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K e y w or ds: er g o n o mi cs, si m ul ati o n, T e c n o m ati x J a c k, e n gi n e eri n g  
A bst r a ct: I n er g o n o mi cs, t h e e v al u ati o n of p h ysi c al l o a d i s p ossi bl e t o d o b y v ari o us m et h o ds, c al c ul ati o n, a ss essi n g 
t a bl es, et c. R e c e ntl y, t h e e v al u ati o n b y diff er e nt er g o n o mi c si m ul ati o n t o ol s i s v er y wi d es pr e a d. Pr es e nt e d arti cl e i s 
f o c us e d o n i ntr o d u ci n g t h e a p pli c ati o n of si m ul ati o n i n t h e fi el d of er g o n o mi cs. T hi s arti cl e pr es e nt s t h e pr a cti c al 
e x a m pl e of p h ysi c al l o a d e v al u ati o n b y si m ul ati o n s oft w ar e J a c k i n e n gi n e eri n g – t h e w or k pl a c e of c o m p o n e nt 
p a c k a gi n g. I n t h e si m ul ati o n s oft w ar e, t h er e i s cr e at e d t h e si m ul ati o n m o d el of t h e w or ki n g e n vir o n m e nt a n d w or ki n g 
a cti vit y. Aft er t h at it i s e v al u at e d b y m e a n s of t hr e e er g o n o mi c m et h o ds – R U L A, O W A S a n d S S P. 
 

1  Int r o d u cti o n 
E v er y ki n d of w or k p erf or m e d b y t h e e m pl o y e e i s 

p h y si ol o gi c all y o ut c o m e of n er v e, s e n s or y a n d m us cl e 
a cti vit y of h u m a n. I n t h e c o m p a n y f o c us e d o n e n gi n e eri n g 
pr o d u cti o n, t h er e i s a w or ki n g l o a d i n t h e s p h er e of 
m us c ul ar a cti vit y. T h e e m pl o y e es ar e e x p os e d t o p h ysi c al 
l o a d. P h ysi c al l o a d i s d efi n e d a s f a ct or s r el ati n g t o 
bi o m e c h a ni c al f or c es g e n er at e d i n t h e b o d y. I n t h e 
lit er at ur e t hi s h a s al s o b e e n d efi n e d a s “ m e c h a ni c al 
e x p os ur e ”, t o i n di c at e t h at t h e f ull w or ki n g e n vir o n m e nt 
(i. e. li g hti n g, n oi s e, t h e t h er m al e n vir o n m e nt, w or k 
or g a ni z ati o n, ps y c h os o ci al f a ct or s, et c.) i s n ot c o n si d er e d 
[ 1 5]. T h e p h ysi c al l o a d i s m ai nl y i nfl u e n c e d b y t h e r a n g e 
of m us cl e a cti v ati o n b e c a us e e v er y w or ki n g a cti vit y n e e ds 
t h e m us cl es a n d e n er g y [ 1 4]. 

T h e d et er mi n ati o n of t h e b o d y p art t h at i s e x p os e d 
d uri n g w or k a cti vit y, t h e p h ysi c al l o a d c a n b e di vi d e d a s 
f oll o ws: 

 G e n e r al p h y si c al l o a d – t h e l o a d of m us cl es of 
t h e u p p er a n d l o w er e xtr e miti es, 

 L o c al p h y si c al l o a d  - t h e l o a d of m us cl es of t h e 
littl e m us cl es -  t h e h a n d or f or e ar m m us cl es 

T h e m e a s ur e m e nt of p h ysi c al a cti vit y i s n o w a d a ys 
p ossi bl e t o s ol v e diff er e ntl y [ 8]. T h e b a si c m e a s ur e m e nt 
t y p es of t h e l o a d ar e pr es e nt e d i n t h e f oll o wi n g t a bl e. 

 
 
 

T a bl e 1 T h e m ost c o m m o n m et h o d of p h ysi c al l o a d m e as ur e m e nt 
[ 1 1]  

M et h o ds of 
p h ysi c al l o a d 
m e as u r e m e nt 

D e s c ri pti o n of m et h o ds of 
p h ysi c al l o a d m e as u r e m e nt 

T a b ul ar esti m ati o n 

us e of t a bl es wit h t h e e n er g y 
c o n s u m pti o n ( mi n ut es or 
h o ur s) f or w or k of diff er e nt 
m us cl es 

C al c ul ati o n 
us e of t e c h ni c al m e c h a ni cs 
pri n ci pl es 

C al ori m etr y 
l a b-m et h o ds, t h e 
m e a s ur e m e nt of h e at 
e x p e n dit ur e d uri n g t h e w or k 

Bi o m e c h a ni cs  
a n al ysi s of c h a n g es of 
s p e cifi c s u bst a n c es i n t h e 
h u m a n or g a ni s m  

El e ctr o m y o gr a p h y 
t h e m e a s ur e m e nt of el e ctri c 
p ot e nti al i n t h e m us cl es 

C h a n g es of p ul s e 
fr e q u e n c y 

b y p al p ati o n  or b y 
p ul s o m et er s 

C h a n g es of bl o o d 
pr ess ur e, q u a ntit y of 
di s c h ar g e d s w e at, et c 

t h es e m et h o ds ar e us e d i n t h e 
c o m bi n ati o n 

 
T h e p h ysi c al l o a d i s p ossi bl e t o m e a s ur e a n d e v al u at e 

b y v ari o us t y p e of c h e c kli st s. T h es e c h e c kli st s ar e di vi d e d 
b y ki n d of l o a d. T h e p arti c ul ar t y p e s of c h e c kli st s ar e 
pr es e nt e d i n t h e f oll o wi n g fi g ur e. 
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Fi g ur e 1 C h e c kli st s of p h ysi c al l o a d [ 5] 

