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nn A variety of 6 DOF control devicesA variety of 6 DOF control devices
nn Which is better?Which is better?
nn Measures: time, accuracy, and ?Measures: time, accuracy, and ?
nn Coordination: can all DOF be usedCoordination: can all DOF be used

effectively?effectively?

Quantifying 6 DOF performanceQuantifying 6 DOF performance



Simultaneous time-on-target (TOT)Simultaneous time-on-target (TOT)

nn Ellson (1947)Ellson (1947)
•• Comparing TOTb (= TOTx TOTy) withComparing TOTb (= TOTx TOTy) with

Simultaneous TOT (TOTs)Simultaneous TOT (TOTs)
–– independent: TOTs = TOTbindependent: TOTs = TOTb
–– discoordinated: TOTs < TOTbdiscoordinated: TOTs < TOTb
–– coordinated: TOTs > TOTbcoordinated: TOTs > TOTb

•• In a Pedestal Sight Manipulation TestIn a Pedestal Sight Manipulation Test
(PSMT), TOTs < TOTb(PSMT), TOTs < TOTb

nn Gardner (1950): TOTs = TOTbGardner (1950): TOTs = TOTb



nn 6 DOF tracking in a virtual environment6 DOF tracking in a virtual environment

TOT in a 6DOF tracking experimentTOT in a 6DOF tracking experiment



6 DOF tracking experiment6 DOF tracking experiment

nn Two 6DOF controllersTwo 6DOF controllers
nn 13 subjects each group13 subjects each group
nn 5 tests, 4 trials per test5 tests, 4 trials per test

total of 1 hour experimenttotal of 1 hour experiment SpaceballSpaceball

EGGEGG
(Elastic General purpose Grip)(Elastic General purpose Grip)



TOT (%) in 6DOF trackingTOT (%) in 6DOF tracking

nn TOTb = TOTx  TOTy  TOTz  TOTrx  TOTry  TOTrzTOTb = TOTx  TOTy  TOTz  TOTrx  TOTry  TOTrz

nn TOTmin =  min (TOTx, TOTy, TOTz, TOTrx, TOTry, TOTrz)TOTmin =  min (TOTx, TOTy, TOTz, TOTrx, TOTry, TOTrz)

nn TOTs = 6 DOF simultaneously on targetTOTs = 6 DOF simultaneously on target

nn C = (TOTs - TOTb)/(TOTmin - TOTb)C = (TOTs - TOTb)/(TOTmin - TOTb)

•• C < 0: C < 0: TOTsTOTs < TOTb, worse than chance, < TOTb, worse than chance,
DISCOORDINATEDDISCOORDINATED

•• C = 0: C = 0: TOTsTOTs = TOTb, no better than chance, = TOTb, no better than chance,
UNCOORDINATEDUNCOORDINATED

•• C = 1: C = 1: TOTbTOTb = TOTmin, PERFECT coordination = TOTmin, PERFECT coordination

•• 0 < C < 1: TOTb < 0 < C < 1: TOTb < TOTsTOTs < TOTmin, COORDINATED < TOTmin, COORDINATED



6 DOF tracking TOT results6 DOF tracking TOT results
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nn Contrary to theContrary to the
results of Ellsonresults of Ellson
(1947) and(1947) and
Gardner(1950)Gardner(1950)

nn C > 0C > 0

nn TOTs > TOTbTOTs > TOTb



Results with different target sizesResults with different target sizes
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Error correlation analysisError correlation analysis

nn Correlation as a coordination measureCorrelation as a coordination measure
(Senders (Senders et alet al 1955, 1956) 1955, 1956)
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Correlation in 6DOF trackingCorrelation in 6DOF tracking
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Contrast between current and early resultsContrast between current and early results

nn Early studies: Ss could not coordinateEarly studies: Ss could not coordinate
multiple (2-3) DOFmultiple (2-3) DOF

(e.g. Ellson 1947, Senders 1956)(e.g. Ellson 1947, Senders 1956)

nn Current study: Ss could coordinate multipleCurrent study: Ss could coordinate multiple
(6) DOF(6) DOF

nn Reason: Design of controls and displaysReason: Design of controls and displays



An efficiency-based coordination measureAn efficiency-based coordination measure

nn Shortest path in coordination spacesShortest path in coordination spaces
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Efficiency in 6 DOF dockingEfficiency in 6 DOF docking





Efficiency in 6 DOF docking: experimentsEfficiency in 6 DOF docking: experiments

nn 32 subjects32 subjects
nn Two 6 DOF control devicesTwo 6 DOF control devices

•• Elastic rate controlElastic rate control

•• Isotonic position controlIsotonic position control



Mean completion time (sec)Mean completion time (sec)
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Translation inefficiency (%)Translation inefficiency (%)
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Rotation inefficiency (%)Rotation inefficiency (%)
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Between translation and rotation Between translation and rotation (%)(%)
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Total TransportTotal Transport
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Rotation Type EffectsRotation Type Effects
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Isomorphism Isomorphism vsvs. Tool Using. Tool Using
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Summary and conclusionsSummary and conclusions

nn  A variety of coordination measures A variety of coordination measures

•• TOT% (Ellson)TOT% (Ellson)

•• Correlation (Senders)Correlation (Senders)

•• Efficiency (Zhai)Efficiency (Zhai)
nn Ss could coordinate 6 DOF (contrary toSs could coordinate 6 DOF (contrary to

Ellson 1947 and Senders 1956)Ellson 1947 and Senders 1956)
nn Rate control (tool using) was slower thanRate control (tool using) was slower than

position control (direct manipulation), butposition control (direct manipulation), but
better coordinatedbetter coordinated
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