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Abstract: Technology transfer is a powerful growth factor in industrial value added in the processing industries.
Of course, it is important to assess the efficiency of technology transfer in the processing industry by analysing its
influencing factors and discussing strategies to improve technological innovation. However, it is still difficult to
measure its direct impact on the improvement or creation of value added, and one of the most relevant indicators
that could measure the real impact of technology transfer is efficiency. The efficiency of the modes of technology
transfer will therefore be the comparative relationship between inputs and outputs in the technology transfer
activities based. It is an indicator for measuring the profitability of technology investment in industrial
transformation. In our study, we will try to integrate a mathematical tool that allows us to solve optimization
problems using a program operating under different constraints imposed by a model. The usefulness of this model
depends on the ability to implement it, by the managers of production lines who are called upon to implement
R&D, innovation or technology transfer projects. Based on panel data of processing industries that use one or more
modes of technology transfer in the Souss-Massa region, this article will examine trends in the efficiency of
technology transfer use, mainly as a result of technological progress and the promotion of technology transfer.
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1. Introduction

Technology is in the heart of processing industries. Technology transfer is assessed according to the degree of
technological innovation available (Feichtinger, et al., 2014). Industries need to rely on technological innovation
to improve labor productivity, which improves the efficiency of processing and the creation of value added.

Technological innovation is therefore an engine for growth in industrial value added in the processing
industries. Of course, it is important to assess the efficiency of technology transfer in the processing industry by
analyzing its influencing factors and discussing strategies to improve technological innovation. However, the main
indicator that could measure the real impact of innovation and technology transfer is efficiency.

Based on panel data of processing industries that use one or more modes of technology transfer, this paper will
examine trends in the efficiency of technology transfer use of processing industries in the Souss-Massa region,
mainly due to technological progress and promotion of technology transfer. The efficiency of technology transfer
modes is the comparative relationship between inputs and outputs in technology innovation activities based on
technology transfer. It is an indicator for measuring the profitability of technological investment in industrial
transformation.

This paper will analyze productivity within the processing industries of the Souss-Massa and will investigate
the reason for the distinction between enterprises which have diverse levels of dominance of the Technology
Transfer.

2. Issue

Technology transfer is a complex system with multiple issues and factors. The term "technology transfer"
is broad and difficult to measure (Agrawal, 2001). The evaluation of the actual effect of technology transfer
requires consideration of the Decision Making Unit (DMU) with multiple inputs and outputs.

Overall the technology transfer process comprises different phases and parts and its performance is
measured by the value added income generated by universities and technology transfer institutions. Despite
the fact that almost all universities conduct technology transfer activities, most technology transfer offices
do not benefit from their marketing activities. However, the use of technology transfer revenues does not
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measure actual performance because they do not provide real results and are not based on the potential of
the technology transfer resulting from university research (Vinig & Lips, 2015).

The Global Innovation Index report uses a tool that measures 84 parameters to assess the "innovation
index" by country (Wunsch-Vincent, 2018). The GlI (average) and the innovation efficiency ratio is the final
function based on the two main sub-indices, innovation input and innovation output. The innovation
efficiency ratio is used to highlight those economies that have achieved more with fewer resources, as well
as those that are lagging behind in terms of realizing their innovation potential. It is designed to assess the
effectiveness of innovation systems and portfolios and can highlight in efficient innovators.

In the processing industries, project developers can compete fiercely for access to limited resources
(capital, personnel, physical facilities, equipment, etc.). If this portfolio management is not formalized, it
comes under pressure from interest groups. It is the open door to personality biases, individual preferences
and emotions. In order to systematize the evaluation process, models have been designed (Jolly, 2013).

The literature review on technology transfer evaluation suggests models that cross-reference the
prospects for productivity improvement with those for output; others focus more on theimportance of the
technology and the competitive position of the firm. These are quite useful models according to (Vinig &
Lips, 2015). On the other hand, very little attention has been paid to the indicators that practitioners should
use to evaluate their technological projects, particularly inthe processing industry.

In our study, we will try to integrate a mathematical tool that allows solving optimization problems thanks
to a program running under different constraints imposed by a model. The usefulness of this model depends
on the ability to implement it, by the managers of production lines who are called upon to implement R&D,
innovation or technology transfer projects.

3. Choosing a Method

The DEA method addresses the weaknesses of partial productivity ratios and the difficulties of applying
traditional total productivity ratios (Halkos & D, 2004).

