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Abstract 
Measurement of a production unit-performance is crucial in determining whether it has achieved 
its objectives or not, and it generates a phase of management process that consists of feedback 
motivation phases. The purpose of this paper is to analyze the growth potentials of five production 
machines in a Jordanian company for plastic industries by employing the non-parametric Malm-
quist productivity index (MPI) over the period from February to July 2014 in both day and night 
shifts. The productivity change is decomposed into technical efficiency change (TEC) and technol-
ogical change (TC). Inefficiency values are observed in each period. The percentage of input utili-
zation is determined in all periods. Then, the Malmquist productivity index (MPI) values are cal-
culated for all periods. Finally, comparisons of TEC, TC and MPI are conducted among the five ma-
chines and between the day and night shifts for each machine. The MPI results indicate that the 
needs for internal training, effective operating procedures, and enhancing quality procedures are 
required to increase the technical efficiency. On the other hand, figuring out more efficient ways of 
making existing products allowing output to grow at a faster rate than economic inputs, like using 
new technologies, will increase technological change. In conclusions, Malmquist model analysis 
shall provide valuable reference information to management when evaluating the progress in the 
performances of production machines in plastic industry. 
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1. Introduction 
Performance measurement of a production unit is crucial in determining whether it has achieved its objectives or 
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not, improving production efficiency, and dealing with internal or external pressures by monitoring and ben-
chmarking a company’s production [1]-[7]. 

Malmquist productivity index (MPI) proposed is a management tool used to evaluate the productivity 
progress for multi-inputs and multi-outputs [8]-[12]. The MPI represents Total Factor Productivity (TFP) growth 
of a Decision Making Unit (DMU) and reflects the increase or decrease in efficiency with progress or regress of 
the frontier technology over time under multiple inputs and multiple outputs framework [13]-[15]. The TFP in-
dex can be used to estimate the productivity change, which is decomposed into efficiency change and technolo-
gical change. The concept of productivity usually referred to labor productivity, this concept is very much re-
lated to TFP, defined as the product of efficiency change (catch-up) and technological change (frontier-shift). If 
TFP value is greater than one, this indicates a positive TFP growth from period (t) to period (t + 1), whereas a 
value less than one indicates a decrease in TFP growth or performance relative to the previous year. The frame-
work employed in Malmquist can be illustrated in Figure 1, where a production frontier representing the effi-
cient level of output (y) that can be produced from a given level of input (x) is constructed. The assumption 
made is that the frontier can shift over time. The frontier obtained in the current (t) and future (t + 1) time pe-
riods is labeled accordingly. When inefficiency exists, the relative movement of any given DMU over time will, 
therefore, depend on both its position relative to the corresponding frontier (technical efficiency) and the posi-
tion of the frontier itself (technical change). If the inefficiency is ignored, then the productivity growth over time 
will be unable to distinguish between improvements that derive from a DMU catching up to its own frontier, or 
those that result from the frontier itself shifting up over time. 

The input-based Malmquist productivity change index is formulated as [16]: 
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where M is the productivity of the most recent production point ( )1 1,t tx y+ +  using the period t + 1 technology 

relative to the earlier production point ( ),t tx y  using period t technology, D is input distance functions, the 

subscript I indicates CCR input-orientation. A value of ( )1 1 1, , ,t t t t t
IM y x y x+ + +  greater than unity indicates a  

positive total factor productivity growth between the two periods. Alternatively, 
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In other words, the Malmquist index is 
Malmquist Index Technical Efficiency Change Technological Change= ×              (3) 

The technical efficiency change (TEC) is given by: 
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Figure 1. Productivity changes over time.                     
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where TE(t + 1) and TE(t) represent the technical efficiency at period (t + 1) and (t) respectively and can be cal-
culated using the DEA model in Equation (5). 

minθ                                            (5) 
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where θ  represents the technical efficiency score of unit DMUo and jλ  represents the dual variables that 
identify the benchmarks for inefficient units. Also, the technological change (TC) is formulated as: 
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where 1t tIEI + →  and 1t tIEI → +  represent the intertemporal efficiency indices between t + 1 and t and are calcu-
lated respectively as: 

1 mint tIEI θ+ → =                                     (7) 
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Also, 
1 mint tIEI θ→ + =                                      (8) 
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In Equation (2), the TFP index is the product of a measure of technical progress (Technological Change) as 
measured by shifts in the frontier measured at period t + 1 and period t (averaged geometrically) and a change in 
efficiency (Efficiency Change) over the same period. Technical efficiency refers to the ability to use a minimal 
amount of input to make a given level of output. If an organization fails to achieve an output combination on its 
production possibility frontier, and fails beneath this frontier, it can be said to be technically inefficient. Over 
time the level of output an organization is capable of producing will increase due to technological changes that 
affect the ability to optimally combine inputs and outputs. These technological changes cause the production 
possibility frontier to shift upward, as more outputs are obtainable from the same level of inputs. Thus, for any 
organization in an industry, productivity improvements over time (more outputs for the same or lower level of 
inputs) may be either technical efficiency improvements (catching up with their own frontier) or technological 
improvements (the frontier is shifting up over time) or both. Considering the Constant return to scale (CRS) and 



A. Al-Refaie et al. 
 

 
387 

variable return to scale (VRS) models will result in four efficiencies: technical efficiency change (TEC), tech-
nological change (TC), pure technical efficiency change (PTEC), scale efficiency change (SEC), where all of 
which will be combined together in the total factor productivity change (TFPC). 

Plastics are one of the most used materials on a volume basis in countries’ industrial and commercial life. 
Plastics are broadly integrated in today’s life style and make a major, irreplaceable contribution to virtually all 
product areas. A Jordanian company specialized in the production of plastic containers and covers used in food, 
oil and cosmetics production is interested to assess the performance of its production line during a given period 
of time. The company started its first production using one injection machine. In order to satisfy the growing 
demand, it has widened its production with more injection and blowing machines. Currently, the production 
plant has two types of machines: injection and five blowing machines. The company aims to measure and eva-
luate the productivity change of five production machines of the same type (blowing machines) M1, M2, M3, 
M4 and M5 in the company over the period from February to July 2014. This paper, therefore, utilizes Malm-
quist productivity index to assess the total factor productivity change of the five production machines. The re-
sults of this research provide valuable feedback to top managers regarding current improvement decisions and 
suggest guidelines to future planning. The remaining of this paper including the introduction is organized as 
follows. Section two describes the data collection and application of MPI. Section three conducts MPI analysis. 
Section four presents the results and discussions of MPI. The last section concludes the paper. 

