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Abstract: The first objective tends to study the relationship between the production of innovation and its
effect on the efficient frontier of Tunisian exporting companies. These factors influence the development of the
industry and the production of innovation of each sector. In fact, the technology under which exporting
companies in each sector operate is not the same. For this reason, we sought to highlight the variation in the
efficiency of innovation production taking into account environmental specifications and sectoral variables in
which Tunisian exporting companies operate. Using a stochastic model of the directional distance function,
we proved the effect of innovation production variables on the technological frontier for a sample of 105
Tunisian exporting companies dispersed over nine sectors of activity, for the period 2015 -2020. The
likelihood ratio has been improved, going from 785 for the traditional model to 1576 in our new model,
taking into account the factors of innovation production for the construction of the technological frontier. The
model becomes globally more explanatory. The estimated inefficiency scores of exporting firms were largely
modified by our model.
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1. INTRODUCTION

Every organization seeks performance in order to guarantee its survival. In fact, the way the company
measures the performance is crucial for its progress, because the performance plays a very important
role in the development of the strategic plan and the evaluation of the objective of the organization.

With the rapid development of efficiency frontier methods, traditional performance measurement
methods have become obsolete. Efficiency frontier methods are more objective than financial ratios
(example: return on equity (ROE) and return on assets (ROS), which are widely used to measure
company performance. The objective of the methods traditional method is to estimate an average
performance, while the goal of efficiency frontier methods is to measure the distance between each
observation and the frontier. These new methods have been widely used in the evaluation of the
special effects of mergers and acquisitions, capital settlements, the segregation and holding of
corporate acquisitions, and the performance of financial institutions. The most important advantage of
the efficiency frontier, when compared to other performance indicators, is that it represents a
determined objective quantitative measure that eliminates the special effects of market prices and
other exogenous factors that can influence performance observed.

Farell (1957) shows that productivity or economic efficiency has two components. The first
component is purely technical defined as the ability of a production unit to generate as much stress in
order to maximize the output. Thus, technical efficiency is defined as the maximum reduction of all
inputs allowing the continuous production of the same output quantities as before. The second
component is the locative efficiency or the price component: this component refers to the ability of a
production unit to combine inputs and outputs in optimal proportions taking into account their relative
prices.

Within the framework of the economic literature, two main approaches are developed to measure
efficiency: the first approach is the parametric approach which includes different methods such as: the
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stochastic frontier method (SFM) (Aigner et al (1977, Vajihe Dalvand et al., 2015, Visnjic et al.,
2016); the Tick Border Approach (TBA)). The second approach is the non-parametric approach, the
best-known method of which is the DEA method (Deprins, Simar and Tulkens (1984), Yildiz et al.,
2014). These two approaches allow us to estimate a common frontier shared by all firms. Every
deviation in a company's level of production from this estimated common boundary is fully or
partially assigned to inefficiency.

Innovation is one of the potentialities for improving productivity in the long term. It is technological
improvement, that is, the progress of the state of technology, which occurs, for example, when a new
production process. This then leads to an upward displacement of the boundary, from f to f*. This
progress must be assiduous to all companies, which will then be able to produce more from the same
level of inputs. Conversely, a technological regression, following for example deterioration in the
qualifications of workers, leads to a downward fall in f and, therefore, a fall in the output produced
per quantity of inputs used.
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Figurel. Forms of productivity improvement
Source: Coell et al (2005)

This leads us to formulate our last two research hypotheses. The fifth hypothesis concerns the
measurement of the efficiency of the production of innovation and its impact on the efficient frontier
of Tunisian exporting companies. And the sixth hypothesis concerns the variation of the efficiency of
the production of innovation taking into account the environmental specifications and the sectoral
considerations in which the Tunisian exporting companies carry out their activities.

The purpose of this paper is to study the influence of innovation production variables on the
technological frontier and to develop an index to measure the productivity of the innovation
production system. We first integrated the innovation production variables into the technology
directional distance function proposed by Chambers et al. (1996, 1998). Then we broke down
Luenberger's productivity indicator and identified an indicator to measure the productivity of the
innovation production system. To empirically validate our work, we use a sample of 105 exporting
companies for the period 2015 to 2020.

2. ECONOMETRIC METHODOLOGY

To measure the productivity of innovation production for exporting firms, we use a technological
directional distance function developed by Chambers et al. (1996, 1998), which represents a particular
form of the function developed by Luenberger (1992) and a generalization of the distance function
introduced by Shephard (1953). This function makes it possible to model and measure the efficiency
production process by integrating all the input and output vectors.

