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The keyboard is implicated in the development of 
cumulative musculoskeletal disorders among office 
workers. In response, a variety of keyboard alternatives 
have been developed. DATAHAND is one that represents an 
entirely new approach. Test and evaluation of such input 
devices is complex. We characterize the problem in terms 
of an evaluation space of three dimensions: the aspect to 
be evaluated, the level of context, and the population 
considered. Initial studies of DATAHAND for several 
points in this space are described. DATAHAND has 
considerqble promise for reducing stress and improving 
productivity. 

INTRODUCTION 
Intensive use of keyboards for data input or VDT operation 

results in high levels of discomfort ' to a large number of users 
(Sauter,Schleifer, & Knutson, 1991) and is clearly a major 
flctor in the incidence of cumulative musculoskeletal disorders 
among office workers. Recent years have seen a substantial 
increase not only in the number of computers, but in the 
proportion of users who use them heavily. (Kaminsky, 1991; Louis 
Harris & Associates, 1989) Reported repetitive stress injury in 
the United Stat~s has been characterized as an epidemic. From 
1989 to 1990 the rate increased 27%, but among office workers it 
more th-an .... doubled (OSHA, Bureau of Labor Statistics). 

Although the degree to which ergonomic factors contribute 
to the rate of musculoskeletal problems in VDT work has not been 
clearly determined, a number of studies implicate factors 
characteristic of keyboard use: repetitive motions, wrist 
abduction and dorsiflexion, constrained posture and constant 
application of static forces such as are required to support and 
pronate the hands. Consequently, there has been a strong 
incentive to provide alternatives to the standard keyboard to 
reduce or eliminate these sources of stress. 

A variety of alternatives for key-input are either now on 
the market or soon will be (Sullivan, 1991) . They attempt to 
address keying stress factors by various combinations of 1) 
splitting, angling, and/or tilting the keyset to reduce wrist 
angles and hand pronation, 2) providing support for the hands, 
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3 ) reducing the key force and/or motion, and 4) repositioning 
individual key s for easier reach or to distribute the workload 
better among the fingers. Each of these alternatives, ranging 
from slight modification to entirely new approaches, has its 
testimonials and claims for improved performance and 
productivity and greater comfort and safety from 
musculoskeletal injury. 

But evaluation is extremely complex. If there is no clear 
understanding of the importance of ergonomic factors as a 
whole, much less those specif i c to a keyboard, it is certainly 
not clear how much reduction of stress, or of what sort of 
stress, will be beneficial, or to what degree, in any 
particular work environment. Nor is it clear what the trade-
offs and interactions will be among performance, comfort, 
safety and cost. The results of controlled~ large scale, long 
term field trials are wanted without their cost or risk. Since 
that is not possible, practical evaluation will have to be a 
sequential process composed of smaller studies. 

EVALUATION SPACE 
An evaluation study of an input device · can be thought of as 

having three separate dimensions, the evaluative aspect t~at 
is of concern, the functional level and the relevant user 
population. Moreover, for any point (or cell) in this space, 
the evaluation is undertaken from a particular perspective. 
This is diagrammed in Figure 1. below. 
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Figure 1. Evaluation space 

Figure 1. shows the aspects to be evaluated as health, 
performance and training, but other aspects are also possible. 
The functional level of the evaluation has to do with how much 
of the work context must be taken into account. At the device 
level the focus is on the use of the device it~elf. At the 
system level, however, the focus is on the the mutual 
interaction of characteristics of the device with 
organizational variables, for example, the impact of the 
physical stress imposed by the device on the likelihood of 
absenteeism. The evaluation is conducted with respect to a 
population of users. Populations are shown classified 
according to musculoskeletal condition, but the relevant 
distinction might equally be among groups differing 
anthropometrically. The perspective of a study describe s the 
kind of information to be obtained and its intended use, e.g., 
a s tudy with a design perspective will focus on 
characterisitics of the device that can potentially be cha ng ed 
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for impr o vement , rather than just on their effect s. 
In s ummary , then, evaluati o n can be characterized as taking 

a perspective and choosing an aspect for evaluation with 
respect to a relevant population at an appropriate functional 
level. Additionally , in orde r to car ry out the eva lu ation , it 
is necessary to adopt a methodology and a deg re e o~ 

thoroughness or intensity in its appl i c ati o n. 
Not all parts of the eva luation space are equa lly important 

nor requ ire equal effort , and s o me parts may be considered 
equi valent or may be combined in a single study. 

