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Abstract
 Productivity is  one of  the measures  used to evaluate performance of  the
production system. It  represents  the relat ionship between output
(product/service)  and input (resources  used in providing output) .  This
relat ionship indicates  the contribution of  one unit  of  input spent  to
create output.  The paper aims to formulate a new method to measure
the part ial  productivity of  each element of  the input ( labor,  materials ,
machines,  capital ,  and other expenses)  in terms of  total  productivity.
These two equations use the same output value in their  numerators,
while  the inputs  in part ial  productivity are part  of  the gross  inputs  used
in total  productivity,  therefore,  the results  for  both must  ref lect  the
relat ionship between the whole and the part ,  i .e . ,  the result  of  the
part ial  productivity equation ref lects  the amount of  i ts  contribution to
creating the output,  and at  the same t ime,  i t  i s  a  part  of  the total
productivity.
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Introduction
 Productivity is  def ined as  an indicator of  the eff ic ient  use of  avai lable
production resources,  represented by input to create  output (goods and
services)  during a set  period.  
Productivity as  a  measure ref lects  the relat ionship between output
(Actual  Capacity)  and input (Avai lable  Capacity) ,  with the aim of
determining the amount of  contribution of  one unit  spent  from input to
create output.
 Measuring productivity is  necessary as  i t  determines the eff ic iency
levels  of  a  company in convert ing inputs  to output.  Productivity may be
measured either  on aggregate or  on individual  basis ,  which are cal led
total  and part ial  productivity.  The tradit ional  method used in measuring
total  productivity and part ial  productivity suffers  from some problems,
including the fol lowing (1) :
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1-Total  productivity,  which expresses  the amount of  contribution of  the
monetary unit  (one dol lar)  spent  from the total  input to create  the
output ( in cash or units) ,  does not  c larify the amount of  contribution of
the monetary unit  spent  for  each element of  the input (production
resources)  in the result  of  the equation.  
2-  Part ial  productivity indices,  depending upon factors  used,  i t  measures
the eff ic iency of  individual  factor of  production resources.  It  shows the
contribution of  a  unit  spent  from one of  the input factors  to create  the
output ( in cash or units) ,  but  the problem is  that  the numerator of  the
equation (output)  is  the result  of  al l  inputs  and not the result  of  just
one element.  This  makes the contribution of  the input unit  greater  than
the contribution of  the input unit  in the case of  total  productivity,  and
this  is  contradict  the logic  in which the contribution of  the part  is
greater  than the contribution of  the whole.  The production process  to
create outputs  is  the result  of  the interact ion of  al l  input e lements
( labor,  machine,  materials ,  capital ,  and other expenses) ,  and cannot be
the result  of  one input e lement.
Equation to measure part ial  productivity in terms of  total  productivity
The equation to measure part ial  productivity in terms of  total
productivity is  based on the fol lowing:
1-  Calculat ing total  productivity (output in cash or units)  using the
fol lowing equation:
Total  productivity = (Output in cash or in units)  ÷ (total  input in cash)
2-  Calculat ing the percentage of  each element value of  input to the total
input in cash using fol lowing equation:
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Hypothet ical  example:

The percentage of  each element value

= (Element value ÷ total  input in cash)  × 100

3-Part ial  productivity of  the e lement

 = The percentage of  each element value × total
productivity
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First :  Tradit ional  methods of  measuring productiv i ty  include the fol lowing

1-  The s implif ied method for calculat ing total  and part ial  productivity,
as  shown in Table (1)  and in l ight  of  the fol lowing equations (1) : :
-  Total  productivity = (Output in cash or in units)  ÷ (the total  input in
cash)
-  Part ial  productivity of  the e lement = (Output in cash or in units)  ÷
(element input in cash)
From the table(1)  i t  i s  c lear  that  the contribution of  the monetary unit
from the aggregate value of  input in the total  productivity equation ( in
the two cases  of  adopting output in cash or units) ,  amounting to [ (3
dol lars/dol lar) ,  (0.2 units /dol lar) ] ,  i s  less  than the contribution of  the
monetary unit  for  each input e lement (materials ,  labor and other
expenses)  in the part ial  productivity equations,  as  i t  amounted to [ (6
dol lars/dol lar) ,  (0.4 units /dol lar) ]  for  materials ,  and [ (10 dol lars/dol lar) ,
(0.67 units /dol lar) ]  for  labor,  and [ (15 dol lars/dol lar,  (1  unit /dol lar) ]  for
other expenses.
Table (1)
Calculat ing total  and part ial  productivity according to the tradit ional
method

 It  is  true from a mathematical  standpoint  that  decreasing the value of
the denominator in the equation while  keeping the value of  the
numerator constant  leads to an increase in the result .  However,  from a
logical  standpoint,  the contribution of  the part  cannot be greater  than
the contribution of  the whole,  because the process  to create  output,
whether in cash or units ,  i s  the result  of  the interact ion of  al l  the
elements  of  production and not the product  of  a  s ingle  e lement.
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 2- :  Method of  measuring total  productiv i ty  in  terms of  part ial
productiv i ty  (2) .