 
In t h e e n gi n e eri n g pr o d u cti o n t h er e i s n oti c e d t h e 

l o w er- b a c k l o a d d uri n g t h e s e d e nt ar y w or ki n g a cti viti es. 
T h e m e a s ur e m e nt a n d e v al u ati o n of t hi s t y p e of l o a d i s 
v er y diffi c ult a n d it i s p ossi bl e t o d et er mi n e it b y 
s u bj e cti v e e v al u ati o n, s p e ci al m et h o ds or si m ul ati o n t o ol s. 
C ert ai nl y, t hi s e v al u ati o n i s n ot still r eli a bl e a n d e x a ct. 
P h ysi c al l o a di n g o n t h e b a c k i s oft e n a ss ess e d usi n g 
diff er e nt d esi g n crit eri a s u c h a s s pi n al c o m pr essi o n 
( bi o m e c h a ni cs), o x y g e n c o n s u m pti o n ( p h ysi ol o g y), a n d 
t h e p er c e nt a g e of t h e p o p ul ati o n t h at fi n ds a t a s k 
a c c e pt a bl e wit h r es p e ct t o f ati g u e a n d str ess 
( ps y c h o p h ysi cs). Alt h o u g h t h es e crit eri a ar e a ss u m e d t o 
pr e v e nt l o w- b a c k di s or d er s, e pi d e mi ol o gi c al e vi d e n c e i s 
s p ar s e.  H o w e v er,t h es e  crit eri a  h a v e  s u bst a nti al 
a p pli c ati o n t o j o b d e si g n er, w hi c h i s r ar el y diff er e nti at e d 
fr o m ri s k a ss ess m e nt. T h e f oll o wi n g t a bl e pr es e nt s t h e 
a d v a nt a g es a n d di s a d v a nt a g es of us e of v ari o us m et h o ds 
f or t h e d et er mi n ati o n a n d e v al u ati o n of l o w er- b a c k l o a d. 

 
T a bl e 2 A d v a nt a g es a n d dis a d v a nt a g es of l o a d d et er mi n ati o n of 

lo w er- b a c k [ 3]  
As s e ss m e nt 

M et h o d 
M aj o r A d v a nt a g e s  M aj o r Dis a d v a nt a g e s 

Bi o m e c h a ni c al 
M o d el 

1. A p pr o pri at e f or j o b s r e q uiri n g 
hi g h f or c es, h a n dli n g of h e a v y 
l o a d s 

2. Q u a ntit ati v e 
3. C o v er s lifti n g, l o w eri n g, 
p u s hi n g a n d p ulli n g 

1. Pr a cti c alit y li mit s 
a p pli c ati o n t o st ati c 
a n al ys e s i n t h e w or k pl a c e 
2. F airl y e x p e nsi v e  
3. F airl y hi g h e x p erti s e 
r e q uir e d 
4. C arr yi n g i s e x cl u d e d 

Ps y c h o p h ysi c al 
T a bl e s 

1. E as y t o us e 
2. I n e x p e nsi v e 
3. E xt e n si v e d at a a v ail a bl e  
4. C o v er s lifti n g, l o w eri n g, 
p u s hi n g a n d p ulli n g 

1. M a y i n g n or e hi g h 
bi o m e c h a ni c al a n d 
p h ysi ol o gi o c al d e m a n d s  
2. B as e d o n s u bj e cti v e 
r e s p o ns e s 

E n er g y 
E x p e n dit ur e 

M o d els 

1. A p pr o pri at e f or hi g h 
fr e q u e n c y t as ks 
2. U s u all y t h e o nl y pr a cti c al 
m et h o d of a ss e s si n g e n er g y 
e x p e n dit ur e  

1. V ali dit y of a v ail a bl e 
m o d els is q u e sti o n a bl e 
2. R el ati o ns hi p b et w e e n 
e n er g y e x p e dit ur e a n d 
h e alt h eff e cts h as n ot b e e n 
d e m o n str at e d 

1 9 9 1 NI O S H 
E q u ati o n 

1. C a pt ur e s m aj or ri s k 
f a ct ors ass o ci at e d wit h lifti n g 
a n d l o w eri n g 
2. I s a u s ef ul t oll f or tr ai ni n g 
n o n- er g o n o mi sts o n h o w 
diff er e nt p ar a m et er s aff e ct 
lifti n g c a p a cit y 

1. H a s n ot b e e n v ali d at e d 
2. A p pli e s t o f e w M M H 
j o b s 
3. O nl y a p pli e s t o lifti n g 
a n d l o w eri n g 

 
 

P h ysi c al l o a d r e q uir e m e nt s a n d t h e m et h o d ol o g y of 
e v al u ati o n ar e d efi n e d b y D e cr e e N o. 5 4 2/ 2 0 0 7. T h e b a si c 
r e q uir e m e nt s ar e t h e f oll o wi n g [ 1 4]: 

 G e n er al p h ysi c al l o a d of w or k er h a s n ot e x c e e d 
t h e li mit v al u es of g e n er al p h ysi c al l o a d of 

w or k er w hi c h ar e gi v e n c o n si d eri n g t h e e n er g y 
e x p e n dit ur e a n d h e art r at e 

 L o c al p h ysi c al l o a d of w or k er h a s n ot e x c e e d t h e 
li mit v al u es of l o c al p h ysi c al l o a d i n r el ati o n t o 
m us c ul ar f or c es a n d fr e q u e n c y of w or ki n g 
m o v es w hi c h ar e gi v e n i n t h e i n di vi d u al 
att a c h m e nt 

T o pr e v e nt t h e i n cr e a s e d p h ysi c al l o a d d uri n g t h e 
w or k ar e c arri e d o ut t h e t e c h ni c al, or g a ni z ati o n a n d ot h er 
arr a n g e m e nt s [ 1 4]. 

