Speech-Activated versus Mouse-Activated Commandsfor Word Processing Applications: An EmpiricalEvaluationLewis Karl (COMSAT Laboratories), Michael Pettey (University of Maryland) and BenShneiderman (University of Maryland)July, 1992Send correspondence to:Lewis R. KarlCOMSAT Laboratories23500 COMSAT DriveClarksburg, MD 20871

2Despite advances in speech technology, human factors research since the late 1970s hasprovided only weak evidence that automatic speech recognition devices are superior toconventional input devices such as keyboards and mice. However, recent studies indicatethat there may be advantages to providing an additional input channel based on speech inputto supplement the more common input modes. Recently the authors conducted anexperiment to demonstrate the advantages of using speech-activated commands overmouse-activated commands for word processing applications when, in both cases, thekeyboard is used for text entry and the mouse for direct manipulation. Sixteenexperimental subjects, all professionals and all but one novice users of speech input,performed four simple word processing tasks using both input groups in thiscounterbalanced experiment. Performance times for all tasks were significantly fasterwhen using speech to activate commands as opposed to using the mouse. On average, thereduction in task time due to using speech was 18.67%. The error rates due to subjectmistakes were roughly the same for both input groups, and recognition errors, averagedover all the tasks, occurred for 6.25% of the speech-activated commands. Subjects madesignificantly more memorization errors when using speech as compared with the mouse forcommand activation. Overall, the subjects reacted positively to using speech input andpreferred it over the mouse for command activation, however, they also voiced concernsabout recognition accuracy, the interference of background noise, inadequate feedback andslow response time. The authors believe that the results of the experiment provideguidance for implementors and evidence for the utility of speech input for commandactivation in application programs.

31. IntroductionSince the advent of digital computing technology in the late 1950s, researchers haveworked on developing the technology to provide voice input interfaces to computers basedupon automatic speech recognition. Due to advances made in the 1960s and 1970s in theareas of digital signal processing, pattern matching and classification algorithms, andcomputer hardware technology, the dream of providing a speech-based input interface tothe computer has become a reality, so that today, modestly priced automatic speechrecognition devices are commercially available even for personal computer environments.Yet, well known problems with the current technology, such as the inadequacy of speechcapture devices, speaker dependency, and restricted vocabulary size, remain significantdeterrents to widespread acceptance by computer users. Despite the advances intechnology, human factors research since the late 1970s has provided no conclusiveevidence that automatic speech recognition is superior to conventional input devices such askeyboards and mice. However, recent studies indicate that there may be advantages toproviding an additional input channel based on speech input to supplement the morecommon input modes.Recently the authors conducted an experiment to demonstrate the utility of using speechinput for PC-based word processing applications as a supplement to more traditional inputdevices such as keyboards and mice. In the experiment, speech input was used to executeword processor menu commands, while the keyboard was used for text entry and themouse for positioning the cursor and selecting text. The authors believe that the results ofthe experiment provide evidence for the utility of speech input for command activation inPC and office-based applications.

41.1 Previous ResearchIn the early 1980s, empirical evaluations of the utility of speech input in human-computerinterfaces focussed primarily on determining performance differences when speech inputreplaced traditional keyboard input in restricted applications. Performance measures forthese early studies were usually speed and error rates, and results were typicallycontradictory and inconclusive.Using a discrete word, speaker dependent system, Poock (1982) conducted a study thatcompared the speed and accuracy of speech input versus typed input of commands in asimulated military command and control application over a distributed network. Using a180 word vocabulary, a recognition accuracy of 96.8% was achieved by novice users ofvoice input. The results showed that voice input was 17.5% faster than typed input, andthat typed input of commands had 183.2% more errors than voice.Nye (1982) reported that voice input can dramatically reduce error rates in airline baggagesorting tasks. Voice input of baggage destinations was performed with an error rate of 1%as opposed to an error rate of 10% to 40% for keyed input.Leggett & Williams (1984) conducted an experiment to assess the performance of speechinput relative to keyboard input for computer program entry and editing tasks using alanguage-directed program editor. Novice users of speech input completed 20-25% moreof the input and editing tasks when using the keyboard as compared with speech.However, keyboard input had significantly higher error rates than speech input, and speechwas just as efficient as the keyboard for issuing editing commands.Martin (1989) cites a few other studies that received mixed results. A study by Cochran,Riley & Stuart (1980) showed speech input was slower but more accurate than typed inputfor entering interconnections in a circuit layout. Haller, Mutschler, & Voss (1984)

5performed a study that showed that voice input was slower and less accurate than keyboardinput for positioning the cursor and correcting typing errors. Finally, Visick, Johnson &Long (1984) showed that for a parcel sorting task, voice input was 37% faster but was lessaccurate than typed input.These earlier studies taken as a whole are not conclusive. However, the advantages ofvoice input over keyboard input for command activation (Poock, 1982), in applications forthe handicapped (Damper, 1984), and in certain "hands busy, eyes busy" applications suchas package sorting and computer aided drafting (CAD) (Martin, 1976; Nye 1982) is clear.Studies conducted by Gould (1978) and Gould et al. (1985) and research at IBM (Jelinek,1985; Wylegala 1989) indicate that automatic dictation by discrete word, large vocabularyrecognition systems is useful and may be practicable. However, there are indications thatspeech is probably more efficient than typing in tasks involving short transactions and highinteraction with the computer, and less efficient for tasks that require thinking time or longtransactions (Chapanis, 1975; Martin, 1989). Speech input has been shown to bebeneficial for dictation of pre-recorded text (Joseph, 1989), and has great potential forproviding remote information services via non-visual media (e.g., by telephone) (Aldefeldet al., 1980; Noyes & Frankish, 1989).Studies performed more recently have focussed on the utility of voice input as an additionalinput channel in multimodal interfaces. In addition to the successful application of voiceinput to "hands-busy" and "eyes-busy" tasks, psychological research supports the viewthat people are more attentive and efficient in performing multiple tasks that are distributedacross multiple input response channels of differing modes (e.g., vocal, motor etc.), sinceinterference of tasks in the same modality decreases efficiency (Triesman & Davies, 1971;Allport et al., 1972; Wickens, 1980; Wickens et al., 1981a; Wickens et al., 1981b).One of the earliest human factors studies of the utility of speech input in multimodalinterfaces was performed by Martin (1989). The performance of speech input was

