
 

Biological motion perception 
in the elderly

Yaroslav Konar & Nikolaus F.  Troje

Biological Motion (BM) perception is an important cue in social 
cognition at all ages (Pavlova, 2012)
Aging is known to affect motion perception (e.g., Bennett et al., 
2006)
In a recent report, Pilz et al. (2010) showed that older adults are 
impaired in direction discrimination of biological walkers 
embedded in noise.
No such difference existed for walkers without noise
The aim of this study is to assess older adults’ performance on a 
number of different tasks related to BM perception: 

1) Motion coherence, 2) Detection of BM, 3) Direction from 
motion, 4) Distortion (shape from motion), 5) Action 
recognition, 6) Gender discrimination and 7) Person 
identification

Consistent with previous studies (Bennett et al., 2006; Pilz et al., 
2010) older adults needed more coherent dots to tell direction of 
motion (Coherence) and could not tolerate as many noise dots, 
implicating a problem with figure-ground segregation (Detection)
On the other hand, structure from motion was intact (Distortion) 
indicating that older adults are sensitive to global perception of BM
Older adults were worse on the Direction task, indicating that their 
sensitivity to local biological motion invariants is impaired
Older adults were not impaired on Action recognition nor on 
Gender discrimination and performed well on the Naming and Old-
New subtests
Memory may be implicated in worse performance on block 2 of the 
Old-New subtest
Overall, despite showing decrements in general motion perception 
and figure-ground segregation, older adults retain sufficient ability 
to process BM information that may be relevant in social cognition 
(e.g., good performance on Action, Gender, and Identity tests)

Pavlova, 2012. Cerebral Cortex, 22
Bennett et al., 2006. Vision Research, 47
Pilz et al., 2010. Vision Research, 50
Saunders & Troje, 2011. VSS poster

Participants
Twenty five older adults (64.3 yr, SD=5.9 
yr) completed an online test battery 
consisting of seven tests
Data were compared to young 
adults’ (22.8 yr, SD=4.8 yr) from 
Saunders and Troje (VSS 2011)

Procedure
Each participant completed the seven 
tests from home

Plots
Older adults’ performance is plotted 
relative to young adults

Analyses
Sensitivity (percent correct, d’, 1/threshold, or 
slope (Gender task)) was the dependent measure
We conducted separate ANOVAs for each task 
with age as a between subjects variable
Naming and Old-New recognition were tested 
twice, so block was used as a within subjects 
variable in a mixed design ANOVA

Findings
Significant effects of Age on Coherence (p=0.008), 
Detection (p<0.001), and Direction (p=0.038)
Significant effect of block, age and block x age 
interaction on the Old-New subtest with older 
adults performing worse on block 2 (p<0.001)
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A test battery for assessing biological motion 
perception

Daniel R. Saunders, Nikolaus F. Troje

Biological motion perception is often 
assessed using a single task. However, it was 
shown that there are at least two distinct 
processes at work, one based on local motion 
information and one based on integrating 
information about the structure across the 
display (Troje and Westhoff, 2006). Along with 
other recent results, this suggests that biological 
motion is analyzed via a hierarchy of perceptual 
abilities, including:

• The ability to perceive (any) motion.
• Figure-ground segregation.
• Local motion processing – “life detection”
• Perceptual organization (structure-from-

motion).
• Assigning meaning: action, style, identity.

We have developed a battery of tests, 
BMLtest, that measures these abilities 
independently, producing a profile for each 
individual. Test scores can be used to examine 
individual differences (and therefore the 
relations between abilities), or population 
differences.

Home-Lab mean comparison

3,",$12-4$)"()52,.
• All stimuli derived from motion-capture 

data, rather than Cutting’s (1978) animation 
(see Saunders, Suchan, and Troje, 2009)

• Use QUEST when applicable, to efficiently 
measure a wide range of performance 
levels.

• Each test brief, 2-6 minutes

Experiment 1 – Robustness to setting
• N = 30 undergraduates
• All completed battery in the lab and on their home computer via 

the internet, order randomized
• < 30 minutes on average
• Similar test means between lab and home
• Most tests correlated highly between lab and home

Expt 1-Expt 2 mean comparison

6,7,$,"(,.
Cutting, J. E. (1978) Program to generate synthetic walkers as dynamic point-

light displays. Behavior Research Methods & Instrumentation, 10, 91-94.
Saunders, D. R., Suchan, J. & Troje, N. F. (2009) Off on the wrong foot: Local 

features in biological motion. Perception, 38, 522-532.
Troje, N. F. & Westhoff, C. (2006) The inversion effect in biological motion 

perception: Evidence for a “life detector”? Current Biology, 16, 821-824.