T h e b a si c t e c h ni c al arr a n g e m e nt s ar e t h e f oll o wi n g: 
 er g o n o mi c m o difi c ati o n of w or k pl a c e 
 li mit ati o n of a p pli c ati o n of pr o d u ct s, t o ol s, 

d e vi c es, m a c hi n es a n d t e c h ni c al pr o c e d ur e 
c a usi n g t h e i n cr e a s e d p h ysi c al l o a d d uri n g t h e 
w or ki n g a cti vit y 

 a d e q u at e mi cr o cli m ati c c o n diti o n s 
T h e b a si c or g a ni z ati o n arr a n g e m e nt s ar e t h e 

f oll o wi n g: 
 w or ki n g m o d e a n d r e cr e ati o n m o d e 
 or g a ni z ati o n of w or k 

T h e ot h er arr a n g e m e nt s ar e t h e f oll o wi n g: 
 c o nti n u o us e v al u ati o n of h e alt h ri s ks t o w or k er s  

w or ki n g i n ri s k of e x c e ssi v e p h ysi c al l o a d 
 e v al u ati o n of w or k er h e alt h c a p a bilit y t o t h e 

w or ki n g p erf or m a n c e i n cl u di n g t h e r e ali z ati o n of 
m e di c al r o uti n e c h e c k u ps i n r el ati o n t o w or k  

O n e of t h e w a ys t o i d e ntif y a n d eli mi n at e t h e p h ysi c al 
l o a d i n t h e w or k pl a c e i s t h e us e of er g o n o mi c si m ul ati o n 
t o ol s es p e ci all y i n t h e s e d e nt ar y a cti viti es [ 4]. T h e 
si m ul ati o n i s p ossi bl e t o d efi n e a s a n u m eri c al m et h o d of 
c o m pl e x d y n a mi c s yst e m s b y e x p eri m e nti n g wit h 
c o m p ut er m o d el. 

 

 
Fi g ur e 2 I nt e gr ati o n of si m ul ati o n i n t h e s yst e ms [ 2] 

 
At  t h e b a si c c at e g ori z ati o n of si m ul ati o n, it i s p ossi bl e 

t o cl a ssif y t h e e x p eri m e nt al m et h o d a n d t h e ess e n c e of 
si m ul ati o n c o n si st s i n t h e f a ct t h at st u di e d d y n a mi c 
s yst e m si m ul at or a n d r e pl a c e it wit h hi m t h e n c o n d u ct t h e 
e x p eri m e nt i n or d er t o o bt ai n i nf or m ati o n a b o ut t h e 
ori gi n al i n v esti g ati o n s yst e m. Si m ul ati o n c a n b e r e a d 
fr o m t h e f oll o wi n g a s p e ct s [ 7]: 
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 E c o n o mi c a s p e ct  - si m ul ati o n s er v es f or 
i d e ntifi c ati o n a n d s ki p pi n g t h e o bj e ct s w hi c h ar e 
i n t h e s yst e m  m or e o v er 

 C o ntr olli n g a s p e ct – si m ul ati o n s er v es f or 
pr e di cti o n of i m p a ct of a c c e pt e d d e ci si o n s 

Si m ul ati o n h a s f o u n d t h e a p pli c ati o n i n t h e fi el d s u c h 
a s s p a c e fli g ht s, milit ar y o p er ati o n, ur b a ni sti c s yst e m s, 
c o m p ut er s yst e m s, l o gi sti c a n d m a n uf a ct uri n g s yst e m s, 
fi n a n ci al m o d el s, e c ol ol o g y a n d e n vir o n m e nt al pr ot e cti o n, 
er g o n o mi cs, et c. [ 6]. 

Pr o c ess a n d s yst e m si m ul ati o n s h o ul d i n cl u d e t h e 
f oll o wi n g st a g es [ 2]:  

 S yst e m a n al ysi s a n d d efi ni n g t h e i ss u e, 
f or m ul ati o n of si m ul ati o n t ar g et s 

 C oll e cti o n a n d pr o c essi n g of i nf or m ati o n, 
esti m ati o n of p ar a m et er s a n d t y p es of r a n d o m 
v ari a bl es. 

 Cr e ati o n of a bstr a ct l o gi c al m o d el 
 C o n str u cti o n c o m p ut er m o d el 
 V erifi c ati o n a n d t esti n g of m o d el 
 Pl a n ni n g  a n d  pr e p ar ati o n  of  si m ul ati o n 

e x p eri m e nt s 
 R e ali z ati o n of si m ul ati o n e x p eri m e nt, c h a n g es of 

el e m e nt s i n t h e m o d el, c orr e cti o n of m o d el 
 E v al u ati o n a n d pr o c essi n g of si m ul ati o n r es ult s, 

fi n al r e p ort 
Si m ul ati o n a c c or di n g t o t h e n at ur e of c h a n g es i n t h e 

m o d el o v er ti m e i s p ossi bl e t o di vi d e [ 9]: 
 Di s cr et e e v e nt si m ul ati o n 
 C o nti n u o us si m ul ati o n  
 C o m bi n e d si m ul ati o n 

A di s cr et e- e v e nt si m ul ati o n m o d el s t h e o p er ati o n of a 
s yst e m a s a di s cr et e s e q u e n c e of e v e nt s i n ti m e. E a c h 
e v e nt o c c ur s at a p arti c ul ar i n st a nt i n ti m e a n d m ar ks a 
c h a n g e of st at e i n t h e s yst e m. C o nti n u o us Si m ul ati o n 
r ef er s t o a c o m p ut er m o d el of a p h ysi c al s yst e m t h at 
c o nti n u o usl y tr a c ks s yst e m r es p o n s e a c c or di n g t o a s et of 
e q u ati o n s t y pi c all y i n v ol vi n g diff er e nti al e q u ati o n s. [ 1 0] 

A c c or di n g t o t h e t y p e of m o d el i s p ossi bl e t o di vi d e 
t h e si m ul ati o n i nt o [ 9]: 

 D et er mi ni st si m ul ati o n 
 St o c h a sti c si m ul ati o n 

All of si m ul ati o n t o ol s li k e a n y ot h er r e al t o ol s h a v e 
s e v er al a d v a nt a g es a n d di s a d v a nt a g es. T h e o v er vi e w of 
t h e b a si c a d v a nt a g es a n d di s a d v a nt a g es ar e pr es e nt e d i n 
t h e f oll o wi n g t a bl e. 