Let (T) be the set of technologies that define all the possibilities of the input-output vectors for each
exporting firm, it can be presented as follows:
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T ={(x,y): xcan producey} (1)

Ou x = (X, Xy...X3) EERT the entered vector, while y =(y;,Y,...Y3) € ERE" the output vector for each
firm.

The technological directional distance function which characterizes the technology set T, is generally
defined as follows:

D(X, Y;9,0,) = max{B: (x-B9,,y+p9,) T} )

Or j gives the distance between the observation (X, Y) and a point on the technology boundary, the

directional vector g =(9,9,), 9y =(9x. 97.-.05) eﬁ}{'j etg, =(g§,g§...g§")ei}{fI and establishes
the direction in which efficiency is measured. The directional distance function tries to find
simultaneously the maximum decrease of the vectors of the inputs (X) and the increase of the vector

of the outputs (y) by following the directional vector (g,g,). When D(X,;0,9,) =0 the

exporting firm is defined as technically efficient and the vector (X,Yy) is located on the technological

frontier. If D(X,¥;9x9y) 20 then the exporting firm is defined as technically inefficient and the
vector (X,Y) is located below the technological frontier.

Many properties of the directional distance function are described by Chambers et al. (1998) and Fare
et al. (2007), but the most important is the translation property from which we define the restrictions
on the directional distance function:

D(X,Y:0,9,)— B =D(x-f0,.y+/9,:9x.9y) BeR 3)

Many properties of the directional distance function are described by Chambers et al. (1998) and Fare
et al. (2007), but the most important is the translation property from which we define the restrictions
on the directional distance function:

D(x, y; 9,.9,,t,6) = a0+2a X, +Zﬁ Y., +1/22N:ZN:a X, X, +1/222,Bmm Yo Yo
n=1 n'=1 m=1 m'=1
+ZN:§:ymnymxn+5t+1/25t +Zy/ntx +Z7]mtym
n=1 m=1

(4)
To study the influence of the innovation production system on the technological frontier, we
incorporate in expression (4) innovation production variables, (demonstrated as relevant and
explanatory) in interaction with inputs, outputs and time trend. Let| =(1,,1,...I,.) be the vector of

innovation production variables for each firm. Thus, the new technological directional distance
function is parameterized as follows:

N

D(X y’ Ivgx1gy1t 8) C{O+Z(Z X +Zﬂmym +1/2izann n n' +1/2iiﬂmm'ymym'

=1 n—-1 m=L m—1
N M N K M K K K
+Zzymnymxn+zﬂklk+zzznkx Gk+Zz¢mkym|k+1/2227kk'|k|k'
n=1l m=1 n=1 k=1 m=1 k=1 k=1 k'=1
M

+ 81 +1/ 25,82 + antxn + 3ty + Z¢kt| ‘
n=1 m=1 k=1
)
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v The symmetry constraints are formulated as follows:
Aoy = Oy n=n'
Bom =Bum M=M’
T =7k K#EK (6)

v The other constraints imposed are:

M N
Zﬂmgy_zangx =-1
m=1 n=1

M N

Zymngy _Zann'gx' =0
m=1 n'=1

M N
Zﬂmm‘gy'_zynmgx =0
m'=1 n=1

M N
zgakmgy'_Zangx =0
m=1 n=1

M N
D=2 Wn =0 (7)
m=1 n=1

orf@=(a,p.y, A x.¢,1,0,ny) is the vector of the parameters to be estimated

To estimate the parameters of equation (5), we use the stochastic method used by Kumbhakar and
Lovell (2000) and Fére et al. (2007). This stochastic specification takes the following form:
D(x,y,G;0,.9,,t,0)+&" =0 @®

First, an objective function will be estimated under the constraints presented above, in addition to two
other constraints proposed by Fare et al. (2005):

D(x,Y,G;0,.9,) =0 ©)

oD(x,y,G;0y4,9y) <0
Nm
The first constraint ensures that the technology directional distance function provides a complete

characterization of the technology. The second constraint reflects the assumption of non-saturation
imposed on the technology of exporting companies.

In a second step, we estimate an efficiency score of exporting firms for each sector using a stochastic
frontier approach introduced in the academic literature by Aigner, Lovell and Schmidt (1977) and
Meeusen and Vanden-Broek (1977).