Home-Lab correlation

Test-retest reliabilities

Inter-test correlations
Coherent Detection Direction Distortion Action Gender Identity –

Naming
Identity –
Old-New

Coherent —
Detection 0.07 —
Direction 0.05 0.08 —
Distortion 0.06 -0.28 -0.11 —
Action 0.13 0.30 -0.07 -0.26 —
Gender -0.04 0.00 -0.10 0.24 -0.07 —
Identity – Naming 0.13 0.33 0.17 -0.20 0.23 -0.03 —
Identity – Old-New 0.24 0.32 -0.17 -0.25 0.24 0.15 0.51* —
* Indicates significance at .05 after sequential Bonferonni correction.

Test r
Coherent .46**
Detection .42**
Direction .58**
Distortion .50**
Action .48**
Gender .55**
Identity – Naming .46**
Identity – Old-New .50**

Test r
Coherent .61**
Detection .39*
Direction .26
Distortion .63**
Action .61**
Gender .05
Identity – Naming .60**
Identity – Old-New .47*

Experiment 2 – Normative data and test-retest reliabilities
• N = 65 undergraduates
• Took all tests at home twice, separated by one week
• All test-retest reliabilities significant, and similar test means to 

Experiment 1

• Evidence for independence of underlying constructs from lack of 
correlation between tests

Person recognition

8%"(2'.)%".
• BMLtest efficiently assesses the major components of 

biological motion processing.
• It is effective in a home testing environment.
• The measured abilities are relatively independent.
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Test r
Coherent .61**
Detection .39*
Direction .26
Distortion .63**
Action .61**
Gender .05
Identity – Naming .60**
Identity – Old-New .47*

Experiment 2 – Normative data and test-retest reliabilities
• N = 65 undergraduates
• Took all tests at home twice, separated by one week
• All test-retest reliabilities significant, and similar test means to 

Experiment 1

• Evidence for independence of underlying constructs from lack of 
correlation between tests

Person recognition

8%"(2'.)%".
• BMLtest efficiently assesses the major components of 

biological motion processing.
• It is effective in a home testing environment.
• The measured abilities are relatively independent.

Coherence test

0

5

10

15

Expt 1 Expt 2

Detection test

0
20
40
60
80

Expt 1 Expt 2

Direction test

0
10
20
30
40

Expt 1 Expt 2

Distortion test

0
2
4
6
8

10

Expt 1 Expt 2

Action test

0
20
40
60
80

100

Expt 1 Expt 2

Gender test

0.0
0.1
0.2
0.3
0.4

Expt 1 Expt 2

Identity - Naming

0
20
40
60
80

100

Expt 1 Expt 2

Identity - Old-New

0.0

0.5

1.0

1.5

Expt 1 Expt 2

*

• Neuropsychology
• Autism spectrum 

disorders
• Functional 

imaging

• Developmental 
psychology

• Aging
• Peripheral vision
• Prosopagnosia

9552)(1#)%".

Coherence test

0

5

10

15

Lab Home

Detection test

0
20
40
60
80

Lab Home

Direction test

0

20

40

60

Lab Home

Distortion test

0
2
4
6
8

Lab Home

Action test

0

50

100

Lab Home

Gender test

0.0
0.1
0.2
0.3
0.4

Lab Home

Identity - Naming

60

70

80

90

Lab Home

Identity - Old-New

0.0

0.5

1.0

1.5

Lab Home

* *

Figure-ground segregationBasic motion integration Local motion invariant processing

Style recognitionAction categorizationStructure-from-motion

Contact: daniel.saunders@queensu.ca

Department of Psychology, Queen’s University, Kingston, Canada

!"#$%&'(#)%" *+,-*,.#. /012'1#)%"

A test battery for assessing biological motion 
perception

Daniel R. Saunders, Nikolaus F. Troje

Biological motion perception is often 
assessed using a single task. However, it was 
shown that there are at least two distinct 
processes at work, one based on local motion 
information and one based on integrating 
information about the structure across the 
display (Troje and Westhoff, 2006). Along with 
other recent results, this suggests that biological 
motion is analyzed via a hierarchy of perceptual 
abilities, including:

• The ability to perceive (any) motion.
• Figure-ground segregation.
• Local motion processing – “life detection”
• Perceptual organization (structure-from-

motion).
• Assigning meaning: action, style, identity.

We have developed a battery of tests, 
BMLtest, that measures these abilities 
independently, producing a profile for each 
individual. Test scores can be used to examine 
individual differences (and therefore the 
relations between abilities), or population 
differences.