The DEA is based on Shephard's concept of production technology (Shepherd, 2016) This concept makes it
possible to represent the efficiency of the entities studied on the basis of the relationship that links all of the
resources used as inputs to all of the services produced as outputs. The indicator thus calculated is the "technical
inefficiency score".

Each company's efficiency score is calculated in relation to an efficiency frontier. The production lines that are
located on the border have a score of 1 (or 100%). Organizations that are located below the border have a score of
less than 1 (or 100%) and therefore have room to improve their performance. Note that no organization can be
above the efficiency frontier because it is not possible to score above 100%. Organizations on the border serve as
peers to inefficient organizations. These peers are associated with observable best practices (Huguenin, 2013).

To understand the "mechanical” operation of the AED method, a simple practical case is developed in the
diagram below Figure 1. It includes five companies operating with one input and one output. It should be
remembered, however, that the DEA method can include multiple inputs and outputs.

The DEA frontier can be estimated according to two techniques: The first is input-oriented, it aims at optimizing
or reducing as much as possible the consumption of inputs for a given level of outputs. The second is output-
oriented, its objective is to maximize the outputs for a given level of inputs.

Two basic models are used in AED, each leading to the identification of a different efficiency frontier.
The first model assumes that firms operate in a situation of constant returns to scale (constant returns to scale
model -CRS-). It is appropriate when all organizations have reached their optimalsize.

The assumption of this model is ambitious. Because to operate at their optimal size, companies must operate
in an environment of perfect competition. This model makes it possible to calculate an efficiency score called
constant return to scale technical efficiency (CRSTE) (Huguenin, 2013).

The second model assumes that firms operate in a situation of variable returns to scale (variable returns to scale
model -VRS-). It is appropriate when organizations do not operate at their optimal size. This assumption is
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preferred in cases of imperfect competition. The VRS model calculates an efficiency score called variable returns
to scale technical efficiency (VRSTE).

Cuputs .
Efficiency
Ly Border AT
S5 o
Efficiency
Border VRS
Inputs
(1] 1 2 1 4 5 [ 1] 7

Figure 1. Efficiency Borders CRS and VRS

The Figure 1shows the CRS and VRS efficiency boundaries on the same graph. Company B is located on both
boundaries at the same time. It is therefore CRS and VRS efficient.

Firms A and E are efficient assuming variable returns to scale but inefficient assuming constant returns to scale.
They are on the VRS frontier but not on the CRS frontier. Finally, firms D and C are CRS and VRS inefficient.
They are not on either boundary.

The observed difference between the CRS and VRS boundaries is explained by inefficiency of scale. Firms on
the CRS border operate at the optimal size; those on the VRS border operate at the optimal size.

a non-optimal size, i.e. a size that does not allow them to minimize their average resource consumption. As an
illustration, company A is VRS efficient. To become
As an efficient CRS, it must change its size (or the scale at which it operates).

Company A can achieve this by moving from point A to point ACRS-1. At this point, it becomes as productive
as firm B, which is the only efficient CRS.

Two companies (D and E) are not even located on the VRS border. These companies not only have a size
problem; they are also poorly managed. For example, company D has to move to DVRS-I (located on the VRS
boundary) to become an efficient VRS (i.e., to reverse its inefficiency due to poor management). Company D must
make an additional movement from DVRS-I to DCRS-I (located on the CRS border) to become CRS efficient (i.e.,
to offset its inefficiency due to a significant problem). Consequently, CRS efficiency (also called total efficiency)
is broken down into two parts: VRS efficiency (also called pure efficiency) and efficiency of scale. The following
ratios represent these three types of efficiency applied to undertaking D (in the case of input orientation).

Table 1. Types of efficiency applied to the company D

Technical efficiency of D under CRS Technical efficiency of D under VRS Efficiency of
assumption (total efficiency) assumption (pure efficiency) scale of D
UDCRS—I UDVRS—I UDCRS—I
— = E —_——
TECRS UD TEVRS UD UDVRS—I

4. Implementation of the Method

Our practical study deals with 48 firms in the Souss-Massa region that use at least one of the modes of
technology transfer cited by the authors. (Hamdani & Bendou, 2019) These include patents and licenses,
subcontracting and technological services. Over a period of five years, companies produce an output, which in this
case is the evolution of value added with the help of two inputs, namely investment in technology transfer and
training of personnel in these new technologies.
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Figure 2. represents the first table of results of DEAP! software and contains a summary of the efficiency
analysis. The first column represents the identifiers of the 48 companies, identified by the numbers 1 to 48. The
second column contains the efficiency scores under the assumption of constant returns to scale (CRSTE), which
also corresponds to total efficiency. This total efficiency is decomposed into a measure of pure efficiency
(efficiency assuming variable returns to scale -VRSTE- in the third column) and a measure of efficiency of scale
(SCALE in the fourth column). The last column indicates the type of returns to scale (RSI, RSD or a dash):