 
T a bl e 3 A d v a nt a g es a n d dis a d v a nt a g es of si m ul ati o n [ 1]  

A d v a nt a g e s Di s a d v a nt a g e s 

c h o os e c orr e ctl y 
m o d el b uil di n g r e q uir es 

s p e ci al tr ai ni n g 
c o m pr ess a n d e x p a n d 

ti m e 
r es ult s m a y b e diffi c ult t o 

i nt er pr et 

e x pl or e p ossi biliti es 
m o d eli n g a n d a n al ysi s c a n 

b e ti m e c o n s u mi n g a n d 

e x p e n si v e  

di a g n os e pr o bl e m 
si m ul ati o n m a y b e us e d 

i n a p pr o pri at el y 

vi s u ali z e t h e pl a n  

 
2  T e c n o m ati x J a c k – e r g o n o mi c si m ul ati o n 

to ol 
J a c k i s a h u m a n m o d eli n g a n d si m ul ati o n t o ol t h at 

e n a bl es t o i m pr o v e  t h e er g o n o mi cs of y o ur pr o d u ct 
d esi g n s a n d t o r efi n e i n d ustri al t a s ks. J a c k, a n d it s 
o pti o n al t o ol kit s, pr o vi d es h u m a n- c e nt er e d d esi g n t o ol s 
f or p erf or mi n g er g o n o mi c a n al ysi s of virt u al pr o d u ct s a n d 
virt u al w or k e n vir o n m e nt s. J a c k e n a bl es y o u t o si z e t h e 
h u m a n m o d el s t o m at c h w or k er p o p ul ati o n s, a s w ell a s 
t est y o ur d esi g n s f or m ulti pl e f a ct or s, i n cl u di n g i nj ur y 
ri s k, us er c o mf ort, r e a c h a bilit y, li n e of si g ht, e n er g y 
e x p e n dit ur e, f ati g u e li mit s a n d ot h er i m p ort a nt h u m a n 
p ar a m et er s. Usi n g J a c k f a cilit at es si g nifi c a nt c ost a n d 
ti m e s a vi n gs b y e n a bli n g y o u t o i m pr o v e pr o d u ct q u alit y 
a n d pr o c es s f e a si bilit y e arl y i n t h e pr o d u ct lif e c y cl e [ 1 3]. 

 

 
Fi g ur e 3 C o nt r ol b ar – T e c n o m ati x J a c k  

 
Ja c k pr o vi d es a c o m pl et e e n vir o n m e nt f or all 

er g o n o mi cs a n d h u m a n f a ct or s n e e ds, off eri n g a 
c o m pr e h e n si v e s uit e of a n al ysi s c a p a biliti es [ 1 2]. It 
e n a bl es t o u n c o v er h u m a n p erf or m a n c e a n d f e a si bilit y 
i ss u es e arl y i n t h e d esi g n pr o c ess, all o wi n g f or bi g 
s a vi n gs fr o m a s m all i n v est m e nt. Si m ul ati o n s oft w ar e 
J a c k h a s 4 b a si c a p pli c ati o n: 

•  Cr e at e a di git al h u m a n 
•  P ost ur e t h e m a ni ki n or cr e at e a si m ul ati o n 
•  A n al y z e h u m a n p erf or m a n c e 
•  E x p eri e n c e virt u al r e alit y 
 

3  E v al u ati o n of p h ysi c al l o a d – T e c n o m ati x 
J a c k 

Er g o n o mi c t o ol J a c k i s p ossi bl e t o us e d uri n g t h e 
e v al u ati o n of l o a d i n t h e v ari o us fi el ds. O n e of t h e m i s t h e 
a p pli c ati o n i n t h e m e c h a ni c al e n gi n e eri n g, p arti c ul arl y f or 
p a c k a gi n g w or ks. T h es e w or ki n g a cti viti es pr o d u c e t h e 
bi g st ati c l o a d t o t h e l o w er b a c k. I n t h e f oll o wi n g p art of 
t hi s arti cl e it i s pr es e nt e d t h e p ossi bilit y of a p pli c ati o n t h e 
er g o n o mi c si m ul ati o n t o ol f or d et er mi n ati o n a n d 
e v al u ati o n of t hi s t y p e of p h ysi c al l o a d. T hi s er g o n o mi c 
si m ul ati o n i s i m pl e m e nt e d i nt o t h e pr a cti c e. T h e 
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evaluated working posture is presented in the following 
figure. 

 

 
Figure 4Working posture 

 
In the ergonomic simulation software Tecnomatix 

Jack, it was created the model according to the previous 
figure. In the first step, there were defined the 
anthropometrical data of worker and then it was created 
the working environment. Defined worker was 
implemented into the working environment in the 
specified working posture. The created model of working 
posture is presented in the following figure.   

 

 
Figure 5Model of working posture – Tecnomatix Jack 

 
After the creation of virtual model of working posture 

it was applied the evaluation methods – RULA, OWAS 
and SSP. First of all, it was applied the evaluation of 
physical load by RULA method. The final score of this 

method is 3- further investigation needed and it may be 
required the changes. 

 

 
Figure 6Evaluation of physical load by RULA method - 

Tecnomatix Jack 
 

To the evaluation of working posture it is suitable to 
use the OWAS method, too. The final score of this 
method is the value 3 – work posture will case harmful 
levels of stress on the musculoskeletal system. The 
system also warns that it is necessary to perform the 
optimization at the earliest possible time. 

 

 
Figure 7Evaluation of physical load by OWAS method – 

Tecnomatix Jack 
 

The final evaluation of the possibility to carry out an 
analysis through a SSP. Results can be found in the 
following figure in graphical and tabular form. 

