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Abstract: In this paper, a new strategic analysis method is introduced, called the ten-element analysis
(TEA) method to determine the firm’s strategic position in the market. The new method is grounded
on the computation of the reflections of the external factors on the firm’s internal factors through the
changes of the values of the internal factors throughout the time when a lack of complete information
regarding the environmental factors exists. The TEA method takes ten effective key elements of the
firm into account and investigates their changes through a maximum of nine periods and a minimum
of two periods. To conduct the model, the paper is mainly focused on four main rubrics, including
the detection of the reflection of the firm’s environmental factors on the internal factors, deriving the
strategic position of the firm from the reflections, the capability of the existing strategic models in
determining the strategic position from the reflections in presence of uncertainty and incomplete
information of the external factors. The method is applied to a dairy company in order to find its
strategic position in the market. The results showed that the output of the TEA method and SWOT
analysis is similar which makes the new method reliable to employ. The TEA method is developed
under the grey environment to harness the uncertainty where a new grey comparison method is
introduced to compare the grey numbers.

Keywords: strategic analysis; market analysis; TEA method; reflection; external factors
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1. Introduction

For a firm to survive in the market, the need for information and resources is increasing
due to the alterations in the firms’ external factors and volatility in their activities and the
generated uncertainty [1]. Surviving from this chaotic environment, which is woven with
the uncertainties, along with taking into account the fact that firms are constantly wrestling
with adjusting their internal forces, needs selecting of the most appropriate strategies that
also leads to maintaining the firms’ competitive advantages. In fact, the firm’s strategies are
the result of strategic planning [2]. It is widely accepted that strategic planning is currently
one of the five most employed managerial approaches in contemporary organizations [3,4].
As Bryson [5] and Kools and George [6] defined, “strategic planning is a deliberative,
disciplined effort to produce fundamental decisions and actions that shape and guide
what an organization (or other entity) is, what it does, and why”. In other words, strategic
planning could be defined as a systematic approach for generating strategies with long-term
thinking and an efficient strategic decision-making tool [7–9].

To achieve the firm’s objectives, the firm needs to assess its current situation. In the
case of strategic planning, this process executes by internal and external analysis. As a
strategic planning tool, the strength, weakness, opportunity and treat (SWOT) analysis has
been widely employed for the decision-making process [10]. The SWOT analysis process
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takes into two layers of the environment concept account, which have been surrounded
by/around the firm called, internal and external layers. The internal layer consists of
the firm’s internal variables, such as the internal environment, and the external layer
incorporates the firm’s external variables. These different layers contain distinct variables
where each variable has a unique effect on the firm’s position in the market. Ultimately, the
resultant of these variables and their interactions determine the situation of the company
in the market, i.e., the internal and external forces, which are derived from the internal
and external dynamic variables that affect the firm’s position in the market in different
periods. Strategies ranking and selection of the best strategies, which lead the firm to their
long-term and short-term goals are the final products of the SWOT analysis.

As every process that deals with the human decision, perceptions and actions have
involved uncertainty, selection of the best strategies, which emanates from experts’ de-
cisions and perceptions, is tangled with uncertainty. In order to make the best decision,
managers need to deal with the factors, which are interlaced with ambiguity and can barely
be predicted; additionally, they do not have control on those factors. Hence, knowing the
behavioral pattern of the market’s factors would help the managers to have more efficient
decision-making for the selection of the best strategies based on the strategic position of
the firm in the market. On the other hand, the lack of knowledge generated by the uncer-
tainty of the environment has made determining the pattern difficult. Yet, the reflection of
the environmental factors could potentially be extracted from the changes in the internal
factors of the firm through the years. In this paper, a strategic analysis tool is proposed
called the grey ten-element analysis (TEA) method to bring solutions for five questions.
In contrast with the conventional analysis tools such as SWOT and SPACE matrices, the
TEA method analyzes the internal environment of the firm, without consideration of the
external environment, in order to determine the firm’s strategic position. Uncertainty is an
integral part of strategic planning, specifically the strategic analysis due to the volatility in
the information sources inside and outside of the firms. Hence, in order to formulate the
uncertainty of the mentioned process, TEA deals with the grey systems theory which is an
effective tool in formulating uncertainty.

The new strategic analysis tool embraces the answers to the following five questions.
These questions are fundamentally structured on an assumption that perception and
prediction of the market in some periods would be challenging due to the rapid changes in
the industries’ environments or lack of precise recognition of the effective elements of the
changes. Inexorably, these changes spontaneously make their effects known on the firm’s
internal factors which could be detected by the observer.

1. Is it possible to track the reflection of the firm’s external environment on its internal
environment? There are two forces that affect the firm and also interact. The first force
is originated from inside the firm, while the sources of the second are located in the
environment that surrounds the firm. Typically, the forces originated from the firm’s
environment have a stronger effect on the internal forces; hence, there should be a
reflection on the changes of the environmental factors through periods. The aim of
this question is to realize a solution for the recognition of these reflections.

2. How can these reflections be utilized to arrange a prospect of the strategic position of
the firm in the market? A strategic position shapes the strategy that the firm needs to
have against the competitors to gain more share of the market(s), conserve its share,
or penetrate new markets. Furthermore, the strategic position signifies the strategies
that the firm ought to select to reach the aforementioned goals. The strategic position
is the output of the evaluation of the firm’s strengths and weaknesses against the
opportunities and threats the firm encounters in the market. The purpose of this
question is the finding of possibilities for creating an image of the firm’s external
environment by observing the changes that happened over time on the firm’s internal
factors. Inevitably, this process involves uncertainty, which will be discussed further.

