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ABSTRACT 

The major  o b j e c t i v e s  o f  t h e  work p resented  here were t o  determine t h e  d i f f e r e n c e s  be t -  
ween l i f t i n g  c a p a b i l i t i e s  o f  i n d u s t r i a l  and n o n - i n d u s t r i a l  popu la t i ons  by c o l l e c t i n g  
exper imenta l  da ta  under i d e n t i c a l  c o n d i t i o n s  and t o  q u a n t i f y  t h e  p a t t e r n s  o f  such d i f -  
fe rences .  Using t h e  psychophys ica l  approach, male and female i n d u s t r i a l  and non- 
i n d u s t r i a l  workers performed 36 v a r i a t i o n s  o f  manual l i f t i n g  task .  The major f i n d i n g s  
o f  t h e  s tudy  were: (i) g e n e r a l l y  t h e  responses o f  n o n - i n d u s t r i a l  workers t o  task  
v a r i a b l e s  i s  ve ry  s i m i l a r  t o  the  responses o f  i n d u s t r i a l  workers, (ii) o v e r a l l ,  t h e  
l i f t i n g  c a p a b i l i t y  o f  n o n - i n d u s t r i a l  workers i s  s i g n i f i c a n t l y  lower than t h e  l i f t i n g  
c a p a b i l i t y  o f  i n d u s t r i a l  workers. 

INTRODUCTION 

S c i e n t i f i c  i n v e s t i g a t i o n s  f r e q u e n t l y  r e l y  
upon s tuden t  ( n o n - i n d u s t r i a l  ) vo lun tee rs  who 
p a r t i c i p a t e  i n  the  exper iment as sub jec ts  
(Garg, 1976; Ayoub and El-Bassoussi ,  1976; Garg 
and Saxena, 1979; Asfour,  1980; M i t a l  and 
Ayoub, 1981; Garg and Saxena, 1981; M i t a l  
and Manivasagan, 1983; e tc . ) .  The reasons f o r  
us ing  inexper ienced s tuden t  v o l u n t e e r s  a re  
v a r i e d  - (i) ease o f  a v a i l a b i l i t y  and r e c r u i t -  
ment, (ii ) lower  cos t ,  and (ii i ) g r e a t e r  
r e l i a b i l i t y .  Even though none o f  these reasons 
i s  compel 1 ing,  r e 1  i ance upon s tudent  vo l  un teers  
i s  r o u t i n e .  

The exper ience and age o f  i n d u s t r i a l  
workers, however, c l e a r l y  separa te  them f rom 
inexper ienced  s tudents .  One can argue, t h e r e -  
f o r e ,  t h a t  t h e  r e s u l t s  of i n v e s t i g a t i o n s  
i n v o l v i n g  inexper ienced and young s tudents  
shou ld  n o t  be a p p l i e d  s t r a i g h t  away t o  t h e  
i n d u s t r i a l  p o p u l a t i o n  un less  i t  i s  c l e a r l y  
e s t a b l i s h e d  t h a t  t h e  c a p a b i l i t i e s  o f  t h e  two 
popu la t i ons  are  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

m a t e r i a l s  hand l i ng  a c t i v i t i e s  have i n  f a c t  
i n d i c a t e d  l a r g e  d i f f e r e n c e s  between t h e  capab i -  
l i t i e s  o f  i n d u s t r i a l  and n o n - i n d u s t r i a l  workers 
(Snook and C i r i e l l o ,  1974; M i t a l  and 
Manivasagan, 1983; M i t a l  and I l ango ,  1983). 
Some i n v e s t i g a t i o n s  a l s o  suggest t h a t  t h e  
response p a t t e r n s  o f  i n d u s t r i a l  and non- 
i n d u s t r i a l  workers t o  t a s k  v a r i a b l e s  i n  manual 
l i f t i n g  a c t i v i t i e s  a re  s i m i l a r  ( M i t a l  and 
Manivasagan, 1983; Garg and Saxena, 1979). 
Comparison o f  da ta  f rom many d i f f e r e n t  s tud ies ,  
on t h e  o the r  hand, tends t o  i n d i c a t e  no capab i -  
l i t y  d i f f e r e n c e s  between i n d u s t r i a l  and non- 
i n d u s t r i a l  popu la t i ons  ( M i t a l ,  1985). 