Home-Lab mean comparison

3,",$12-4$)"()52,.
• All stimuli derived from motion-capture 

data, rather than Cutting’s (1978) animation 
(see Saunders, Suchan, and Troje, 2009)

• Use QUEST when applicable, to efficiently 
measure a wide range of performance 
levels.

• Each test brief, 2-6 minutes

Experiment 1 – Robustness to setting
• N = 30 undergraduates
• All completed battery in the lab and on their home computer via 

the internet, order randomized
• < 30 minutes on average
• Similar test means between lab and home
• Most tests correlated highly between lab and home

Expt 1-Expt 2 mean comparison
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Home-Lab correlation

Test-retest reliabilities

Inter-test correlations
Coherent Detection Direction Distortion Action Gender Identity –

Naming
Identity –
Old-New

Coherent —
Detection 0.07 —
Direction 0.05 0.08 —
Distortion 0.06 -0.28 -0.11 —
Action 0.13 0.30 -0.07 -0.26 —
Gender -0.04 0.00 -0.10 0.24 -0.07 —
Identity – Naming 0.13 0.33 0.17 -0.20 0.23 -0.03 —
Identity – Old-New 0.24 0.32 -0.17 -0.25 0.24 0.15 0.51* —
* Indicates significance at .05 after sequential Bonferonni correction.

Test r
Coherent .46**
Detection .42**
Direction .58**
Distortion .50**
Action .48**
Gender .55**
Identity – Naming .46**
Identity – Old-New .50**

Test r
Coherent .61**
Detection .39*
Direction .26
Distortion .63**
Action .61**
Gender .05
Identity – Naming .60**
Identity – Old-New .47*
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correlation between tests

Person recognition

8%"(2'.)%".
• BMLtest efficiently assesses the major components of 

biological motion processing.
• It is effective in a home testing environment.
• The measured abilities are relatively independent.

Coherence test

0

5

10

15

Expt 1 Expt 2

Detection test

0
20
40
60
80

Expt 1 Expt 2

Direction test

0
10
20
30
40

Expt 1 Expt 2

Distortion test

0
2
4
6
8

10

Expt 1 Expt 2

Action test

0
20
40
60
80

100

Expt 1 Expt 2

Gender test

0.0
0.1
0.2
0.3
0.4

Expt 1 Expt 2

Identity - Naming

0
20
40
60
80

100

Expt 1 Expt 2

Identity - Old-New

0.0

0.5

1.0

1.5

Expt 1 Expt 2

*

• Neuropsychology
• Autism spectrum 

disorders
• Functional 

imaging

• Developmental 
psychology

• Aging
• Peripheral vision
• Prosopagnosia

9552)(1#)%".

Coherence test

0

5

10

15

Lab Home

Detection test

0
20
40
60
80

Lab Home

Direction test

0

20

40

60

Lab Home

Distortion test

0
2
4
6
8

Lab Home

Action test

0

50

100

Lab Home

Gender test

0.0
0.1
0.2
0.3
0.4

Lab Home

Identity - Naming

60

70

80

90

Lab Home

Identity - Old-New

0.0

0.5

1.0

1.5

Lab Home

* *

Figure-ground segregationBasic motion integration Local motion invariant processing

Style recognitionAction categorizationStructure-from-motion

Contact: daniel.saunders@queensu.ca

Department of Psychology, Queen’s University, Kingston, Canada

!"#$%&'(#)%" *+,-*,.#. /012'1#)%"

A test battery for assessing biological motion 
perception

Daniel R. Saunders, Nikolaus F. Troje

Biological motion perception is often 
assessed using a single task. However, it was 
shown that there are at least two distinct 
processes at work, one based on local motion 
information and one based on integrating 
information about the structure across the 
display (Troje and Westhoff, 2006). Along with 
other recent results, this suggests that biological 
motion is analyzed via a hierarchy of perceptual 
abilities, including:

• The ability to perceive (any) motion.
• Figure-ground segregation.
• Local motion processing – “life detection”
• Perceptual organization (structure-from-

motion).
• Assigning meaning: action, style, identity.

We have developed a battery of tests, 
BMLtest, that measures these abilities 
independently, producing a profile for each 
individual. Test scores can be used to examine 
individual differences (and therefore the 
relations between abilities), or population 
differences.

Home-Lab mean comparison

3,",$12-4$)"()52,.
• All stimuli derived from motion-capture 

data, rather than Cutting’s (1978) animation 
(see Saunders, Suchan, and Troje, 2009)

• Use QUEST when applicable, to efficiently 
measure a wide range of performance 
levels.