2. Ease of Use 
Figure 2 presents samples of the studied plastic products (covers, pets and containers). The production operation 
for producing several plastic products in a Jordanian company for plastic industries is depicted in Figure 3. 

The data were obtained from the production report over a period of six months (February-2014 to July-2014) 
for both day and night shifts for the five blowing machine; (M1-M5). Data includes the planned production in 
units (PP), defect quantity in units (DQ), and idle time in units (IT) and are selected as inputs, whereas the actual 
production quantity in units (PQ) is set output for each period. Each month was divided into two periods; each 
period consists of two weeks where (H1) represents the first half of the month and (H2) represents the second 
half of the month. Inputs and outputs data are represented in Tables 1-5 for M1 to M5, respectively. Table 6 
lists the descriptive statistics of the inputs and the output for both day and night shifts. 

3. MPI Analysis 
The input-based Malmquist productivity change index described in Equation (1) is used to analyze the perfor- 
 

 
Figure 2. Sample of plastic products.                                                             

 

 
Figure 3. Production operations of plastic products.                                                  
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Table 1. The inputs and output data for M1.                                                                            

Period 

Day Shift Night Shift 

Inputs Output Inputs Output 

PP (units) DQ (units) IT (units) PQ (units) PP (units) DQ (units) IT (units) PQ (units) 

Feb. H1 24,192 192 1446 22,000 24,192 185 1426 22,300 

Feb. H2 24,192 241 8975 14,834 24,192 94 7996 15,731 

Mar. H1 24,192 251 5202 18,763 24,192 69 3149 21,419 

Mar. H2 24,192 236 8274 15,781 24,192 97 6414 18,359 

Apr. H1 20,736 197 2329 18,000 20,736 176 1935 17,221 

Apr. H2 27,648 201 569 26,960 27,648 142 51 27,720 

May H1 24,192 242 4116 19,984 24,192 120 3420 19,456 

May H2 20,736 264 2481 20,042 20,736 53 2081 19,616 

Jun. H1 13,824 79 1621 11,955 13,824 32 678 13,500 

Jun. H2 10,368 76 3016 7,740 10,368 73 2855 8,318 

Jul. H1 15,552 118 3609 12,600 15,552 115 2962 13,350 

Jul. H2 22,646 240 3054 19,370 22,464 245 2339 20,750 

 
Table 2. The inputs and output data for M2.                                                                     

Period 

Day Shift Night Shift 

Inputs Output Inputs Output 

PP (units) DQ (units) IT (units) PQ (units) PP (units) DQ (units) IT (units) PQ (units) 

Feb. H1 38,016 201 5105 31,012 38,016 258 2710 33,458 

Feb. H2 27,648 151 4778 20,894 25,920 99 4845 20,154 

Mar. H1 31,104 203 5817 24,552 31,104 191 2013 28,436 

Mar. H2 44,928 514 9736 33,504 41,472 192 7826 33,916 

Apr. H1 29,376 328 4770 22,878 29,376 169 4343 23,442 

Apr. H2 22,464 293 4491 18,284 22,464 124 4229 19,369 

May H1 20,736 183 1417 17,552 17,280 60 23 17,680 

May H2 48,384 292 9965 35,496 43,200 87 6906 37,212 

Jun. H1 29,376 210 4871 23,393 29,376 122 2498 26,720 

Jun. H2 32,832 210 2179 30,880 31,104 173 1826 31,406 

Jul. H1 17,280 165 6307 11,721 17,280 222 4182 13,641 

Jul. H2 22,464 373 4653 32,441 22,464 393 3785 20,296 

 
mance of the five blowing machines over the period from February to July 2014 in both day and night shift. 
Firstly, the TE are calculated and presented for the five blowing machines in Table 7. 

In Table 7 the TE value (= 0.9771) of the first half of February (Feb. H1) for M1 at day work (M1d1) is cal-
culated using Equation (5) as follows: 

1 1 minM dTE θ=  
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Table 3. The inputs and output data for M3.                                                                            

Period 

Day Shift Night Shift 

Inputs Output Inputs Output 

PP (units) DQ (units) IT (units) PQ (units) PP (units) DQ (units) IT (units) PQ (units) 

Feb. H1 24,192 189 976 22,516 24,192 178 30 23,400 

Feb. H2 24,192 224 284 23,200 24,192 166 30 23,320 

Mar. H1 21,492 711 2748 22,004 21,492 825 1298 22,664 

Mar. H2 27,648 909 10,385 22,870 27,648 787 9710 23,508 

Apr. H1 21,492 822 2054 22,368 24,192 833 3762 22,814 

Apr. H2 29,376 923 871 28,442 27,648 414 548 27,496 

May H1 8640 288 2358 7320 8640 90 3295 6960 

May H2 24,192 716 20,555 17,440 24,192 173 12,759 21,388 

Jun. H1 13,824 594 4233 11,320 13,824 118 5230 11,040 

Jun. H2 21,492 346 7305 18,074 24,192 159 4524 20,690 

Jul. H1 10,368 241 6753 7440 10,368 384 5572 8291 

Jul. H2 19,008 601 9266 12,879 19,008 564 9963 13,207 

 
Table 4. The inputs and output data for M4.                                                                            

Period 

Day Shift Night Shift 

Inputs Output Inputs Output 

PP (units) DQ (units) IT (units) PQ (units) PP (units) DQ (units) IT (units) PQ (units) 

Feb. H1 24,192 695 6811 20,288 24,192 516 2731 23,109 

Feb. H2 24,192 1008 3080 20,136 24,192 668 345 21,072 

Mar. H1 20,736 527 8987 14,464 20,736 560 5036 17,602 

Mar. H2 29,376 1069 2786 26,828 29,376 583 1248 28,271 

Apr. H1 24,192 991 2882 22,108 24,192 653 1762 22,775 

Apr. H2 27,648 983 5475 24,288 27,648 419 5700 24,545 

May H1 24,192 800 1098 23,320 24,192 367 919 23,496 

May H2 29,376 824 5051 26,356 29,376 274 1982 28,160 

Jun. H1 20,736 526 6115 15,595 20,736 228 3454 18,721 

Jun. H2 20,736 284 7224 16,131 20,736 226 4793 19,180 

Jul. H1 19,008 470 2738 17,006 19,008 604 4457 18,137 

Jul. H2 9,612 48 2204 4480 5184 68 17 5112 

 
Subject to: 