6compared with typed full word input, single key presses, and mouse clicks for enteringcommands in a graphic VLSI chip design package. Martin concluded that speech input wasa more efficient response channel, since subjects completed 65% of the tasks when speechinput was available along with the other input modes as compared to 38% when it was notavailable. Martin further concluded that speech improved subject efficiency because itadded another input response channel.More recently Schmandt et al. (1990) performed a study of the utility of using speech inputto control window navigation in an X Window system while allowing keyboard and mouseinput for other tasks, such as interaction with direct manipulation interfaces in applicationprograms. There was no significant difference in speed between speech input and mouseinput to navigate between exposed windows, however, speech was superior to the mousewhen windows were partially or completely obscured. Further, users of speech tended touse more windows and allow more and greater degree of window overlap.A study performed by Pausch & Leatherby (1991a) was conducted to evaluate the utility ofspeech input for graphical editors. An experimental group used speech input to entercommands and the mouse for pointing and selecting graphic objects, while a control groupused only the mouse. Results showed a 21.23% overall time reduction when using voiceinput in parallel with the mouse as compared with the mouse alone. Recognition errorsoccurred roughly at a rate of 4%. The benefits of speech input stemmed from the reductionof cursor motion from the object being drawn to the toolbox on the far left and back. Afollow-up study (Pausch & Leatherby, 1991b) measured the time taken to complete thesame graphical editing tasks used in the previous study by subjects using keyboardaccelerators (keystrokes which have been bound to application commands). A "novice"group of eight subjects who had not memorized the accelerator key bindings showed anaverage speed-up of 9.92% compared with the control group, while an "advanced" group

7of eight subjects who had memorized the bindings, showed an average speed-up of14.51%.1.2 Motivation for the Current StudySeveral factors have motivated the authors to investigate the utility of speech input for wordprocessing applications. First, word processing applications provide for a nice separationof input modes based upon the division of the primary task into subactivities, and thereforethey are prime targets for multimodal interfaces. Typical word processing tasks have threebasic activities that involve direct interaction with the computer. These are text entry,command execution, and direct manipulation activities such as cursor positioning and textselection. The authors believe that separate single input modes for each activity canincrease efficiency. In a study conducted by Morrison et al. (1984), subjects switchedmodality from speech input to typed input while issuing text-editing commands, and foundthe switch of modality "disruptive." Given the lack of reliable voice activated wordprocessing technology, text entry is best performed by keyboard. The mouse is generallyaccepted as being well suited to direct manipulation activities. Further, based on the humanfactors studies cited above, full typed input of commands (Poock, 1982; Martin 1989),single keyboard presses (Martin 1989), and accelerator keys (Pausch & Leatherby, 1991b)are not as efficient as speech-activated commands. The authors believe that the case for theutility of speech input in word processing applications relies upon its superiority over themouse with respect to the activation of commands.Word processing and text entry applications are also naturally "hands busy, eyes busy"applications. It is our belief that it is inconvenient and time consuming for the user to haveto interrupt the typing of text or to move his/her eyes from the work in order to executeword processing commands. This is not necessary with speech activation of commands.

8Further, the authors believe that user satisfaction is a key to the success of speech input inevery day office applications. This motivated the authors to choose a typical officeapplication such as word processing, to choose professionals for participation in the study,and to have them express their preferences for the input groups through a subjectivequestionnaire. Professionals are more likely to be serious about their preferences since theresults of the study may affect their working environment.Finally, the authors believe that they have identified a number of word processing tasks thatwill be more efficiently accomplished using voice activation of commands. The authorsrecognize that speech input may not be suitable for all word processing tasks, but theybelieve there are some advantages to speech input.2. ExperimentThe authors designed an experiment to evaluate the utility of using voice commands inparallel with a mouse (and keyboard for text entry) for word processing applications ascompared with using the mouse alone to activate menu commands (and keyboard for textentry). In this counterbalanced design, the independent variables were the input group,either the voice group or the mouse group, and the order in which subjects used the inputgroups, either voice-first mouse-second, or mouse-first voice-second. The experimentconsisted of four short word processing tasks, each requiring a different ratio of minimumkeystrokes to minimum commands to complete the task. These ratios ranged from allcommands and no keystrokes to roughly a ratio of 12 to 1. During each trial,measurements were taken of the speed required for the subject to complete each task, thenumber of subject errors in command activation, the number of recognition errors made bythe recognition system, and, in the third task only, the number of times each subject failedto remember a short piece of text. The type of subject errors that were counted includedincidences when incorrect commands were issued, when a command was issued and it