 



Acta Simulatio  - International Scientific Journal about Simulation 

Volume: 2  2016  Issue: 4  Pages: 1-5  ISSN 1339-9640 

 

ERGONOMIC EVALUATION OF PHYSICAL LOAD BY SIMULATION SOFTWARE IN ENGINEERING 

Darina Dupláková, Svetlana Radchenko, Lucia Knapčíková, Michal Hatala 

~ 5 ~ 

Copyright © ActaSimulatio, www.actasimulatio.eu 

 
Figure 8Evaluation of physical load by SSP method – 

Tecnomatix Jack 
 
The evaluation by individual methods showed that the 

static load of worker is inadequate and consequently it is 
necessary to perform the optimization of working posture 
or working environment for compliance with the required 
limits.  
 
Conclusions 

Nowadays, simulation ergonomic software Jack is 
possible to apply in the different industrial branches for 
evaluation of dynamical and static load of worker during 
the realization of various working activities. On the 
previous practical examples it is presented the ergonomic 
evaluation of the static load that impacts the worker 
involved in packaging components. In addition to the 
above mentioned analyses it is possible to realise the in 
time evaluation during the realisation of working 
activities. This evaluation requires the compilation of an 
accurate model and then compiling the working moves 
via Task simulation builder. The simulation is an essential 
part of small and medium-sized enterprises that use it in 
solving various tasks. 
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Keywords: layout, cluster analysis distribution warehouse  
Abstract: In the article, we focused on the proposal of a layout solution for the distribution warehouse of the 
manufacturing company using the cluster analysis. In the dendrogram we selected the optimal number of clusters, which 
are groups of stocks according to share in the expedition. Cluster analysis belongs to multivariate statistical methods. 
Cluster analysis is defined as general logical technique, procedure, which allows to cluster variate objects into groups – 
clusters on the basis of similarity or dissimilarity. Cluster analysis involves computational procedures, which purpose is 
to reduced a set of data on several relatively homogenic groups – clusters, while the condition of reduction is - maximal 
and simultaneously minimal similarity of clusters. 
 
1 Charakteristic of cluster analysis  

Cluster analysis belongs to multivariate statistical 
methods. Cluster analysis is defined as general logical 
technique, procedure, which allows to cluster variate 
objects into groups – clusters on the basis of similarity or 
dissimilarity. Cluster analysis involves computational 
procedures, which purpose is to reduced a set of data on 
several relatively homogenic groups – clusters, while the 
condition of reduction is - maximal and simultaneously 
minimal similarity of clusters. 

Similarity of objects is studied by the degree of 
similarity(correlation coefficient and association 
coeficient) or the degree of dissimalarity – degree of 
distance (distance coefficient). Methods of cluster analysis 
are on the basis of clustering clasified as hierarchical or 
non-hierarchical methods. 

 
2 Description of the supply in the 

enterprise  
For the analysis, we have customer demand data for one 

calendar year, which corresponds to the production plan 
and plan the expedition. This information represents inputs 
for an cluster analysis of stock of the products of the 
selected manufacturing enterprise. The production line of 
the enterprise is divided into 5 basic groups: Nara, J77, 
J104, J108, J110. The evolution of the expedition of 

products during the individual months of the selected 
calendar year is shown in Figure1. 

 

 
Figure 1 Development of product expedition 

 
Product development expedition has fluctuating course, 

the average company produces and dispatches the goods 
1656 pieces of products per month, the largest export was 
registered in March of that year and the lowest in June of 
that year. Since it is a custom form of production, in some 
months of the year a one-time customer demand for the 
selected product has arisen. 

Percentage of basic types of products in the total 
expedition is shown in Figure 2. 
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Figure 2 The share of types of products on an expedition

The largest share of the expedition has J10 chairs with 
40% share and J77 chairs with 39% share. 

 
3 Cluster analysis in distribution 

warehouse   
Data on monthly expedition individual products have 

been entering for performing cluster analysis. The Ward 

method, which belongs to the hierarchical methods, was 
used, and the square Euclidean distance was used to 
express the distance. The result of cluster analysis is a 
dendrogram showing the various clusters depending on the 
distance connections. The dendrogram is a section for 
selecting the optimal number of clusters. 

 

 
Figure 3 Dendrogram

Rady1; Nara; 

348; 2%

Rady1; J77; 

7771; 39%

Rady1; J104; 

7972; 40%

Rady1; 

J108; 264; 

1%

Rady1; J110; 

3522; 18%

Nara

J77

J104

J108

J110
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From the dendrogram results follow optimal clusters 
describsed in the Table 1. 

 
Table 1 Clusters 

Clusters  Products Σ 

1.cluster 

Nara chair eu. Ash hvidtonet 

2657 

J108 chair, beech nature 
Nara bar high chair ash, black 
Nara bar H chair oak hvidto 

Nara bar low chair ash, black 
Nara bar L chair oak hvidto 

Nara chair ash, black 
Nara chair oak hvidtonet 

J104 chair, beech lack 
J108 chair, beech black 

J77 chair, beech red 
J110 chair, beech grey 
J104 chair, beech red 
J110 chair, beech red 

2. cluster 

J77 chair, beech grey 

6111 

J110 chair, beech nature 
J110 chair, beech white 
J104 chair, beech white 
J104 chair, beech grey 
J110 chair, beech black 

3. cluster 

J77 chair, beech nature 

11109 
J77 chair, beech white 
J77 chair, beech black 
J104 chair, beech lack 

J104 chair, beech black 

The result of cluster analysis of the finished goods 
manufacturing companies is to identify three clusters of 
products. These clusters can be taken into account when 
solving individual warehouse items in the enterprise. 

 

 
Figure 4 Share of clusters of products on expedition 

 
From the graphical representation in Figure 4 shows 

that the largest share of the expedition has products 
3.cluster, then 2.cluster and the smallest share has 1.cluster. 
It is therefore appropriate to place products 3. cluster 
within the warehouse closer towards to loading finished 
products. 3.cluster contains the products of the main groups 
J77 and J104. 