PRELIMINARY EVALUATION OF DATAHANDm 
A beta-test version of DATAHAND, a new key-input device is 

s hown in Figure 2 . The operator's hands rest on two un its tha t 
can be independently positioned for comfort, and t~at ca n act 
as "mice'' . In the units there are shallow "wells" that surround 
each finger tip closely with a set of key surface s so that 
small motions of the fingertips (left, right, forward, back or 
down) activate the key switches. 

There are forty key surfaces available to the eight 
fingertips. Thumb switches are used for such functi ons ~s 
enter and positioning as well as for mode shifts that provide 
capital letters, numbers and all the key equivalents o f the 
extended IBM or Macintosh keyboard. DATAHAND is designed to be 
plug-compatible with those machines, requiring neither hardware 
nor software modification. To minimize learning for operators 
who know how to touch-type, the letter key assignments are such 
that there is an almost exact duplication of the QWERTY layout. 
Of the letter keys, only the four that require diago nal 
reaches, T, Y, B and N, are placed differently. 

DATAHAND, in contrast to the standard keyboard, supports 
the arms, requires no force to keep the hands pronated, allows 
the wrists to be kert straight~ permits a variety of postures 
and hand positions and hand orientations, reduces motion 
repetitiveness and requires much less force to operate the 
keys. 

Figure 2. DATARANDTM, an alternative to the keyboard 
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The preliminary e valuation of DATAHAND has been guided by 
the evaluation space concept , which e ncourages a systemati c 
view. of the process , especia l ly in t h e e arl y s tages when a 
design perspective mu st a lways be represented t o some extent. 
Studies , thus fa r, r e presen t the cells in t he s pace that are 
shown in Table 1. 

Table 1. Rep r esented cel l s i n the e v a lua tio n space 

STUDY ASPECT LEVEL POP ULATI ON PERSPECTIVE 

Basic Tr aining device normal management 
Basic Performa nce device normal ma nagement 
Bas i c Health device normal management 
Biomechanical Health device normal science 
Biomech a n i cal Health device impaired science 
Organ i za t i onal Performance system all ma nage ment 
Q;t;9s;H.li zat iQnal H~alth ~y~t~rn all managem~nt 

Basic Study 
The first set of studies of DATAHAND were undertaken b y 

personnel of Industrial Innovations, Inc., the manuf a ctu±er , 
with the advice and oversight of the second author. They were at 
the device level, concerned with the normal populati o n a nd done 
from the perspective of management. All three aspect s , tra ini ng , 
performance, and health, were addressed. The methodology wa s 
e xperiment with a small sample of 4 users. All were typists with 
various levels of skill. Their typing speed on the standard 
keyboard was assessed using a typing instruction program (S imon 
& Schuster's Typing Tutor I~. They were introduced to DATAHAND 
in a preliminary session and then were trained in it s use with 
the program. Figure 3 shows their speed using DATAHAND, as a 
percen t age of their speed on the standard keyboard, as a 
function of the numqer of hours of practice following the 
initial introductory session. · 

With respect to the training aspect, all the sub j ects 
approximately reached their keyboard speed after only 10 hours 
of practice, and consistently exceedeq it after 20 hou r s. The 
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Fi gure 3 . Pe rformance with DATAHAND as a fu nct i on of practice 
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resu l ts sugg~st a rapid and straight for ward l earning proce ss , 
aided by t he high degree of consistency with the Q\~RTY key 
arrangeme nt. All s ubject s continued to improve wi ch addit i onal 
practice . The two shown going to 95 hour s in the figu re have 
s ubsequently accumulated total exper ience of almost 200 hours 
and both have tested consisten tly at approx imate ly 180% of thei r 
keyboard speed. 

The subjects' perception of comfort was assessed. An 11 
point scale from -5 to +5 was used , expressing judgments of 
comfort from extremely uncomfortabl e , through neutral to 
extremely comfortable. Initially subjects rated the standard 
keyboard, and then they rated DATAHAND at intervals during 
training and practice. The ratings of the standard keyboard 
ranged from -5 to 0, with an average of -2. After the initial 
session using DATAHAND, its ratings ranged from - 1 to +5 with an 
avera~e of +2.2. But after 25 hours of practice, its average 
comfort rating had risen to 4.5. Although greater comfort may 
not necessarily mean greater safety from cumulati ve 
musculoskeletal disorders it does signal lower ph ysi cal stress . 
In this case the very high comfort ratings for DATAHAND in 
comparison with the standard keyboard suggest substantially 
lower stress. 

