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KEYBOARDS AND DATA MEASURES 

Topics 
Discussed: Informational aspects of data measures used in 

keyboard experimentation 

Key force and displacement requirements for 
touch operated alpha and numeric keyboards 

Operator performance for nine keyboard force- 
displacement values 

Type of Study 
  

The science of information (Information Science) is 

concerned with discovering the basic principles of data 

organization and interpretation that can provide man with 

the information that is needed to accomplish his goals. 

The present study evaluates an area of Information Science 

where there seems to be lack of comprehension of these 

principles in the application of the Experimental Method. 

The evaluation is performed within the framework of a 

psychological experiment of independent importance. This 

was done to provide a working testbed for the information 

assumptions made in the study, while allowing the experiment 

to be carried on in a normal manner. The psychological ex- 

periment deals with a form of man-machine interaction that 

has important implications on keyboard design and general 

operator performances to be expected for certain types of 

keyboard operation.   
 



  

Information Aspect Under Evaluation 
  

In the engineering and scientific professions, experi- 

mentation is used to quantify information about unknown 

aspects of our world. Scientific guidelines and experi- 

mental procedures have been developed over the years and 

are collectively labeled the Experimental Method. While 

the data collected using the Experimental Method represent 

objective measures of the conditions under evaluation, 

the same conditions can usually be represented objectively 

in numerous ways by varying the study design components 

(subjects, task, measurement, etc.). 

The association of meaning with the data generated, 

which is a subjective process, can Similarly be expressed 

in numerous ways. For any given study objectives (ques- 

tions to be answered), numerous conclusions are dependent 

upon the make-up of the study components (independent and 

dependent variables) and their interpretation. In pre- 

paring for an experiment, careful consideration must be 

given to the selection of study components that offer a 

data base and interpretive qualities that will fulfill the 

requirements of the study objectives. Although the selec- 

tion of study components is considered standard procedure 

in experimentation, the actual choice is not a straight- 

forward process. 

In this study, for example, the selection of data 

measures (speed, accuracy, information transmission,



preference, etc.) was quite involved. Past keyboard studies 

used a wide variety of data measures with different descrip- 

tive qualities to provide similar interpretive qualities for 

meeting study objectives. In comparing the measures, the 

linking of descriptive and interpretive qualities was found 

to be based more on subjective interpretation than on em- 

pirical investigation. The association of interpretive 

qualities with individual measures seemed to be subjectively 

based also. If these assumptions are even partially true, 

it would suggest that the information base presently avail- 

able for selecting and interpreting measures is of doubtful 

value. 

In order to test this validity, the data categoriza- 

tion and evaluation in the present study were performed 

using a number of measures presently used in keyboard studies. 

A comparison of data outcomes would indicate the agreement 

or disparity between measures considered to possess equiva- 

lent predictive qualities. Agreement would suggest that, 

although subjectively established, the information base 

presently available for measurement selection and inter- 

pretation is probably valid. Disagreement would suggest 

that further study be given to the meaningful use and 

interpretation of these measures. 

The "Data Measures . . ." section of the study presents 

the rationale for both the selection and use of the indi- 

vidual measures to be tested here. 

 



  

An engineering group had the task of developing a new 

line of alpha and numeric touch operation keyboards such 

as found on typewriters and 10-key numeric calculators and 

business machines. One goal of the design effort was to 

optimize the physical operating characteristics of the 

keyboards for the user. Adequate empirical data on two 

of the characteristics, key force and key displacement, 

were lacking. Further research of the two parameters was 

undertaken in order to answer the following three questions: 

1. From an operator performance standpoint, what key 

force is optimum for a touch operated alpha or numeric 

keyboard? 

2. From an operator performance standpoint, what is 

the optimum displacement distance that a key should travel 

for these types of keyboards? 

3. From an operator performance standpoint, what is 

the optimum combination of key force and displacement? 

LITERATURE REVIEW FINDINGS 

A literature search was conducted to discover ap- 

propriate data design characteristics for the force and 

displacement parameters. (More data might be found within 

various typewriter manufacturers, but is not in the scien- 

tific literature available to the general public.) Each 

 



data source is reviewed as to type of study, results found 

and/or conclusions drawn. The applicability of the data to 

answering the above questions is also presented. 

  

that: "The few studies that have been performed are some- 

what consistent in the conclusion that the force and dis- 

placement characteristics of individual keys (within certain 

limits) have little effect on keying performance. However, 

studies using greater numbers of subjects for longer 

durations should be conducted." 

