (data entry rate). However, the tasks 

did differ significantly. A counter null value is computed for each type of layout. The counter null 

value is a statistic first used in Rosenthal and Rubin (1994). It is used to understand research 

results when the null hypothesis is not rejected.  Rather than saying there is no effect, the 

counter null value gives the size of the effect. The magnitude of effect is derived by dividing the 
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effect size by standard deviation for conditions being tested. Even though the keyboard size 

didn’t show a significant effect on typist performance, the counter null value indicated that size 

had an effect varied between 0% and 19%. Corrected words were also recorded for each test 

and an ANOVA test was performed. There was also no statistically significant effect but the 

counter null test showed a decrease in error rates by decreasing screen size. In the paper, the 

authors build a mathematical model based on 4 different keystrokes. Unlike many other 

researches it is assumed there is a difference between keys. According to paper, the initial 

character takes more time than subsequent characters. This is one point to be considered. Also 

transitions between the keyboards are the second issue that was considered. Subsequent letter 

tapping time is the third issue. And also additional keys such as shift and punctuations were 

considered. These 4 different times were represented in a model and the results were 

compared with the experiment. There was a 99% correlation with mean values. 

MacKenzie and Zhang (1999) proposed an alternative soft keyboard layout called OPTI. 

The study aims to build a model and evaluate a soft keyboard for text entry rate with a stylus.  

 

Figure 1.6 OPTI performance results projected (MacKenzie & Zhang, 1999) 

Text entry requires the user to visually scan for a key on the soft keyboard. If we neglect 

this scanning time we are left with only the time it takes a user to tap a key with a pen. In the 

study this time alone is seen as an upper bound for entry. There are 4 major parts of the study: 

linguistic data, Fitts Law, a shortest path model, and a key repeat time measure. Linguistic data 

is the frequency of each letter in common English. Fitts’ Law is used to predict the time interval 

between locating the key and tapping the key. There are two refinements of the model: the 

shortest path algorithm and the key repeat time measure. The typing speed with the proposed 

keyboard was slower than with the QWERTY keyboard in the first nine typing sessions. However, 
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in the 10th session the entry speed on the proposed keyboard (OPTI) exceeded the entry speed 

on the standard keyboard. At the twentieth session, the average typing speed with OPTI and 

QWERTY was 45 wpm and 40 wpm relatively. This result is rather surprising since it all happened 

in around 7 hours of training. The result is extrapolated to 50th session. For the first 20 sessions a 

trend line and correlation were obtained. Using these results, the model better fit typing 

performance on the OPTI than it did the QWERTY. This is natural because of participants’ initial 

experience was with classic keyboard. Figure 1.6 above shows the result of the longitudinal 

study. 

 MacKenzie, Nonnecke, Riddersma, McQueen, and Meltz (1994) investigated two 

alternatives for entering text on pen-based computers including a stylus-activated, QWERTY-

style soft keyboard. Participants used a Wacom tablet to enter 22 character phrases composed 

only of lowercase letters. Participants were instructed to aim for both speed and accuracy but 

were also instructed to ignore mistakes. When using the QWERTY keyboard, participants were 

able to enter over 22 wpm.  

 Lewis, LaLomia, and Kennedy (1999) had participants enter sentences using six paper 

mockups of several alternative keyboard layouts. Participants were instructed to enter 

sentences as quickly and accurately as possible. When errors occurred, participants were 

instructed to enter the correct letter (without deleting the incorrect letter) and to continue. 

Data entry rates for the QWERTY layout reached approximately 24 wpm. 

Lewis (1999) also compared three alternatives for data entry on handheld devices 

including a stylus-activated, QWERTY-style soft keyboard. Participants used a Simon PDA to 

enter both addresses and sentences. Participants were required to produce 100% accurate text 

by correcting errors, but the procedure for verifying the accuracy of the results before allowing a 

participant to continue was not specified. Data entry rates ranged from approximately 11 wpm 

for addresses to 17 wpm for sentences. 

Other Methods Used in Literature 

Different inputting strategies are investigated in the literature. Study by Potter, Weldon, 

and Shneiderman (1988) focuses on three different touching technique. Touch screen typing 

techniques are tested in terms of performance and error numbers. Since touching affects the 

performance, three techniques namely, land- on, take-off and first contact are identified and 

experimented in this article. 24 people participated and tested for different strategies for about 

20 minutes each session. An evaluation questionnaire is given upon completing the tests. 