• Each test brief, 2-6 minutes

Experiment 1 – Robustness to setting
• N = 30 undergraduates
• All completed battery in the lab and on their home computer via 

the internet, order randomized
• < 30 minutes on average
• Similar test means between lab and home
• Most tests correlated highly between lab and home

Expt 1-Expt 2 mean comparison

6,7,$,"(,.
Cutting, J. E. (1978) Program to generate synthetic walkers as dynamic point-

light displays. Behavior Research Methods & Instrumentation, 10, 91-94.
Saunders, D. R., Suchan, J. & Troje, N. F. (2009) Off on the wrong foot: Local 

features in biological motion. Perception, 38, 522-532.
Troje, N. F. & Westhoff, C. (2006) The inversion effect in biological motion 

perception: Evidence for a “life detector”? Current Biology, 16, 821-824.

Home-Lab correlation

Test-retest reliabilities

Inter-test correlations
Coherent Detection Direction Distortion Action Gender Identity –

Naming
Identity –
Old-New

Coherent —
Detection 0.07 —
Direction 0.05 0.08 —
Distortion 0.06 -0.28 -0.11 —
Action 0.13 0.30 -0.07 -0.26 —
Gender -0.04 0.00 -0.10 0.24 -0.07 —
Identity – Naming 0.13 0.33 0.17 -0.20 0.23 -0.03 —
Identity – Old-New 0.24 0.32 -0.17 -0.25 0.24 0.15 0.51* —
* Indicates significance at .05 after sequential Bonferonni correction.

Test r
Coherent .46**
Detection .42**
Direction .58**
Distortion .50**
Action .48**
Gender .55**
Identity – Naming .46**
Identity – Old-New .50**

Test r
Coherent .61**
Detection .39*
Direction .26
Distortion .63**
Action .61**
Gender .05
Identity – Naming .60**
Identity – Old-New .47*

Experiment 2 – Normative data and test-retest reliabilities
• N = 65 undergraduates
• Took all tests at home twice, separated by one week
• All test-retest reliabilities significant, and similar test means to 

Experiment 1

• Evidence for independence of underlying constructs from lack of 
correlation between tests

Person recognition

8%"(2'.)%".
• BMLtest efficiently assesses the major components of 

biological motion processing.
• It is effective in a home testing environment.
• The measured abilities are relatively independent.

Coherence test

0

5

10

15

Expt 1 Expt 2

Detection test

0
20
40
60
80

Expt 1 Expt 2

Direction test

0
10
20
30
40

Expt 1 Expt 2

Distortion test

0
2
4
6
8

10

Expt 1 Expt 2

Action test

0
20
40
60
80

100

Expt 1 Expt 2

Gender test

0.0
0.1
0.2
0.3
0.4

Expt 1 Expt 2

Identity - Naming

0
20
40
60
80

100

Expt 1 Expt 2

Identity - Old-New

0.0

0.5

1.0

1.5

Expt 1 Expt 2

*

• Neuropsychology
• Autism spectrum 

disorders
• Functional 

imaging

• Developmental 
psychology

• Aging
• Peripheral vision
• Prosopagnosia

9552)(1#)%".

Coherence test

0

5

10

15

Lab Home

Detection test

0
20
40
60
80

Lab Home

Direction test

0

20

40

60

Lab Home

Distortion test

0
2
4
6
8

Lab Home

Action test

0

50

100

Lab Home

Gender test

0.0
0.1
0.2
0.3
0.4

Lab Home

Identity - Naming

60

70

80

90

Lab Home

Identity - Old-New

0.0

0.5

1.0

1.5

Lab Home

* *

Figure-ground segregationBasic motion integration Local motion invariant processing

Style recognitionAction categorizationStructure-from-motion

Contact: daniel.saunders@queensu.ca

Department of Psychology, Queen’s University, Kingston, Canada

!"#$%&'(#)%" *+,-*,.#. /012'1#)%"

A test battery for assessing biological motion 
perception

Daniel R. Saunders, Nikolaus F. Troje

Biological motion perception is often 
assessed using a single task. However, it was 
shown that there are at least two distinct 
processes at work, one based on local motion 
information and one based on integrating 
information about the structure across the 
display (Troje and Westhoff, 2006). Along with 
other recent results, this suggests that biological 
motion is analyzed via a hierarchy of perceptual 
abilities, including:

• The ability to perceive (any) motion.
• Figure-ground segregation.
• Local motion processing – “life detection”
• Perceptual organization (structure-from-

motion).
• Assigning meaning: action, style, identity.