9should not have been, when a command should have been issued and it was not, and whenan incorrect menu was selected by mouse users (e.g., "Edit" instead of "Format"). Typingand text selection errors were not counted. Each subject completed a subjectivequestionnaire after completing the four tasks using each input group.The authors expected that the subjects would complete each task in less time when usingvoice input in parallel with the mouse than with the mouse alone. However, it wasbelieved that the difference in time would grow less as the ratio of minimum keystrokes tominimum commands required to complete the task grew larger. No significant differencein user errors was expected across input groups or order. Finally, the authors conjecturedthat the subjects would prefer voice input overall for command activation; the subjects wereexpected to find that using voice required less effort, was more comfortable, and was fasterthan the mouse for the four tasks.2.1 SubjectsFor this counterbalanced experiment, a group of sixteen subjects were randomly assignedto two experimental groups distinguished by the order in which the input groups were to beused. Eight subjects, assigned to the mouse-first voice-second group, would completeeach of the four tasks using the mouse input group first, and then repeat each task using thevoice group. The other eight subjects, assigned to the voice-first mouse-second group,would begin with the voice and repeat the tasks using the mouse. The groups werebalanced for age and gender. All subjects were computer or engineering professionalsfrom COMSAT Laboratories and were non-novice users of the word processing applicationprogram. None of the subjects in the voice-first group had previously used the voicerecognition system, and one of the subjects in the mouse-first group had experience withthe voice recognition system. All the subjects had work experience using the mouse toactivate commands in menu-driven applications on the Macintosh (Apple), including the

10word processing application used in the experiment. The majority of subjects were in theirmid-twenties, fourteen out of sixteen were in the age range 21-28 years, one was in histhirties and the other in her forties. Ten of the subjects were male, and six were female.2.2 MaterialsThe word processing application used for the experiment was Microsoft Word 4.0(Microsoft Corporation). The experiment was run on a Macintosh II (Apple) using a 9.5"by 7" color monitor. We used an Articulate Systems Voice Navigator II (ArticulateSystems Inc.) speaker dependent, discrete word recognition system. Each subject wore anoise cancelling head-mounted microphone and worked in a mostly quiet officeenvironment.The voice recognition system came with a predefined language file of command names forWord. When combined with a speaker’s voice file (i.e., trained speech patterns for thecommands in the language), the mapping between the speaker’s utterances and theappropriate application commands is defined. The language file was edited to define orredefine mappings to many of the commands used in the experiment, using common namessuch as "Bullet" and "Subscript." Visual feedback was provided by the systemimmediately after each processed utterance was recognized. The language file commandname associated with the stored speech template that most closely matched the spokenutterance was displayed in the top right corner of the screen on the main menu bar.The Voice Navigator by default has a voice command structure for Word that is organizedhierarchically like the menu system. Therefore, when using the default language file,issuing an editing command such as "cut" or "paste" requires speaking the menu title inwhich the command appears ("Edit" in this case) followed by the desired command. Wefound this arrangement to be cumbersome and ill-suited for voice input, and therefore we

11edited the language file so that each menu command was activated by a single voicecommand.Four short word processing tasks were designed for the experiment. The first task given tothe subjects could be completed using only commands activated by the voice or the mouse;no typing was required. In this task, the subject was given an unformatted document andwas told to reformat the document using six predefined styles, which were "bullet","figure", "figure-label", "text", and two section header styles, "level-zero" and "level-one."The subject used the mouse to select a portion of the text. He or she then would either usethe mouse to select style commands in the "Work" menu, or would speak the appropriatecommand to format the selected portion of text, depending upon whether the subject wasusing, respectively, the mouse input group or the voice input group.The second task required the subjects to type a short scientific formula that containedsubscripted and superscripted text, bold text and Greek symbols. The ratio of minimumrequired keystrokes to minimum required commands was roughly 1.65 to 1. As shown inFigure 1, the text appeared at the top of the display, and the subjects typed the descriptionbelow the double line. The subjects were asked to type the formula from left to right,activating the commands by voice or by mouse as needed.The third task required the subjects to build a table of symbols using the copy, paste, upand down voice commands. A list of symbols and symbol descriptions were given to thesubjects along with an empty table, as illustrated in Figure 2. The symbol list and the tablecould not be seen simultaneously on the display, thereby requiring the subject to page upand down (users of voice issued voice commands) while building the table. The followingprocedure was followed by each subject. For each symbol, the subject would select andcopy the symbol, memorize the symbol description, page down to the table, paste thesymbol in the table and enter the symbol description. The subject would then return to thetop of the page for the next symbol, continuing in this manner until the table was full. If

12the subject could not remember the symbol description, the authors dictated the descriptionto the subject as he/she typed and recorded a memory error for the task. The ratio ofminimum required keystrokes to minimum required commands was roughly 5.57 to 1.The fourth task required the subjects to type a short paragraph which containedsubscripted, superscripted, italicized and bold text. The subjects were told to type the textfrom left to right and activate the commands when needed. This task had the highestkeystroke to command ratio, roughly 12.4 to 1.A subjective questionnaire containing fifteen questions was administered to the subjects atthe end of the experiment. The first eight questions of the questionnaire are shown inFigure 3. Twelve of the questions asked the subjects to compare the voice input groupwith the mouse input group with regard to a number of performance and preference issues,including task completion times, error rates, response times, feedback, ease of use,comfort and preference. Two questions asked the subjects to describe what they thoughtwere the advantages and disadvantages of voice input for word processing tasks. Thesubjects were also asked to give an indication of how often they would use speech inputfor word processing if it was available.We explicitly avoided having subjects work from hardcopy in tasks #2 and #4 becausethere was a large variation in typing skill among our subjects. Few were highly skilled,and some were poor and couldn’t type without looking at the keyboard, but all used wordprocessors in their work. Further, the tasks were not designed to be wholly representativeof tasks in which typists copy from existing material. We were more concerned withincluding typing in varying amounts, removing any source of variation in subject expertise(in typing or composition), and ensuring that there was some realistic "hands-busy eyes-busy" components to the tasks, while controlling the tasks enough to obtain roughly fixedkeystroke/command ratios.