 
Conclusions 
From the results of the cluster analysis follow three clusters 
of final products which are shown in Figure 2D (Figure 5) 
and the 3D sketch (Figure 6) of the layout of warehouse of 
final products. 
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Figure 5 2D layout warehouse of finished products 
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Figure 6 3D layout warehouse of finished products 
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Keywords: innovation, active packaging, intelligent packaging, functions of packaging 
Abstract: The importance of packaging functions is still growing and consequently, the interest of the company is to 
access to the packaging more innovative. The primary functions of packaging were always practical – to protect a product, 
to keep the product together, to contain it and to identify it. Today packaging is also a container for promoting the product 
and making it easier and safer to use. The paper deals with the innovative forms of packaging - active and intelligent 
packaging. Using KANO model, we monitored the perception of the active packaging functions in comparison to 
intelligent packaging function among different age categories of respondents in Slovakia. 
 
1 Introduction  

Nowdays as well as over the last decades the 
importance of the packaging system and its various 
functions is increasing. Whereas the packaging is 
traditionally intended as a mean of protection, 
preservation, handling, transport and storage of products, 
also the other functions such as promotion, getting the 
attention of customers and brand communication are 
becoming more recognizable. As a result of global change 
and progress in recent decades, access to packaging 
materials and packaging techniques also changes. 
Packaging functions are improved to increase product 
durability, track product and increase consumer awareness. 
Therefore the current interest of the company is to offer a 
customer such a packaging that will meet the marketing 
requirements and the needs of handling and transport at the 
same time. In the case of innovation it is important to target 
it to the specific customer segment and therewith it is in the 
company’s interest to properly identify the target groups of 
the packaging innovation [1]. According to this the aim of 
the paper is to identify the perception of the active 
packaging functions in comparison to intelligent packaging 
function among different age categories of respondents in 
Slovakia and to illustrate that perception by a 3D 
simulation method.  

The packaging size, shape, design, selected color and 
font significantly influence the consumer decision-making 
process and thereby affect the marketability of the product 
itself [2].  

When creating product innovations it is necessary to 
think about the product at different levels [3] whereas each 
level increases its value to the customer. Regarding the 
packaging innovation companies should monitor changes 

in consumers’ preferences and also focus on an attention to 
the new technology of packaging when selecting and 
introducing the packaging to the market.  

In the past, there was a change in design about every 15 
years, but now due to the changes in the market 
environment and the impact of environmental pressure the 
companies should apply more innovative and creative 
approach to packaging.  

Traditional perception of packaging classifies the main 
functions of packaging into four basic categories[4]: 

- Protection – the package protects the product against 
the deteriorative effects of the external environment,  

- Communication – the package is a marketing tool that 
communicates with the consumer,  

- Convenience – the package provides the consumer 
with greater ease of use and time-saving convenience,  

- Containment – the package can contain products of 
various sizes and shapes.  
The basic functions of the packaging are classified 

differently, for example, Zeman [5] and Kačenák [6] 
referred to 6 key function classification: protection, 
guarantee, rationalization, economic, communication and 
ecological. Dzurová [7]  refers to the classification 
according to Schulte, who lists five functions, namely: 
protection, storage, transport, handling and information. 
According to Kollar [8] essential functions are the 
protection, handling, information and publicity, 
environmental and economic. 

Innovative packaging is the result of creative, 
unconventional thinking [4], resulting to the creation of 
packaging with interactive features – intelligent and active 
packaging. They focus to improve packaging functions to 



Acta Simulatio  - International Scientific Journal about Simulation 

Volume: 2  2016  Issue: 4  Pages: 13-17  ISSN 1339-9640 

 

SIMULATION OF INTELLIGENT AND ACTIVE PACKAGING PERCEPTIONS IN SLOVAKIA  

Erika Loučanová; Martina Kalamárová; Ján Parobek; Ana Dopico 

~ 14 ~ 

Copyright © Acta Simulatio, www.actasimulatio.eu 

meet current consumer demands, increased regulatory 
requirements, as well as increased interest in security. 

Active packaging represent shift in the protection 
function from passive to active. The packaging is not only 
a passive barrier between the product and its environment, 
but the aim of protective function is to actively protect the 
product [4] and actively changes the condition of the 
package to extend shelf life or improve food safety, while 
maintaining the quality of the food [6]. According to the 
way in which they affect the characteristics of the product 
the active packaging can be classified as follows [9]:  

- absorbers – active packaging systems based on 
absorption,  

- emitters – active packaging systems based on the 
release of substances.  
Intelligent packaging is associated with the 

performance of smart features and intelligent functions 
(such as detecting, sensing, recording, tracing, 
communicating, and applying scientific logic) to: facilitate 
decision making to extend shelf life, enhance safety, 
improve quality, provide information, and warn about 
possible problems [4]. According to Kačeňák [6] 
intelligent packaging is the term for systems that monitor 
conditions around the product and thus provide 
information about the quality of food during transport and 
storage. The time-temperature indicators, indicators of 
oxygen and carbon dioxide, the color temperature 
indicators, pathogen indicators and breakage indicators are 
distinguished [9]. 

The importance of active and intelligent packaging 
means mainly significant expansion of two packaging 
functions: protective function – especially in active 
packaging shift from passive to active protection and 
information functions – especially as intelligent packaging 
providing information monitoring the packing conditions. 
According [10] the requirements of customers to the 
innovation of packaging functions are as follows: the 
majority of respondents expect the packaging to be 
ecological and to fulfill principally information and 
protection function. These results confirm the actuality of 
intelligent and active packaging in terms of required 
packaging functions and therefore innovative packaging 
thus respond to the current market requirements. 

Potential customers are more and more demanding 
information of product composition, quality, date mark and 
durability, thereby the companies should respond by that 
kind of innovation to meet these requirements. Regarding 
that research [10] the target group for packaging innovation 
represents the age category from 41 to 50 years according 
to their highest innovation status. This age category 
recognizes its own requirements in purchasing and 
selecting products and it considers protection and 
information function as the main important and ecological 
function as attractive [1]. 