Biomechanical Study 
A biomechanical analysis was undertaken by the the third 

author, considering DATAHAND use by both the normal population 
and those impaired by rheumatoid arthritis . (Koeneman, 1991) 

The user's hand is fully supported in the normal "position 
of function" on DATAHAND, with the fingers naturally curled as 
shown in Figure 2. and on the left of Figure 4. This has the 
advantages that m~scle tension is not required 1) to keep the 
hand above the keyboard, 2) to bring the fingers into working 
position, or 3) to maintain hand pronation. Further advantages 
of this are that 4) the moment arm of the force applied to the 
fingertip is less and 5) the angle of the wrist is such that 
high pressures are not produced in the carpal tunnel 

A further advantage of the support ' provided by DATAHAND for 
users who are impaired by rheumatoid arthitis is that the 
su~face can act as a brace to help keep the proper alignment of 
fingers and metacarpals. This should reduce the tendency of 
bending moments applied by the extensor tendons to stretch 
weakened constraint ligaments and cause the ulnar deviation of 
the fingers commonly observed in rheumatoid hands. 

Compression forces generated across the joints of the 
fingers during function are important. High joint forces may 

Figure 4. Finger working position for DATAHAND and thP kP.vhn~rn 
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lead to ea rli er in i tiation of osteoarthr itis. If the user has 
art h rit i s , high joint forces can accelerate the disease. Figure 
4 shows the position of the finger when using DATAHAND and when 
typing on the standard keyboard. For the purpose of calculating 
the reaction force F at the meta carpal phalangeal (knuckle) 
joint the forces generated by the flexor tendons are combined 
into one , T. The applied load force with the keyboard is taken 
asP . With DATAHAND's special key mechanism the load is 
approx imate ly .6P. The joint force F is then calculated as 8. 2P 
for the keyboard, and only 3P with DATAHAND. Differences 
between the two devices are likely to be even greater when 
measured in practice; typists have been observed to use 
app roximately 3 times the force necessary with the 
keyboard. (Rempel,Gerson,Armstrong,Foulke, & Martin, 1991) 

Repetitiveness is positively associated with cumulative 
musculoskeletal disorders. With the keyboard, each finger 
activates several keys using essentially the same finger motion 
for each. With DATAHAND,the 5 different keys for each finger 
are activated by different finger motions, increasing the 
variety of movement and reducing repetitiveness. In addition, 
some of the load on the fingers is taken up by the intrins~c 
muscles within the hand, reducing the activity of the tenaons 
that pass through the carpal tunnel to the extrinsic muscles of 
the forearm. 

Experimental studies are needed to verify this analysis and 
to examine the stress levels in the intrinsic muscles; but it 
is clear that DATAHAND has a number of important biomechanical 
advantages over the standard keyboard for normal and for, at 
least some, impaired users. 

Organizational Study 
The organizational study, which is only in its beginning 

stages, represents a management perspective at the system level 
concerned with both ~ealth and performance aspects. The 
objective of the study is to develop a computational model to 
explore the relationships between ergonomic variables that can 
be controlled and consequent organizational variables, such as 
costs and productivity, fOr purposes of policy making and 
planning. 

•Management can not be expected to support 
interventions that lead to reduced productivity, nor 
can they be expected to be satis.fied with improvement 
of health status only .... there is an urgent need to 
further develop methodology for evaluation of cost 
effectiveness." (Kilborn, 1988)p. 42. 

The literature on cumulative musculoskeletal disorders 
strongly suggests a multi~factorial causal process relating 
working conditions to organizational and economic outcomes -~ -
(Kilborn, 1988) Indeed, there are .strong indications that the 
problem of work-related muscuioskeletal problems has a 
substantial psychosocial component that must be addressed if it 
is to be understood (Kiesler & Finholt, 1988). For such a 
complex process, there are important feedback loops in the 
organizational setting that need to be understood, to be 
defeated if they are undesirable or exploited if they are 
favorable. Simple accounting methods will almost surely 
misstate the actual costs and savings of any intervention, 
since effects will propagate throughout the organization. Rouse 
(Rouse, 1989; Rouse & Cacioppo, 1989) has argued for modeling 
to demonstrate and maximize the contribution of investment in 
human resources in system design (e.g., investment in trai ning , 
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in safety , and in Human Fac tors En g inee ring gene r a lly) . 
Be cause of the comple xity of the probl e m, o ne dimens i ona l 

preventive measures a re not likely t o be s uccess ful . Effec tive 
po lic ies will have to address multipl e f acets o f the p robl e m 
(Ayoub , 19 90) . · However , developing compl e x p o li c ies i s 
difficult . Unaided intuition canno t adequately assess th e 
mul tip l e , interacting c ons e quen ces of mixtures of i n itiative s 
that de velop ove r time. A computational model that exhibits t he 
correct t ypes of behavio r , even if it i s on l y app r ox i mate in 
d e tail, would allow the policy ma ke r to explo r e a nd compare 
a lternative options far more effe c tively than by a t t empting to 
i magin e or to ext r apolat e the i r c on s equen c es . 