The above con t rove rsy  must be reso lved.  
Moreover, i f  t h e  i n fe rences  drawn on s tudent  
sub jec ts  a re  t o  be extended t o  t h e  i n d u s t r i a l  
popu la t i on ,  t h e  n a t u r e  o f  t he  r e l a t i o n s h i p  be t -  

Several  p rev ious  i n v e s t i g a t i o n s  o f  manual 

ween t h e  manual l i f t i n g  c a p a b i l i t i e s  o f  t h e  two 
popu la t i ons  must be known. 

Th is  i n v e s t i g a t i o n  was undertaken t o  de te r -  
mine and q u a n t i f y  t h e  d i f fe rences  between t h e  
l i f t i n g  c a p a b i l i t i e s  (maximum acceptab le  we igh t  
of l i f t )  o f  exper ienced i n d u s t r i a l  and inex-  
per ienced s tuden t  popu la t i ons ,  basea on f r e -  
quency o f  l i f t ,  h e i g h t  o f  l i f t ,  box s i z e  and 
work du ra t i on ,  by c o l l e c t i n a  da ta  under iden- 
t i c a l  exper imenta l  c o n d i t i o n s .  

ME THO DS 

Maximum acceptab le  we igh t  o f  l i f t  da ta  were 
c o l l e c t e d  on i n d u s t r i a l  and s tuden t  workers 
under i d e n t i c a l  exper imenta l  c o n d i t i o n s .  The 
da ta  c o l l e c t e d  on i n d u s t r i a l  workers have been 
r e p o r t e d  i n  d e t a i  1 e l  sewhere (Mi t a l  , 1984a, b). 
I d e n t i c a l  procedures were employed t o  c o l l e c t  
da ta  on inexper ienced students.  

a l l  i n  good phys i ca l  hea l th ,  p a r t i c i p a t e d  i n  t h e  
study. A personal  da ta  sheet was used t o  screen 
unhea l thy  i n d i v i d u a l  s. 
s t r e n g t h  measurements were made on each s u b j e c t  
who f i n a l l y  became a p a r t  o f  t h e  sample popula- 
t i o n  (Table 1). 

used and each sub jec t  randomly performed 9, o u t  
o f  p o s s i b l e  36, t rea tmen t  combinat ions ( f o u r  
f requenc ies  - 1, 4, 8 and 12 l i f t s  per minute;  
t h r e e  box s i z e s  - 30.48, 45.72, and 60.96 cm 
long  i n  t h e  s a g i t t a l  p lane; t h r e e  l i f t i n g  
h e i g h t s  - f l o o r  t o  knuckle,  knuck le  t o  shoulder,  
and shoulder t o  reach).  Each sub jec t ,  us ing  t h e  
psychophysical  methodology and a f r e e - s t y l e  
l i f t i n g  technique, determined t h e  maximum accep- 
t a b l e  we igh t  o f  l i f t .  The h e a r t  r a t e  and oxygen 
uptake o f  sub jec ts  a t  t h e  maximum acceptable 
we igh t  o f  l i f t  were a l s o  recorded. 

Th i r t y -seven  male and 37 female students,  

Anthropometr i c  and 

An incomple te  b lock  f a c t o r i a l  design was 
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F i v e  males and 5 females, se lec ted  a t  ran-  
dom from t h e  sample popu la t i on ,  p a r t i c i p a t e d  i n  
a separa te  s tudy  conducted f o r  t h e  purpose o f  
v a l i d a t i n g  t h e  psychophysical  methodology. 
F u r t h e r  d e t a i l s  o f  t h e  exper imenta l  des ign  and 
procedure a re  g iven e l  sewhere ( M i  t a l  , 1983; 
M i t a l ,  1984a; M i t a l ,  1985). 

RESULTS AND DISCUSSION 

I s o m e t r i c  S t reng th  Comparison 

Four d i f f e r e n t  i s o m e t r i c  s t r e n g t h  measure- 
ments (arm, back, composite, and shou lde r )  were 
made on each sub jec t .  No s i g n i f i c a n t  d i f f e r e n -  
ces were found between t h e  r e s p e c t i v e  average 
i s o m e t r i c  s t reng ths  o f  i n d u s t r i a l  males and 
male s tudents  (p 2 0.10). The same was t r u e  
f o r  females. 

Wi th  t h e  except ion  o f  i s o m e t r i c  back and 
composite s t r e n g t h  s tandard  d e v i a t i o n s  f o r  
males, r e s p e c t i v e  s tandard  d e v i a t i o n  values 
were a l s o  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom each 
o t h e r  (p > 0.10). The s tandard  d e v i a t i o n s  o f  
back and composi te s t r e n g t h s  f o r  i n d u s t r i a l  
males and male s tudents  were o n l y  d i f f e r e n t  a t  
t h e  f i v e  pe rcen t  l e v e l  o f  s i g n i f i c a n c e .  