Hillix and Coburn (1961) reviewed Deininger.   

Deininger (1960) conducted a two-part study: Key Force 
  

Study--24 subjects of unspecified skill level keyed 10-15 

seven-digit numbers per condition. Key forces of 100 and 

400 grams were tested with a constant 1/16 inch displace- 

ment. Results indicated no significant statistical dif- 

ference but some subject preference for the light force. 

Displacement Study--27 subjects of unspecified skill level 

keyed 10-15 seven-digit numbers per condition. Displacements 

of 1/32, 1/8, and 3/16 inch were tested with a constant 

100 gram key force. Results indicated no significant 

statistical difference, but some subject preference for 

the 1/8 inch displacement. Because of the unspecified (and 

probably diverse level of) keying ability of the subjects 

and the extremely limited number of test trials per condi- 

tion, these studies are of limited general value. The



findings were judged inadequate to specify force and dis- 

placement values for a high throughput touch keyboard. 

Gallo and Tevine (1966) studied both sequential and 
  

chord entry of binary codes in a key pressing task using 

subjects of unspecified keying skill. Although various 

levels of key force and displacement were used in the study, 

no systematic attempt was made to evaluate force displace- 

ment keyboard design requirements. Study conclusions in- 

dicated that within the ranges that were studied, physical 

characteristics of the keys themselves were not related to 

keying rates because they were based on chord input. These 

findings are not applicable to high throughput sequential 

touch keyboard design. 

’ Kinkead and Gonzalez (1969) evaluated five combinations 
  

of force and displacement that were representative of the 

minimum and maximum boundaries of these parameters found on 

present-day standard electric typewriter keyboards. The 

values tested were: 

  Force (grams) ' Displacement (inches) 

40  ------------- .062 

103. ------------- .250 

l6l 9 ------------- -062 

17000 eee ene 202 

197. =-----~------- 250



Eight experienced typists were presented all force- 

displacement combinations on each day of the 10-day test. 

A test trial for each combination consisted of typing a 

300 word typing test article. Speed, errors, and a derived 

score were used as task measures. Results indicated a 

statistical difference between the various force-displacement 

combinations. Conclusions were: Low force is better than 

high force. If force is low, then displacement should be 

low; if force is high, then displacement should be high. 

High force with low displacement is the most undesirable 

condition. Although the study was limited in the range of 

forces and displacements evaluated, the data established 

acceptable relationships of force to displacement for touch 

operator keyboard design. 

Gallaway and Hanes ‘(1966) studied two levels of key 
  

force on a standard keypunch layout. A 60 gram force was 

compared with a 300 gram force on high production alpha, 

numeric, and alpha-numeric input material. There was a 

12 percent better throughput (statistically significant) 

for the lighter force with definite operator preference 

for the lighter force. 

Chapanis (1963) studied effect on performance of 
  

variations in (a) force required to depress a push button 

over a 200 to 1600 gram range, and (b) maximum displace- 

ment of the push button over a .03 to .48 inch range.  



Data measures were simple reaction time, accuracy of stop- 

ping a movement at a predetermined time, the number of 

times button could be depressed repetitively in one minute, 

and subjects preference. The results were: All criterial 

measures showed force requirements had no appreciable ef- 

fect on performance (operator preferences suggested: the 

lighter the pressure the better), and that variations in 

maximum displacement have a trivial effect. This was a 

button pressing task which is not generalizable to touch 

operation keyboards. 

Pollock and Gildner (1963) conducted a survey of many 
  

manual input devices (pushbuttons, toggle switches, joy- 

stick, etc.) to determine their operating characteristics. 

Literature pertaining to human performance with such de- 

vices was also reviewed. Conclusions were: There is 

inadequate research data establishing performance for 

various devices and device characteristics, and incomplete 

specification of operator input tasks in existing systems. 

The main data deficiency was inadequate specifications of 

operating characteristics such as force and displacement. 

Bergenthal (1970) evaluated pushbutton switch operating 
  

force characteristics. A review of manufacturer's informa- 

tion, military specification, and published literature is 

given together with results from studies conducted at 

Delco Electronics. Conclusions were: 

 



1. The manufactures surveyed had not conducted human 

factors studies on pushbutton switches, and existing switch 

characteristics have primarily been determined by other 

design and environmental criteria. 

2. Military specifications are not related to specific 

applications; hence, they sometimes appear to be contra- 

dictory. 