 

2 Methodology 
The research deals with the perception of active and 

intelligent packaging function and the Kano model was 
applied. Kano model aims to capture customers’ opinion 
according to the requirements of an observed object [11]. 
Kano model is based on a survey using a Kano 
questionnaire. This questionnaire is constructed through 
pairs of customer requirement questions. Each question 
consequently has two parts: how do you feel if that feature 
is present in the product (functional form of the question), 
and how do you feel if that feature is not present in the 
product (dysfunctional form of the question). These pairs 
of positively and negatively conceived statements 
regarding the performance of monitored parameters, in this 
case packaging functions – protection, communication, 
convenience and containment. According to the 
methodological approach respondents had an opportunity 
to respond every question (statement) on a scale from 1 to 
5 representing strong agreement to strong disagreement 
with that question (statement).  

The sample of respondents was set at 120 respondents 
in Slovakia, keeping the same proportion of respondents 
for each given age category. The survey was conducted 
through electronic forms and personal questioning. 

The responses were evaluated according to the cross 
rule [11], making it possible to categorize functions of 
packaging in the following categories according to how 
respondents perceived new packaging functions [10,11, 12, 
13]: 

- M (must be requirements) – are obligatory 
requirements that customers consider as normal and are 
automatically expected and their fulfillment is reflected 
in customers’ satisfaction.  

- O (one-dimensional requirements) – are those product 
attributes that lead to fulfillment and satisfaction in the 
event of non-compliance to customers dissatisfaction, 
but compared to the obligatory requirements customers 
automatically do not expect them.  

- A (attractive requirements) – that have a clear impact 
on customers satisfaction because it is a requirement 
that customers did not expect, but it is attractive. 

- R (reverse requirements) – are contradictory, they 
bother customers, as they require some additional 
action from them. 

- I (indifferent, irrelevant requirements) – are 
requirements which do not affect customers satisfaction 
or dissatisfaction. 

- S – are skeptical, questionable requirements  
The results of Kano model allows to divide the 

monitored packaging functions into categories of 
mandatory, attractive, indifferent and reverse functions. 
Subsequently, the comparison analysis, which aims to 
identify and measure comparable data, was used. It was 
used to identify the differences between customers’ 
perceptions of intelligent packaging functions and 
customers’ perceptions of active packaging functions. 
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According to packaging functions definition by Yam et al. 
[4] we considered expansion of protection and containment 
function as a nature of active packaging and the expansion 
of communication and convenience function as a nature of 
intelligent packaging. 

The comparison analysis was based on the customer 
requirements identification by Kano model. In the next step 
the weight were assigned to these requirements. Every 
identified requirement represents value 1, which was 
multiplied by weight according to identified category as 
follows: must be = 3, attractive = 2, one-dimensional = 1, 
indifferent = 0, reverse = -1 [13, 14]. Based on the sum of 
values, we can compare customers’ perceptions of active 
and intelligent packaging functions and we identify the 
target age group for active and intelligent packaging [1].  

Thereafter, a 3D simulation was used to figure the 
perception of intelligent and active packaging functions by 
respondents in Slovakia. 

 
3 Simulation of perceptions of intelligent 

and active packaging functions by 
respondents in Slovakia 

KANO model identified requirements of the packaging 
functions among the monitored age categories.  

The customer’s value (Table 1) was calculated as the 
sum of the points that have been assigned to the individual 
categories of the questionnaire. The results indicate 
different attitudes to intelligent and active packaging 
according to the age. 

Both functions, active and also intelligent packaging 
functions, report the most significant value for customers 
in the age of 41 to 50 years (as shown by the total customer 
value 3) followed by age categories 51 to 60 (as shown by 
the total customer value 2).  

Active packaging functions are most valuable for the 
customers in the age of 41 and older, for whom the active 
packaging represents attractive and one-dimensional 
requirement. It represents those active packaging attributes 
that lead to fulfillment and satisfaction and in the event of 
non-compliance to customers’ dissatisfaction. The higher 
the degree of compliance with these requirements is, the 

customers are more satisfied and in addition the attractive 
requirements have a clear impact on customers satisfaction 
increase.  
 

Table 1 The comparison analysis of perceptions of intelligent 
and active packaging functions in Slovakia 

 Packaging functions 
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C
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18-30 

Requirement I I I O - 
AP function 0 0 - - 0 
IP function - - 0 1 1 

31-40 

Requirement R O I O - 
AP function -1 1 - - 0 
IP function - - 0 1 1 

41-50 

Requirement A O O A - 
AP function 2 1 - - 3 
IP function - - 1 2 3 

51-60 

Requirement O O O O - 
AP function 1 1 - - 2 
IP function - - 1 1 2 

61+ 
Requirement A I I I - 
AP function 2 0 - - 2 
IP function - - 0 0 0 

Total 4 3 2 5  
Notes: AP – Active packaging, IP – Intelligent packaging 
Source: authors' computation 
 

On the other hand, the younger ones in the age less than 
40 years are are more interested in intelligent packaging 
functions, they are not affected by active packaging and 
their functions. The functions are indifferent to them, it 
involves the attributes that are not critical for customers 
and their pass or fail does not affect their satisfaction or 
dissatisfaction, Figure 1. 

 



Acta Simulatio  - International Scientific Journal about Simulation 

Volume: 2  2016  Issue: 4  Pages: 13-17  ISSN 1339-9640 

 

SIMULATION OF INTELLIGENT AND ACTIVE PACKAGING PERCEPTIONS IN SLOVAKIA  

Erika Loučanová; Martina Kalamárová; Ján Parobek; Ana Dopico 

~ 16 ~ 

Copyright © Acta Simulatio, www.actasimulatio.eu 

 
Figure 1 Simulation of perceptions of intelligent and active packaging functions by respondents in Slovakia

 
The comparison of the value of active and intelligent 

packaging functions for the customers indicates the 
differences in target groups of customer affected by these 
functions. To sum it up, the respondents in younger age are 
more oriented to the intelligent packaging. The generation 
of middle-aged is interested in intelligent and also in active  

 
 
packaging equally. And finally, the older age categories 
rather prefer only active packaging. 