Subjects are given abbreviations and required the find relevant one inside the 50 of them. 

Abbreviations are listed alphabetically and only two letters consist of ten rows and 5 rows. In 

this case there is more cognitive load then simply copying and pasting a text. Subject did some 

practice prior to experiment and a total of 15 trials are done for each type of strategy. Analysis 

of variance with repetitive measure was adopted. Performance is the time interval between a 
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stimulus and finding the desired abbreviation. The results showed second strategy is 

significantly better than third strategy. Land-on strategy didn’t show a significant effect over 

other two. There are two different error types in this study. First one is users chose wrong 

abbreviations and the second one is when users tapped on a blank screen thus not entering a 

letter. According to statistical test, take-off strategy showed significantly less errors than other 

two. We have three strategy and two types of errors assessed. After analysis we can see the 

correlation between types of errors and strategies. Take-off strategy showed fewer wrong 

target errors than other two. 

In Magnien, Bouraoui, and Vigouroux (2004) article performance of soft keyboard with 

existing of visual clues are investigated. The experiment obtained three different modes which 

are no visual clues, visual clues and visual clues with some exceptions. Simply, when a user 

starts to type a word, possible letters - depending on the letter frequency - is highlighted to 

lessen the cognitive load of user. In the first mode there is no help thus user is exposed to full 

cognitive load. In the second mode there is clue and all of the possible letters are included inside 

the highlight. Last case had only 90% of the correct letters. Frequency of the letters is gathered 

from French language thus will not guarantee the results for every language. User mistakes are 

compared and seen that visual stimuli does not increase the error rate. Error rates were at its 

minimum point when the stimuli displayed all the correct characters. Overall gain was around 

40%. Error-prone system deteriorates user performance but does not necessarily destroy the 

positive effect of the recourse to visual clues in spite of the 10% errors of setting in contrast, 

they provide a significant improvement.  

Modeling of Touch Typing 

 Studies divided typing process into 2 main categories. Visually guided typing and touch 

typing are the models. In visually guided typing, typist look for the keys to be pressed whereas 

touch typist know the locations from memory. Therefore visually guided typists are usually 

slower. There are a few other distinctions listed by Crook(1964): 

 use of all 10 finger as opposed to use of one hand 

 fixed key assignments 

 less arm movements 

 fixed locations of palms 

 

Touch typing studies focused on sighted or visually challenged people in order to 

facilitate their computations. However it is still a big challenge since they rely on visual 

interaction (Kane et al., 2011). Kane et al. (2011) tested access overlays. Access overlays are 
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 A box plot graph is also given below. The y-axis shows the values in milliseconds 

whereas the x-axis shows the different conditions.  

 

Figure 3.3 Box plot graph for finger movement times for different conditions 

 In above figure, the whiskers below each box show the minimum value -- fastest finger 

movement -- and whiskers above each box show the maximum value -- slowest finger 

movement. The point at which the colors change inside a box is the median value of all 

participants for the corresponding condition. The upper and lower edges of the boxes are 75 

and 25 percentile values. This indicates that upper edge includes 75% of the observations 

whereas lower edge includes 25% of the total participant data. As can be seen above, when 

both cues are provided values are clustered whereas lack of feedback caused values to be 

dispersed.  

 An ANOVA (Analysis of Variance) was used to evaluate the effect of the different factors 

and their interaction on the finger movement time. A 2 by 2 experimental design implies that 

there are 3 hypotheses to be tested. The first two of them are the main effects of the factors 

whereas the last one is the interaction of these two. The table below displays the results of 

these analyses.  There is a main effect of position information, but no effect of audio feedback. 

In other words it can be said that applying the Braille display helped users and reduced their 

residual finger movement time. The presence of an interaction is also an important 

consideration for two factor tests. Although it is not significant for this data, it might help to 

identify the source of the difference.  Based on the average subject performances, one can 

conclude subjects performed best in the 1st condition and worst in the 4th condition. When there 

is only one cue presented subjects performed better with only physical cue than only audio 

feedback. 
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Table 3.10 ANOVA Test for residual finger movement time 

Source Position Audio F Sig. 