1 2 3 4 524,192 38,016 24,192 24,192 24,192 24,192 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 5192 201 189 695 202 192 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 51446 5105 976 6811 11,025 1446 0λ λ λ λ λ θ− − − − − + ≥  
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Table 5. The inputs and output data for M5.                                                                     

Period 

Day Shift Night Shift 

Inputs Output Inputs Output 

PP (units) DQ (units) IT (units) PQ (units) PP (units) DQ (units) IT (units) PQ (units) 

Feb. H1 24,192 202 11,025 14,997 24,192 119 7857 17,742 

Feb. H2 24,192 542 6693 18,568 24,192 372 4979 20,319 

Mar. H1 24,192 316 4240 19,254 24,192 208 1981 22,418 

Mar. H2 29,376 902 4469 24,869 29,376 247 2688 27,520 

Apr. H1 19,008 425 3417 16,365 19,008 360 6354 14,754 

Apr. H2 22,464 282 5252 17,645 22,464 101 4230 19,065 

May H1 20,736 361 4986 16,908 20,736 119 4554 17,971 

May H2 29,376 243 5540 25,712 29,376 69 4118 27,663 

Jun. H1 8,640 60 2726 6,134 8,640 31 1444 7463 

Jun. H2 27,648 409 3644 25,709 27,648 206 2617 25,677 

Jul. H1 22,464 286 7471 15,969 22,464 444 4681 19,616 

Jul. H2 22,464 278 4002 20,143 22,464 357 3265 19,651 

 
Table 6. Descriptive statistics of inputs and output.                                                             

Statistics item Maximum Minimum Mean Standard deviation 

PP (units) 48,384 5184 23,392 7147.60 

DQ (units) 1069 31 338 256.58 

IT (units) 20,555 17 4274 3073.62 

PQ (units) 37,212 4480 20,151 6648.86 

 
Table 7. The TE values for machines M1-M5.                                                                   

Period 
TE/Day Shift TE/Night Shift 

M1 M2 M3 M4 M5 M1 M2 M3 M4 M5 

Feb. H1 0.9771 1.0000 1.0000 0.9010 0.6661 0.9530 0.9661 1.0000 0.9876 1.0000 

Feb. H2 0.6394 1.0000 1.0000 0.8679 0.8003 0.8320 1.0000 1.0000 0.9036 0.8713 

Mar. H1 0.9580 1.0000 1.0000 0.7849 0.9662 1.0000 1.0000 1.0000 0.9088 1.0000 

Mar. H2 1.0000 1.0000 0.9298 1.0000 0.9674 1.0000 1.0000 0.8835 1.0000 1.0000 

Apr. H1 1.0000 0.8932 1.0000 0.9884 0.9590 1.0000 1.0000 1.0000 1.0000 0.8691 

Apr. H2 1.0000 0.8347 0.9929 0.9009 0.8055 1.0000 0.8600 0.9919 0.8855 0.9670 

May H1 0.9694 1.0000 0.8789 1.0000 0.9182 0.7860 1.0000 0.7873 0.9493 0.8470 

May H2 1.0000 1.0000 0.7459 0.9283 1.0000 1.0000 1.0000 0.9262 1.0000 1.0000 

Jun. H1 1.0000 0.9208 0.9469 0.8697 0.8209 1.0000 0.9314 0.8178 0.9245 0.8845 

Jun. H2 0.7937 1.0000 0.7943 0.8271 0.9886 0.7946 1.0000 0.8470 0.9161 0.9198 

Jul. H1 1.0000 0.8273 0.8087 1.0000 0.8509 1.0000 0.8972 0.8381 1.0000 0.9731 

Jul. H2 0.9275 1.0000 0.4692 1.0000 0.8296 1.0000 0.9162 0.7046 1.0000 0.8871 
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1 2 3 4 522,000 31,012 22,516 20,288 14,997 22,000λ λ λ λ λ+ + + + ≥  

Similarly, the TE value (= 0.6394) for M1 in Feb. H2 day working (M1d2) is estimated as follows: 

1 2 minM dTE θ=  

Subject to: 

1 2 3 4 524,192 27,648 24,192 24,192 24,192 24,192 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 5241 151 224 1008 542 241 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 58975 4778 284 3080 6693 8975 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 514,834 20,894 23,200 20,136 18,568 14834λ λ λ λ λ+ + + + ≥  

0, 1, ,5j jλ ≥ =   

The TE values of the other periods for M1 at day and night shifts are estimated similarly. The TE values at 
day and night shifts for the other blowing machines (M2-M5) over the period from February-July 2014 are cal-
culated in a similar manner and are also presented in Table 7. 

Secondly, the 1t tIEI → +  and 1t tIEI + →  for the five blowing machines are calculated and then the results are 
presented in Table 8. For example, the . 1 . 2Feb H Feb HIEI →  (=1.0346) and . 2 . 1Feb H Feb HIEI →  (=0.6588) for M1d are 
calculated using the input and output data shown in Table 9. Mathematically, 
 
Table 8. The estimated 1 1,t t t tIEI IEI→ + + →  values for machines M1-M5.                                              

Period 
1 1,t t t tIEI IEI→ + + → /Day Shift 1 1,t t t tIEI IEI→ + + → /Night Shift 

M1 M2 M3 M4 M5 M1 M2 M3 M4 M5 

. 1 . 2Feb H Feb HIEI →  1.0346 1.1758 1.1027 0.8745 0.6810 0.9563 0.9174 1.0034 0.9910 0.8680 

. 2 . 1Feb H Feb HIEI →  0.6588 0.9175 3.5410 0.8943 0.8247 1.1225 1.4087 1.0686 0.9005 0.8683 
. 2 . 1Feb H Mar HIEI →  0.7594 1.1441 10.2020 0.9151 0.8794 0.7270 0.8699 44.5190 3.4980 0.9037 
. 1 . 2Mar H Feb HIEI →  0.8088 0.9712 0.9484 0.7274 0.8299 1.5575 0.9940 0.9719 0.8806 0.9613 
. 1 . 2Mar H Mar HIEI →  1.1435 1.8270 1.0980 0.8308 1.1802 1.7335 1.3665 0.9735 0.8820 1.0604 
. 2 . 1Mar H Mar HIEI →  0.8090 0.9148 0.9094 1.2026 0.9308 0.8474 0.9077 0.9098 1.3794 1.0120 
. 2 . 1Mar H Apr HIEI →  0.7510 0.8547 0.8971 0.9877 0.9232 1.3645 1.2735 0.9029 1.7526 1.1486 
. 1 . 2Apr H Mar HIEI →  1.9150 1.2825 1.1309 1.0007 1.0512 0.8863 0.9649 0.9799 0.9782 0.8082 
. 1 . 2Apr H Apr HIEI →  0.8902 0.7987 0.9482 0.9372 0.8829 0.8283 0.7959 0.9405 0.9390 0.7742 
. 2 . 1Apr H Apr HIEI →  4.5473 0.9289 2.9986 0.9501 0.8976 42.0504 1.1261 3.8818 1.0199 1.3608 
. 2 1Apr H MayHIEI →  3.0187 0.9389 1.5375 0.9113 0.9086 0.9799 0.8427 0.9720 0.8677 0.8295 