From the point of view of the individual functions 
influence, the most influential are two packaging functions 
– convenience and containment. The least influential for 
the respondents is the communication function, Figure 2. 

 
Figure 2 3D Simulation of perceptions of intelligent and active packaging functions by respondents in Slovakia 
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4 Conclusion 
The sheer importance of packaging functions is still 

growing and consequently, the interest of the company is 
to access to the packaging more innovative and creative. 
Active and intelligent packaging influence customer 
decisions mainly as one-dimensional requirement, i.e. 
those active packaging attributes that lead to fulfillment 
and satisfaction and in the event of non-compliance to 
customers dissatisfaction – the higher the degree of 
compliance with these requirements, the customers are 
more satisfied. According to the innovative approaches to 
the packaging can be concluded that younger respondents 
are more focused on the intelligent functions of the 
packaging, as they appreciate the packaging in the role of 
intelligent communicator. With increasing age of the 
customers, they are more oriented on active packaging 
functions, that provides convenience in the carriage, 
stocking and  consuming. 

The results and information about the perceptions and 
preferences of the packaging functions by the customers 
different age can be subsequently used during 
communication and innovation of packaging.  
 
Acknowledgement 
The authors would like to thank the European Cooperation 
in the field of Scientific and Technical Research – COST. 
This paper was elaborated within the frame of COST 
Action FP1405 “Active and Intelligent Fibre-Based 
Packaging – Innovation and Market Introduction 
(ACTINPAK)” and Grant project 1/0756/16 
“Identification of consumers' segments according to their 
affinity for environmental marketing strategies of business 
entities in Slovakia”. The authors therefore would like to 
thank the Scientific Grant Agency of the Ministry of 
Education, Science, Research and Sport of the Slovak 
Republic and the Slovak Academy of Sciences, too. 
 
References 
[1] LOUČANOVÁ, E., KALAMÁROVÁ, M., 

PAROBEK, J.: The innovative approaches to 
packaging – comparison analysis of intelligent and 
active packaging perceptions in Slovakia, Studia 
Universitatis „Vasile Goldiş” Arad. Economics 
series, Vol. 27, No. 2, pp. 33-44, 2017. 

[2] KOTLER, P.: Marketing magement, Praha, Grada 
Publishing, 2001. (Original in Slovak). 

[3] HRUBALOVÁ, L.: Základy hotelierstva. Nitra: 
Univerzita Konštantína Filozofa v Nitre, 2015. 
(Original in Slovak). 

[4] YAM, K.L., TAKHISTOV, P.T., MILTZ, J.: 
Intelligent Packaging: Concepts and Applications, 
Journal of Food Science, vol. 70, no. 1, 2005.  

[5] ZEMAN, S.: Balenie a obalová technika. Nitra: 
Slovenská poľnohospodárska univerzita, 2005. 
(Original in Slovak). 

[6] KAČEŇÁK, I.: Trendy rozvoja potravinárskej 
obalovej techniky. Bratislava : Vydavateľstvo 
EKONÓM, 2011.  (Original in Slovak). 

[7] DZUROVÁ, M.: Obal a balenie ako súčasť logistiky. 
Bratislava: Eurounion, 1997. (Original in Slovak). 

[8] KOLLÁR, V. Systém a špecifikácia produktovej 
politiky. Bratislava: Sprint, 1999. (Original in 
Slovak). 

[9] SOSNOVCOVÁ, J.: Aktivní a inteligentní obalové 
systémy pro balení potravin, Vedecký výbor pro 
potraviny, Brno: 2008. (Original in Slovak). 

[10] LOUČANOVÁ, E., PAROBEK, J., 
KALAMÁROVÁ, M.: The perception of respondents 
of packaging innovations in Slovakia. Studia 
Universitatis „Vasile Goldiş” Arad - Economics 
Series, Vol. 26, No. 3, 2016. 

[11] GRAPENTINE, T.: Why the Kano model wears no 
clothes.  Quirks Marketing Research Media, 2015. 

[12] DUCÁR S., NAŠČÁKOVÁ J., MALÁK M.: Návrh 
systému merania spokojnosti zákazníkov Kano 
modelom,  Transfer inovácií, Vol. 9, pp. 137-139, 
2006. (Original in Slovak). 

[13] LOUČANOVÁ, E.: Inovačné analýzy a stratégie, 
Zvolen, Technická univerzita vo Zvolene, 2016. 
(Original in Slovak). 

[14] LOUČANOVÁ, E.: Návrh metodiky nástrojov pre 
efektívne riadenie inovácií na základe požiadaviek 
zákazníkov, Posterus, Vol. 8, No. 4, 2015. (Original 
in Slovak). 

[15] HELUS, Z.: Sociálni psychologie pro pedagogy. 
Praha: Grada, 2015. (Original in Czech). 

[16] ŠTOFKOVÁ, K.: Sieťové podnikanie. Manažment a 
sieťové podnikanie vo vedomostnej ekonomike. 
Žilina: Žilinská univerzita, 2013. (Original in 
Slovak). 

[17] STRAKA, M.: Logistika distribúcie, Ako efektívne 
dostať výrobok na trh, Bratislava, EPOS, 2013. 
(Original in Slovak). 

 
 

Review process 
Single-blind peer reviewed process by two reviewers. 

 
 
 
 

 


	IV_2016_01_Duplakova_Radchenko_Knapcikova_Hatala
	IV_2016_02_Kronova_Trebuna_Ciznar
	IV_2016_03_Loucanova_Kalamarova_Parobek_Dopico

