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1 Introduction
Fuzzy analytic hierarchy (FAHP) is a multiple-criteria decision selection method that uses

fuzzy logic. This method uses, amongst other things, a fuzzy pairwise matrix for comparison with
log non-linear programming to develop priorities with a fuzzy pairwise comparison matrix. Fuzzy
decisions are easier to develop than fuzzy crisp values. The zone that this paper evaluates is about
using FAHP in accounting firms. Accounting firms operate in a challenging environment where
they have to manage intellectual capital to provide a competitive advantage [1]. According to Lee
[2], when the number of investments is vast, then managing this huge portfolio becomes a
challenge. Account managers possible can commit errors of overinvesting or under-invest in some
assets, with reference to the value creation potential of the assets.

Mansour et al. [3] explain that AHP is increasingly used for knowledge creation and sharing
to capture the dynamics of the assets. It is important to note that knowledge, data, information,
and qualified reports must be first generated using FAHP. Yalcin and Unli [4] further expand that
knowledge artifacts can then be shared amongst accounting firm members and the efficacy of the
knowledge sharing can then be measured.

Whilst methods to generate knowledge and measure the impact of knowledge sharing are in
use since time, the previous efforts and methods have focussed on tangibles such as revenue,
market share, and other indicators. The intangible aspects [5,6] such as human capital and
intellectual capital that are strong indicators are largely ignored. Measurement and assessment of
intangible indicators are difficult and researchers have ignored them. However, human and
intellectual capitals are very strong contributors to a firm’s [7,8]. This paper examines this research
gap by focussing on these intangible indicators.

This paper analyses the various methods and systems where FAHP can be used to generate
knowledge and then measure the impact of the knowledge sharing methods in the Kingdom of
Saudi Arabia (KSA) accounting firms.

The paper sets to find out if FAHP with its system of criteria, subcriteria, alternatives, and
ranking weights can generate data on firm performance, to assess if FAHP can be used to compare
the intellectual and functional assets of a firm, with reference to benchmarked future. If knowledge
can be shared amongst accountant managers so that they can make quick decisions on evaluation
of firms, and how the impact can be measured.

This paper is unique since it adopts a novel approach of evaluating the intangible assets of a
firm, the human capital, and intellectual capital assets for long-term evaluation of firms, sharing
this knowledge, and measuring the impact of this knowledge sharing. Traditional methods use
standard financial metrics.

1.1 About KSA Accounting Firms
Financial reporting in KSA complies with IFRS. All listed firms in KSA must follow the

accounting standards. These standards are issued by the Saudi Organization for Certified Public
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Accountants (SOCPA). SOCPA works under the Ministry of Commerce and it prescribes
internationally accepted standards of accounting. In fact, SOCPA standards are fully aligned with
international accounting standards from 2015 onwards. This move was taken to ensure that KSA
firms are listed in international stock markets and that the financial reports are accepted
throughout the world. However, KSA firms are still required to follow the requirements of zakat or
religious tax and Sharia that are not covered by IFRS [9]. This observation is important since it
means that any knowledge sharing developed by KSA accounting firms is acceptable in all
international auditing firms.

This paper addresses “How to use FAHP to evaluate a large number of firms for human
capital and intellectual capital assets, to share the knowledge amongst accounting managers so
that proper investment in the right portfolios can be undertaken for long term gains.

Why this new approach is needed: Traditional evaluation of stocks was based on financial
and performance metrics such as turnover, profits, market share, market cap, and so on. These
methods have a limitation in that they look at data of the previous quarters and estimate the
performance for the future. Market and economic conditions can make even good firms to show
losses. However, it is the human capital and intellectual capital assets that lead a firm to success.
This paper proposes a model where these intangible assets are evaluated using FAHP to indicate
the future performance.

2 Literature Review

AHP is essential for managers to break down the decision process into different components
that move from general to specific issues [10]. The problem construction should have a goal or
problem statement, criteria, and alternative structure levels that are placed into an ordered
hierarchy. Every criterion and subcriterion needs to be split into a detail level. After the hierarchy is
defined, managers can evaluate the relative importance of every criterion with paired comparisons
that are structured in matrices. Evaluation is carried from the direction of the top-level criterion
[11]. As per Halder et al. [12], scoring is done on a relative basis where the importance and
relevance of a decision are compared to another. AHP helps to obtain the objective and subjective
evaluations along with a mechanism to inspect the consistency of the manager’s evaluations. It is
used for the analysis of intangibles since the probability for evaluation of qualitative and
guantitative criteria and alternatives are placed on the same preference scales. Many accounting
assets are attributes that do not have a scale to measure, but they are defined through relative
measurements and priorities. AHP is also a subjective system where priority weights and
information are derived from managers through a survey.

Measuring intellectual capital: Intellectual capital (IC) is similar to financial capital for the
value creation process. There are two types of intangible ICs in the value description tree and these
are human capital and structural capital. Human capital refers to the intangible that are a part of
the human resources and it has three components such as competence made of skills,
competencies, and knowhow; Attitude made of leadership and motivation; and intellectual ability
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made of mental flexibility, innovation, creativity, and problem-solving. Structural capital refers to
the intangibles that are a part of the firm. It includes relationships or the relational network of the
firm with stakeholders, organisation made of structure, routines, structure, processes, and some
other terms [13].