3. Are there any strategic analysis models, which cover those reflections to achieve the
strategic position? The conventional strategic analysis models, such as the strategic
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position and action evaluation (SPACE) matrix and SWOT matrix, consider both
internal and external factors to conclude what type of strategy a firm should undertake,
while, in advance, they have located the firm in one of the four strategic positions,
including the aggressive, competitive, conservative, and defensive positions. The aim
of this question is to reach a solution, as a strategic analysis model/tool, which does
not consider the external factors while generating the same output.

4. How can this solution harness uncertainty? The cognition of the reflections and
processing them into one image in order to construct a framework for determining
the firm’s strategic position unavoidably deals with uncertainty. To fashion a reliable
output, the model needs to employ an appropriate approach to handle the uncertainty
of the mentioned process where human decision-making is also involved. In order to
offer a reliable product, the intention of this question is to conduct the model to run
by the systems that formulate the uncertainty of the processes.

5. Is the model reliable? Ultimately, the reliability of a strategic analysis model/tool
could be extracted from the results of implementing of the strategies in terms of
achieving long-term and the short-term goals, nevertheless, the result of the method
could be compared with other accepted existing methods to investigate its reliability.

The rest of this paper is composed as follows: the second section is devoted to literature
review; in the third section, grey systems theory and its theoretical background is discussed.
The new strategic analysis tool and a new grey comparison method is introduced in the
fourth section. The TEA method was applied to a real-world case in the fifth section; the
sixth section is devoted to the discussion, and finally, the seventh section is dedicated to
the conclusion and suggestions for future research.

2. Literature Review

This section has been divided into three divisions. The first section is devoted to
reviewing strategic analysis concepts and strategic analysis tools. In the second section, the
application of the uncertainty in the strategic analysis has been investigated to answer the
fourth question, then, the grey systems theory is extensively reviewed.

2.1. Strategic Analysis

In a three to five-year period framework, Uzarski and Broome [11] pictured strategic
planning as a set of processes that fashion the firm’s strategies mainly for reaching firms’
short-term and long-term goals. In line with the mentioned definition, Spee and Jarz-
abkowski [12] argued that strategic planning is constructed on a set of planning activities
including goal setting, developing targets and performance indices, and resource allocation.
The strategic management process is usually recognized as a frame in which strategic deci-
sions are in line with the understanding and prediction of the environment development
as an integral part of the strategic analytical phase [13]. The strategic analysis methods are
the common tools for performing strategic decision-making. According to Petrou et al. [14],
strategic decision-making processes involve the firms’ managers as the decision-makers to
make decisions regarding the arrangement and configuration of resources.

Typically, strategic planning comports two main activities, where the first activity is the
evaluation of the firms’ internal and external factors, strengths, weaknesses, opportunities,
and threats (SWOT), and the second activity focuses on formulating strategic plans [15].
This analytic model is the most popular method used in strategic analysis [16]. SWOT is a
structured approach that is architected on the identification of firms’ goals and evaluates
the current situation of the firms on the basis of their strengths, weaknesses, opportunities,
and threats; the output affects the firms in a positive and negative manner in achieving their
goals [17]. The main purpose of the SWOT analysis process is to provide strategies that take
the firm’s external and internal factors into consideration [18]. By dint of defining the orga-
nization’s mission and vision, the original SWOT analysis initiates with the identification of
firms’ internal factors, strengths, and weaknesses, and their environmental factors, opportu-
nities, and threats, where the evaluation of the aforementioned factors is performed in two
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matrices, the evaluation of the internal factors (IFE) matrix and external factors evaluation
(EFE) matrix [19]. Regarding the aforementioned matrices, as the output of SWOT analysis,
the strategies that should be considered are classified into four categories [20]: 1—the
aggressive strategies or strategies that result from the strengths–opportunities (SO); 2—the
competitive strategies which are the output of strengths–threats (ST); 3—the conservative
strategies employed with consideration of the firm’s weaknesses–opportunities (WO); and
4—the defensive strategies which are generated from the weaknesses–threats (WT).

As a strategic decision-making tool, SWOT analysis process, in its classic form, priori-
tizes the strategies though the quantitative strategic planning matrix (QSPM). Yet, due to
the fact that SWOT provides only a qualitative analysis that merely ranks the factors’ im-
portance by measuring them quantitatively, it fails to address the priority of the strategies;
hence, it is mostly integrated with other decision-making methods, such as multi-criteria
decision-making (MCDM) techniques [21,22]. Amongst MCDM methods, the analytic
hierarchical process (AHP) is most commonly combined with SWOT. AHP imports the
decision problem into a hierarchy structure fashioned with the goal, decision criteria, and
alternatives; then, benefiting from the pairwise comparisons, it computes the importance
weights of the components of the structure and finally ranks the problems’ alternative. The
AHP structure makes it an ideal tool to incorporate with the SWOT analysis process to rank
and select the best strategies in various studies. Another application of AHP in the SWOT
analysis could be found in [23], where it is employed to assess and prioritize the effective
factors on the diffusion and implementation of the biorefinery concept in the European
PPI. Haque et al. [24] used a combined model of SWOT and AHP to identify the barriers
and opportunities for electricity trading for Bangladesh, focusing on the stakeholders’
perceptions. By using a combined model of SWOT, AHP, and fuzzy technique for order
of preference by similarity to ideal solution (TOPSIS), Papapostolou et al. [25] focused on
decreasing greenhouse gas emissions by the consolidation of renewable energy.