Companies associated with IRS Increasing returns to scale operate in a situation of increasing returns to scale
(economies of scale). This situation occurs when the average consumption of resources decreases with an increase
in output produced. An organisation in such a situation has not yet reached its optimal size. To improve its
efficiency of scale, it must increase its output. In a situation of economies of scale, a variation in output production
of 1% implies a variation in input consumption of less than 1%. Thus, an increase in output production results in
a reduction in the average consumption of resources;

Companies associated with DRS Decreasing returns to scale are in a situation of decreasing returns to scale
(diseconomies of scale). This situation occurs when the average consumption of resources decreases with an
increase in output produced. An organization in such a situation has not yet reached its optimal size. To improve
its efficiency of scale, it must increase its output. In a situation of economies of scale, a variation in output
production of 1% implies a variation in input consumption of less than 1%. Thus, an increase in output production
leads to a reduction in the average consumption of resources;

Associated companies with a dash move in a situation of constant returns to scale; they operate at their optimal
size.

EFFICTENCY SUMMARY :

firm cCrste wrste scale

1 &.164 1.833 2.164 drs
2 B.568 1.883 2.968 drs
1 #.837 2.842 2.EFS irs
4 3,153 2.9l 2.%62 drs
5 @.B3d 2.BI5 2.95% -

& @.859 8.155 2.578 irs
7 B.875% 28.1312 2.568 drs
E 1.888 1.833 1.2888 -

S 9.3B4 B.615 2.625 irs
18 @.1B4 &.211 &.E74 drs
11 &.187 &.2B1 2.37E irs
12 &.168 &8.516 2.175 drs
13 &.212 2.542 2.3%3 drs
14 1.988 1.888 1.888 -

15 2.47% &.518 2.524 drs
16 @.15% &.212 2.753 drs
17 @.83E &8.85%1 &.424 irs
1E 1.988 1.588 1.888 -

15 1.988 1.588 1.888 -

2@ B.2B4 B.255 B.965 drs
il @.e56 o.2%6 2.958 -

22 @.221 @&.38B1 B.575 irs
231 2.115% &8.118 B.57% drs
24 @.23% 8.542 2.441 irs
25 @.2B7 S8.446 2S.644 irs
26 @.234 8,324 2.723 irs
27 l1.988 1.588 1.838 -

28 2,182 8.3185 2.558 Jrg
% @.8731 28.145 2.5 irs
i3 S.462 1.8 2.462 drs
11 &.124 S8.125 B.5%3 drs
12 &.174 &8.381 B&.577 drs
11 $.823 2.838 B.756 irs
14 @.917 2.828 2S.BE72 irs
15 @.151 S.48% 8.467 drs
16 @.835 8.854 B.646 irs
17 @.771 S.E1E 2.5%42 irs
1E @.365 S.4B7 2.751 irs
i1 @.821 28.824 2S.B41 irs
48 S.986 1.858 2.286 drs
41 &.138 2.291 2.658 drs
42 S.87E 1.8 2.27E drs
431 S.887 2.818 2.723 irs
44 @.224 S.B18 2.277 drs
5 9.1891 2.148 2.723 irs
46 @.547 8.555% 2.591% drs
47 @S.828¢ 8.852 2.35%3 irs
48 1.8889 1.883 1.888 -

mean @.315 8.468 2.651

A console program developed by Tim Coelli (Queensland University).
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Figure 2. Efficiency analysis results

On average, companies achieve the following efficiency scores:

31.5% for CRSTE; in total, companies can reduce all their inputs by 68.5% while having the same added
value.

46.8% for VRSTE; better management of technology transfer makes it possible to reduce input
consumption by 53.2% while training the same number of students.

69.1% for SCALE; by adjusting their size, companies can reduce their inputs by 30.9% while having the
same added value.

The DEAP software provides a results file, all results are presented as a table of individual situations of each
company. In order to identify the potential for improvement of the companies studied, the software refers to the
pure technical efficiency score VRSTE, i.e. without taking into account the efficiency of scale.