3. Published literature on this subject is too general, 

although Deininger and Schuster have conducted limited 

studies to provide specific data. 

4, Testing by Delco Electronics has shown that over 

40 percent of the test subjects preferred an operating 

force of approximately 9 oz, over 70 percent preferred an 

operating force of less than 18 oz, and 100 percent pre- 

ferred an operating force of less than 25 oz. 

This review dealt mainly with pushbutton devices and not 

with touch keyboard operation. 

RELEVANCE OF LITERATURE 

The studies reported by Chapanis, Pollock and Gildner, 

and Bergenthal were concerned with force and displacement 

characteristics of push button switches. Since push button 

switches are not normally used for natural language alpha 

or production numeric keying and are generally not touch 

operated, the findings of these studies were not applicable 

to answering the posed questions. The study by Gallo and
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Tevine compared the sequential and chord entry of binary 

data in a reaction time test. Because of the variance of 

tasks and keyboard design with the question requirements 

and the incomplete test evaluation, the Gallo and Tevine 

study was considered not applicable. The Deininger study 

looked specifically at key force and displacement parameters 

but was too limited in the testing of these parameters. 

The use of inexperienced operators keying a small amount 

of numeric data in a hunt and peck fashion makes the find- 

ings of little value here. 

The two remaining studies by Kinkead and Gonzalez, and 

Gallaway and Hanes seem to be the only studies conducted 

under conditions similar to those posed by the questions. 

Both the force and displacement parameters were evaluated 

in the Kinkead and Gonzalez study, but only for a few com- 

binations of the parameters. The Gallaway and Hanes study 

only looked at two values of the force parameter. Although 

both studies evaluated a part of the range of forces and 

displacements that could be used on a keyboard, they did 

not provide a comprehensive evaluation of the operator 

usable range for the two parameters. 

The available literture did not provide a quantitative 

answer to the questions posed. The best data available 

provided only general trends based on testing of a limited 

sample of force and displacement values. As the review 

by Alden and Daniels suggests, no study as of yet has
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has shown the broad effects that the two parameters have 

on operation of a touch keyboard. 

It is evident that the questions could not be empiri- 

cally answered through the findings of the literature re- 

view. Thus the development of a study to supply the data 

was necessary. 

QUESTIONS DEFINITION 

Variables to be Considered 
  

The main variables in the evaluation of the force and 

displacement parameters were: Touch operation, skilled 

operators, normal keying tasks, touch keyboard, key force, 

and key displacement. These were defined as follows: 

Touch Operation--Operator ability to enter data through 

a keyboard without visual aid in locating the proper keys 

to be depressed. (Keying speed is higher with touch 

operation because the amount of visual scanning of the key- 

board is reduced allowing the operator to concentrate on 

reading the input data.) 

Skilled Operators--People with the ability to touch 

operate typewriter and 10-key numeric keyboards at speci- 

fied high keying speeds and low error rates. In this case 

the skill level consisted of touch operation at a rate that 

was 60 words per minute or more on a typewriter keyboard.
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Normal Keying Tasks--The typewriter keyboard is used 

to enter alpha and numeric data at a rate that can be 

maintained throughout a normal working day. 

Touch Keyboard--A keyboard that is designed to be used 

without visual aid in locating the proper keys once an 

operator has gained skill in its operation. 

Key Force--The pressure required to move a key through- 

out its range of travel. 

Key Displacement--The distance that a key can move in 

an up and down direction. 

Answers to be Obtained   

The objective of the test was to define the key force 

and displacement that will facilitate the best operator 

performance under normal daily typing task conditions found 

in the business world. From a practical standpoint, the 

objective of the study was to identify the combination of 

force/displacement that will allow the fastest keyboard 

operation with the fewest errors, cause the least amount of 

physical fatigue, and be acceptable to the operator. 

SELECTION OF TEST PARAMETERS AND VALUES 

Force/Displacement   

In the past the force and displacement values of a 

keying device were selected as a function of machine mechanism
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requirements and limitations. With the advent of electric- 

ally activated keyboards these requirements and limitations 

are in most cases less important for proper functioning. 

Thus, the selection of force/displacement can be dependent 

on user requirements. Based on a sample of present day 

typewriters (Figure 1), it is evident that manual and elec- 

tric keyboards vary widely in force and displacement. 