In the SWOT analysis, experts have the responsibility to monitor the firm’s internal and
external environment, then, SWOT composes their opinions and interpretation along with
statistical reports into the IFE and EFE matrices, while some strategic analysis tools offer
their unique variables and measurement approaches for the analysis of the environment,
such as the SPACE matrix. The SPACE matrix is designed based on the four dimensions,
which embrace the firm’s internal and external environments. The internal dimensions
embrace the financial strength and competitive advantage which are the major indicators
for the organization’s strategic position; on the other hand, the external dimensions, which
contain the environmental stability and industry strength, characterize the strategic position
of the entire industry [26]. SPACE matrix is not as popular as SWOT; however, it has been
employed in the literature as an analytical tool in different industries, such as tourism
and leisure [27–29], manufacturing [30,31], biotechnology [31]; and British professional
soccer [32].

In general, the external environment includes two separate layers, called “the macro
environment” and “the microenvironment”, which are also called “far” and “near” envi-
ronments, correspondingly. In recent years, various methods have been used to analyze
the external environment of the company. The most used tool to give a diaphanous image
of macro environment is the PEST analysis, where P, E, S, and T stand for political, eco-
nomic, social, and technical analysis, respectively. Barbara et al. [33] used PEST analysis to
update the main political, legislative, economic, social, demographic, technological, and
environmental changes that affect the insurance industry in the European market. Alava
et al. [34] proposed a new form of PEST analysis constructed on the neutrosophic cognitive
maps static analysis for the food industry. Gong et al. [35] investigated China’s geothermal
energy industry exercising an integrated model of SWOT-PEST analysis. The following list
shows the extensions of the PEST analysis and their additional factors [36].



Mathematics 2022, 10, 846 5 of 22

• PESTEL analysis, which is organized with political, economic, social, technical, envi-
ronmental, and legal analysis [37–39].

• STEEPV analysis, which includes political, economic, social, technical, environmental,
and value analysis [40].

• SPENT analysis, which is established based on political, economic, social, technical,
and natural environment analysis.

• STEEPLE analysis [41]; this tool analyzes political, economic, social, technical, envi-
ronmental, and ethics factors.

The conventional strategic analysis tools, such as SWOT and SPACE, cover both inter-
nal and external factors. SWOT relies on the experts’ knowledge about the firm’s internal
and external environments’ effective factors on the firm’s position in the market. In addition
to involving human decision-making in the process, which inevitably adds uncertainty,
the level of their knowledge is another problem that emerges during the process which
causes the output to not be reliable. Thus, in order to improve the results some scholars
tried to integrate SWOT with PEST analysis to analyze the external environment [42–44]
or merged it with MCDM methods. PESTEL itself is not a comprehensive method; hence,
it has been extended to other versions to cover the mentioned lack. On the other hand,
SPACE matrix, specifically, provides factors for investigation of both internal and external
environments, while it suffers from the lack of a holistic view to embrace all internal and
external factors where it arises as critical in the chaotic environment. Thus, there is no
specific method to provide and formulate the reflections of the environmental factors on
the internal factors. Consequently, the aforementioned methods are not able to extract the
firm’s strategic position in order to provide appropriate strategies.

2.2. Uncertainty and Strategic Analysis

Strategic analysis deals with the uncertainty since the process needs to determine the
results of interactions between internal and external dynamic factors. The rapid changes in
the environmental factors, especially in this COVID-19 era, have emerged as the intense
uncertainty, which has made the prediction the market factor trends severely difficult
and impacted the decision-making on the selection of the most appropriate strategies.
As Knight [45] implied, uncertainty is the incapability to predict the possibility of events
occurring. Smales [46] brought up the following question: “why does uncertainty have
such a significant economic impact?” Then, he replied that the explanation may be found
at the microlevel where uncertainty is shown to have a deep impact on decision-making,
see also [47–50].

Fuzzy set theory [51] was primarily developed to formulate imprecise information
in order to make it a logical conclusion for any decision-making problem, in which the
imprecise linguistic terms, such as poor, high, good, low, etc., are translated into numeric
values using fuzzy membership functions [52]. In addition, modeling imprecise concepts in
fuzzy sets performs through allocating a membership degree to the elements of the set [53].

Grey systems theory was developed by Deng [54]. The grey information refers to
the partial knowledge and incomplete information, which is located among two other
colors, white and black, which are referred to as the complete and known information,
and the unknown information [55,56]. Grey numbers and fuzzy numbers share the same
root, yet the fundamental difference comes from the grey number where its precise value is
unknown but the intervals at which it is located are known [57].

To overcome the uncertainty that appears during the strategic analysis process, former
studies employed fuzzy logic and grey systems theory in the strategic analysis procedures,
especially in SWOT. Yet, the application of different fuzzy sets extensions, e.g., the intu-
itionistic fuzzy sets, could be widely found in various works to furnish the mathematical
platforms for dealing with uncertainty in strategic decision-making and strategic analy-
sis. The recent applications of the intuitionistic fuzzy sets are addressed in [58–62]. The
application of the grey systems theory on SWOT analysis could also be found in [19,63,64].
In contrast to the grey systems theory, fuzzy logic has been widely used for SWOT anal-
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ysis [65–70], especially, in the integration of the SWOT with MCDM methods [71–73].
To calculate the reflections, linear changes between two different times must be taken
into account. Therefore, a method needs to embrace this need and also benefits from the
advantages of each uncertainty formulation methods.

3. Materials and Methods

As mentioned earlier, the TEA method is fundamentally fabricated around the un-
certainty of information since the inputs stem from the complete information regarding
the firm’s external factors; hence, the method is developed under the grey environment
and uses grey systems theory operations to deal with the uncertainty. In this section, in
addition to discussing the grey systems theory, a novel method is proposed to compare the
grey numbers.

3.1. Grey Systems Theory Background

To handle the uncertainty, the TEA method mainly deals with the grey systems theory.
In this section, the grey systems theory, the grey numbers, and the grey operations are
discussed. We also discuss the difference between a grey number and a fuzzy number in
this section.