The result tables contain the following information:

The company number ("Results for firm");

The technical efficiency score ("Technical efficiency™), which corresponds to VRSTE in the case of a VRS
model (or to CRSTE in the case of CRS model); the scale efficiency score ("Scale efficiency™) note that
the OS appears only in the case of a VRS model;

The lines of the matrix represent the outputs and inputs of the model.

the first column of the matrix recalls the original values of the variables -outputs and inputs- (“original
value");

The second column of the matrix contains the movements that inefficient organizations must make in order
to be on the efficiency frontier (“radial movement™);

The third column of the matrix represents the additional movements that organizations on a segment of the
axis-parallel boundary must make to become efficient ("slack movement™);

The fourth column of the matrix contains the values of the variables that enable organizations to be
efficient. ("projected value"); these projected values take into account not only the radial movements but
also the SLAKES MOVEMENTS;

Finally, the peers are listed; each peer is identified by its number; a weight ("lambda weight") is associated
with each pair; this weight represents the relative importance of the peer.

To illustrate, the individual results tables of a company (company number 7)

Results for firm: 7
Technical efficiency = ©.132
Scale efficiency = @.568 (drs)
PROJECTION SUMMARY :

variable eriginal radial slack projected

value movement movement value

output 1 92490, o8 & . 00a .88 92298, 00d
input 1 22211. 0880 -19289.934 -1798.377 1122.689
input 2 1475, 606 -1281.016 & . 088 193,984

LISTING OF PEERS:

peer lambda weight
27 B.381
2 B.619

Figure 3. Individual company results

Company 7 (see Figure 3.Individual company results) has a pure efficiency of 13.2% and an efficiency of scale
of 56.8%. It operates in a situation of diminishing returns to scale (DRS). By improving the way in which
technology transfer is managed, 86.8% (100 - 13.2) of the inputs can be saved. By adjusting the size of the

enterprise, input consumption can be reduced by 43.2% (100 - 56.8).

The original values of the enterprise variables are recalled in the table: enterprise 1 improved its value added
by 92490,000 MAD with an investment of 22211,000 MAD in the transfer of material technologies, and 1475,000

MAD in the training of personnel in these technologies.
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However, this enterprise could produce the same quantity of outputs with fewer inputs: 1122,689 MAD instead
of 22211,000 in material technology transfer and 193,984 MAD instead of 1475,000 in training (see "projected
value™ column).

The case of input 1 is a little different because it presents a "slack movement": for the company to be efficient,
this input must not only be reduced by (- 19289,934 MAD (column "radial movement"), but also by an additional
1798,377 MAD (column "slack movement™). In total, company 7 must reduce input 1 by 21088311 MAD to be
efficient. To improve its performance, the company must analyze the practices of companies 2, and 27 that are
identified as its peers of reference. To be a peer (or benchmark), an organization must have 100% pure efficiency.
The lambda weight associated with each peer corresponds to the relative importance of that peer within the group
of identified peers. Ideally, company 7 should analyze the best practices of a virtual company formed by 38.1% of
company 2, and 61.9% of company 27. Since such a virtual company does not exist, our company should focus its
best practice analysis on the company with the highest lambda value (i.e. company 27).

There is a remarkable difference between industries in terms of efficiency, with the highest value in technical
efficiency VRS of 1 for the manufacture of food products (beverages, canned fish) and the lowest value of 0.01
for industrial sausage products.

5. Conclusion

Technology transfer is the main driving force for the industrial development of Morocco's emerging processing
industries.

In this study, the contribution of technology transfer to the processing industries in the Souss Massa region was
studied. Based on data from 48 firms, the DEA model is constructed to evaluate the efficiency of technology
transfer. Empirical analyses are conducted to examine the efficiency of technology transfer.

This paper analyzes efficiency in the processing industries of the Souss-Massa region. The reason for the
difference between industries is the different levels of mastery of the new technologies transferred.

In the survey of innovative enterprises in the region, it was found that in investment in innovation and
technology transfer, the investment of funds contributes to the production of other innovative technologies that
were not taken into account at the beginning of the technological investment, which shows that the production of
innovation is always stimulated by the funds.

In addition to R&D personnel, the personnel using new technologies also undergo a positive externality of
technical progress, i.e. new technical skills.

The study revealed that there is also a creative potential that has been developed among R&D and engineering
staff. The results can help not only to improve the results of technological innovation, but also to make optimal
use of input factors.

Inefficient technical investment in certain processing industries can be transformed into efficient investment
by analysing peers or benchmarks.

This study could also serve as a support to study the efficiency of technology transfer within innovative
enterprise groups or clusters.
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