The trend in keyboard design, from manual to electric 

typewriters, has generally reflected a reduction of key 

force to less than 300 grams and displacement to less than 

3/8 inches of travel. Although the reason for this trend 

is not explained in the available literature, it was con- 

sidered to set practical upper limits on the force and 

displacement parameters to be tested. Non-moving keys, 

requiring little or no force, were eliminated from the 

study because the operational characteristics of such key- 

boards differ from moving key keyboards. Thus, the lower 

limits of the force and displacement parameters were de- 

termined by the minimum levels that could be implemented on 

a moving key keyboard. Because the testing of force and 

displacement separately would not show interaction effects, 

the two factors were tested together. 

Force values selected were: 100, 200, and 300 grams. 

The test keyboard had a minimum force requirement of slightly 

under 100 grams (keyboard described under equipment) and
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the upper test limit was defined to be 300 grams. Based 

on these limits, the three force values, 100, 200, and 

300 grams, were considered adequate to show differences in 

operator performance throughout the defined range of the 

parameter. 

Displacement values selected were: .125 (1/8), .250 

(1/4), and .375 (3/8) inch. The key displacements of .125, 

-250, and .375 inch were selected to represent the defined 

range of displacements in the same manner as for force. 

The resultant combinations of forces and displacements 

that were tested are as follows: 

Grams 

100 200 300 
  

~125 Xx Xx x 

Inches ~250 Xx Xx x 

-375 Xx X X 

Touch Keyboard 
  

The design objective of the present study was to provide 

force and displacement data for touch operated alpha (type- 

writer) and 10-key numeric (calculator keyboards). Either 

keyboard met the test requirements of use for business world 

tasks since both are commonly used by trained equipment 

operators. The alpha keyboard was selected for testing 

based on the findings of an earlier study (Gallaway and 

Hanes, 1966) that showed that keyboard parameter differences
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are brought out better by an alpha than by a 10-key numeric 

keyboard. The two handed operation of the alpha keyboard 

permits a higher keystroke throughput capability than the 

10-key numeric keyboard, and allows the alpha user to more 

easily exceed the physical limitations of the keyboard or 

find the mismatch of human and machine keying requirements. 

Figure 3A shows the alpha keyboard configuration used 

in the test. The keyboard was a standard touch typewriter 

layout of the A-Z, comma, period and space keys. Since 

numeric data entry was occasionally required, a 10-key 

touch numeric cluster was provided. The special character 

key * was used for control of test equipment. 

Since there was no keyboard that could economically 

be used to give variable forces and displacements, an 

experimental unit was developed that would provide the 

required variability (keyboard design described in 

Appendix I). Its operational characteristics were similar 

to that of an electric typewriter. 

Skilled Operators with Touch Ability 
  

The skill level of operators can have a definite af- 

fect on the detection of force and displacement differences. 

An extension of the reasoning for use of the alpha keyboard 

also applied to the selection of operators. Highly skilled 

(fast in this case) operators were more apt to exceed the 

physical limitations of the keyboard or demonstrate a mismatch
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of human and machine physical key requirements. Less skilled 

(slower) operators might never encounter these limitations. 

In addition, the less skilled operator shows a faster rate 

of task learning than the highly skilled operator which 

could bias the test. Therefore, from a task learning stand- 

point, the highly skilled operator who had somewhat leveled 

in learning was preferable. Based on these considerations, 

highly skilled operators were selected to test the keyboard 

at its operating limits and to determine differences in the 

force and displacement parameters. All operators were 

required to be able to touch type at least 60 words per 

minute (above average skill level for typewriter typists). 

The amount of time per required force-displacement 

condition made a large sample of operators impractical from 

a cost and testing time standpoint. Accordingly, twelve 

operators were selected. Four operators were assigned to 

each of the three displacement levels. Each operator ex- 

perienced all force levels (Figure 2A and 2B). With this 

arrangement, four operators were tested for each force/ 

displacement combination. 

Task and Typing Material 
  

Testing the keyboard parameters under the same condi- 

tions for which the keyboards are used was considered the 

best approximation of the operator performance on a pro- 

duction keyboard. An alpha keyboard designed to form words



Test Design (Graphic)--Integration of Test 
Parameter Values 

Figure 2. 

  

FORCE FORCE FORCE 

100 Grams|200 Grams/300 Grams 
  

DISPLACEMENT 

.~125 Inches 
  

DISPLACEMENT 

-250 Inches 
  

DISPLACEMENT 

-375 Inches               

100 Grams 200 Grams 300 Grams 
  

Operator 

  

DISPLACEMENT 

.375 Inches 

Operator 

  

Operator 

  

Operator                 
Four operators tested 
across three Force values 
(repeated measure) for 
each displacement. 