Grey systems theory is developed to deal with the complexities of and to formulate
the uncertainty levels associated with every type of natural and artificial system and sub-
systems [74]. It is a channel that materializes incomplete information into discrete data as
Karimi and Hojati [75] argued.

When a decision model comprises grey elements, it results in a grey decision [76]. The
grey systems theory and its branches have been applied extensively in various decision-
making problems [77–82].

Grey systems theory and grey operations have been established on the grey numbers
which play a pivotal role in the application and development of the grey-based models [83].
Grey numbers stand for numbers that are not crisp and carries some incomplete information
yet bounded between two crisp values which demonstrate complete information [84]. The
definition of a grey number has been provided as follows (Darvishi et al., 2019): An interval
grey number is a number that is surrounded by two crisp upper and lower boundaries, but
its position within the boundaries is not clear. Mathematically, an interval grey number
is represented as ⊗G ∈

[
G, G

]
=
{

G ≤ t ≤ G
}

where ⊗G is a grey number, t shows the
information, G and G are the lower and upper boundaries, while G 6= G [85].

With proposing the concept of general grey numbers, Jiang et al. [86] stated three main
methods to deal with interval grey numbers:

1. Decompose the sequence of the interval grey number into two parts using information
decomposition—one is the “white part sequence”, and the other is the “grey part
sequence”, and then the decision-making model is constructed.

2. Transform the interval grey number into a grey belt and grey layer by means of
geometric coordinates.

3. Whiten the interval grey number with the help of “kernel” and “degree of greyness”,
and then propose various types of grey models based on “grey number attribute”.

The following equations address the grey number operations [87]:
If ⊗G1 =

[
G1, G1

]
and ⊗G2 =

[
G2, G2

]
, then:

−⊗G1 =
[
−G1,−G1

]
(1)

⊗ G1 +⊗G2 =
[
G1 + G2, G1 + G2

]
(2)
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⊗ G1 −⊗G2 = ⊗G1 + (−⊗ G2) =
[
G1 − G2, G1 − G2

]
(3)

⊗G1 ×⊗G2

= [min
{

G1 G2 , G1G2 , G1G2 , G1 G2
}

, max
{

G1 G2 , G1G2 , G1G2 , G1 G2
}
]

(4)

r×⊗G1 =
[
rG1 , rG1

]
(5)

⊗G1/⊗ G2 =
[
G1, G1

]
×
[

1
G2

, 1
G2

]
=
[
G1, G1

]
×
[

G−1
2 , G−1

2

]
=
[
min

{
G1G−1

2 , G1G−1
2 , G1G−1

2 , G1G−1
2

}
, max

{
G1G−1

2 , G1G−1
2 , G1G−1

2 , G1G−1
2

}]
,

(6)

⊗G1

a
=

[
G1

a
,

G1

a

]
(7)

a
⊗G1

=

[
a

G1
,

a
G1

]
(8)

The possibility degree of ⊗G1 ≤ ⊗G2:

p{⊗G1 ≤ ⊗G2} =
max

(
0, L∗ −max

(
0, G1 − G2

))
L∗

(9)

where
L∗ = L(⊗G1) + L(⊗G2) (10)

As debated before, fuzzy sets and grey systems are two main players for formulating
problems that deal with uncertainty. The grey numbers are similar to fuzzy numbers,
however, there is a fundamental difference. The grey numbers do not offer the exact
value of the number while it presents an interval in which two lower and upper bounds
are certain and the number’s value is floating between these two bounds. On the other
hand, fuzzy numbers give an interval as well, while, in contrast to the grey numbers,
the upper and lower bounds are not certain in the fuzzy numbers, and they follow the
membership functions. This arises as an advantage for the grey numbers in the formulation
and calculation process. It also gives more flexibility to put the information with different
contexture in an interval with two certain bounds. In our case, the analysis is based on
yearly/monthly information with two certain pieces of information which makes grey
numbers, with two certain intervals, perfect to exercise.

3.2. Grey Multiple Triangles Comparing Method

In many situations, when the purpose is the ranking of the generated grey intervals,
the products of a grey-based algorithm need to be compared, especially when there are
common intervals. There are different approaches to comparing/ranking the outputs of
grey-based methods. Darvishi et al. [88] reviewed the approaches employed to compare the
grey numbers such as the Moore’s approach [89], Ishibuchi and Tanaka’s approach [90], Hu
and Wang’s approach [91], kernel and degree of greyness of grey numbers approach [92],
grey possibility degree [92], and Xie and Liu’s approach [93].

In this paper, a new comparative grey numbers model is proposed called grey multiple
triangles method (G-MUTRICM) in order to compare grey numbers in a simple way. The
new method is based on the computation of areas of the triangles that each bound creates
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with the center of the interval. If Ci stands for the center of the interval (Equation (19)),
then, Equations (17) and (18) demonstrate the G-MUTRIM process.

θi =
(
(aici)

2 + (bici)
2

)
(

max
i>0

ai max
i>0

ci

)
2 +

(
max
i>0

bi max
i>0

ci

)
2

−1

=

ci(ai+bi)
2

(max
i>0

ci(max
i>0

ai+max
i>0

bi)

2

)−1

, i = {1, 2, . . . , m};

(11)

then

θi =
ci(ai + bi)

max
i>0

ci(max
i>0

ai + max
i>0

bi)
, i = {1, 2, . . . , m}; (12)

where
Ci =

ai + bi
2

(13)

The higher value of θi shows the higher ranking compared with other grey numbers
(Equation (18)). The triangles that a grey number’s bounds makes with its center compared
with its max interval has been portrayed in Figure 1 where ⊗Gm = [am, bm].
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4. Methodology

The ten-element analysis (TEA) method is introduced to determine the strategic po-
sition of the firm based on the analysis of the company’s internal activities/factors. The
TEA method evaluates ten key-factors of the firm involving human resources, marketing
and advertising, public relations and branding, the firm’s technology, the firm’s opera-
tions/processes, information technology, its logistic and supply chain, company’s products
and services, its finance, and the firm’s infrastructures at the current time. The TEA
method’s output determines the company’s situation in the market without considering
the external elements of the industry. Similar to other strategic analysis methods, the TEA
method’s product places firms in four states, i.e., aggressive, competitive, conservative, and
defensive, thus, managers can designate and select strategies with respect to each status.