132.3 ProcedureThe following procedure was followed for each subject. To begin, the subject tried on thehead-mounted microphone and adjusted it so that the microphone was locatedapproximately 1/2 inch from the corner of the subject�s mouth. The subject trained thevoice recognition system to recognize the following eighteen voice activated MicrosoftWord commands, which were the only voice commands used in the experiment:boldfacepastebulletplain-stylecopysubscriptdownsuperscriptfiguresymbolfigure-labeltextitalictimeslevel-oneundolevel-zeroupTo train the system to recognize the subject�s articulation of these commands, the subjectwas required to say each command at least three times. If all three instances wereacceptable, the system stored the template and the user repeated the process for the nextcommand. The enrollment process took between 3 and 6 minutes.When training was finished, the subject was asked to perform four short tasks. Beforeeach task, the subject was given a vocal description of what he or she needed to do tocomplete the task, followed by written instructions displayed on the terminal screen. Inorder to test that the voice commands were properly trained and to familiarize the subjectwith the commands and the task, the subject was asked to perform a short version of thetask prior to beginning the actual task. To compensate for a potential order effect, half thesubjects performed each task using the voice input group first, while the other subjectsperformed each task using the mouse group first. After a subject finished each task for thefirst time, he/she repeated the same task using the other input group. A stopwatch wasused to determine the time it took the subject to complete each task. We counted thenumber of user errors, recognition errors, and memorization errors (for task #3 only) that

14occurred during the performance of each task. After completing all of the tasks using boththe mouse and the voice input groups, the subject was asked to fill out a subjectivequestionnaire.3. ResultsResults for the experiment are in the form of task completion times, error rates, includingthose for user errors, recognition errors and memory errors (task #3 only), as well assubjective questionnaire scores.3.1 Task Completion TimesThe authors performed a between group analysis of the task completion times bycomparing the time to complete the first trial of each task for the voice-first group versusthe mouse-first group. Table 1 shows the average completion times for each task, alongwith the percent reduction in time to complete tasks using the voice input group ascompared with the mouse group. Figure 4 shows a bar chart of the same data. Onaverage, the subjects completed each task faster using voice input as compared with themouse. The reduction in completion time ranged from 12.00 to 24.88 percent, and theoverall reduction in task time was 18.67%. Two by two ANOVAs, for the twoindependent variables (order, and input group) were performed for each task, and theresults are displayed in Table 2. The results showed that the reduction in task time for thevoice group was significant for tasks #1 (p<0.01), #2 (p<0.01), #3 (p<0.05) and #4(p<0.01). The order in which the tasks were performed had no significant effect on theresults.Subjects performed the tasks faster the second time when they switched input groups, andthe average percent reduction was higher for all tasks. Table 3 summarizes the results forthe second trials.

15Throughout the experiment there were only four task trials out of 64 in which a subjectcompleted a task faster with the mouse than with voice. The percent reductions in time fortask #1 for individual subjects in the voice-first mouse-second group varied from -10.05%to 30.39%. For task #2, the percent reductions varied from -18.54% to 42.41%. For task#3, the percent reductions varied from a minimum of -12.18% to a maximum 19.32%. Aminimum of 2.44% and a maximum of 26.54% was obtained for task #4. Naturally,individual reductions in speed were higher on average for subjects in the mouse-first voice-second group.3.2 ErrorsUser errors related to command activation were collected for each task. A bar chart inFigure 5 compares the user errors for the first trials of each task between input groups. Atwo by two ANOVA was computed for the user errors, for the independent variables, orderand input group, and no significant differences were found for either variable. Results ofthe ANOVAs are shown in Table 4. Overall, subjects made an average of 1.41 errorswhen using the mouse as compared with 1.08 when voice was used.During the third task, the subjects were told to build a table of symbols by repeatedlycopying the symbol and memorizing a corresponding short symbol description. Thesymbols were more difficult to remember when subjects used voice input as compared withthe mouse. The results of the experiment show that when the voice-first group performedthe task using voice input they forgot a total of 28 descriptions out of 120 compared with13 times out of 120 for the mouse-first group using mouse input. When the voice-firstgroup repeated the task using the mouse, they forgot only 2 descriptions. However, whenthe mouse-first group repeated the task using voice they forgot 27 out of 120 descriptionseven though they had seen and typed the descriptions only minutes before. A two by twoANOVA was performed for independent variables, order and input. The results, shown in

16Table 5, confirm that the voice input group had a significant (p<0.01) negative effect onmemory errors as compared with the mouse-only group. Considering only the first trial ofeach subject group, the subjects using voice input (voice-first group) forgot an average of3.5 descriptions while those using the mouse (mouse-first group) forgot an average of 1.63descriptions.The voice recognition system failed to recognize a total of 163 commands. This accountsfor 6.25% of the total speech-activated commands used during the experiment. Thenumber of recognition errors was 21 for the first task, 49 for the second task, 66 for thethird task, and 27 for the fourth task. A single subject was responsible for 52 of theserecognition errors. Ignoring the contribution of this subject, the recognition error ratewould be 4.54%.3.3 Subjective QuestionnaireQuestions 1 through 9 of the questionnaire asked the subjects to compare the performanceof the voice input group with the mouse input group using a nine point scale, as illustratedin Figure 3. A within subjects analysis of the scores for each question was performedusing t-tests.Subjective scores for the first question indicate that subjects thought that voice input wassignificantly faster than mouse input for tasks #1 (t(15)=7.79, p<0.01), #2 (t(15)=6.26,p<0.01), and #4 (t(15)=5.13, p<0.01). Subjects believed on average that they performedtask #3 quicker when using voice input (a mean of 6.2 for voice vs. 5.1 for the mouse),however the results are not significant (t(15)=1.56, p>0.05).The second question asked the subjects to rate the number of errors they made with eachform of input. The average ratings were 3.8 for voice and 4.6 for mouse. This indicates

