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A User Interface for Spatial Cognitive Assessment Using ActiveCube
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Assessments of spatial, constructional ability are used widely in cognitive research and in
clinical diagnosis of disease or injury. Some believe that three-dimensional (3D) forms of these
assessments would be particularly sensitive, but difficulties with consistency in administration
and scoring have limited their use. We describe a novel computerized user interface for 3D
constructional assessment that increases consistency and promises improvements in flexibility,
reliability, sensitivity and control. This user interface makes use of ActiveCube, which a user
can input 3D shape to the computer in real-time. In testing, the proposal system was sensitive
to differences in cognitive ability and task and correlated well to a standard paper-and-pencil
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3D spatial assessment.
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Fig.1 The configuration of spatial cognitive assessment
system.

Recognition signal OUT
Blue stripe for connection support

Recognition signal IN

0 2 ActiveCube 000
Fig.2 ActiveCube.
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Fig.3 Similarity vs. time graphs for all participants in
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Fig.5 The initial structure of the Reshape task.
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Fig.6 An example shape presented to participants.
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Table 1 Error trials and filtered or repeated trials in the
cognitive sensitivity study.

Trial Description
Total trials:
Error trials:

Froquoncy
621 (100%)

Connect errors 26 (4.2%)
Sys crashes w/o connect error | 13 (2.1%)

Trials without error: 582 (93.7%)

Remaining affected trials:
Repetitions 21 (3.6%)
Filtered collapses 81 (13.9%)
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Table 2 Completed trials in the cognitive sensitivity
study by participant group, shape and task type.

Shape Type Task Type
2D 3D intro | follow | match | reshape

Group | Overall

young 270 97 173 41 56 103 70
elderly 246 97 149 42 56 88 60
AD 63 27 36 12 15 24 12
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Fig.7 The effect of the shape X task type interaction on 4 measures.

03 0000000000 Intro0000 ADOOOOUDOO
0300000000
Table 3 Results of three way ANOVA in cognitive sensitiv-
ity study. Intro trials, AD participants excluded.

Indep Meas Depend Meas | ANOVA

age last connect F(1,13)=23.82, p<.00005
age derivative F(1,13)=71.21, p<.00001
task type last connect F(2,26)=4.7, p<.01

task type similarity F(2,26)=4.96, p<.01
task type Zero crossings F(2,26)= 7.58, p<.001
task type derivative F(2,26)=34.32, p<.00001
shape type last connect F(1,13)=37.24, p<.00001
shape type similarity F(1,13)=3.9, p<.05
shape type Zero crossings F(1,13) =13.07, p<.0005
shape type derivative F(1,13)=137.15, p<.00001
ttype X stype | last connect F(2,26)=3.22, p<.05
ttype X stype | similarity F(2,26)=6.02, p<.005
ttype X stype | zero crossings F(2,26)=3.93, p<.05
ttype X stype | derivative F(2,26)=4.16, p<.05

04 0D0O0O0O0ODOOOODOOOOOOOOOOODOOODOO
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Table 4 The main effect of age on last connect and deriva-
tive. Means are presented with standard error in
parenthesis.

Dependent Age

Measures young elderly AD
Last connect (sec) | 48.45 (3.5) | 76.33 (5.3) | 91.24 (8.8)
Derivative (sim/sec) 3.02 (.13) 1.97 (.1) 1.43 (.16)
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Fig.8 Results of Pre-Ex. MRT and Post-Ex. MRT.

05 0000 MRTOOOOOODOODODMmMp < .100000
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Table 5 Pre-Ex. MRT/Experiment correlations. Signifi-
cance: (p < .1) in bold, (p < .05) in italics.

Dependent [ T Shape Type Task Type
Measures 2D 3D follow | match | reshape

Last connect -0.38 -0.49 | -0.35 -0.63 -0.35 -0.24
Similarity 0.03 -0.36 0.17 0.16 -0.09 0.08
Derivative 0.51 0.38 0.57 0.43 0.50 0.34

Zero crossings -0.23 0.07 | -0.25 -0.14 -0.45 0.11
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