  

NORMAL KEYING 

With Error 

Correction     

NORMAL KEYING 

With Error 

Correction       

NORMAL KEYING 

With Error 

Correction   

NORMAN KEYING 

With Error 
Correction       

| 4 

12 hours of 
practice typing 

  

oe 

15 minute 
Test Session 1 

5 min. 

Soe 

15 minute 
Test Session 2 

+ _—__ 

15 minute 
Test Session 3 

5 min. 

Each condition for each operator divided into the above test schedule. 
Data of three normal keying 15 minute sessions combined for analysis 
in this study  



and sentences should be tested using natural language text 

under working conditions similar to real world keyboard uses, 

Thus, the test conditions were made to resemble an actual 

production keyboard typing task with the material to be keyed 

consisting of natural language text. 

Task Description--Production typists are generally re- 

quired to type for most of an eight-hour work day. Their 

rate of typing will normally be at a comfortable rate which 

is somewhat less than their maximum rate. To maintain this 

same type of condition in the test, the operators were 

instructed to type the test material at their own normal 

rate. Errors detected by the operators while typing were 

corrected immediately (which was easily accomplished by 

back spacing and typing correct input). In order that the 

operators became familiar with the task and equipment and 

developed their comfortable rate of typing, each operator 

was given four hours of practice on each of the three condi- 

tions on which they would be tested (total of 12 hours 

practice). The same types of test materials, task and 

procedures were employed in the test sessions as were used 

in the practice sessions. Only the length of time for the 

session varied. In the test session, each operator was 

required to type at her normal rate for a 45 minute period 

for each test condition. The length of the test period 

was necessary so that the data would reflect a realistic 

measure of the normal typing rate. Figure 2C shows the  



testing schedule format. 

Typing Material Description--The studies by Hershman 

and Hillix (1965) and Gallaway and Hanes (1966) reported 

that typing of natural text alpha material could be accom- 

plished at a higher rate than either numbers or mixed num- 

bers and alpha (information transmission rate is not of 

consideration here). Apparently, the redundancy of natural 

text allows the operator to better predict the next char- 

acters to be typed, reducing reaction time between viewing 

and keying the material and thus producing a faster typing 

rate than with other kinds of material. An additional 

benefit of using natural language is that the operator may 

be more interested in the task and not become bored and lose 

interest as with tasks of low redundancy material that may 

be meaningless to her. For these two reasons, natural 

language text was selected as the typing material. The 

specific material selected was chosen because it was con- 

sistent in reading and typing difficulty and was interest- 

ing enough to keep the operators involved in the typing 

task for the duration of the test. This text is referenced 

in the description of testing equipment and the presentation 

format is shown in Figure 3C. 

DESCRIPTION OF TESTING EQUIPMENT 
  

The layout of the keying position and the assOciated  



equipment is shown in Figure 3. 
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Each component of the lay- 

out is briefly described in the following sections. 

Data Capturing Equipment and Its Function 
  

Device 

Keyboard 

Encoder 

Time Clock 

Control compu- 
ter with paper 
tape punch 

Digital data 
processing 
computer 

Operation 

Switch Closure (at 

midpoint of key travel) 

Uniquely encode elec- 
trical signal from 
each key. 

Assign time of occur- 
ence with each key 
depression 

Transfer electrical- 
ly coded key and time 
data into punched 
paper tape 

Process punched paper 
tape containing key 
and time data and 
print out transformed 
data on paper 

Keyboard, Figure 3A 
  

Type--NAVCOR reed switch. 

closure sent to Data Capturing Equipment (see above). 

Data Form 

Electrical Impulse 

Coded signal of 
each key depression 

Time code associat- 
ed with key code. 

Coded key and time 
data recorder in 
punched paper tape 

Printed replica of 
data entered via 
keyboard and sum- 
mary of digram 
times, characters 

per second, and 
test times. 