1 . 2MayH Apr HIEI →  0.8471 0.8681 0.8688 0.9886 0.8362 0.8306 1.5095 0.8035 0.9687 0.8644 
1 2MayH MayHIEI →  0.9071 1.5334 0.8766 2.6291 0.8436 0.8461 54.1035 0.8403 1.7995 0.9104 
2 1MayH MayHIEI →  1.1169 1.2674 0.7607 0.9548 1.1032 1.2560 1.4516 0.8641 0.9369 1.3606 
2 . 1MayH Jun HIEI →  1.1176 0.8483 0.8336 1.0375 1.0121 0.9687 1.0139 0.9053 0.9816 0.9643 

. 1 2Jun H MayHIEI →  1.5024 1.0473 0.8472 0.7781 0.8973 1.2924 1.0268 0.8344 0.9418 0.9112 
. 1 . 2Jun H Jun HIEI →  1.0291 0.8467 0.8706 0.7996 0.7548 2.3239 1.2065 0.7909 0.8941 1.3261 
. 2 . 1Jun H Jun HIEI →  0.8632 1.5399 0.8639 0.8995 1.0752 0.8215 1.0339 0.8758 0.9472 0.9510 
. 2 . 1Jun H Jul HIEI →  0.9538 2.6031 0.8859 0.9258 1.3976 0.9816 3.8161 1.1209 1.0605 2.1769 
. 1 . 2Jul H Jun HIEI →  0.8614 0.7212 0.7630 0.9512 0.7558 0.8502 07818 0.7920 0.9450 0.8648 
. 1 . 2Jul H Jul HIEI →  1.1810 0.7862 0.4969 0.8909 0.6319 1.3707 0.8068 0.8109 0.9676 0.8855 
. 2 . 1Jul H Jul HIEI →  1.4449 1.6898 0.7573 0.8741 1.1953 1.9683 1.1897 0.7345 66.7184 1.3354 
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Table 9. Inputs and output data for calculation of . 1 . 2Feb H Feb HIEI →  and . 2 . 1Feb H Feb HIEI → .                               

 Inputs/Output M1 M2 M3 M4 M5 

Feb. H1 

PP 24,192 38,016 24,192 24,192 24,192 

DQ 192 201 189 569 202 

IT 1446 5105 976 6811 11,025 

PQ 22,000 31,012 22,516 20,288 14,997 

Feb. H2 

PP 24,192 27,648 24,192 24,192 24,192 

DQ 241 151 224 1008 542 

IT 8975 4778 284 3080 6693 

PQ 14,834 20,894 23,200 20,136 18,568 

 
. 1 . 2 minFeb H Feb HIEI θ→ =  

Subject to: 

1 2 3 4 524,192 27,648 24,192 24,192 24,192 24,192 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 5241 151 224 1,008 542 192 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 58975 4778 284 3080 6693 1446 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 514,834 20,894 23,200 20,136 18,568 22,000λ λ λ λ λ+ + + + ≥  

0, 1, ,5j jλ ≥ =   

. 1 . 2 minFeb H Feb HIEI θ→ =  
Subject to: 

1 2 3 4 524,192 38,016 24,192 24,192 24,192 24,192 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 5192 201 189 569 202 241 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 51446 5105 976 6811 11,025 8975 0λ λ λ λ λ θ− − − − − + ≥  

1 2 3 4 522,000 31,012 22,516 20,288 14,997 14,834λ λ λ λ λ+ + + + ≥  

0, 1, ,5j jλ ≥ =   

The remaining 1t tIEI → +  and 1t tIEI + →  for M1 and the other blowing machines (M2-M5) over the period 
from February-July 2014 are calculated in a similar manner and then presented in Table 8 for both day and night 
shifts. 

Utilizing the results displayed in Table 7 and Table 8, the MPI values are calculated as follows. At beginning, 
the values of technical efficiency change (TEC), which measures the change in efficiency between current (t) 
and next (t + 1) periods, are estimated. 

For example, the TEC value between the first half of February (Feb. H1) and the second half of February (Feb. 
H2) for M1d is calculated by applying Equation (4) as follows: 

( )
( )
Feb. H2 0.6394TEC 0.6544
Feb. H1 0.9771

TE
TE

= = =  

The TEC values of M1 for the other periods and the blowing machines from M1-M5 are calculated then pre-
sented in Table 10. Next, the technological change (TC) values are calculated for all periods. The TC is the de-
velopment of new products or the development of new technologies that allows methods of production to im-
prove and results in the shifting upwards of the production frontier as more outputs are obtainable from the same 
level of inputs. The TC includes new production processes, called process innovation, and the discovery of new  
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Table 10. The calculated TEC, TC and MPI values at day shift.                                                     

Machine M1 M2 M3 M4 M5 

Period TEC TC MPI TEC TC MPI TEC TC MPI TEC TC MPI TEC TC MPI 

Feb. H1-Feb. H2 0.6544 0.9864 0.6455 1.0000 0.8833 0.8833 1.0000 1.7920 1.7920 0.9632 1.0304 0.9925 1.2016 1.0039 1.2063 

Feb. H2-Mar. H1 1.4983 0.8431 1.2632 1.0000 0.9214 0.9214 1.0000 0.3049 0.3049 0.9044 0.9375 0.8478 1.2072 0.8842 1.0674 

Mar. H1-Mar. H2 1.0438 0.8233 0.8593 1.0000 0.7076 0.7076 0.9298 0.9438 0.8775 1.2740 1.0659 1.3580 1.0012 0.8875 0.8886 

Mar. H2-Apr. H1 1.0000 1.5969 1.5969 0.8932 1.2961 1.1577 1.0755 1.0826 1.1644 0.9884 1.0124 1.0007 0.9913 1.0718 1.0624 