Position Level 1 vs. Level 2  6.351 .019 

Audio  Level 1 vs. Level 2 3.430 .077 

Tactile * Audio Level 1 vs. Level 2 Level 1 vs. Level 2 4.040 .056 

 

The interaction appears to have a strong effect on the residual finger movement time. Below is 

bar graph which displays the interaction. In some cases when an interaction is present, it can 

mask the main effect of one factor at the different levels of the second factor. In our study a 

strong interaction masks the fact that audio feedback is important when there is positioning 

information, but has no effect when there is no positioning information.  This is just the 

opposite of what was found with finger movement time as the dependent variable.  The 

difference will be addressed in the Discussion section below.  

 

 

Figure 3.4 Bar graph for finger movement interaction 
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Task Completion Time  

 The task completion time is another dependent variable that was measured. It is 

calculated as the time that elapses from when first key was pressed to when the last key was 

released for each sentence. Since each subject is required to memorize every sentence, there is 

no idle time passed while typing a sentence (i.e., the participant does not have to glance back 

and forth between the sentence that is to be typed and the keyboard). It is hypothesized that 

there is no effect of audio feedback on task completion time however position information will 

make a difference.  The null hypothesis is: 

H0 : There will is no main effect of position information or auditory feedback on either 

search time or task completion;  

 Below are the descriptive results.  The condition with the shortest task completion times 

(P-F) is also the condition with the fastest finger movement times.  Similarly, the condition with 

the longest task completion times (NoP-NoF) is also the condition with the longest finger 

movement times. There is an 8.4% increase in task completion time when both cues are absent.  

As with the analysis of residual movement times, the effect of audio feedback is again larger 

when positioning information is present (142.7 s with no feedback, 134.1 with feedback) than 

when positioning information is not present (145.3 with no feedback versus 140.2 with 

feedback).  This interaction mirrors the interaction in the finger movement time analyses above.  

 

Table 3.11 Descriptive statistics for task completion 

Conditions Mean 
Std. 

Dev. 
N 

P-F 134.1 22.9 24 

P-NoF 142.7 15.3 24 

NoP-F 140.2 13.8 24 

NoP-NoF 145.3 20.79 24 

 

 In addition to above table, a box plot graph is given below. The y-axis represents the 

milliseconds values whereas the x-axis represents the conditions. The figure indicates a wide 

variance in the task completion times for the different conditions. However the means, 25th 

percentiles, and 75th percentiles are very close across the conditions.  
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Figure 3.5 Box plot graph for task completion 

 It is of some interest to determine whether the typing of the space bar itself affected 

the typing speed similarly across conditions.  The difference between the task completion time 

in Table 3.11 and the task completion time excluding the total time spent typing the space bar is 

reported below in Table 3.12.  It is clear from the difference values in Table 3.12 that there was 

the exclusion of space bar typing times did not have an alter the pattern of task completion 

times.  It was still the case that audio feedback had a slightly larger effect when position 

information was present than when it was not present.  
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Table 3.12 Analysis of task completion times after space bar correction 

Conditions Mean 
Std. 

Dev. 
Difference N 

P-F 99.4 30.7 34.7 24 

P-NoF 108.5 28.4 34.2 24 

NoP-F 104.4 41.9 35.8 24 

NoP-NoF 109.5 34.3 35.8 24 

 

 As indicated in the above there is a 10% increase in the task completion time when both 

cues are absent (or, equivalently, 7.7% increase in typing speed). More specifically, it can be said 

that the presence of tactile and auditory cues helped subjects to finish the typing tasks in less 

time. In order to determine which of the tactile or auditory cues was having an effect, an 

ANOVA was undertaken. The same statistical tests were used to test for effects of position 

information and auditory feedback on task completion times as were used for finger movement 

time. The table below contains the results of this analysis. It is clear that there is a significant 

effect of audio feedback on tasks. However position information didn’t have a significant effect 

on task completion times after the space bar correction was introduced. The interaction was 

also not significant. 

 

Table 3.13 ANOVA test for task completion 

Source Position Audio MS df F Sigma 

Position Level 1 vs 2 

 

27556 1 3.18 0.041 

Audio   Level 1 vs 2 879589 1 2.836 0.113 

Interaction Level 1 vs 2 Level 1 vs 2 1509808 23 2.535 0.132 

 

 Based on the Tukey’s HSD post-hoc analysis, there is a bigger difference between 

positions or no position for audio than non audio feedback. Put slightly differently, the effect of 

audio feedback is larger when position information is present than when it is not present, 

consistent with the task completion time results and the residual finger movement results.  This 
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result is expected as it was hypothesized that the source of the improvement in task 

completions times was position information.   