This section is subdivided into two sections. The first section discusses the TEA
method as a new strategic analysis tool and its algorithm. In the second section, the grey
multiple triangles comparing method is presented as a novel method that facilities the
comparison between two grey numbers.
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The Ten-Element Analysis (TEA) Method

The foundation of the TEA method is the company’s internal factors’ trends of more
than two years or two periods. The TEA method’s philosophy is that the overall score of
the company’s internal factors is the reflection of the external environment. Assuming each
year as a distinct mirror that reflects the outside’s circumstances, the TEA method compares
the reflections, then offers the company’s real-time situation in the market. The reflections
are made by the firm’s external factors’ forces. The schematic process of reflections is
portrayed in Figure 2.
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The “time” is considered as a flexible variable that alters due to the industry’s be-
havioral pattern, which is in line with the yearly or monthly analysis. The TEA method
takes times into account as a set of consecutive numbers with a difference of “1”, e.g., the
second year, the third year, and the fourth year, not jumping from the second year to the
fourth year, etc. Time can be selected from the second year to the xth year where (x ≤ 9);
thus, the maximum periods that can be considered in the method are nine periods of time
prior to the current time. The brand evaluation is considered in the “PR and branding”
section where its value has a double value of the finance element since the TEA method is a
brand-focused method. In the new method, the finance element has a double value of the
largest value of remain elements.

In this paper, the fourth represented question is trying to find the most well-fit ap-
proach to formulate the uncertainty of the proposed method. In spite of the fact that grey
systems theory has been exercised less than the fuzzy logic in the SWOT applications based
on the literature reviewing, the grey systems theory is employed to achieve the fourth
question’s goal in accordance with the advantages and the characteristic it possesses, which
makes it an ideal tool for the TEA method analysis [94–96]. In order to find the firm’s
strategic position in the market and determining the best strategies, the TEA method calcu-
lates the reflection of the environmental factors based on the changes of the firm’s internal
factors over time. This creates another level of uncertainty alongside the human involved
decision-making processes. Moreover, the method needs a linear interval with the two
boundaries to embrace the variables’ values at different times. To harness the uncertainty
of the aforementioned levels, the TEA method employs the grey systems theory, which
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is an appropriate tool to formulate the uncertainty and handle the vagueness generated
during the decision-making process. The following steps demonstrate the TEA method’s
algorithm where HR, MA, PRB, T, O, IT, LSC, OS, F, and I stand for the company’s human
resources, marketing and advertising, public relations and branding, technology, opera-
tions, information technology, logistic and supply chain, products and services, finance,
and infrastructures.

Step 1—Computing the overall score of the main elements. In the algorithm
{HR, MA, PRB, T, O, IT, LSC, OS, F, I} ∈ i where i = {1, 2, . . . , m}, and each element
comprises sub-elements that are expressed as (mn) where j = {1, 2, . . . , n}, and (vmn ) stands
for the corresponding value for the nth sub-element of the mth main element, therefore:

vij = w′′ij
⊗ Sij , (14)

where 0 < w′′ij
≤ 1, ∑ w′′ij

= 1,

Vi = w′i
n

∑
j=1

vij i = {1, 2, . . . , m}; (15)

VF = 2max
i

w′i
n

∑
j=1

vj, F, PRB /∈ i; (16)

VPRB = 4max
i

w′i
n

∑
j=1

vj, F, PRB /∈ i; (17)

The coefficient of F and PRB in calculating VF and VPRB could be altered in accordance
with the experts’ decisions or the firm’s corporate strategy. In the equations, (Vm) represents
overall score of the mth main element, (w′′mn) stands for the importance weight of each
sub-element, (Sij ) represents the score of each sub-element, and (w′m) displays importance
weight of the mth main element where (0< w′m ≤ 1, ∑ w′m = 1).

Step 2—Computing the firm’s internal analysis score in accordance with the time
intervals. The company’s internal analysis score in the tth period is consistent with the
following equation where t = {−1,−2, . . . ,−x} and x ≤ −9. The (−) sign implies the
previous period times.

Vt = λtwt ∑ Vi, i = {1, 2, . . . , m}, (18)

where (wt) exhibits the importance score of the xth period where wt = {0.1, 0.2, . . . , 0.9},
and (λ) is the time importance weight based on the decision maker(s)’ decision(s) where
(1 < λ < 10). Hence, (0.1) is assigned to the first selected period and is held as its
importance score, and the period before the current time possesses the maximum score
(0.9), while the importance score of the current time is (1). The following pattern (Figure 3)
shows how to select the periods in the TEA method.

Step 3—Determining the firm’s strategic position. To determine the company’s sit-
uation in the market and select the best strategies in accordance with its situation, the
following equations were employed, where (V0) is the company’s internal analysis score at
the current time, and (G) is the grade of the trend.

G = (V0(Vt)
−1 + ∑

Vt

Vt−1
)10−1 , t = {−1, . . . , x} x ≤ 9; (19)
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Therefore if

1. G > Nt then, the company is in the aggressive zone.
2. Nt

2 ≤ G < Nt then, the company is playing in the competitive arena.
3. Nt

4 ≤ G < Nt
2 then, the company needs to choose conservative strategies.