We have adopted System Dynamics model i ng , as e mbodied i n 
th.e so ftware ithinkTM (High Performance Systems, Inc . ) , for 
th is study. System Dynamics simulation mode l ing tec h n i ques 
have l ong been used to help formulat e and explore bus ine ss 
policy alternatives (Lyneis, 1980) (Richardson & Pugh, 198 1) 

It appears to us that the multi-loop, causal nature of 
the problem of cumulative musculoskeletal disorders ne eds to 
be recognized and dealt with explicitly. It may be 
premature, for lack of data and understanding, to att e mpt a 
detailed system model of its aetiology and epidemiology i n 
the workplace, but it does not seem too early to try to take 
hypothesized causal structures into account in a model to 
assist in the urgent task of strategic policy planning f or 
prevention. A causal diagram that outlines our current , 
tentative representation of the problem in the organi zation 
is shown in Figure 5. Its representation as a computational 
simulation mod~l is too detailed to show here, but the model 
is able to reproduce approximately the dynamic "epidemic" 
behavior of the reported levels of repetitive strain injury 
in Australian Telcom between 1981-1987. Basically, the model 
reveals that there are high indirect costs due to musculo­
skeletal stress that propagate through the organization that 
are not caught by the usual accounting methods. 

r 

Figure 5. System level causal int e rac tions 

CONCLUSION 
On preliminary evaluation, DATAHAND appears to be much 

l es s l i kely to produce cumulative musculoske letal d i sorders , 
or to aggravate existing ones, than the standard keyboard , 
and it holds p r omi s e f or substant i al impr oveme nts i n 
p r OdUCtivity With r e latively lOW rr~ inina rPm1irPmPn~c 



1l h W. Ferre ll e t a l . 

REFEREN CES 

Ayoub , M. A. (1990). Ergonomi c deficiencies: I. Pain at 
work. Journal of Occupational Medicine, JZ(l), 52-57. 
Kiesler, S., & Finholt, T. (1988). The mystery of RSI. 
American Psychologist, il(12), 1004-1015. 

Kilborn , A. (1988). Intervention programs for work related 
neck and uppe r limb disorders-strategies and evaluation. In 
A. S. Adams,R. R. Hall,B. J. McPhee, & M. S. Oxenburgh 
(Eds.), Ergonomics International 88. Proceedings of the 
Tenth Congress of the International Ergonomics Association, 
Sydney Australia, 1-5 August 1988 (pp. 33-47). London: 
Taylor & Francis. 

Koe neman, J. B. (1991). A Biomechaoical Comparison of 
DATAHANP and Conventional oata Entry. Harrington Arthritis 
Research Center. 

Kaminsky, R. (1991). Computer use in the United States: 1989 
(Current Population Reports, Special Studies Series P-23,J 
No. 171). US Dept. of Commerce, Bureau of the Census. 

Louis Harris & Associates (1989) . Office environment index 
(A survey for Steelcase, Inc. No. Louis Harris & Associates. 

Lyneis, J . M. (1980). Corporate Planning and Policy oesign. 
Cambridge, MA: MIT Press. 

Rempel, D. M.,Gerson, J.,Armstrong, T.,Foulke, J., & Martin, 
B. (1991). Fingertip forces while using three different 
keyboards. In Human Factors Society Annual Meeting, Sao 
Francisco: 

t 
Richardson, G. P., & Pugh; A. L. (1981). Introduction to 
System Dynamics Modeling with DYNAMO; Cambridge, MA: The MIT 
Press. 

Rouse, W. B. (1989). Human resource issues in system design. 
InN. P. Moray,W. R. Ferrell, & W. B. Rouse (Eds.), 
Robotics, Control and Society (pp. 177-186). London: Taylor 
& Francis. 

Rouse, w. B., & Cacioppo, G. M. (1989). Prospects for 
modeling the impact of human resource investments on 
economic return: a report submitted to the Office of the 
Peputy Chief of Staff for Personnel Search Technology. 

Sauter, S. L.,Schleifer, L. M., & Knutson, S. J. (1991). 
Work posture, workstation design, and musculoskeletal 
discomfort in a VDT data entry task. Human Factors, }3(2), 
151-168. 

Sullivan, K. (1991, May 26, 1991). Virtuosos of keyboard 
design. Sao Francisco Examiner. p. D-6. 