This approach considers that the error term is represented as follows:
& = Mt + Uy (11)

Tablel. The empirical results of the estimation of the two models

vm (10)

Par. | Modell Model2 Par. | Modell Model2 Par. | Modell Model2

C o |0,0615  |-0,4004 P 20,3423 » 20,3448
o |05 |oossoy | Xl | Fn ooo1n | Y2l |72 (0.0173)

X @ 00206 [-02650 |x| |z -0,3820 o -0,3772
! ' |(0.0048) |(0.0038) | '’ 2 (0.0136) Vol, | %22 (0.0103)

X . 1-0,0784 [-02706 | x| -0.2119 | -0.1868
2 2 |(00046) |(0004ay | 1@ | F ooy | Y2's | ¥ (0.0013)
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Notes: This table presents the estimated parameters and in brackets the standard deviation for each parameter
and for the two models 1 and 2. Model 1 expresses the model used in the literature review. In this model only
inputs, outputs and time are considered as main variables. Model 2 incorporates innovation variables into the
directional distance function.

The incorporation of innovation variables in the directional distance function has a considerable effect
on the construction of the technological frontier and the space of possible input-output vectors. From
Table 1, we find a substantial variation in inefficiency scores between model 1 and model 2 which
proves the considerable effect of innovation variables on the construction of the technological
frontier. Referring to the first model, the most efficient sector is sector 2 with an average inefficiency
score of 0.1477, while the most inefficient sector is sector 2 with an average inefficiency score of
0.3550 this confirms the study Zhao et al (2015). But referring to the second model, we note that all
inefficiency scores increased, except those in sectors 1,7 which marked a slight reduction in their
inefficiency scores. Sector 1 becomes the most efficient with an average inefficiency score of 0.2278
while the most inefficient sector is sector 3 with an average inefficiency score of 0.3494.
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From this table, we observe, also, that the inefficiency scores not only have been changed, but the
order of the sectors based on the inefficiency score has also changed. This table shows that the
inefficiency scores have almost all increased.

From the discussion presented above, we can conclude that the excess of obstacles to innovation is
considered as a negative element that can guide an exporting firm to suboptimal decisions.

Table2. Sector Inefficiency Scores

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2015-20

Sector1 | Modell | 0,31164 [ 0,42084 [0,41388 [ 0,30468 [ 0,26904 [0,36876 | 0,34812
Model2 [ 0,27132 [ 0,27072 [ 0,27612 [ 0,27996 | 0,28176 | 0,2604 0,27336

Sector2 | Modell | 0,20808 | 0,20364 | 0,16284 | 0,1812 0,13128 [ 0,17616 [ 0,17724
Model2 [ 0,30768 | 0,306 0,3018 0,31116 | 0,33084 |0,33708 | 0,31572

Sector 3 | Modell | 0,43932 [ 0,32304 | 0,3174 0,32436 | 0,33768 | 0,29616 | 0,3396
Model2 | 0,41064 | 0,40908 | 041544 | 0,41952 | 0,42984 | 0,43104 [ 0,41928

Sector4 | Modell | 0,32472 [ 0,36132 [ 0,33756 | 0,4914 0,39912 | 0,32676 | 0,37344
Model2 [ 0,40944 | 0,41064 | 0,4146 0,42156 | 0,42108 | 0,4248 0,417

Sector5 | Modell [0,1962 [0,19548 [0,19104 | 0,38868 | 0,20424 | 0,20808 | 0,23064
Model2 | 0,34176 | 0,34128 [ 0,32892 | 0,33564 | 0,35268 | 0,3612 0,34356

Sector 6 | Modell | 0,38832 [ 0,3444 0,2754 0,37128 | 0,32088 | 0,28044 | 0,33012
Model2 [ 0,3204 [0,31572 [0,31236 | 0,31296 |0,31224 |0,31968 | 0,3156

Sector 7 | Modell | 0,29052 [ 0,40764 [ 0,41148 | 0,45696 | 0,51924 | 0,47016 [ 0,426
Model2 [ 0,36432 | 0,36024 [ 0,35952 | 0,36456 | 0,3624 0,35748 | 0,36144

Sector8 | Modell |[0,1662 [ 0,17136 | 0,30312 | 0,34164 | 0,20988 | 0,21096 | 0,23388
Model2 [ 0,4092 [ 0,38796 [0,39192 | 0,38412 [0,39696 | 0,39876 | 0,3948

Sector9 | Modell [0,306 [0,22572 [0,34884 |0,31356 | 0,47112 | 0,45984 | 0,35424
Model2 | 0,42276 | 0,42456 | 0,40164 | 0,40536 | 0,40908 | 0,4146 0,41292

Notes: This table compares the average annual inefficiency scores estimated by model 1 and model 2 for each
sector.