Apr. H1-Apr. H2 1.0000 2.2601 2.2601 0.9345 1.1156 1.0425 0.9929 1.7846 1.7720 0.9115 1.0546 0.9613 0.8400 1.1001 0.9241 

Apr. H2-May H1 0.9694 0.5381 0.5216 1.1980 0.8785 1.0524 0.8852 0.7990 0.7073 1.1101 0.9886 1.0973 1.1399 0.8986 1.0242 

May H1-May H2 1.0316 1.0925 1.1270 1.0000 0.9092 0.9092 0.8486 1.0112 0.8582 0.9283 0.6255 0.5806 1.0891 1.0958 1.1934 

May H2-Jun. H1 1.0000 1.1594 1.1594 0.9208 1.1579 1.0662 1.2695 0.8948 1.1359 0.9369 0.8947 0.8383 0.8209 1.0392 0.8531 

Jun. H1-Jun. H2 0.7937 1.0280 0.8160 1.0860 1.2941 1.4054 0.8389 1.0876 0.9124 0.9511 1.0876 1.0344 1.2043 1.0876 1.3098 

Jun. H2-Jul. H1 1.2599 0.8467 1.0667 0.8273 0.5787 0.4788 1.0181 0.9197 0.9363 1.2090 0.9219 1.1146 0.8606 0.7927 0.6822 

Jul. H1-Jul. H2 0.9275 1.1486 1.0653 1.2087 1.3335 1.6118 0.5802 1.6208 0.9403 1.0000 0.9905 0.9905 0.9751 1.3928 1.3581 

Geo. Avg. 0.9953 1.0485 1.0435 1.0000 0.9764 0.9764 0.9335 1.0142 0.9468 1.0095 0.9552 0.9643 1.0202 1.0121 1.0325 

Std. dev. 0.2200 0.4620 0.4794 0.1190 0.2508 0.3086 0.1713 0.4524 0.4328 0.1257 0.1280 0.1938 0.1485 0.1617 0.2060 

CV 0.2211 0.4407 0.4594 0.1190 0.2568 0.3161 0.1835 0.4461 0.4572 0.1245 0.1340 0.2010 0.1456 0.1597 0.1995 

 
products called product innovation. For illustration, the TC value (= 0.9864) between the first half of February 
(Feb. H1) and the second half of February (Feb. H2) for M1d is calculated by applying Equation (6) as the fol-
lowing: 

( )
( )

1/2 1/2. 2 . 1

. 1 . 2

Feb. H1 0.9771 0.6588TC 0.9864
1.0346 0.6394Feb. H2

Feb H Feb H

Feb H Feb H

TE IEI
IEI TE

→

→

 × × = = =   ××    
 

The calculated TC values for the blowing machines from M1-M5 are calculated in a similar manner and are 
also presented in Table 10. Finally, the MPI is used to measure the productivity change of a DMU over time and 
is calculated by the multiplication of TEC and TC of the same period. For example, the MPI value (= 0.6544) 
between the first half of February (Feb. H1) and the second half of February (Feb. H2) for M1d is calculated us-
ing Equation (2) as follows: 

MPI TEC TC 0.6544 0.9864 0.6455= × = × =  
The MPI values for all of the blowing machines at day shift from (M1-M5) are calculated in a similar manner 

and are displayed in Table 10. Moreover, the TC, TEC and MPI values for all of the blowing machines (M1-M5) 
are calculated using the data of night shift and then shown in Table 11. 

4. Results and Discussions of MPI 

4.1. Results and Discussion of TEC, TC and MPI 
From Table 10 and Table 11, which present the results of TEC, TC and MPI for the five blowing machines in 
day and night shifts, the following results are obtained: 

In both tables, the coefficient of variation (CV), which equals geometric average divided by standard devia-
tion, is larger than (5%) for TC, TEC and MPI in all machines in day shift. This result indicates that the disper-
sion is significant and there is a trend in TC, TEC, and MPI. For illustration, the minimum value of TEC for M1 
during the whole period in the day shift was (0.6544), the maximum value for it during the whole period was 
(1.4983), the standard deviation was (0.2200) and the coefficient of variation was larger than (5%) which means  
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Table 11. The estimated TEC, TC and MPI values at night shift.                                                   

Machine M1 M2 M3 M4 M5 

Period TEC TC MPI TEC TC MPI TEC TC MPI TEC TC MPI TEC TC MPI 

Feb. H1-Feb. H2 0.8730 1.1596 1.0123 1.0351 1.2180 1.2607 1.0000 1.0320 1.0320 0.9150 0.9966 0.9119 0.8713 1.0715 0.9336 

Feb. H2-Mar. H1 1.2020 1.3351 1.6047 1.0000 1.0690 1.0690 1.0000 0.1478 0.1478 1.0058 0.5003 0.5032 1.1477 0.9627 1.1049 

Mar. H1-Mar. H2 1.0000 0.6992 0.6992 1.0000 0.8150 0.8150 0.8835 1.0285 0.9087 1.1003 1.1922 1.3118 1.0000 0.9769 0.9769 

Mar. H2-Apr. H1 1.0000 0.8060 0.8060 1.0000 0.8704 0.8704 1.1319 0.9792 1.1084 1.0000 0.7471 0.7471 0.8691 0.8998 0.7820 

Apr. H1-Apr. H2 1.0000 0.7125 0.7125 0.8600 1.2826 1.1031 0.9919 2.0398 2.0233 0.8855 1.1075 0.9807 1.1127 1.2569 1.3985 

Apr. H2-May H1 0.7860 1.0384 0.8162 1.1628 1.2411 1.4432 0.7937 1.0205 0.8100 1.0720 1.0205 1.0940 0.8760 1.0907 0.9554 

May H1-May H2 1.2722 1.0802 1.3742 1.0000 0.1638 0.1638 1.1764 0.9349 1.0998 1.0535 0.7030 0.7406 1.1806 1.1251 1.3283 

May H2-Jun. H1 1.0000 1.4094 1.4094 0.9314 1.0428 0.9712 0.8829 1.0217 0.9021 0.9245 1.0187 0.9418 0.8845 1.0336 0.9142 

Jun. H1-Jun. H2 0.7946 0.6670 0.5300 1.0736 0.8934 0.9592 1.0358 1.0339 1.0709 0.9909 1.0339 1.0245 1.0399 0.8304 0.8636 

Jun. H2-Jul. H1 1.2586 0.8296 1.0441 0.8972 0.4779 0.4287 0.9894 0.8450 0.8361 1.0916 0.9035 0.9863 1.0579 0.6128 0.6483 

Jul. H1-Jul. H2 1.0000 1.1983 1.1983 1.0212 1.2017 1.2271 0.8407 1.0380 0.8727 1.0000 0.8304 0.8304 0.9117 1.2861 1.1725 

Geo. Avg. 1.0044 0.9618 0.9660 0.9952 0.8300 0.8260 0.9687 0.8898 0.8620 1.0011 1.0977 1.0990 0.9892 0.9950 0.9842 

Std. dev. 0.1681 0.2651 0.3430 0.0827 0.3492 0.3698 0.1176 0.4290 0.4353 0.0725 0.2022 0.2114 0.1192 0.1915 0.2260 

CV 0.1674 0.2757 0.3550 0.0831 0.4207 0.4477 0.1214 0.4821 0.5050 0.0724 0.1842 0.1924 0.1205 0.1925 0.2297 

 
that the dispersion is significant and there is a trend in TEC for M1 in day shift. 