Eye Movement Data 

 In addition to time data in this study, another dependent variable can be constructed 

from the record of eye movements. A head mounted eye tracker was used to measure eye 

movements.  Unfortunately, it was not possible to use the data from all participants.  In general, 

when typing, users look down to screen with an angle. When looking down, some of the 

participants’ eye lids covered their pupils. Fortunately, only three of the 24 participants’ data 

was lost due to this problem. 

Areas of Interest.
 
The iPad screen was divided into three areas of interest (AOI). The first area 

of interest is the top (first) row of QWERTY keyboard, which starts with “Q” and ends with “P”. 

The second area of interest was home (second or middle) row where users position their fingers 

before they start typing. The last area of interest was the bottom (third) row of the same 

keyboard.   

 

 

Figure 3.6 Areas of interest 

 In the figure above, the green rectangle is the first AOI (AOI-I), the black is the second 

AOI (AOI-II), and yellow is the third AOI (AOI-III). This picture is taken just before the experiment 

to provide a general idea about the experiment. Since the eye tracker records the video files 29 

frames per second, there are very short saccades between the areas not taken into account.  

 There are three important points I considered in measuring the glance time on any 

particular area of interest.  First, when a glance was located on the line separating rows, the 

time spent looking there was not included in the computations since it was not clear upon which 
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area of interest the participant was focusing.  Second, time spend looking outside the three 

areas of interest was excluding.  Finally, on some occasions the hands covered the keyboard and 

the participant glanced at the back of the hands.  It was not possible in these cases to determine 

definitively upon which area of interest the participant was glancing and so these times were 

excluded as well.  

Eye Glance Analyses. I tested two hypotheses related to the distribution of eye glances: 

 There would be a main effect of position information on the distribution of search times 

across the areas of interest 

 There will be no effect of auditory feedback on the distribution of search times across 

the areas of interest. 

          In chart below, AOI-I, AOI-II, AOI-III represent the first, second and third areas of interest 

respectively. The average (purple columns) is found by averaging the time spent on three areas 

of interest.  Y-axis values are the time spent on each row given in seconds. The values are the 

average amount of time spent for each condition. (For instance, in the NoP-F condition) on 

average subjects spend around 65 seconds on the top row, 40 seconds on second row and 

around 15 seconds on third row. The x-axis shows all four conditions.  

 

 

Figure 3.7 3-D chart for eye movement percentages (seconds) 

 The table below gives the exact proportions of the total time spent on each area of 

interest as well as the total scanning time for 21 data sets for corresponding condition.  It can be 

seen that typists without position information but with auditory feedback did pay less attention 
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to the home row (AOI II).  But this was definitely not true for typists who received no position 

information or auditory feedback.  Thus, it does not appear that the positioning information is 

decreasing typists scanning of other areas. 

Table 3.14 Distribution of eye glance proportion for conditions 

Conditions AOI I AOI II AOI III Total 

P-F 0.49 0.41 0.10 1.00 

P-NoF 0.48 0.43 0.09 1.00 

NoP-F 0.52 0.35 0.12 1.00 

NoP-NoF 0.42 0.42 0.17 1.00 

 

 As with finger movement times and task completion times, the typists are performing 

best in the condition with information positioning and auditory feedback.  Based on the average 

values, there is a 24% improvement in total time spent scanning in the P-F condition.  This is a 

great improvement for an individual. It took subjects 109.3 seconds in the P-F condition. 

Average total scanning time for the NoP-NoF condition was 135.58.  

 An ANOVA was undertaken to determine whether there was any effect of the two 

factors on the total time individuals spend scanning the display. As can be seen in the table 

below, both position information and auditory information had a significant effect. 

Table 3.15 Test results for Area of Interest-II 

Source Position Audio Mean 

Square 

F Sig. 

Position Level 1 vs. 2  4186.0 17.61 .003 

Audio  Level 1 vs. 2 842.93 10.59 .012 

Position * 

Audio 
Level 1 vs. 2 Level 1 vs. 2 418.88 1.88 .207 

 

 

A post-hoc test was used to analyze the data still further.  Tukey’s HSD method is 

adopted. The first condition (P-F) had the biggest effect. For different levels of audio options, 
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participants on an average tend to type faster when position information is also presented. 