Table 2 shows a positive productivity growth in the beginning of the study period specifically for the
periods 2015-2016 and 2016-2017. Then the change in productivity becomes negative for the
remaining period. The negative evolution of productivity is due to an unfavorable economic situation
and more precisely the global crisis triggered during this period.

We note the existence of a negative variation in technical productivity during the periods 2017-2018
and 2018-2019. Unfavorable economic conditions, increased uncertainty and, therefore, each
exporting company must reduce the risk involved. For this reason, exporting companies proceed to
keep the same level of entry and exit or even reduce them, which means that for this period exporting
companies tend not to invest in innovation, which explains the decrease in effect of innovation for
these periods In fact, any decision to increase productivity is generally followed by an increase in the
guantities of factors of production and systematically an increase in running risk. However, the
positive evolution of technical productivity for the period 2019-2020 can be explained by the
intervention of monetary and governmental authorities to pass such a situation this is explained by the
study of ChiUng et al (2015).

Table3. The decomposition of the Luenberger productivity indices by year

Years LPC ESL LTC ILCT LTTC
2015-2016 0,40896 0,71586 -0,3069 -0,03339 -0,27351
2016-2017 0,1278 -0,08271 0,21051 -0,04689 0,2574
2017-2018 -0,44829 -0,0765 -0,37179 -0,03618 -0,33561
2018-2019 -0,63585 -0,31284 -0,32301 -0,04482 -0,27819
2019-2020 -0,28809 -0,37026 0,08217 -0,02565 0,10782

Notes: This table presents the productivity change (LPC) of exporting firms for our sample and its
decomposition into efficiency change (ESL) and technical change (LTC). Technical change is further
decomposed into innovation output technical change (ILCT) and time trend change (LTTC).
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Table 3 presents the productivity information for each sector, and more specifically, it presents the
change in productivity related to the innovation production system. We note a positive change in
productivity for almost all sectors, for the period 2015-2016, and then many sectors begin to record a
negative change in productivity for the other periods. Regarding technical change, we also find a
negative change in productivity in almost all sectors since the beginning of the study period. From this
table, we detect the different patterns of variation in productivity between sectors. This confirms the
study by Panagiotis et al. (2015). All sectors face a decline in productivity at least for two periods,
except for sector 6 which experiences an increase in productivity growth over the entire study period.

The sign of the innovation productivity indicator is negative over almost the entire study period,
except for sectors 6, 7 and 8.