4. G < Nt
4 then, the company must select defensive strategies.

The TEA method implementation process for determining the firm’s strategic position
is demonstrated in Figure 4.



Mathematics 2022, 10, 846 12 of 22Mathematics 2022, 10, x FOR PEER REVIEW 12 of 23 
 

 

 
Figure 4. The TEA method implementation workflow. 

5. Application and Results 
To evaluate the adaptability and applicability of the method, and also to assess it in 

terms of determining the firm’s strategic position, the TEA method is applied to a real-
world case, adopted from Zakeri et al.’s [19] study, where the information was accessible 
for the authors. This section is constructed on the three sub-sections containing (1) as the 
first section, case background discussing information regarding the dairy company, the 
process of the collection data, and the decision-makers; (2) the TEA method application; 
and (3) the result. 

5.1. The Case Backgrounds 
The dairy company is located in Iran and the aim is to determine its strategic position 

in the domestic market. In accordance with Zakeri et al.’s [19] study, the current status of 
the firm has been addressed as a competitive position. According to the study, the firm’s 
internal factors are listed as the high quality of products, usage of high-quality raw mate-
rials, innovation and variety, fiscal discipline (revenues, expenses and obligations), flexi-
ble production as the strengths’ indicators, and market research, branding, ERP software, 
and distribution as the firm’s weak points. 

Figure 4. The TEA method implementation workflow.

5. Application and Results

To evaluate the adaptability and applicability of the method, and also to assess it in
terms of determining the firm’s strategic position, the TEA method is applied to a real-
world case, adopted from Zakeri et al.’s [19] study, where the information was accessible
for the authors. This section is constructed on the three sub-sections containing (1) as the
first section, case background discussing information regarding the dairy company, the
process of the collection data, and the decision-makers; (2) the TEA method application;
and (3) the result.

5.1. The Case Backgrounds

The dairy company is located in Iran and the aim is to determine its strategic position
in the domestic market. In accordance with Zakeri et al.’s [19] study, the current status of
the firm has been addressed as a competitive position. According to the study, the firm’s
internal factors are listed as the high quality of products, usage of high-quality raw materi-
als, innovation and variety, fiscal discipline (revenues, expenses and obligations), flexible
production as the strengths’ indicators, and market research, branding, ERP software, and
distribution as the firm’s weak points.

In accordance with the information obtained from the firm and according to the
framework used by the TEA method, the following table displays the information we need



Mathematics 2022, 10, 846 13 of 22

to run the TEA method. In the table, in the HR: recruitment/laying off section, “+” and “−”
stand for recruitment and laying off, respectively, and the information is provided based on
the last year’s results comparison; in the T section, production lines’ flexibility represents
the make-to-order capability of the lines; and in the I section, “the numbers of factories”
includes the third parties the company employed for outsourcing production.

To cover the entire ten elements, the scoring process has been performed by the firm’s
experts including the chief executive officer, chief financial officer, marketing and sales
manager, HR and strategic director, logistic and transportation manager, production and
engineering director, and the IT director. The data collection has been collected by direct
interview and filling in of a questionnaire.

As demonstrated in Table 1, some of the data are stated as linguistic variables. The
grey linguistic variables and their correspondent numerical values are presented in Table 2:

Table 1. The ten elements information for three years.
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Table 2. The grey attributes scale of rating.

Scale Grey Scale

Very Poor (VP) [0, 1] Very Low (VL)

Poor (P) [1, 3] Low (L)

Medium Poor (MP) [3, 4] Medium Low (ML)

Fair (F) [4, 5] Medium (M)

Medium Good (MG) [5, 6] Medium High (MH)

Good (G) [6, 9] High (H)

Very Good (VG) [9, 10] Very High (VH)
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5.2. Application

The TEA method’s process, variables, and results are represented in Table 3. In the
process, there are two added values named benefit and cost. These values address the
contexture of the sub-elements. When a sub-element is categorized as the benefit sub-
element, its higher value is favorable; on the other hand, if the sub-element is classified as
the cost sub-element, its lower value is favorable.

Table 3. The data aggregated table of variables and results.
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10

,0
.7

35
30

]

[0
.1

32
60

,0
.3

09
4]

t−3 vij

[0
.0

00
00

,0
.0

00
23

]

[0
,0

.0
00

49
7]

[0
.2

21
00

,0
.2

65
20

]

[0
.1

54
80

,0
.1

93
50

]

[0
.0

00
00

,0
.0

24
85

]

[0
.1

76
80

,0
.2

21
00

]

[0
.0

38
70

,0
.1

16
10

]

[0
.1

76
80

,0
.2

21
00

]

[0
.0

00
00

,0
.0

00
33

]

[1
7.

41
5,

17
.9

96
]

[0
.2

21
00

,0
.3

53
60

]

[0
.1

93
50

,0
.2

32
20

]

[0
.2

98
20

,0
.4

47
30

]

[0
.2

21
00

,0
.2

65
20

]

[0
.1

98
80

,0
.2

98
20

]

[0
.4

47
30

,0
.4

97
00

]

[4
.9

50
,5

.1
27

]

[1
6.

55
0,

17
.1

96
]

[0
.4

47
30

,0
.4

97
0]

[0
.0

99
30

,0
.1

32
40

]

[0
.2

48
50

,0
.2

98
20

]

[0
.4

25
70

,0
.5

03
10

]

[0
.0

88
40

,0
.1

32
60

]
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Table 3. Cont.