Likewise, for different levels of positioning information, they perform better with audio option 

on.  

Discussions and Limitations  

 Different measures were made of the effect of position information and auditory 

feedback on users typing performance.  These measures included: finger movement time and 

residual finger movement time; task completion time (including and excluding the time to press 

the space bar), and total glance time on the areas of interest.  Position information had a main 

effect in four of the five dependent measures (all but finger movement time).  Moreover, in four 

of the five dependent measures – the same measures – audio feedback had an as large or larger 

effect when position information was present then when it was not present. 

 The question is whether finger movement times are an anomaly or one needs to 

consider presenting different types of feedback for different types of typist.  Recall that the 

finger movement times are analyzed only for the one finger typist.  A post hoc explanation of 

why audio would have no (or little effect) when position information is present and a larger 

effect when position information is not present is possible.  Specifically, it may be the case that 

for typists using only one finger the combined tactile and auditory feedback on the home row is 

more confusing for them than it is for typists using two or more fingers.  The combined feedback 

for one finger typists would not be present for typists using two or more fingers if their fingers 

remain positioned over the home row.  Note that when a finger is positioned over the home row 

position (tactile) feedback is already present.  Striking the key would not change that tactile 

feedback; it would only create auditory feedback.  However, when a one finger typist strikes a 

home row key he or she receives both position and auditory feedback which could create they 

hypothesized confusion.  However, it should be emphasized that this explanation is post hoc and 

cannot be evaluated with this design. 

 In Experiment 1, there were clear limitations created by the confounding of device with 

practice.  In this experiment such confounding did not exist.  However, there is a related 

limitation present which is difficult to unravel.  Participants in Experiment 2 may not have 

reached the true speeds that they could have reached in a between subjects design because 

they switched among the four different conditions.  What is observed here should generalize to 

a situation where a typists was switching quickly among different keyboards (with different 

levels of feedback).  But no conclusion can be drawn about the performance of typists if they 

were given a keyboard with an unchanging condition for a prolonged period of time. 

 A second clear limitation is due to the fact that only the iPad 2 was used as a 

soft keyboard.  It is known that many factors affect the performance of typists and that these 

factors vary among soft keyboards.  For example, each manufacturer uses its own footprint. 

Display quality, the space between keys, and the key size vary across the brands. Thus, it is not 
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possible to generalize with absolute assurance the finding that position information in general is 

helpful and that audio feedback is more helpful when position information is present than when 

it is absent. 
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CHAPTER 4 

CONCLUSION 

 Measuring keyboard activities has a long history. There have been a large number of 

studies reported in the literature. The advent of new devices gave new urgency to this field of 

human factors. This study focused on quantifying touch typists’ performance on soft screen 

keyboards. I was motivated by the fact that there are fundamental differences between soft and 

hard types of keyboards, differences which appear to make it much easier for experienced 

typists to operate a hard keyboard. After reviewing the literature, , two key factors stood up as 

critical to the success of hard keyboards: tactile feedback on finger position and auditory 

feedback when a key is pressed.  In Experiment 1, I evaluated this hypothesis.  Typists were 

quicker with hard keyboards than soft keyboards.  Because the hard keyboards had both 

position information and audio feedback, this suggested that either one or both were 

important.  However, from Experiment 1 it could not be determined whether it was position 

feedback, audio feedback or both that were important.  Moreover, a confound existed which 

prevented a conclusive determination of whether the effect of the hard keyboard was a function 

of the existence of position information and audio feedback or, instead, was a function of 

practice. 

 In order to get rid of the confound and isolate the effects of position 

information and auditory feedback, a second experiment was run. A 2 (position feedback 

available or not available) by 2 (auditory feedback available or not available) experiment was 

designed.  The same subjects were exposed to soft keyboards in each of the four possible 

conditions. Since it is a laborious work to measure the efficiency of the large number of different 

devices and screen sizes that are on the market, it was decided to use one of the most popular, 

the Apple iPad 2. In this study, improvements of up to 18% on finger movement time, 10% on 

task completion time and 24% on eye glance time were observed. This is a practically significant 

increase, considering the number of users of soft keyboards now and the rapid increase 

projected in the future.  Although the results can’t be generalized to other devices, this study is 

a good indicator of what performance might look like on these other devices.  