Overa l l ,  thus, t h e  s t reng ths  o f  t h e  
exper ienced and inexper ienced workers were 
about t h e  same. It appears t h a t  d e c l i n e  i n  
s t r e n g t h s  due t o  aging, i n  t h e  case o f  
i n d u s t r i a l  workers, i s  compensated by 
exper ience o r  t i m e  on t h e  job .  

Comparison o f  Response Decrement Trends 

The psychophysical  methodology was 
v e r i f i e d  on i n d u s t r i a l  s u b j e c t s  ( M i t a l ,  1983) 
as w e l l  as on s tudents  ( M i t a l ,  1985). I n  bo th  
cases t h e  methodology was n o t  va l i da ted .  The 
responses (maximum acceptab le  we igh t  o f  l i f t ,  
h e a r t  r a t e ,  and oxygen consumption) o f  bo th  
popu la t i ons  dec l i ned  w i t h  t ime. However, t h e  
p a t t e r n s  o f  d e c l i n e  were d i f f e r e n t .  
i n d u s t r i a l  males, weight,  h e a r t  r a t e ,  and oxy- 
gen uptake d e c l i n e d  a t  t h e  r a t e  o f  3.4, 1.9, 
and 2.6% per  hour; f o r  male s tuden ts  t h e  
r e s p e c t i v e  d e c l i n e s  were 2.6, 1.08, and 2.2% 
per  hour. For i n d u s t r i a l  females and female 
students,  t h e  cor respond ing  d e c l i n e s  i n  weight, 
h e a r t  r a t e ,  and oxygen uptake were 2, 0.8, and 
1.9 and 1.9, 0.4, and 3.54% per  hour, respec- 
t i ve ly .  

For 

I n  general ,  w i t h  t h e  except ion  o f  oxygen 
uptake f o r  females, t h e  d e c l i n e  i n  responses 
w i t h  t ime  were f a s t e r  f o r  exper ienced 
i n d u s t r i a l  workers than f o r  inexper ienced s t u -  
dents. Thus i t  appears t h a t  i n d u s t r i a l  workers 
ove res t ima te  t h e i r  c a p a b i l i t y  t o  a g r e a t e r  
degree compared t o  s tudents .  

Maximum Acceptable Weight o f  L i f t  

O v e r a l l ,  f o r  8-hour s h i f t s ,  t h e  l i f t i n g  

c a p a b i l i t y  o f  male s tudents  was 89% o f  t h e  
l i f t i n g  c a p a b i l i t y  o f  male i n d u s t r i a l  workers. 
The cor respond ing  percentage f o r  females was 
94%. For 12-hour s h i f t s ,  however, t h e  l i f t i n g  
c a p a b i l i t y  o f  bo th  male and female s tudents  was 
98% o f  t h e  r e s p e c t i v e  c a p a b i l i t y  o f  t h e i r  
i n d u s t r i a l  coun te rpa r t s .  Tables 2 and 3 show 
t h e  o v e r a l l  response means and s tandard  
d e v i a t i o n s  o f  s tudents  expressed as a percentage 
o f  i n d u s t r i a l  worker responses. 

acceptab le  we igh t  o f  l i f t  f o r  va r ious  task  
v a r i a b l e s .  The decrement i n  we igh t  w i t h  box 
s i z e  was about t h e  same f o r  bo th  popu la t i ons .  
A t  each box s i z e  l e v e l ,  t h e  r a t i o  o f  we igh t  
l i f t e d  by s tudents  and i n d u s t r i a l  workers was 
about t h e  same (Tables 2 and 3) .  For  f requency  
o f  l i f t ,  t h e  decrement i n  we igh t  f o r  t h e  two 
p o p u l a t i o n s  was t h e  same up t o  f o u r  l i f t s  per  
minute.  Beyond f o u r  l i f t s  per  minute,  decre- 
ments f o r  i n d u s t r i a l  workers were much sharper.  
The t r e n d  f o r  i n d u s t r i a l  males was s i m i l a r  t o  
t h e  t r e n d  f o r  i n d u s t r i a l  females; t h e  t r e n d  f o r  
male s tudents  was s i m i l a r  t o  t h e  t r e n d  f o r  
female students.  