In Table 10, the M1 has the largest geometric average of MPI (1.0435) with a growth of 4.35% among the 
five machines in the day shift. This productivity increase is entirely attributed to technological change growth of 
4.85% (1 - 1.0485), because the mean technical efficiency regresses by 0.47% (1 - 0.9953) over the whole pe-
riod. M2 has a geometric average MPI decrease of 2.36% over the same period, this productivity decrease was 
entirely attributed to technological change regress of 2.36%, while the mean technical efficiency change held 
constant. 

M3 corresponds to the lowest geometric average of MPI over the five blowing machines, it performed the 
worst with aggregate decrease of 5.32% over this period in the day shift; this productivity decrease stems from 
the poor performance in technical efficiency change with a regress of 6.65%, while the technological change had 
a growth of 1.42%. M4 has also geometric average of MPI decrease of 3.57%, over the same period, this prod-
uctivity decrease is attributed to technological change regress of 4.48%, while the technical efficiency change 
had a growth of 0.95%. Finally M5 had a large geometric average MPI growth of 3.25% but this growth was 
lower than the one for M1, this productivity increase was attributed almost equally to both technical efficiency 
change and technological change of 2.02% and 3.25%, respectively. In Table 11, M4 has the largest geometric 
average of MPI with a growth of 9.9%, among the five machines in the night shift. This productivity increase is 
attributed to a growth of both technical efficiency change and technological change of 0.11% and 9.9%, respec-
tively. However, M2 has the lowest geometric average of MPI over the five blowing machines it performed the 
worst with aggregate decrease of 17.4% over the same period in the night shift; this productivity decrease 
stemmed from the poor performance of both technical efficiency change with a regress of 0.48%, and technolo-
gical change regress of 17%. M1 has geometric average MPI regress of 3.4% over the same period; this produc-
tivity decrease is attributed to technological change regress of 3.82%, while there is a mean technical efficiency 
growth of 0.44%. M3 has also geometric average of MPI decrease of 13.8% over the same period, this produc-
tivity decrease is attributed to both technical efficiency change regress of 3.13% and technological change re-
gress of 11.02%. Finally, M5 has a geometric average of MPI decrease attributed to both technical efficiency 
change and technological change regress of 1.08% and 0.5%, respectively. 

4.2. Comparison of Results between Day and Night Shifts 
Figure 4 and Figure 5 represent the geometric average value of TEC for the five blowing machines in the day  
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Figure 4. The comparison of TEC values for blowing Machines at day shift.    

 

 
Figure 5. The comparison of TEC values for blowing Machines at night shift.   

 
and night shifts over the period from February-July 2014, respectively. It is seen in Figure 4 that M5 has the 
largest geometric average value of TEC (=1.0202) over the period February-July 2014, followed by M4 and M2 
with values of 1.009 and 1.0000, respectively. Hence, M2 and M4 are considered efficient. However, M1 and 
M3 have average values, which are less than one, of 0.9953 and 0.9335, respectively. For the night shift, the 
geometric average values of TEC in Figure 5 for M1 and M4 are 1.0044 and 1.0011, respectively. However, 
average values of TEC for M2, M3, and M5 are 0.9952, 0.9687, and 0.9892, respectively. Consequently, M1 
and M4 are considered efficient, whereas M2, M3, and M5 are considered inefficient. 

In Figure 6 for the day shift, the geometric average values of TC for M1 (1.0485), M3 (1.0142), and M5 
(=1.0121) are greater than one. However, the average values of TC for M1 (0.9764) and M4 (0.9552) are smaller 
than one. For the night shift as shown in Figure 7, only M4 has a geometric average value of TC (1.0977) larger 
than one over the period February-July 2014. In contrast, average values of TC for M5 (0.9950), M1 (0.9618), 
M3 (0.8898), and M2 (0.8300) are smaller than one. Finally, the geometric average value of MPI for the five 
blowing machines at day and night shifts are depicted in Figure 8 and Figure 9, respectively. 

Table 12 represents the values for TEC, TC and MPI progress or regress for the five blowing machines over 
the period (February-July 2014) for both day and night shifts, the number between two parentheses represent the 
values of TEC, TC and MPI for the night shift while the other numbers represent the values of TEC, TC and 
MPI for the day shift. The results in Table 12 provide valuable feedback to production/planning managers in 
setting proactive/corrective actions and improvement plans. Finally, comparisons are conducted between MPI 
values for each of the blowing machines (M-M5) at day and night shifts as shown in Figure 10. The differences 
of the MPI values between day and night shifts are displayed in Table 13 for all machines. 

In Table 13 for M1, it is noticed that there are significant MPI differences between day and night shifts in all  

0.5

0.7

0.9

1.1

1.3

1.5

1.7

Fe
b.

 H
1-

Fe
b.

 H
2

Fe
b.

 H
2-

M
ar

. H
1

M
ar

. H
1-

M
ar

. H
2

M
ar

. H
2-

Ap
r. 

H1

Ap
r. 

H1
-A

pr
. H

2

Ap
r. 

H2
-M

ay
 H

1

M
ay

 H
1-

M
ay

 H
2

M
ay

 H
2-

Ju
n.

 H
1

Ju
n.

 H
1-

Ju
n.

 H
2

Ju
n.

 H
2-

Ju
l. 

H1

Ju
l. 

H1
-J

ul
. H

2

TE
C 

Da
y 

Sh
ift

M1

M2

M3

M4

M5

0.5000

0.6000

0.7000

0.8000

0.9000

1.0000

1.1000

1.2000

1.3000

1.4000

Fe
b.

 H
1-

Fe
b.

 H
2

Fe
b.