HR MA PRB T O IT LSC PS F I

t−1 vi

[0
.0

00
04

,0
.0

00
06

]

[0
.0

00
00

,0
.0

00
07

]

[0
.0

76
28

,0
.0

92
1]

[0
.0

67
38

,0
.0

81
77

]

[2
.0

68
51

,2
.1

25
88

]

[0
.0

85
45

,0
.1

12
12

]

[1
.1

48
39

,1
.3

45
42

]

[0
.0

67
38

,0
.1

00
46

]

t−2 vi

[0
.0

00
00

,0
.0

00
04

]

[0
.0

00
00

,0
.0

00
07

]

[0
.0

54
18

,0
.0

78
2]

[0
.0

53
03

,0
.0

67
42

]

[2
.0

51
71

,2
.0

78
49

]

[0
.0

70
63

,0
.0

95
33

]

[1
.1

03
48

,1
.1

50
86

]

[0
.0

44
53

,0
.0

67
38

]

t−3 vi

[0
.0

00
00

,0
.0

00
03

]

[0
.0

00
00

,0
.0

00
07

]

[0
.0

48
48

,0
.0

62
38

]

[0
.0

44
29

,0
.0

63
05

]

[1
.9

91
1,

2.
07

16
7]

[0
.0

64
19

,0
.0

82
46

]

[1
.0

63
56

,1
.1

05
95

]

[0
.0

36
02

,0
.0

44
53

]

In order to analyze the matrix, all sub-elements’ values ought to be positive; then, to
transform the cost sub-elements to benefits, their opposite linguist scale is used. The benefit
and cost sub-elements are shown as “+” and “−“ correspondingly in Table 3.

5.3. Results

In accordance with Equations (13) and (14), to compute the vF and vPRB, max
i

vi needs

be computed first. To determine max
i

vi, G-MUTRICM is employed (Equations (17)–(19)).

The results of the aforementioned process are stated in Table 4.

Table 4. The computation process of vF and vPRB.

VHR VMA VT VO VIT VLSC VPS VI

t−1
[0.00004,
0.00006]

[0.00000,
0.00007]

[0.07628,
0.0921]

[0.06738,
0.08177]

[2.06851,
2.12588]

[0.08545,
0.11212]

[1.14839,
1.34542]

[0.06738,
0.10046]

t−2
[0.00000,
0.00004]

[0.00000,
0.00007]

[0.05418,
0.0782]

[0.05303,
0.06742]

[2.05171,
2.07849]

[0.07063,
0.09533]

[1.10348,
1.15086]

[0.04453,
0.06738]

t−3
[0.00000,
0.00003]

[0.00000,
0.00007]

[0.04848,
0.06238]

[0.04429,
0.06305]

[1.9911,
2.07167]

[0.06419,
0.08246]

[1.06356,
1.10595]

[0.03602,
0.04453]

t−1 t−2 t−3

max
i

Vi [2.06851, 2.12588] [2.05171, 2.07849] [1.9911, 2.07167]

VHR [4.13702, 4.25176] [4.10342, 4.15698] [3.9822, 4.14334]

VHR [8.27404, 8.50352] [8.20684, 8.31396] [7.9644, 8.28668]

With respect to Equation (15), the internal analysis of the firm in three periods is
represented in Table 5.
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Table 5. The firm’s internal analysis.

t−1 t−2 t−3

Wt 0.9 0.8 0.7

λt 0.5 0.2 0.3

∑ Vi [15.92449, 16.61316] [15.68782, 16.00873] [15.19424, 15.86016]

Vt [7.166, 7.476] [2.510, 2.561] [3.191, 3.331]

By following Equation (15), the grade of trends is [0.46152, 0.50336], where V0 is [7.951,
8.976].

G = (
[7.951, 8.976]
[7.166, 7.476]

+ (
[7.166, 7.476]
[2.510, 2.561]

+
[2.510, 2.561]
[3.191, 3.331]

))/10 = [0.46152, 0.50336]

where
[7.951, 8.976]
[7.166, 7.476]

= [2.79813, 2.97849]

[7.166, 7.476]
[2.510, 2.561]

+
[2.510, 2.561]
[3.191, 3.331]

= [3.55166, 3.78106]

Based on the obtained results and also using G-MUTRICM (Equations (17)–(19)), the
next step is determining the firm’s position in the market where:

[0.46152, 0.50336] :
[0.8, 0.8]

2
≤ [0.46152, 0.50336] < [0.8, 0.8]→ Nt

2
≤ G < Nt

Therefore, the strategic position of the firm is narrowly the competitive position, where
Nt = N3 = [0.8, 0.8].

6. Discussion

Structurally, the TEA method is performed with a more complex process than the
SPACE matrix. Furthermore, it deals with higher levels of uncertainty through the pro-
cess and the final product is woven with uncertainty as well, due to using reflections to
determine the fluctuations of the firm’s environment. On the other hand, to determine the
firm’s position in the market, SWOT deals with a longer process compared with the TEA
method due to the consideration of external factors in its process. Gathering information
is more precise in the TEA method in order to find the changes, and also taking time into
consideration, makes the TEA method process more complex in order to generate the final
result. Yet, when there is a higher uncertainty than the natural uncertainty in the firm’s
environment and information is also difficult to obtain, employing the TEA method gives
managers a pattern to determine the current situation.

In this paper, we have brought up five questions. Through reviewing the literature,
we did not find any model that answers the represented questions. Hence, to answer these
questions, a new strategic tool was designed called the ten-element analysis (abbreviated
to TEA) method, which is executed under the grey environment.