 As shown in Table (2)  and in l ight  of  the data of  the hypothetical
example,  this  method is  based on measuring total  productivity in terms
of part ial  productivity using the fol lowing equations:
-  Part ial  productivity of  the e lement = (Output in cash or in units)  ÷
(element input in cash)

Table (2)
Method of  measuring total  productivity in terms of  part ial  productivity

From the table  (2)  i t  i s  c lear  that,  this  method correct ly,  measured the
total  productivity in terms of  the part ial  productivity,  but  the amount
of  contribution of  the unit  spent  from each of  the input e lements  is  st i l l
greater  than total  productivity.

 The percentage of  each element value = (Element value ÷ (total
input  in  cash)  × 100

 Total  productiv i ty  = The percentage of  each element value ×
Partial  productiv i ty  of  the e lement
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Second:  Method of  measuring part ial  productiv i ty  in  terms of  total
productiv i ty

 As shown in Table (3)  and in l ight  of  the data of  the hypothetical
example and using the fol lowing equations:
-  Total  productivity = (Output in cash or in units)  ÷ (total  input in
cash)  

From the table  (3)  i t  i s  c lear  that  the total  productivity (output in cash)
amounting to (3 dol lars/dol lar) ,  i .e .  the monetary unit  (one dol lar)  spent
from the total  input in cash contributes  to achieving (3)  dol lars  of
output ($90,000),  and this  result  for  the total  productivity is  distr ibuted
over the part ial  productivity of  materials  (1.5 dol lars/dol lar) ,  labor (0.9
dol lars/dol lar) ,  and other expenses  (0.6 dol lars/dol lar) .  That is
(1.5+0.9+0.6=3 dol lars/dol lar) .  Also,  the total  productivity (output in
units)  amounting to (0.2 units /dol lar)  i .e . ,  the monetary unit  (one
dollar)  spent  from the total  input in cash contributes  to achieving (0.2
units)  of  Output (6000 units) ,  and this  result  for  the total  productivity
is  distr ibuted over the part ial  productivity of  materials  (0.1
units /dol lar) ,  labor (0.06 units /dol lar) ,  and other expenses  (0.04
units /dol lar) .  That is ,  (0.1 + 0.06 + 0.04 = (0.2 units  /  dol lar) .  In this
way,  the value of  part ial  productivity of  each input e lement is  less  than
the total  productivity,  and the sum of  the value of  part ial  productivity
has become equal  to the total  productivity.

The percentage of  each element value= (Element value ÷ (total
input in cash)  × 100

Part ial  productivity of  the e lement =The percentage of  each element
value × total  productivity  
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Table (3)
Method of  measuring part ial  productiv i ty  in  terms of  total  productiv i ty

Conclusions
1-  The two equations (total  and part ial  productivity)  use the same
output value in their  numerators,  while  the inputs  in part ial
productivity are part  of  the gross  inputs  used in total  productivity,
therefore,  the results  for  both must  ref lect  the relat ionship between the
whole and the part ,  i .e . ,  the result  of  the part ial  productivity equation
ref lects  the amount of  i ts  contribution to creat ing the output,  and at  the
same t ime,  i t  i s  a  part  of  the total  productivity.  Tradit ional  methods
have fai led to solve this  problem, so the amount of  contribution of  the
unit  spent  from an element of  the inputs  to create  the outputs  was
greater  than total  productivity.
2-The method of  calculat ing part ial  productivity in terms of  total
productivity has provided solutions to the problems associated with
tradit ional  productivity measurement,  
so that,  the part ial  productivity is  less  than the total  productivity,  and
the sum of  the part ial  productivity values  of  al l  e lements  of  input is
equal  to the total  productivity.  
3-  The method of  calculat ing part ial  productivity in terms of  total
productivity is  only possible  when the inputs  in part ial  productivity are
expressed in cash,  because the unit  measures  of  inputs  are different  (kg
or unit  for  materials ,  hours of  work for wages or  number of  workers,
and money for other expenses) ,  which makes i t  impossible  to calculate
the percentage of  each input to the total  input.
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