17that the subjects believed that they made fewer mistakes while using voice, however theresults are not significant (t(15)=1.62, p>0.05).In question 3, the subjects indicated that it was more difficult to remember the menucommands and their locations in the menu hierarchy when using the mouse input groupthan it was to remember the voice commands when using voice input. The average mouserating was 5.2. The average voice rating was 3.7 with 1 being easier to remember and 9being harder to remember. Again, the results were not significant (t(15)=1.58, p>0.05).In question 4, the response time for voice was given an average of 6.1 with 9 being fastest.The response time for mouse input was given a lower average rating of 4.9. Thisdifference was significant (t(15)=1.78, p<0.05).The subjects thought that the feedback from the system for mouse activation of menu-commands was better than the feedback provided by the voice recognition system. Inquestion 5, the average rating for the mouse was 6.4. It was 5.4 for voice. This differencewas not significant (t(15)=1.53, p>0.05).In question 6, the subjects indicated that the mouse required at least twice as much effort touse on average. The mouse was given an average rating of 7.1 while voice received anaverage rating of 3.5. This difference was significant (t(15)=8.13, p<0.01).The subjects did not seem to believe that either input group was significantly morecomfortable or relaxing to use than the other. In question 7, voice input was rated asslightly more comfortable with an average of 6.1 while the mouse had an average of 5.6(t(15)=0.79, p>0.05).The subjects felt that the voice input group was significantly better suited for the wordprocessing tasks than was the mouse input group (t(15)=4.17, p<0.01). In the eighthquestion, the average value for the voice was 7.4, whereas it was 4.4 for the mouse.

18The results for question 9 showed that the subjects significantly preferred using the voiceinput group over the mouse input group for the word processing tasks (t(15)=5.35,p<0.01). The rating for voice was 7.6 while the mouse rating was 4.8.Question 10 asked the subjects to estimate how often they would use voice input whileworking on word processing tasks. Overall, the subjects estimated that they would usevoice input 66.9% of the time. Two subjects estimated that they would use voice 100% ofthe time. The lowest response was a 20% estimate.4. DiscussionThere are three primary reasons for speech input being faster overall. First, when a subjectwished to execute a menu command and his/her hand was not on the mouse, then he/shehad to take time to locate the mouse. Often this required the subject to remove one ofhis/her hands from the keyboard. Further, the subject had to then locate the mouse pointeron the screen, move the mouse such that the pointer reached the desired menu (e.g., the"Edit" menu), and then traverse the menu list to reach the desired command (e.g., "cut","copy", "paste", etc.). Even when no errors occurred, this took considerably more timethan merely speaking the desired command. Six subjects volunteered on the questionnairethat it was an advantage of voice input that mouse movement for activating commandscould be avoided.Second, using the mouse to activate the menu commands required that the subject removehis/her eyes from the work, (e.g., the text on the screen, but in general it could be a pieceof handwritten or typewritten text off to the side of the computer). This is necessary sincethe subject had to visually select the command from the menu. Time was lost due to thefact that the subject had to find his/her place again in the work after executing the

19command. Two subjects volunteered that speech input had the advantage of allowing themto keep their eyes concentrated on their work.Third, using the mouse to activate menu commands required that subjects remove theirhands from the keyboard. This was especially a disadvantage for typing tasks such as task#2 and task #4. Eight subjects volunteered that it was an advantage of speech input thatthey did not have to take their hands away from the keyboard.The four tasks were chosen so as to give a good mix of typing and command execution.The first task required no typing and only commands. The remaining tasks had anincreasing amount of typing relative to the minimum number of commands required tocomplete the task. For each task, the minimum number of keypresses required and theminimum number of commands required to complete each task were counted. The ratios ofminimum required keypresses to minimum required commands for tasks #1, #2, #3, and#4, were found to be, respectively, 0, 1.65, 5.57, and 12.4, as shown in Table 6. A graphshown in Figure 6 shows the average percent reduction in speed between mouse users andvoice users versus the ratio of minimum required keystrokes to commands. The authorsexpected to obtain a smooth curve showing a decrease in the reduction in speed as the ratioof keystrokes to commands increased. The unexpected low reduction value obtained forthe third task suggests that the time to memorize the symbol descriptions was a significantfactor that held back voice users. Considering only the other three data points, we canconclude that the percent speed up in task completion time depends upon the amount oftyping involved relative to the number of commands required to complete the task. Clearlythen, as expected, speech activation of commands will be superior to mouse activation ofcommands in command-intensive tasks as opposed to typing-intensive tasks.For the first and second tasks, which required subjects to reformat a document, and type ascientific formula, respectively, few or no keypresses were required. The greatest decreasein task completion time for speech input users was observed for these tasks. This suggests

20that similar tasks involving little or no typing, (e.g., search and replace tasks, printpreviews, spell checks, etc.), will have similar results. Further, it is probable that tasksinvolving voice activation of commands deeper in the menu hierarchy, such as dialogcommands for document and paragraph formatting, commands for typesetting mathematicalformulae (i.e., summations, integrals, fractions, square roots, etc.), and for building andediting tables, would benefit from voice activation of commands.It was an unexpected result that issuing commands by voice interfered with thememorization and recall of the symbol descriptions in task #3. Obviously, speaking acommand interfered with the subject’s short term memory. At least half of the subjectsvolunteered that they thought the descriptions were more difficult to memorize and recallwhen using voice input. One subject wrote, "in the table task it was hard to remember thedescription of the symbol after using the command by voice." Another wrote that thevocalization of the command "at times overrides any talking to yourself." Further, most ofthe subjects, when using voice input, paused momentarily after copying the symbol tomemorize the description. We expected that the reduction in task time would besomewhere between that for the second and fourth tasks (e.g., about 20%). However, thereduction was much lower than expected at 12%. The time taken to concentrate on thememorization of the descriptions washed out the reduction in time that would have occurredfor issuing the copy command by voice. A smaller washing out effect probably occurredfor the reduction in time due to issuing the page down command by voice. The mouseusers could memorize the descriptions as they moved the mouse to select the menucommands, and therefore did not lose any time. Clearly, speaking the commandsinterfered with short term memory. This interference is probably best explained as aninteraction between two tasks of the same modality. What is unclear, however, is whetherthis interference will affect more complicated mental tasks such as composition andproblem solving. Further study of this problem may be warranted.