 H
2-

M
ar

. H
1

M
ar

. H
1-

M
ar

. H
2

M
ar

. H
2-

Ap
r. 

H1

Ap
r. 

H1
-A

pr
. H

2

Ap
r. 

H2
-M

ay
 H

1

M
ay

 H
1-

M
ay

 H
2

M
ay

 H
2-

Ju
n.

 H
1

Ju
n.

 H
1-

Ju
n.

 H
2

Ju
n.

 H
2-

Ju
l. 

H1

Ju
l. 

H1
-J

ul
. H

2

TE
C 

N
ig

ht
 S

hi
ft

M1

M2

M3

M4

M5



A. Al-Refaie et al. 
 

 
396 

Table 12. The calculated TEC, TC and MPI values for the five blowing machines at day (night) shift.                               

Period 
Machine  Feb. H1- 

Feb. H2 
Feb. H2 

-Mar. H1 
Mar. H1 
-Mar. H2 

Mar. H2 
-Apr. H1 

Apr. H1 
-Apr. H2 

Apr. H2 
-May H1 

May H1 
-May H2 

May H2 
-Jun. H1 

Jun. H1 
-Jun. H2 

Jun. H2 
-Jul. H1 

Jul. H1 
-Jul. H2 

 
M1 

TEC −34.56% 
(−12.7%) 

49.83% 
(20.20%) 

4.38% 
(0%) 

0% 
(0%) 

0% 
(0%) 

−3.06% 
(−21.4%) 

3.16% 
(27.22%) 

0% 
(0%) 

−20.63% 
(−20.54%) 

25.99% 
(25.86%) 

−7.25% 
(0%) 

TC −1.36% 
(15.96%) 

−15.69% 
(33.51%) 

−17.67% 
(−30.08%) 

59.69% 
(−19.4%) 

126.01% 
(−28.75%) 

−46.19% 
(3.84%) 

9.25% 
(8.02%) 

15.94% 
(40.94%) 

2.8% 
(−33.3%) 

−15.33% 
(−17.04%) 

14.86% 
(19.83%) 

MPI −35.45% 
(1.23%) 

26.32% 
(60.47%) 

−14.07% 
(−30.08%) 

59.69% 
(−19.4%) 

126.01% 
(−28.75%) 

−47.84% 
(−18.38%) 

12.7% 
(37.42%) 

15.94% 
(40.94%) 

−18.4% 
(−47%) 

6.67% 
(4.41%) 

6.53% 
(19.83%) 

M2 

TEC 0% 
(3.51%) 

0% 
(0%) 

0% 
(0%) 

−10.68% 
(0%) 

−6.55% 
(−14%) 

19.80% 
(16.28%) 

0% 
(0%) 

−7.92% 
(6.86%) 

8.6% 
(7.36%) 

−17.27% 
(−10.28%) 

20.87% 
(2.12%) 

TC −11.67% 
(21.80%) 

−7.86% 
(6.90%) 

−29.24% 
(−18.5%) 

29.61% 
(−12.96%) 

11.56% 
(28.26%) 

−12.15% 
(24.11%) 

−9.08% 
(−83.62%) 

15.79% 
(4.28%) 

29.41% 
(−10.66%) 

−42.13% 
(−52.21%) 

33.35% 
(20.17%) 

MPI −11.67% 
(26.07%) 

−7.86% 
(6.90%) 

−29.24% 
(−18.5%) 

15.77% 
(−12.96%) 

4.25% 
(10.31%) 

5.24% 
(44.32%) 

−9.08% 
(−83.62%) 

6.62% 
(−2.88%) 

40.54% 
(−4.08%) 

−52.12 
(−57.13%) 

61.18% 
(22.71%) 

M3 

TEC 0% 
(0%) 

0% 
(0%) 

−7.02% 
(−11.65%) 

7.55% 
(13.19%) 

−0.71% 
(−0.81%) 

−11.48% 
(−20.63%) 

−15.14% 
(17.64%) 

26.95% 
(−11.71%) 

−16.11% 
(3.58%) 

1.81% 
(−1.06%) 

−41.98% 
(−15.93%) 

TC 79.20% 
(3.20%) 

−69.51% 
(−85.22%) 

−5.62% 
(2.85%) 

8.26% 
(2.08%) 

78.46% 
(103.98%) 

−20.1% 
(2.05%) 

1.12% 
(6.51%) 

−10.52% 
(2.17%) 

8.76% 
(3.39%) 

8.03% 
(−15.5%) 

62.08% 
(3.80%) 

MPI 79.20% 
(3.20%) 

−69.51% 
(−85.22%) 

−12.25% 
(−9.13%) 

16.44% 
(10.84%) 

77.20% 
(103.98%) 

29.27% 
(−19%) 

−14.18% 
(9.98%) 

13.59% 
(−9.79%) 

−8.76% 
(7.09%) 

−6.37% 
(−16.39%) 

−5.97% 
(−12.73%) 

 
M4 

TEC −3.68% 
(−8.5%) 

−9.56% 
(0.58%) 

27.40% 
(10.03%) 

−1.16% 
(0%) 

−8.85% 
(−11.45%) 

11.01% 
(7.20%) 

−7.17% 
(5.35%) 

−6.31% 
(−7.55%) 

−4.89% 
(−0.91%) 

20.90% 
(9.16%) 

0% 
(0%) 

TC 3.04% 
(−0.34%) 

−6.25% 
(−49.97%) 

6.59% 
(19.22%) 

1.24% 
(−25.29%) 

5.46% 
(10.75%) 

−1.14% 
(2.05%) 

−37.45% 
(−29.7%) 

−10.53% 
(1.87%) 

8.76% 
(3.39%) 

−7.81% 
(−9.65%) 

−0.95% 
(−16.96%) 

MPI −0.75% 
(−8.81%) 

−15.22% 
(−49.68%) 

35.80% 
(31.18%) 

0.07% 
(−25.29%) 

−3.87% 
(−1.93%) 

9.73% 
(9.40%) 

−41.94% 
(−25.94%) 

−16.17% 
(−5.82%) 

3.44% 
(2.45%) 

11.46% 
(−1.37%) 

0.95% 
(−16.96%) 

 
M5 

TEC 20.16% 
(−12.87%) 

20.72% 
(14.77%) 

0.12% 
(0%) 

−0.87% 
(−13.09%) 

−16% 
(11.27%) 

13.99% 
(−12.40%) 

8.91% 
(18.06%) 

−17.91% 
(−11.55%) 

20.43% 
(3.99%) 