 The technology required to generate tactile feedback might be complex. However, 

home row positioning information can be provided without incurring much cost. Simple 

transparent dots could be placed for index fingers on devices for both landscape and portrait 

orientation.  However, using something which is physically mounted on the face of a display 

such as raised dots might create problems for applications other than typing with the soft 

keyboard that is supplied by the manufacturer. Since the location and size of the keys can 

change from one context to another, it might be desirable to have no positioning information on 

a device.. Also considering that users use hand held computers for web browsing mostly rather 

than typing, the manufacturer might consider other options.   
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 By contrast, audio feedback can be applied easily. Moreover, rather than a simple beep 

for key strike feedback, there could be other varieties to mimic key strike behavior more 

realistically.  

 There are other differences between hard and soft keyboards that might be introduced 

into soft keyboards and improve performance still more. Identifying these additional factors 

that might possibly account for the performance increase would be a topic for another study. 

One very prominent feature is the ability that users have with a hard keyboard to rest their 

palms. It gives users an additional point of reference when attempting to position the fingers 

without looking at the keyboard. Additionally, factors that were considered in this study could 

be implemented differently.  The built-in key click sound and Braille display that were used 

mimicked the hard keyboard.  But this certainly does not need to be the case. 

 Another future topic of study is the determination of the optimal distance between any 

two pairs of keys. The keys in soft keyboards could actually be relocated as a function of an 

individual user’s behavior based both on the particular frequencies of letter pairs in the lexicon 

of a user and the particular finger movement times of a user between any two locations on the 

keyboard.  Such is not possible (or easily possible) with hard keyboards. 

 Human computer interaction is a rich field for human factor engineers. I studied a 

problem and proposed a solution methodology within the context of human factors. Behaviors 

of a certain population segment were analyzed using standard statistical methods.  
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APPENDIX A 

      JAVA CODE 

Below is the source of the software developed for this study. First three line address the 

Java classes included. Java programming language has no support for allow multiple inheritance, 

interface classes “KeyListener” and “ActionListener” are implemented. Each keyboard activity is 

outputted with a value. Value is the elapsed time between the current time and midnight, 

January 1, 1970 UTC. It is in milliseconds scale. 

 

import java.awt.*; 

import java.awt.event.*; 

import javax.swing.*; 

public class neww extends JPanel implements KeyListener, ActionListener  

{ 

JTextArea displayArea; 

JTextField typingArea; 

static final String newline = "\n"; 

public neww() { 

super(new BorderLayout()); 

JButton button = new JButton("Clear"); 

button.addActionListener(this); 

typingArea = new JTextField(20); 

typingArea.addKeyListener(this); 

displayArea = new JTextArea(); 

displayArea.setEditable(false); 

JScrollPane scrollPane = new JScrollPane(displayArea); 

scrollPane.setPreferredSize(new Dimension(1350, 375)); 
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Font f =new Font("serif", Font.BOLD,30 ); 

typingArea.setFont(f); 

add(typingArea, BorderLayout.PAGE_START); 

add(scrollPane, BorderLayout.CENTER); 

add(button, BorderLayout.PAGE_END); 

}  

/** Handle the key pressed event from the text field. */ 

public void keyPressed(KeyEvent e) { 

displayInfo(e, "KEY PRESSED: "); 

} 

/** Handle the key typed event from the text field. */ 

public void keyTyped(KeyEvent e) { 

} 

/** Handle the key released event from the text field. */ 

public void keyReleased(KeyEvent e) { 

displayInfo(e, "KEY RELEASED: "); 

} 

/** Handle the button click. */ 

public void actionPerformed(ActionEvent e) { 

//Clear the text components. 

typingArea.setText(""); 

//Return the focus to the typing area. 

typingArea.requestFocusInWindow(); 

} 

/* 
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* We have to jump through some hoops to avoid  

* trying to print non-printing characters such as 

* Shift. (Not only do they not print, but if you put 

* them in a String, the characters afterward won't  

* show up in the text area.) 