21As expected, the number of user errors was not dependent on the input group used.Subjects made more user errors when performing tasks #2 and #4. Inadequate feedbackfrom the voice recognition system, combined with an underestimation of the response timewere responsible for the larger number of errors made by voice input users for tasks #2 and#4 as compared with #1 or #3. Some subjects, particularly the better typists, had atendency to type immediately after issuing the voice commands, but before feedback wasgiven. This was further exacerbated by the fact that feedback, in the form of echoedcommands on the menu bar, appeared prior to the execution of the menu commands andnot afterwards. Further, the subjects seemed to expect a quicker response time for thevoice activated commands. Mouse users had more difficulty with these tasks because thepull-down menus obscured the text that they were copying. They also had to move theireyes from the text in order to find the commands in the menu, and move their hands fromthe keyboard to locate the mouse.Overall, the subjects reacted positively to their experience with voice input. Most subjectssaw the advantage of using speech input in what they thought were "hands busy, eyesbusy" tasks. One subject wrote that voice input "reduces hand/mouse movement...[and]enables user to keep hands on keyboard, which speeds up processing time." Others wrotethat speech input "doesn’t require [you] take [your] hands off of the keyboard to use themouse as often," you do "not have to interrupt typing to select from the menu bar," speechcauses "less distraction from typing [and] allows more concentration on reading andtyping," and "you don’t have to take your eyes off the text you are typing and in somecases you don’t have to take your fingers off the keyboard." By way of generally positivecomments, subjects wrote that the advantages of speech are that it "is faster and moreaccurate," it doesn’t require "memorization of menus," "complicated actions are easier toperform," it "prevents memorization of accelerators" and "in frequent tasks such as copyand paste, or changing styles ... voice is better."

22Subjects wrote that the disadvantages of speech input were "commands are not alwaysreliably recognized," "side conversations can accidentally [cause] changes in yourdocument," "erroneous commands can cause a little disorientation, but ’undo’ helps -- alsodeactivating voice would help," "I don’t talk exactly the same at all times," "what if I have acold?," and "having everyone ’vocalizing’ their word processing up and down the hallwould be nerve-racking." This supports the view that recognition error rates, backgroundnoise and user attitude are important considerations in the success of speech input devices.Some thought the feedback provided by the speech recognition system was inadequate.One subject writes "since it’s not always reliable it’s hard to determine if it actually worked.Only sometimes can I get a glimpse of the menu bar item flashing." Response time was aconcern of one subject. There was a "slower response time for the voice command input."One subject seemed to dislike using speech input. This subject had the largest number ofrecognition errors, that is, 33 for task #3, 10 for task #4, and 52 overall. We believe thatinconsistent speaking style and attitude may have been the cause, and that with moretraining the subject could have achieved acceptable performance levels, but we can not becertain.5. ConclusionsThe authors conducted an experiment to measure the utility of using a voice recognitionsystem to allow speech-activated commands in word processing applications as comparedwith using the mouse to activate menu commands. Overall, averaging the results of thefirst trials for all four tasks, subjects using the voice first were 18.67% faster in completingthe tasks than subjects using the mouse first. This result was obtained despite the fact that,one, the subjects were novice users of speech input, two, they received at most one or twominutes training before each task, not counting the enrollment time, and three, the subjectshad all previously used the mouse to execute menu commands in the word processing

23application as part of their work. Intermittent and experienced users of speech input mayachieve greater reductions in task completion time. This conjecture is supported by theresults for the second trials (Table 3), which show a greater decrease in task times forspeech input users over the first trials. The error rates due to user mistakes were roughlythe same for both input groups, and recognition errors, averaged over all the tasks,occurred for 6.25% of the speech-activated commands. As expected, the subjects reactedpositively to using voice input, however they had concerns about recognition accuracy,response time, and feedback. One unexpected result was that issuing speech inputcommands significantly interferes with short term memory.The results suggest that speech input for command activation provides improvedperformance over mouse activation of commands in word processing applications,particularly for tasks that are command intensive or that require formatting of text as it isentered, as in the scientific formula task (#2) and the long typing task (#4). Although oursubject pool was relatively small (16 in all), based on our results it appears thatprofessionals using computers in an office environment may find speech input helpful intheir everyday word processing tasks. These results may be generalized to otherapplications in which there is a clear separation of command execution and other activitiesthat engage the hands or eyes, such as text entry, direct manipulation of text or graphics,and other activities outside the computer domain such as occur in package sorting andinspection tasks. Speech input is not likely to replace other modes of input, but seems tohave a useful place along with other types of input in a multimodal interface.5.1 Impact for PractitionersThe study indicates that at least some people (including the majority of those whoparticipated in the study) would prefer to use speech input for executing commands in wordprocessing applications. However, designers of speech recognition systems should make

24attempts to provide adequate feedback so that users can recognize and prevent substitution,false acceptance and recognition failure errors. Clearly, better feedback would haveimproved the performance of the subjects in this study.Improvements in response time would also decrease the number of user errors, especiallyin typing tasks similar to tasks #2 and #4. It is apparent that some users are anxious tobegin typing immediately after issuing the voice command so that they can avoid typinginterruptions. However, with the system used in this experiment, some subjects had tolearn to wait for feedback from the command before typing.Improvements in speech capture devices are needed as well. The head-mountedmicrophone works well, but it is often too much trouble to use (especially for shorttransactions) and uncomfortable to wear. A desk-top microphone and a lapel microphonewere used in pilot studies. The desk top microphone, our first choice, proved to be verysensitive to background noise and dependent upon the position and orientation of thespeaker, which was difficult to keep constant since there was no positional dependencybetween the subject and the microphone. The lapel microphone eliminated some of theproblems due to the lack of position dependency, but since the microphone could not bepositioned close enough to the user’s mouth, recognition performance was poor.The authors expect that the utility of speech input for command activation in applicationsoftware will be improved when developers begin to design their products so that they canmaximize the benefits of speech input. This may result in improvements in feedback,response time, user control of command definition and editing, and so on, that would helpoffset the serious drawbacks of current technological restrictions in speech capture devices,speaker dependency and vocabulary size.