We have developed a battery of tests, 
BMLtest, that measures these abilities 
independently, producing a profile for each 
individual. Test scores can be used to examine 
individual differences (and therefore the 
relations between abilities), or population 
differences.

Home-Lab mean comparison

3,",$12-4$)"()52,.
• All stimuli derived from motion-capture 

data, rather than Cutting’s (1978) animation 
(see Saunders, Suchan, and Troje, 2009)

• Use QUEST when applicable, to efficiently 
measure a wide range of performance 
levels.

• Each test brief, 2-6 minutes

Experiment 1 – Robustness to setting
• N = 30 undergraduates
• All completed battery in the lab and on their home computer via 

the internet, order randomized
• < 30 minutes on average
• Similar test means between lab and home
• Most tests correlated highly between lab and home

Expt 1-Expt 2 mean comparison

6,7,$,"(,.
Cutting, J. E. (1978) Program to generate synthetic walkers as dynamic point-

light displays. Behavior Research Methods & Instrumentation, 10, 91-94.
Saunders, D. R., Suchan, J. & Troje, N. F. (2009) Off on the wrong foot: Local 

features in biological motion. Perception, 38, 522-532.
Troje, N. F. & Westhoff, C. (2006) The inversion effect in biological motion 

perception: Evidence for a “life detector”? Current Biology, 16, 821-824.

Home-Lab correlation

Test-retest reliabilities

Inter-test correlations
Coherent Detection Direction Distortion Action Gender Identity –

Naming
Identity –
Old-New

Coherent —
Detection 0.07 —
Direction 0.05 0.08 —
Distortion 0.06 -0.28 -0.11 —
Action 0.13 0.30 -0.07 -0.26 —
Gender -0.04 0.00 -0.10 0.24 -0.07 —
Identity – Naming 0.13 0.33 0.17 -0.20 0.23 -0.03 —
Identity – Old-New 0.24 0.32 -0.17 -0.25 0.24 0.15 0.51* —
* Indicates significance at .05 after sequential Bonferonni correction.

Test r
Coherent .46**
Detection .42**
Direction .58**
Distortion .50**
Action .48**
Gender .55**
Identity – Naming .46**
Identity – Old-New .50**

Test r
Coherent .61**
Detection .39*
Direction .26
Distortion .63**
Action .61**
Gender .05
Identity – Naming .60**
Identity – Old-New .47*

Experiment 2 – Normative data and test-retest reliabilities
• N = 65 undergraduates
• Took all tests at home twice, separated by one week
• All test-retest reliabilities significant, and similar test means to 

Experiment 1

• Evidence for independence of underlying constructs from lack of 
correlation between tests

Person recognition

8%"(2'.)%".
• BMLtest efficiently assesses the major components of 

biological motion processing.
• It is effective in a home testing environment.
• The measured abilities are relatively independent.

Coherence test

0

5

10

15

Expt 1 Expt 2

Detection test

0
20
40
60
80

Expt 1 Expt 2

Direction test

0
10
20
30
40

Expt 1 Expt 2

Distortion test

0
2
4
6
8

10

Expt 1 Expt 2

Action test

0
20
40
60
80

100

Expt 1 Expt 2

Gender test

0.0
0.1
0.2
0.3
0.4

Expt 1 Expt 2

Identity - Naming

0
20
40
60
80

100

Expt 1 Expt 2

Identity - Old-New

0.0

0.5

1.0

1.5

Expt 1 Expt 2

*

• Neuropsychology
• Autism spectrum 

disorders
• Functional 

imaging

• Developmental 
psychology

• Aging
• Peripheral vision
• Prosopagnosia

9552)(1#)%".

Coherence test

0

5

10

15

Lab Home

Detection test

0
20
40
60
80

Lab Home

Direction test

0

20

40

60

Lab Home

Distortion test

0
2
4
6
8

Lab Home

Action test

0

50

100

Lab Home

Gender test

0.0
0.1
0.2
0.3
0.4

Lab Home

Identity - Naming

60

70

80

90

Lab Home

Identity - Old-New

0.0

0.5

1.0

1.5

Lab Home

* *

Figure-ground segregationBasic motion integration Local motion invariant processing

Style recognitionAction categorizationStructure-from-motion

Block 1 Block 2 Block 1 Block 2

1.2

0.8

0.4

0.0

    = Old

       = Young

mailto:yaroslav.konar@gmail.com?subject=
mailto:yaroslav.konar@gmail.com?subject=