*/ 

protected void displayInfo(KeyEvent e, String s) { 

String keyString;  

int id = e.getID(); 

if (id == KeyEvent.KEY_PRESSED) { 

char c = e.getKeyChar(); 

keyString = "key character = '" + c + "'"; 

} else { 

int keyCode = e.getKeyCode(); 

keyString = "key code = " + keyCode + " (" 

+ KeyEvent.getKeyText(keyCode) + ")"; 

}  

displayArea.append(s + " " +System.currentTimeMillis()+ newline +  

keyString + newline ); 

displayArea.setCaretPosition(displayArea.getDocument().getLength()); 

} 

/** 

* Create the GUI and show it. For thread safety, this method should be 

* invoked from the event-dispatching thread. 

*/ 
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private static void createAndShowGUI() { 

//Make sure we have nice window decorations. 

JFrame.setDefaultLookAndFeelDecorated(true); 

//Create and set up the window. 

JFrame frame = new JFrame("Key Events by Seckin"); 

frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 

//Create and set up the content pane. 

JComponent newContentPane = new neww(); 

newContentPane.setOpaque(true); //content panes must be opaque 

frame.setContentPane(newContentPane); 

//Display the window. 

frame.pack(); 

frame.setVisible(true); 

} 

public static void main(String[] args) { 

//Schedule a job for the event-dispatching thread: 

//creating and showing this application's GUI. 

javax.swing.SwingUtilities.invokeLater(new Runnable() { 

public void run() { 

createAndShowGUI(); 

} 

}); 

} 

} 
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APPENDIX B 

     LETTER FREQUENCY 

 

Table B.1 Letter Frequency table 

 

  Experiment 1 Experiment 2 

Letters M&T Psg1 Psg2 Psg1 Psg2 Psg3 Psg4 

A 0.081 0.048 0.075 0.061 0.072 0.081 0.048 

B 0.016 0.014 0.012 0.019 0.011 0.011 0.014 

C 0.024 0.025 0.03 0.03 0.026 0.037 0.024 

D 0.043 0.034 0.03 0.023 0.037 0.011 0.014 

E 0.113 0.138 0.093 0.099 0.095 0.095 0.099 

F 0.018 0.014 0.021 0.015 0.009 0.029 0.014 

G 0.022 0.02 0.021 0.03 0.023 0.007 0.024 

H 0.077 0.022 0.051 0.057 0.023 0.04 0.031 

I 0.052 0.065 0.06 0.08 0.08 0.059 0.068 

J 0.002 0 0.003 0 0.003 0.004 0.007 

K 0.011 0.008 0.012 0.004 0.011 0.011 0.014 

L 0.045 0.037 0.042 0.023 0.04 0.026 0.027 

M 0.025 0.025 0.027 0.023 0.037 0.026 0.034 

N 0.06 0.056 0.051 0.068 0.043 0.04 0.051 

O 0.066 0.059 0.054 0.049 0.083 0.062 0.089 

P 0.015 0.017 0.006 0.023 0.014 0.022 0.024 

Q 0.001 0.003 0.003 0 0.003 0 0.003 



 

57 

 

R 0.059 0.051 0.054 0.057 0.049 0.059 0.055 

S 0.061 0.059 0.072 0.038 0.052 0.048 0.041 

T 0.098 0.079 0.081 0.084 0.077 0.088 0.068 

U 0.031 0.025 0.018 0.011 0.023 0.015 0.031 

V 0.01 0.014 0.009 0.019 0.003 0.011 0.01 

W 0.029 0.008 0.012 0.023 0.011 0.022 0.02 

X 0.001 0.003 0 0 0 0 0.003 

Y 0.021 0.025 0.015 0.015 0.02 0.026 0.007 

Z 0.001 0 0 0 0 0.004 0 

Sum 0.982 0.849 0.852 0.851 0.845 0.834 0.82 
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APPENDIX C 

       TEXT PASSAGES 

Passage A 

the water was monitored daily 

he watched in astonishment 

a big scratch on the tabletop 

salesmen must make their monthly quota 

saving that child was an heroic effort 

Passage B 

my watch fell in the water 

prevailing wind from the east 

never too rich and never too thin 

breathing is difficult 

physics and chemistry are hard 

Passage C 

elephants are afraid of mice 

my favorite place to visit 

on the way to the cottage 

a lot of chlorine in the water 

do not drink the water 

Passage D 

movie about a nutty professor 

come and see our new car 

coming up with killer sound bites 
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the opposing team is over there 

soon we will return from the city 
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