Table4. Luenberger productivity decomposition by sector

Sector | Sector | Sector | Sector | Sector | Sector Sector 7 Sector 8 | Sector

1 2 3 4 5 6 9
2012-2013
LPC 0,2141 | 0,3592 | 0,3635 | 0,0215 | 0,1558 | 0,6468 0,6324 2,6339 -0,0622
ESL 0,2218 | 0,8705 | 0,3813 | 0,6599 | 0,5127 | 0,5298 0,5974 0,8458 0,6106
LTC -0,0077 | -0,5113 | -0,0178 | -0,6384 | -0,3569 | 0,1170 0,0350 1,7881 -0,6728
ILCT | -0,0017 | -0,0375 | -0,0031 | -0,0018 | -0,0639 | 0,0126 0,0019 0,0657 -0,0309
LTTC | -0,0060 | -0,4738 | -0,0147 | -0,6366 | -0,2930 | 0,1044 0,0331 1,7224 -0,6419
2013-2014
LPC -0,5909 | 0,5833 | -0,6845 | -0,3986 | 0,1532 | 0,4887 0,1631 -0,3919 0,2901
ESL -0,4581 | 0,5646 | 0,0421 | -0,0622 | -0,0033 | 0,1939 0,0056 -0,4397 -0,0233
LTC -0,1328 | 0,0187 | -0,7266 | -0,3364 | 0,1565 | 0,2948 0,1575 0,0478 0,3134
ILCT | -0,0056 | -0,0347 | -0,0006 | -0,0043 | -0,0127 | 0,0441 0,0087 0,0093 -0,0272
LTTC | -0,1272 | 0,0534 | -0,7260 | -0,3321 | 0,1692 | 0,2507 0,1488 0,0385 0,3406
2014-2015
LPC -0,4768 | -1,1388 | -0,4934 | -0,8552 | -0,8232 | 0,0755 0,0961 0,9403 -0,4558
ESL -0,3254 | 0,0062 | 0,0280 | -0,0476 | -0,3616 | 0,4135 -0,4257 0,0617 -0,1941
LTC -0,1514 | -1,145 -0,5214 | -0,8076 | -0,4616 | -0,3380 | 0,5218 0,8786 -0,2617
ILCT | -0,0065 | -0,0215 | -0,0022 | -0,0078 | -0,0913 | -0,0017 | 0,0053 0,0517 -0,0482
LTTC | -0,1449 | -1,1235 | -0,5192 | -0,7998 | -0,3703 | -0,3363 | 0,5165 0,8269 -0,2135
2015-2016
LPC -0,2917 | -2,4028 | -0,1324 | -0,3476 | -0,2749 | -0,5964 | 0,0151 -0,1601 -0,0539
ESL -0,1243 | -0,8275 | -0,1846 | -0,2436 | -0,0659 | -0,2357 | -0,2577 -0,4519 -0,3582
LTC -0,1674 | -1,5753 | 0,0522 | -0,1040 | -0,2090 | -0,3607 | 0,2728 0,2918 0,3043
ILCT | -0,0096 | -0,0356 | 0,0016 | -0,0067 | -0,0711 | -0,0024 | 0,0007 0,0468 -0,0006
LTTC | -0,1578 | -1,5397 | 0,0506 | -0,0973 | -0,1379 | -0,3583 | 0,2721 0,2450 0,3049
2016-2017
LPC 0,2648 | -0,0881 | -0,0351 | -0,0679 | -0,1275 | -0,0954 | 0,0478 -0,0396 -0,0902
ESL -0,0834 | -0,0968 | -0,1633 | -0,0899 | -0,5764 | -0,1888 | -0,4076 -0,0539 -0,0604
LTC 0,3482 | 0,0087 | 0,1282 | 0,0220 | 0,4489 | 0,0934 0,4554 0,0143 -0,0298
ILCT | 0,0009 | -0,0034 | 0,0029 | 0,0042 | -0,0833 | 0,0092 0,0037 0,0117 -0,0269
LTTC | 0,3473 | 0,0121 | 0,1253 | 0,0178 | 0,5322 | 0,0842 0,4517 0,0026 -0,0029

Notes: This table presents a more detailed productivity by sector, to show the difference in productivity
variation between sectors and more specifically concerning the change in productivity linked to the innovation
production system. Different notations used in the table are defined as follows: LPC = Luenberger index of
productivity change; ESL = Luenberger Efficiency Change Index; LTC = Luenberger index of technical
evolution; ILCT = the Luenberger index of innovation production technical change; LTTC = Luenberger index
of time trend change.

This divergence of results concerning the relationship between the production of innovation and the
performance of Tunisian exporting firms and given the complexity of innovation activity, it is likely
that the different variables that give rise to technological innovation take on different weights
depending on production requirements. This proves the usefulness of choosing a relatively
homogeneous production sector, in order to better understand the nature of the generation of
innovation.
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This leads us to formulate our last two research hypotheses. The fifth hypothesis concerns the
measurement of the efficiency of the production of innovation and its impact on the efficient frontier
of Tunisian exporting companies. What concerns the variation of the efficiency of the production of
innovation taking into account the environmental specifications and the sectoral variables in which the
Tunisian exporting companies carry out their activities.

3. CONCLUSION

Referring to the second model, we note that all inefficiency scores increased, except those in sectors 1
and 7 which marked a slight reduction in their inefficiency scores. Sector 1 is the most effective with
an average inefficiency score of 0.2278, while the most inefficient sector is sector 3 with an average
inefficiency score of 0.3494. The negative variation in the technical productivity of innovation over
our study period indicates that the innovation production system has declined in most sectors.

The incorporation of innovation production variables on the quadratic function at directional distance
leads us to develop a Luenberger productivity indicator and to identify an index to measure innovation
production efficiency. This index is very useful for detecting the most efficient innovation production
system.
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