In answering the first question, “is it possible to track the reflection of the firm’s
external environment on its internal environment?”, the TEA method’s process initiates
with recording the information of ten basic dimensions of each firm including the human
resources, marketing and advertising, public relations and branding, technology, opera-
tions/processes, information technology, logistic and supply chain, products and services,
finance, and the firm’s infrastructures. The TEA method finds the changes through ten
periods compared with the current information of the firm. The changes illustrate the forces
from the opportunities and stem from the firm’s environment which compelled the firm to
change these key-elements through the period to overcome the environment’s threats or
strengthen the opportunities in the environment. To apply the new method on the dairy
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company case, 27 sub-factors were extracted including recruitment/laying off, budget,
social network engagement, number of events, budget, flexibility, human errors, agility,
complexity, budget for BPR, number of clients, implementation of ERP, transportation,
automation, number of dairy suppliers, quality of the raw materials, portfolio size, product
SKUS, quality of the products, operating profit, business units, number of distribution
centers, production lines, numbers of factories.

The second question has concentrated on the utilization of the changes in order to
determine the firm’s strategic position. According to Equation (16), the TEA method
made use of the results that were obtained from the comparisons of the changes of the 27
aforementioned sub-factors and determined the dairy company’s strategic position. Those
changes reveal how the firm dealt with the opportunities and threats of the environment in
the strategic position where it stands. Therefore, the obtained results from Equation (16)
conduces the observer to determine the firm’s strategic position.

The third question focuses on existing strategic analysis methods. In general, strategic
analysis tools take internal and external factors into consideration to determine the firm’s
strategic position in the market. Based on the literature reviewing process, using the
reflection of the external factors on the internal factors to specify the strategic position is a
novel approach.

The fourth question regards uncertainty and how the proposed method deals with
it. There are four types of uncertainty that the TEA method ought to deal with them. The
first one includes the uncertainty generated during/by gathering information to import
into the algorithm; this type of uncertainty is mainly produced because of the possible lack
of expertise in gathering information and also exercising wrong models and methods for
extracting data mainly from past records. The second type of uncertainty stems from the
human perception and interpretation of some factors, which are stated as the linguistic
variables; to a large extent, this uncertainty emerges when a human is struggling with
the lack of knowledge, incomplete information, and available noisy information. The
third type arises from the possible changes of variables through the periods which are not
accessible. The final type is uncertainty in the nature of the information that is used in the
TEA method. Due to the fact that the obtained data during a period are merged and they
are not used as discrete data, they are naturally uncertain. Thus, the model is executed
in the grey environment due to the advantages the grey systems theory possesses rather
than other theories in dealing with the information uncertainty types that were discussed
earlier. Moreover, it enables the model to utilize data in an interval form, e.g., the values of
a variable in the beginning and end of an accounting year (the value of the beginning, the
value of the ending), in order to cover all possible changes through the accounting period.
During the implementation of the TEA method to determine the dairy company’s strategic
position in the domestic market, all grey intervals followed the aforesaid order and have
been stated as “the value of the beginning, the value of the ending” in three accounting
years.

The fifth question strives to assess the reliability of the proposed model. The answer
to this question is vital due to the structure of the algorithm used by the TEA method,
which does not take the external factors into account. Therefore, to show the reliability of
the proposed method, comparing the output of the TEA method with the output obtained
from the existing methods could be a potential solution. As Zakeri et al. [19] determined
in their study, the dairy company’s position is competitive. Our proposed method also
determined that the company’s strategic position is competitive. However, due to the fact
that the TEA method process’ basis is architected on the external factors’ reflections, to
obtain more accurate results, the number of periods should be closer to the nine periods, as
predicted in the TEA method. Furthermore, the discussed uncertainty resources need to be
as limited as possible.
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7. Conclusions and Future Research

In this paper, a new strategic analysis tool is introduced called the ten-element analysis
method. It is implemented under the grey environment. The new method takes the
reflection of the firm’s external factors on the internal factors to derive the firm’s strategic
position in the market. The TEA method embraces ten key elements of a firm and their
changes through at least two periods and maximum of nine periods, which make a clear
pattern to determine the reflection of the external forces.

In contrast with the conventional strategic analysis methods, such as SWOT analysis
and SPACE matrix, which are designed to evaluate the firm’s internal and external factors
in order to derive the strategies, the TEA method merely focuses on the computation of the
reflections of the external forces on the internal forces where a lack of complete information
regarding the environmental factors exists. In spite of the fact that the new method follows
a different approach compared to the other strategic analysis methods, the results showed
that it is a reliable method. Furthermore, according to the results, it could be concluded
that the TEA method deals well with the uncertainty and determines the strategic position
as well as other tools.

To run the conventional strategic analysis tools, such as the SWOT analysis, all ef-
fective factors, the external and internal factors, need to be listed, then, the evaluation
process begins. However, when the complete information is not available, or in the chaotic
environment, such as the current situation in which markets are struggling with intense
changes stemming from COVID-19 impacts, the detection of the changes of the internal
factors even in the short period makes determining of the firm’s strategic position available
for an external observer. Moreover, when a firm is struggling and there is a lack of inte-
grated information from the environment, the TEA method would be an appropriate tool
to determine the firm’s strategic position in the market.

The main limitation of the method emerges when the number of selected periods tends
to two periods, where the method’s output could be questionable. Yet, with increasing
periods, the reliability of the output is enhanced. Another limitation of the method could
be raised from the lack of proper information collection (see Figure 3). In order to generate
a reliable output, the TEA method requires complete information regarding the main
elements and their sub-elements.

The method is designed to generate output by evaluating ten key elements of a
business, yet it is suggested to change the elements according to the nature of the business
and to assess the method’s applicability and reliability. The utilization of the group decision-
making methods and MCDM techniques in determining the weights of the ten elements
and their corresponding sub-elements would be another interesting suggestion for future
research. Application of the fuzzy set theory’s extension, such as the intuitionistic fuzzy
and the hesitant fuzzy sets theory, in order to deal with uncertainty and compare them
with the grey system theory’s application is an interesting suggestion for future work.
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