255.2 Suggestions for Future ResearchAn in depth study of how issuing voice commands affect short term memory and taskperformance is needed. Such a study should focus on the performance of tasks that rangefrom "simple" memorization tasks to more complicated problem-solving tasks so as todetermine the extent of the interference and the range of situations under which suchinterference occurs or is significant. It would be interesting to see how this interferencewith memory relates to previous studies of the effects of interference between tasks of thesame modality.A study of the effect of display size on the performance of speech-activated commandsversus mouse activation of menu commands might be useful. It might also be useful todetermine the practical limits on vocabulary size by looking at how vocabulary size affectsoverall user performance, user memory and command recall, and system performance. Along term study of expert users of speech input in an integrated applications environment(e.g., PC-based automated office environment) might give more solid user satisfaction andperformance data.AcknowledgementsThe authors would like to thank the men and women from the Systems DevelopmentDivision at COMSAT Laboratories who participated in this experiment. Their contributionsto this experiment were invaluable and are greatly appreciated.ReferencesAldefeld, B., Rabiner, L. R., Rosenberg, A. E., & Wilpon, J. G. (1980). Automateddirectory listing retrieval system based on isolated word recognition. Proceedings of theIEEE, 68, 11, 1364-1379.

26Allport, D. A., Antonis, B., & Reynolds, P. (1972). On the division of attention: adisproof of the single-channel hypothesis. Quarterly Journal of ExperimentalPsychology, 24 , 225-235.Chapanis, A. (1975). Interactive human communication. Scientific American, 232, 36-42.Cochran, D. J., Riley, M. W., & Stewart, L. A. (1980). An evaluation of the strengths,weaknesses and uses of voice input devices. Proceedings of the Human FactorsSociety--24th Annual Meeting. Los Angeles.Damper, R. I. (1984). Voice-input aids for the physically handicapped. InternationalJournal of Man-Machine Studies 21, 541-553.Gould, J. D. (1978). How experts dictate. Journal of Experimental Psychology: HumanPerception and Performance, 4, 4, 648-661.Gould, J. D., Conti, J., & Hovanyecz, T. (1985). Composing letters with a simulatedlistening typewriter. Communications of the ACM 26, 4, 295-308.Haller, R., Mutschler, H. & Voss M. (1984). Comparison of input devices for correctionof typing errors in office systems. Proceedings of INTERACT ’84, First IFIPConference on Human-Computer Interaction, London.Jelinek, F. (November 1985). The development of an experimental discrete dictationrecognizer. Proceedings of the IEEE, 73, 11, 1616-1624.Joseph, R. (1989). Large vocabulary voice-to-text systems for medical reporting. SpeechTechnology, April, 49-51.Leggett, J., & Williams, G. (1984). An empirical investigation of voice as an inputmodality for computer programming. International Journal of Man-Machine Studies 21,493-520.Martin, T. B. (1976). Practical applications of voice input to machines. Proceedings of theIEEE, 64, 4, 487-501.Martin, G. L. (1989). The utility of speech input in user-computer interfaces. InternationalJournal of Man-Machine Studies 30 , 355-375.Morrison, D. L., Green, T. R. G., Shaw, A. C., & Payne, S. J. (1984). Speech-controlled text-editing: effects of input modality and of command structure.International Journal of Man-Machine Studies 21, 49-63.Noyes, M. N., & Frankish, C. R. (1989). A review of speech recognition applications inthe office. Behavior and Technology, 8, 6, 475-486.Nye, J. M. (1982). Human factors analysis of speech recognition systems. SpeechTechnology, 1, 2, 50-57.Pausch, R., & Leatherby, J. H. (1991a). A study comparing mouse-only input vs. mouse-plus-voice input for a graphical editor. Journal of American Voice Input/OutputSociety, 9, 2.

27Pausch, R., & Leatherby, J. H. (1991b). Voice input vs. keyboard accelerators: a userstudy. Proceedings of the AVIOS ’91 Voice I/O Systems Applications Conference, 9-14.Poock, G. K. (1982). Voice recognition boosts command terminal throughput. SpeechTechnology, 1, 2, 36-39.Schmandt, C., Ackerman, M. S., & Hindus, D. (1990). Augmenting a windowsystem with speech input. IEEE Computer , 50-56.Triesman, A., & Davies, A. (1971). Divided attention to ear and eye, in Attention andPerformance, Vol IV , 101-117.Visick, D., Johnson, P. & Long, J. (1984). The use of simple speech recognisers inindustrial applications. Proceedings of INTERACT ’84, First IFIP Conference onHuman-Computer Interaction, London.Wickens, C. D. (1980). The structure of attentional resources. In R. Nickerson & R.Pew, Eds. Attention and Performance VIII. New York: Erlbaum.Wickens, C. D., Mountford, S. J., & Schreiner, W. (1981a). Multiple resources,task-hemispheric integrity, and individual differences in time-sharing. HumanFactors, 23, 211-230.Wickens, C. D., Vidulich, M., Sandry, D. & Schiflett, S. (1981b). Factorsinfluencing the performance advantage of speech technology. Proceedings of theHuman Factors Society--25th Annual Meeting, Rochester, NY.Wylegala W. (1989). A 20,000-word recognizer based on statistical evaluationmethods. Speech Technology, April, 16-18.