Output signal--simple switch 

facilitated by variable air pressure under each key was 

adjustable to 100, 200, and 300 grams. Displacement facili- 

tated by three interchangeable keyboard frames with preset 

displacements at -125, .250, and -375 inches. Electrical 

Force



FIGURE 3 LAYOUT OF 

KEYING POSITION 

  

  

  

7 2 

TYPING MATERIAL 3C 

FORMAT 

    

VISUAL 

DISPLAY 

3B         
    
  

TYPING STAND TOP 29" 
ABOVE FLOOR 

  CENTER ROW OF KEY- 

BOARD 31" ABOVE FLOOR 
        OPERATOR CHAIR SEAT 18" oh 

ao 

7 =I] ABOVE FLOOR - re 30" 
20- Uh L| 

VI 

KEYBOARD 3A 

—.5;~ sauare CENTER Treg 73'T= 16 

QMAAANMUDA a (P) 

  

  

  

  

Oo OO ee 
+ GJ [k] () —) [4] [5] [e) Age--Z0-45 years Number--12 Lye sight--Corrected 20-20 

verformance level--d0vPM or oetter, within one year of 
test. 

Task--cacn typist was requestec to tyse the test material 
at their normal ty; yping speed for a 45 min. period. If 

  error was detectea in word being typed it was to be 
C7) corrected (facilitated by CRT whicn allowed backspacing 

and re-entry of correct cnaracters). An additional 
task was a section where the typist was requested to 
type as fast as they could ignoring all errors made. 

SPACE 
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switch closure was made at the midpoint of key travel 

distance. 

Visual Display, Figure 3B 
  

Purpose--Show typist what she has typed (feedback) for 

error detection and correction, and location of place in 

task. Type--NCR 795 CRT display with 1023 character capa- 

city. Presentation--Typed upper case characters. Operated 

by--Keyboard and code converter interface. “Error 

Correction--Backspace and type correct entry. 

Typing Material, Figure 3C 
  

Source--Stories taken from Psychology Today and presented 

in a counterbalanced manner across operators and test con- 

ditions. Stories are as follows: 

Blank, L., Nudity as a Quest for Life the Way it 
Was Before the Apple. Psychology Today, June, 1969, 

Vol. 3, No. l. 
  

Bloustein, E. J., Man's Work Goes from Sun to Sun 
But Woman's Work is Never Done. Psychology Today, 
March, 1969, Vol. 1, No. l. 

  

Kerchkhoff, A. C., and Bock, K. W., The Bug. 
Psychology Today, June, 1969, Vol. 3, No. l. 
  

Format--20-25 lines per page, double spaced lines typed 

on white bond paper 8 1/2 x 11 inches.
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DATA MEASURES*, INTENDED APPLICATIONS, AND FORMAT 

Data measures for studies of equipment design are 

chosen to fulfill the following requirements. First, the 

measure is used to determine and specify operator performance 

under each test parameter. Second, when performance dif- 

ferences occur between equipment designs, data measures are 

used to describe the relationship between designs. Third, 

the differences between data measures are used to judge the 

effect of the equipment design with relation to the test 

purpose and criteria. 

In past keyboard studies many data measures have been 

used to describe and evaluate test parameters and differences 

in equipment design. Careful examination of the descriptive 

powers of the data measures indicated that the predominant 

measures described operator performance in a quantifiable 

manner, which meets the first criterion. Differences in 

equipment design could then be identified on the basis of 

these performance differences, which meets the second cri- 

terion. The third criterion of identifying the interpretive 

qualities of a measure are not as easy to meet for a number 

  

*Data Mesure - Classification schemes for arranging and 
describing data observations into equivalence classes, so 
that observations falling into the same set are thought of 
as qualitatively the same and those in different classes 
as qualitatively different in some respect.
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of reasons. First, guidelines for operator performance 

levels under various types of task, equipment, and operator 

conditions have not been empirically established. The in- 

consistent methods of data collection and reporting make 

synthesis difficult. Second, finding statistically signi- 

ficant differences between test conditions (using any measure) 

does not explain the significance of the finding in relation 

to the purpose of the test and the questions to be answered. 

At present, the correspondence between test findings and 

the questions to be answered by the test is mainly a func- 

tion of the interpretive abilities and orientation of the 

experimenter. Although the interpretation process is con- 

strained by statistical and design requirements, there is 

little scientific methodology to state how the measurement 

results, in fact, contribute to answering the test questions. 

Third, the descrepancy between two or more measures which 

are thought to contribute equivalent results suggests that 

understanding is lacking for the interpretive qualities of 

the measures in relationship to the test questions posed. 

Chapanis (1969) and Meister (1971) in similar terms express 

the belief that at present the correspondence between our 

test measures and the criteria posed by the test questions 

(the interpretive qualities required of a measure), are not 

completely understood or empirically definable. Without a 

clear understanding of what each measure contributes to the 
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