I n  general ,  t h e  d e c l i n i n g  t rends  f o r  

Table 4 expresses t h e  d e c l i n e  i n  maximum 

i n d u s t r i a l  males and male s tudents  were s i m i l a r ;  
t h e  d e c l i n i n g  t rends  f o r  i n d u s t r i a l  females and 
female s tudents  were a l s o  s i m i l a r .  

The r e s u l t s  o f  t h i s  s tudy  i n d i c a t e  t h a t  
exper ience on t h e  j o b  s i g n i f i c a n t l y  i n f l u e n c e s  
l i f t i n g  c a p a b i l i t y  o f  workers and measurement o f  
i s o m e t r i c  s t reng ths  alone i s  n o t  s u f f i c i e n t  t o  
desc r ibe  o r  determine an i n d i v i d u a l ' s  l i f t i n g  
capabi  1 i ty. 
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Table 1. Anthropometric and strength measurements o f  the subject populations.* 

Males Females 
Standard Standard 

Var i abl e Mean Deviation Range Mean Deviation Range 
Age (years) 24.97 3.41 18-34 23.40 4.61 17-46 

(34.05) (10.42) (18-61) (35.46) (9.84) (21-58) 
Stature 173.60 7.30 158.00-186.00 162.83 5.21 152.00-172.70 

(172.79 (6.60 (155.70-186.80 ) (164.70 (6.18 ) (154.10-176.70) 
7.92 45.80- 81.70 Body Weight (Kg) 70.18 10.66 49.50- 92.20 59.90 

(81.18) (16.66) (53.57-121.70) (69.68) (13.78) (44.13-110.80) 
Shoulder Height 143.53 7.10 129.50-156.50 130.68 14.69 127.40-140.20 

(143.52) (6.42) (128.20-157.00) (135.42) (5.85 (127.20-149.10) 
Iliac Crest Height 100.72 5.75 86.70-114.30 96.47 4.19 86.90-104.20 

(85.00 - 107.80 ) (99.23) (4.55 (89. 10-1070901 (97.13) (5.59 ) 
4.76 50.00-78.60 Knuckle Height 75.97 5.49 56.10-85.OC 71.15 

(77.63) (4.33) (69.00-86.30) (72.93) (4.04) (65.30-81.90) 
Knee Height 50.76 6.36 42.30-84.00 46.33 3.03 34.80-51.80 

( 40.20-54.00 ) (50.08) (3.02) (43.60-56.10) (46.64) (3.22) 
Forearm Grip Distance 37.73 2-42 31.30-42.50 34.81 3.01 26.40-39.40 

(36.82) (2.23) (32.50-41.80) (34.61) (2.08) (29.80-38.50) 
21.30-34.30 Chest Width 30.36 3.10 20.60-36.20 27.20 2.83 

(32.43) (3.87) (22.30-41.50) (29.90) (2.59) (25.30-35.70) 
2.23 13.70-23.00 Chest Depth 20.57 2.61 17.00-29.10 i7.77 

(22.02) (3.35) (13.10-28.80) (18.96) (1.92) (16.20-23.70) 
Abdominal Depth 20.38 2.33 15.40-27.60 18.45 2.40 12.90-23.50 

(22.10) (4.27 (L3.40-34.60) (19'96 1 (3.84) (15.40-31.00) 
Arm Strength 35.92 10.46 13.00-57.00 21.35 6.01 12.00-36.00 

(34.73) (10.47) (14.00-61.00) (19.03) (5.74) (9.00-35.00) 
5.46 13.00 - 33.00 Shoulder Strength 45" 03 13.13 23.00- 76.00 24.40 

(44.46) (14.48) (23.00-101.00) (22.05) (6.85) (11.00-38.00) 
33.00- 96.00 
(28.00-102.00) 

Cmposite Strength 104.24 38.42 36.00-181.50 60.11 17.11 
(99.35) (27.98) (55.00-169.00) (54.49) (16.44) 

8.70 18.00-56.00 Back Strength 60.86 27.60 25.00-128.00 35.57 
(55.30) (19.71 1 (21.00-116.00 (36.00) (10.40) ( 20.00-73.00 ) 

*Numbers in parantheses are for industrial workers (Mital 1984a); Body size measurements are in 
centimeters; strength measurements are in kilograms. 

