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Sustained performance in a new high-capacity order pic king workstation
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Examples of High-capacity order picking 
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290 cm

390 cm ±200 cm

360 cm 430 cm

6 different workstation concepts
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Ergomix

• less high, less far reaching
• better accessible for smaller operators (5th percentile) 
• No compromise in working height (back bending or arm elevation)

two-level station » one level station

»
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Protype of Pick@ease Workstation
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Test Sustained Performance

• How does performance sustain in time ?
• When does performance start to decrease?

• What are the effects on the operator in time?
• Locally perceived discomfort
• Muscle fatigue
• Energetic loading
• Posture and movement
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• 8 subjects
• 4 males and 4 females (19-52 years)
• 5 inexperienced and 3 order pickers
• Dutch language
• Variation in anthropometrics (P5-P95) 
• Training session 1 day before the 

measurements
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Measurements - dependent variables

Muscle fatigue

• Maximal grip force

Discomfort

• body map
• LPD scale

Body posture

•Video analysis
•HAT guideline*

Performance

•number of order 
lines/min

•number of 
items/min

Energetics

• HR recording
• Heart rate 

reserve

* De Kraker H, Douwes M. The development of a practical tool for risk assessment of manual work - the ‘HAT-tool’. NES Conference 2008
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Performance

Each data point represents mean number 
of order lines or items over a 15 min period

ANOVA for repeated measurements:  no 
significant main effect of time

Conclusion
The performance of the operators did not
change over the period of 4 hours
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Cycle times similar to MTM 
calculation (4.4 vs. 4.3 sec)
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Estimated performance for eight hours working day

Conclusion
Estimated work pace for 8 hours is not significantly (student t-test, p=0,08) 
different from measured work pace over 4 hours
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Perceived discomfort 
in legs/feet and back

No significant increase in legs/feet 
(ANOVA repeated measures, p=0,08 
F=3,438)

No significant increase in back (ANOVA 
repeated measures, p=0,836 F=0,47)

Conclusion
Perceived discomfort in legs/feet and 
back does not significant increase 
within 4 hours
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Perceived discomfort in 
neck/shoulders and 
arms/hands

No significant increase in neck/shoulders 
(ANOVA repeated  measures p=0,158 
F=2,084)

Group average below 2 (scores >2 
increase the risk on neck/shoulder 
complaints (Hamberg et al., 2008))

No significant increase in arms/hands 
(ANOVA repeated  measures p=0,33 
F=1,192)

Nek;schouders en bovenarmen
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Bovenste extremiteit (onderarmen; handen)
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Neck, shoulders and upper arms

Fore arms and hands

Conclusion
Perceived discomfort in 
neck/shoulders and arms/hands does 
not increase within 4 hours

Hamberg-van Reenen et al. 2008 Does musculoskeletal discomfort at 
work predict future musculoskeletal pain? Ergonomics, 51, 637-648 
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Expected discomfort after 8 hours

Verwacht discomfort na 8-urige werkdag
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Conclusion
Subjects do not expect a further increase of 
local discomfort over an 8 hours working day in 
comparison to the 4 hours measuring period
(except for a slight tendency in the back region)
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Energetic loading

• No significant change over time in  
RHR (p=0,162; F=1,988)

• Maximal acceptable working time = 
7 hours (prediction from regression 
model Wu & Wang (2002) )

Conclusion
Energetic loading does not increase 
over 4 hours measuring period

Subject Hfrest Hfmax Hfaverage HF SD Average RHR SD RHR MA WT

1 69 188 98 6,4 25,1% 4,6% 7,8

2 80 188 117 6,3 35,1% 4,4% 4,8

3 60 201 87 4,8 19,2% 2,5% 10,4

6 76 168 93 2,8 18,8% 1,7% 10,6

7 103 201 148 6,8 47,0% 4,8% 2,7

8 82 194 126 7,0 40,8% 3,3% 3,7

9 66 195 92 6,1 21,0% 2,7% 9,5

Average 77 191 109 5,7 29,6% 3,4% 7,1

SD 14 11 23 1,5 11,4% 1,2% 3,3

Min 60 168 87 2,8 18,8% 1,7% 2,7

Max 103 201 148 7,0 47,0% 4,8% 10,6
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Wu H-C, Wang M-J.J. 2002 Relationship between maximum acceptable work time and physical workload. 
Ergonomics, 45, 280–289.
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Muscle fatigue 

• ANOVA for repeated measures: no 
significant decrease in  maximal gripping 
force after 2 hours and after 4 hours of 
order picking

Conclusion
4 hours of work did not lead to the 
detection of muscle fatigue in the fore 
arm muscle
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Trunk posture when picking
and placing

Trunk bending 20-60 degrees*

Lateroflexion

Trunk torsion

Gem Pickfrequentie Buiging/min
Productbak 11% 14 1,6
Orderbak 1 6% 4,7 0,3
Orderbak 2 9% 4,7 0,4
Orderbak 3 24% 4,7 1,1

3,4

gem pickfrequentie Buiging/min
Productbak 11% 14 1,5
Orderbak 1 9% 4,7 0,4
Orderbak 2 19% 4,7 0,9
Orderbak 3 22% 4,7 1,0

3,8

gem pickfrequentie Rotatie/min
Productbak 12% 14 1,7
Orderbak 1 8% 4,7 0,4
Orderbak 2 17% 4,7 0,8
Orderbak 3 17% 4,7 0,8

3,7

*No trunk bending >60°did occur
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Arm lifts when picking and 
placing

0-20° Gem Pickfrequentie Heffing/min
Productbak 26% 14 3,6
Orderbak 1 28% 4,7 1,3
Orderbak 2 14% 4,7 0,6
Orderbak 3 8% 4,7 0,4

6,0

20-60° Gem Pickfrequentie Heffing/min
Productbak 75% 14 9,7
Orderbak 1 69% 4,7 3,1
Orderbak 2 66% 4,7 3,9
Orderbak 3 83% 4,7 3,7

20,3

> 60° Gem Pickfrequentie Heffing/min
Productbak 7% 14 0,7
Orderbak 1 5% 4,7 0,3
Orderbak 2 6% 4,7 0,2
Orderbak 3 4% 4,7 0,6

1,7
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Physical risk assessment – “HAT Guidelines”

• Assessment of risks in Hand Arm Tasks (HAT)
• Tasks > 1 hr, hand forces <10 kg
• German “Key Indicator Method” for manual operations
• For more information see NES paper Heleen de Kraker (NES 2008)

8 hours

6 hours

4 hours

2 hours

Risk 
assessment

Duration

9 

21

38

55



19

HAT beoordeling (2)
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HAT risk assessment (1)
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HAT beoordeling (3)
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HAT beoordeling (4)
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Conclusions

• During a 4-hours working period (including a 15 min break) on a 
high capacity workstation (HCW) the current study showed:

• No significant decrease in work pace chosen by the operators
• The work pace was similar to the MTM-analysis

• No significant increase of discomfort in any of the body parts
• Discomfort at an acceptable level

• No increase in energetic loading

• No decrease of grip force: no signs of forearm muscle fatigue

• No increased risk regarding the frequency of movements of 
the upper extremities, according to the HAT guidelines

Conclusion: a one level order picking concept opens  the way for a 
sustainable performance without increased health ri sks for a 4-hours period