−13.94 
(5.79%) 

−2.49% 
(−8.83%) 

TC 0.39% 
(7.15%) 

−11.58% 
(−3.73%) 

−11.25% 
(−2.31%) 

7.18% 
(−10.02%) 

10.01% 
(25.69%) 

−10.14% 
(9.07%) 

9.58% 
(12.51%) 

3.92% 
(3.36%) 

8.76% 
(−16.96%) 

−20.73% 
(−38.72%) 

39.28% 
(28.61%) 

MPI 20.63% 
(−6.64%) 

6.74% 
(10.49%) 

−11.14% 
(−2.31%) 

6.24% 
(−21.8%) 

−7.59% 
(39.85%) 

2.42% 
(−4.46%) 

19.34% 
(32.83%) 

−14.69% 
(−8.58%) 

30.98% 
(−13.64%) 

−31.78% 
(−35.18%) 

35.81% 
(17.25%) 

 
Table 13. The MPI differences between day and night shifts.                                                             

M5 M4 M3 M2 M1 Period 

0.2727 0.0806 0.7600 −0.3774 −0.3668 Feb. H1-Feb. H2 

−0.0375 0.3446 0.1571 −0.1476 −0.3415 Feb. H2-Mar. H1 

−0.0883 0.0462 −0.0312 −0.1074 0.1601 Mar. H1-Mar. H2 

0.2804 0.2536 0.0560 0.2873 0.7909 Mar. H2-Apr. H1 

−0.4744 −0.0194 −0.2513 −0.0606 1.5476 Apr. H1-Apr. H2 

0.0688 0.0033 −0.1027 −0.3908 −0.2946 Apr. H2-May H1 

−−0.1349 −0.1600 −0.2416 0.7454 −0.2472 May H1-May H2 

−0.0611 −0.1035 0.2338 0.0950 −0.2500 May H2-Jun. H1 

0.4462 0.0099 −0.1585 0.4462 0.2860 Jun. H1-Jun. H2 

0.0339 0.1283 0.1002 0.0501 0.0226 Jun. H2-Jul. H1 

0.1856 0.1601 0.0676 0.3847 −0.1330 Jul. H1-Jul. H2 

0.4462 0.3446 0.76 0.7454 1.5476 Max dif. 

−0.4744 −0.16 −0.2513 −0.3908 −0.3668 Min dif. 
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Figure 6. The comparison of TC values for blowing machines at day shift.      

 

 
Figure 7. The comparison of TC values for blowing machines at night shift.     

 

 
Figure 8. The estimated MPI values at the day shift.                        

 
periods; except in Jun. H2-Jul.H1 (0.0226). The largest (smallest) difference is 1.5476 (−1.3668) which corres-
ponds to period Apr. H1-Apr. H2 (Feb. H1-Feb. H2). The MPI values for the day shifts increases from −0.3668 
to 1.5476 in Feb. H1-Feb. H2 to Apr. H1-Apr. H2. That is, there exists a regress in the performance of the  
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Figure 9. The estimated MPI values at the night shift.                         

 

 

 

 
Figure 10. The comparison of MPI values between day and night shifts for each machine.           
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night shift compared with day shift. Then, the MPI values for the night shift outperform these for the day shift 
during Apr. H2-May H1 to May H2-Jun. H1. Finally, the difference decreases from Jun. H1-Jun. H2 to Jul. 
H1-Jul. H2. For M2-M5, the differences can be analyzed similarly. Moreover, slight MPI differences are ob-
served between day and night shifts in most periods for M3 to M5. 

4.3. Implications 
Technical efficiency change (TEC) refers to the ability to use a minimal amount of planned production, defect 
quantity and the idle time to make a given level of production quantity. If the company fails to achieve the out-
put combination on its production possibility frontier, and falls beneath this frontier, it is considered technically 
inefficient. TEC can make use of existing labor, capital, and other economic inputs to produce more output of 
the same inputs. As more work experience is gained about production, they become more and more efficient. As 
a result, minor modifications to plant and procedures can contribute to higher levels of productivity. 

Further, training new employees and exchanging the experience between experienced employees and newly 
hired employees has a great influence on productivity improvement. Furthermore, management should revise the 
hiring policy, incentive programs, and promotion rules to control the employees' turnover rate. Finally, having a 
reliable quality control system in the company will assure having lower values of defect quantity (DQ). For, the 
idle time (IT) should be minimized. Interruptions can be caused by confusing or unclear work instructions, in-
complete bill of materials, or running out of material. Hence, improving machine reliability and quality using 
total productive maintenance and quality tools, reducing overproduction and excess inventory, and implement-
ing effective operating procedures help in reducing idle time. On the other hand, technological change (TC) is 
the development of new products or the development of new technologies that allows methods of production to 
improve and results in the shifting upwards of the production frontier, as more outputs are obtainable from the 
same level of inputs. More specifically, technological change includes new production processes, called process 
innovation and the discovery of new products called product innovation. With process innovation, firms figure 
out more efficient ways of making existing products allowing output to grow at a faster rate than economic in-
puts are growing, In the production machines a process innovation entails machines producing more actual pro-
duction quantity (PQ) at a faster rate than defect quantity (DQ) or idle time in units (IT). Cost of production de-
cline overtime process innovations. 

5. Conclusion 
This paper assesses the performance of blowing process for plastic industries using Malmquist Index approach 
during the period from February to July 2014 for both day and night shifts. Five blowing machines are studied. 
Two primary issues are addressed in the computation of Malmquist indices of productivity growth. The changes 
in productivity are divided into technical efficiency change (TEC) and technological change (TC). Data include 
the planned production in units (PP), defect quantity in units (DQ), and idle time in units (IT) and are selected as 
inputs, whereas the actual production quantity in units (PQ). Inefficiency is observed in each period. The per-
centage of input utilization is determined in all periods. Then, the Malmquist productivity index (MPI) values 
are calculated for all periods. Finally, comparisons of TEC, TC and MPI are conducted among the five machines 
and between the day and night shifts for each machine. It is concluded that: (1) to improve the technical effi-
ciency, a need for internal training, effective operating procedures, and enhancing quality is required, (2) to in-
crease technological change, figuring out more efficient ways of making existing products or using new tech-
nologies allowing output to grow at a faster rate than economic inputs is needed, and (3) with the Malmquist 
productivity index analysis the company is now able to assess the productivity change of the production ma-
chines over time. The results of this research will also help decision makers identify the possible causes of de-
cline in productivity within each production machine and guide them in appropriate proactive/corrective plans. 
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