T a b l e  2 .  O v e r a l l  means (2) and standard deviat ions ( S )  of student populat ion 

responses expressed as a percentage o f  i n d u s t r i a l  populat ion 

responses (&hour s h i f t s )  

Males Females 
- 

V a r i a b l e  Response X  S Y S  
Box size(crn) 

30.48 Weight (Kg) 
H e a r t  r a t e  (bpm) 
Oxygen uptake 
(1.rnin-1) 

H e a r t  r a t e  
Oxygen uptake 

H e a r t  r a t e  
Oxygen uptake 

H e a r t  r a t e  
Oxygen uptake 

H e a r t  r a t e  
Oxygen uptake 

H e a r t  r a t e  
Oxygen uptake 

H e a r t  r a t e  
Oxygen uptake 

F l o o r  t o  knuckle  Weight 
H e a r t  r a t e  
Oxygen uptake 

Knuckle t o  shoulder Weight 
H e a r t  r a t e  

Knuckle t o  reach Oxygen uptake 
Weight 
Heart  r a t e  
Oxygen uptake 

45.72 Weight 

60.96 Weight 

Frequency (1  i f t s l m i n )  
1 Weight 

4 Weight 

8 Weight 

12 Weight 

Height  o f  l i f t  

90 
86 
74 

89 
86 
79 
89 
87 
79 

85 
94 
95 
85 
85 
72 
90 
85 
73 
99 
82 
77 

92 
85 
74 
86 
84 
82 
90 
91 
79 

89 
66 
66 

77 
78 
72 
80 
67 
76 

82 
79 
83 
98 
67 
69 
81 
78 
84 
98 
79 
81 

85 
61 
75 
75 
81 
70 
86 
76 
73 

95 
87 
78 

94 
90 
76 
95 
93 
83 

93 
96 
86 
93 
92 
75 
96 
89 
73 
98 
84 
81 

95 
88 
73 
93 
88 
74 
96 
93 
89 

101 
61 
54 

76 
73 
58 
76 
76 
62 

98 
85 
56 
75 
74 
54 
89 
76 
50 
87 -. 
83 
64 

76 
70 
62 
89 
72 
59 
103 
70 
62 
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Table 3 .  Overa l l  means (a and standard dev ia t i ons  o f  s tudent  populat ion 

responses expressed as a percentage o f  i n d u s t r i a l  worker 

responses (12-hour s h i f t s )  

Males Females 

Var i a b 1 e Response X S x s  - 

Box size(cm)  
30.48 Weight (Kg) 99 96 99 108 

Hear t  r a t e  (bpm) 92 74 89 63 
Oxygen uptake 80 67 70 52 
(1.min-1) 

45.72 Weight 97 74 97 76 
Hear t  r a t e  91 84 92 73 
Oxygen uptake 83 74 72 57 

60.96 Weight 98 83 98 80 
Heart r a t e  92 78 97 77 
Oxygen uptake &I 76 77 54 

1 Weight 94 90 95 95 
Heart r a t e  99 95 100 86 

Frequency (1 i f  t s l m i n )  

Oxygen uptake 103 94 80 53 
96 80 Weiaht 94 99 

H e a k  r a t e  91 79 93 67 

Weight 99 78 100 103 
Heart r a t e  90 86 91 81 

Oxygen uptake 77 76 71 45 

Oxygen uptake 76 79 68 48 

Heart r a t e  88 84 87 89 
Oxygen uptake 80 74 76 55 

98 79 
Heart r a t e  89 70 91 69 
Oxygen uptake 77 78 68 50 

96 91 
90 90 73 

71 58 69 
Heart r a t e  

Weight 99 91 100 114 
Heart r a t e  97 86 96 74 

12 Weight 110 97 102 95 

Height  o f  l i f t  
F loo r  t o  knuck le Weight 102 90 

Knuckle t o  shoulder Weight 93 73 

Shoulder t o  reach Oxygen uptake 84 

Oxygen uptake 86 74 84 58 

T a b l e 4 .  Decrement*. ( X )  i n  the  maximum acceptable weight o f  l i f t  w i th  

frequency, box-size, and he igh t  l e v e l  f o r  t he  s tudent  and 

i n d u s t r i a l  populat ions 

Males Females 

Var iab le I n d u s t r i a l  Student I n d u s t r i a l  Student 

Box-Size (cm) 

30.48 100 100 100 100 

45.72 94 93 98 97 

60.96 92 91 95 95 

Frequency (1 i f t s l m i n )  

1 100 100 100 100 

4 92 92 93 94 

8 81 86 82 86 

12 70 82 77 83 

Height  o f  L i f t  

F loo r  t o  Knuckle 100 100 100 100 

Knuckle t o  Shoulder 97 90 92 90 

Shoulder t o  Reach 88 86 84 85 

+Nearest i n tege r  
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