28d2(rv) / dt2 = - m rv / rv3 + mm (- dmv / dmv3 - rm / rm3)=============================================================(Subjects entered the text here)Figure 1. Task #2, Typing a Scientific Formula

29m = Earth gravitational constantRe = Earth equatorial radiusLs = luminosity of the SunAs = satellite surface arears = satellite position vectorvs = satellite velocity vectorh = satellite surface reflectanceaGM = Greenwich hour anglews = satellite angular velocityms = satellite massr = slant rangeRp = Earth polar radiusfg = geographic latitudeqg = geographic longitudeCds = drag coefficient of the satelliteSymbolDescriptionFigure 2. Task #3, Building a Table of Symbols

301.You were able to complete the following tasks faster for which input group?a) The Formatting Task (#1):Mouse-only:Slowest <- 1 2 3 4 5 6 7 8 9 -> FastestVoice-plus-Mouse:Slowest <- 1 2 3 4 5 6 7 8 9 -> Fastestb) The Scientific Formula Task (#2):Mouse-only:Slowest <- 1 2 3 4 5 6 7 8 9 -> FastestVoice-plus-Mouse:Slowest <- 1 2 3 4 5 6 7 8 9 -> Fastestc) The Table of Symbols Task (#3):Mouse-only:Slowest <- 1 2 3 4 5 6 7 8 9 -> FastestVoice-plus-Mouse:Slowest <- 1 2 3 4 5 6 7 8 9 -> Fastestd) The Long Typing Task (#4):Mouse-only:Slowest <- 1 2 3 4 5 6 7 8 9 -> FastestVoice-plus-Mouse:Slowest <- 1 2 3 4 5 6 7 8 9 -> Fastest2. With which input group did you feel you made the least mistakes?Mouse-only:Least <- 1 2 3 4 5 6 7 8 9 -> MostVoice-plus-Mouse:Least <- 1 2 3 4 5 6 7 8 9 -> Most3.For which input group were the commands and their locations within the menu (ifmouse-only) easiest to recall?Mouse-only:Easiest <- 1 2 3 4 5 6 7 8 9 -> HardestVoice-plus-Mouse:Easiest <- 1 2 3 4 5 6 7 8 9 -> Hardest4.How would you rate the response time for voice command input as compared with the mouse-menu command input?Mouse-only:Slowest <- 1 2 3 4 5 6 7 8 9 -> FastestVoice-plus-Mouse:Slowest <- 1 2 3 4 5 6 7 8 9 -> Fastest5.How would you rate the feedback provided for voice command input as comparedwith the mouse-menu command input?Mouse-only:Worst <- 1 2 3 4 5 6 7 8 9 -> BestVoice-plus-Mouse:Worst <- 1 2 3 4 5 6 7 8 9 -> BestFigure 3. Subjective Questionnaire, Questions 1 - 5 31

050100150200250300350Task#1Task#2Task#3Task#4Voice GroupMouse Group

Mean Completion Time (seconds)Figure 4. Comparison of Mean Task Completion Times00.511.522.5Task#1Task#2Task#3Task#4Voice GroupMouse Group

Mean ErrorsFigure 5. Comparison of Mean User Errors, First Trials, n=8

32 K e y s t r o k e s / C o m m a n d

Percent Reduction051 0 1 5 2 0 2 5 024681 0 1 2 1 4 Figure 6. Graph of Percent Reduction in Time vs. Ratio of Minimum Required Keystrokes to Minimum Required CommandsTable 1. Average Task Times and Percent Reduction BetweenGroups for First Trials (n=8, standard deviation in parentheses)TaskNumberAvg. TimeMouse-First( s e c . ) Avg. TimeVoice-First( s e c . ) PercentReduction1228.6 (41.1)171.8 (30.9)24.882203.6 (38.7)154.4 (23.8)24.193337.5 (52.5)297.0 (29.0)12.004296.0 (72.6)243.6 (41.6)17.69Total266.4216.718.67Table 2. F Values for 2x2 ANOVA for Times (Order x Input);df = (1,28), F0.01 = 7.64, F0.05 = 4.20

332x2 ANOVAF MeasuresTask #1Task #2Task #3Task #4Finput24.0018.55.307.98Forder0.05340.2820.001480.256Forder x input5.800.05490.8310.880Table 3. Average Task Times and Percent Reduction BetweenGroups for Second Trials (n=8, standard deviation in parentheses)TaskNumberAvg. TimeMouse-Second( s e c . ) Avg. TimeVoice-Second( s e c . ) PercentReduction1199.4 (19.6)147.6 (20.3)25.962207.5 (44.9)144.4 (26.5)30.423321.9 (45.2)280.0 (57.6)13.014286.2 (47.6)211.0 (70.8)26.29Total253.8195.822.86Table 4. F Values for 2x2 ANOVA for User Errors (Order x Input);df = (1,28), F0.01 = 7.64, F0.05 = 4.202x2 ANOVAF MeasuresTask #1Task #2Task #3Task #4Finput0.03231.520.6120.223Forder1.580.240.6120.223Forder x input2.610.240.06800.0558Table 5. F values for 2x2 ANOVA of Total Memory Errors(order x input); df = (1,28), F0.01 = 7.64, F0.05 = 4.202x2 ANOVAF MeasuresF Values forUser ErrorsFinput16.4Forder1.03Forder x input1.48Table 6. Ratios of Minimum Keystrokes to Minimum Commands

34TaskMinimumRequiredCommandsMinimumRequiredKeystrokesRatio ofKeystrokes toCommands# 1 3400# 2 35581.65# 3 603345.57# 4 3442212.4