Ghassabi [14] presented research on measuring intellectual capital using FAHP for higher
education institutes. The study did not use any relative weights to find their relations, nor did the
study use any benchmarked results for comparison. Selim et al. [15] conducted another study of
manufacturing firms in Turkey to examine the tangible indicators. The gap was in the lack of
examining intellectual capital.

Measuring business performance: According to Zaied et al. [16], one of the reasons for using
FAHP is to increase the business performance and competitive advantage. One of the problems that
accountants and auditors face is to find assets that show trends of positive and negative impact on
the investments. This is more so for R&D and innovation capital expenditure that influence
competitiveness and firm value, and positive value of the market and business performance using
financial indicators to predict future performance. Yazici et al. [17] explain that stakeholders or
managers have their perspective for the financial value attributes and they may have a different
financial meaning to the financial performance.

Weakness, strength, and research gaps: The previous paragraphs have examined several
studies on FAHP. However, it becomes evident that these studies did not examine intangibles, they
did not use relative weights and did not refer to benchmarked values. By focussing on intangibles
that drive business performance, better prediction of enterprise performance is possible. However,
current methods of judging performance are not very satisfactory as they tend to rely on past data
and compare them with inadequate benchmarks. In many instances, the IC components from
different firms of the same industry are not compared effectively. As a result, benchmarked data is
not efficient, and it is difficult to assess the strategies that provide the critical assets knowledge
and sharing.

3 Proposed Methodology

This paper presents the methodology and algorithm for knowledge sharing in KSA
accounting firms. The section details the methodology to identify the relative importance of
different criteria, sub-criteria, and alternatives in accounting transactions by using fuzzy
comparison matrices without using zero weight issues. The method is then applied to a target KSA
accounting firm T. The target firm is then compared to 10 firms from the same sectors best
practices. FAHP considers the goal of increasing revenue. Figure 1 illustrates the conceptual model
for the paper.

Saaty [18] first defined an AHP to evaluate intangibles. Shariati [19] argues that it did not
fully capture the qualitative aspects since the discrete scale cannot manage actual transactions. Lee
[2] says that when expert preferences are impacted by imprecision, then definite numbers are used
to representing the linguistic judgments. To overcome the problem of ambiguity, Rezaei et al. [20]
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defined the triangular fuzzy numbers (TFN). FAHP is used for the conversion of TFNs that are
placed in fuzzy pairwise comparison matrices that are run to calculate the relative item weights and
the alternative ranking. Several ways are available for handling comparison matrices. The method
suggested by Chang [21] was improved by Omrani et al. [22] and it is selected since the further
implementation is fast and the relative weights are calculated faster. The detailed triangular fuzzy
conversation scale is shown in Omrani et al., 2019.

3.1 Algorithm and Methods

As per [23] and [21], for every level of the hierarchy that is created, a pair of linguistic
judgements in the TFN is transformed. They are placed in comparison matrices, which are given
below, and the equations are developed from a number of resources [24, 25, 26].
A= (ai)mxn =
[(1,1,1) (112, m12,u12) (I1n,mlin,uln) :=-:
121, m21,u21 --- (112,m12,ul2) (lin,min,uln) (Inl,mnl,unl) (In2, mn2,un2) (1,1,1) 1 (1),

N I T T o
aij= (lij, mij, uij) = a1ij —1—(uji R 1..n=i#j 2,

where A stands for the linguistic judgment of entities i and j. Therefore A is considered as
symmetrical and square matrix. For every row of 4, the relative row sum is calculated as:

RS i=¥j_a = (Ej=il i Xjeaiyy, Xioqty)i=1,..,n 3).
The formula is normalised with a correction [27] to derive the normalised row sum of § as:

S, Uij

Giz _FSL _ Y-, Lij Yo, Mij
I n N :
D=1 mk],Z]-=1 ukj

ST RS X U X T k) X, mkj YT uk)]

( (4).

Once the row sums of S; (i = 1 .... n) are normalised, then these are compared by using a
degree of possibility.
V(§{> Sj ={10 (uj-1))/ Cuj-mi)+(mj-lj) If mi > mj (5)
Iflj<uii,j=1...n j#i

The relative crisp weight of every asset i is evaluated by normalising the degree of possibility

values. This is given as:
Wi=V@Si>Sjlj=1,.... njEl) /¥R, VESi>Sjlj=1, ... n, j#k) fori=1,..n (6)

In Equation (6),
VESi28i=1,...,n, j#l = min,q. nmVESizS) i=1,.n (7)

Jiang et al. [28] and Wang et al. [29] do not accept this method to calculate relative weights
since there is a possibility that the methodology can assign zero weight to the alternatives and
criteria, indicating that their elimination is possible since they are classified as unwanted items.
However, this removal can create problems with the hierarchical structure and form improper

prioritisation of alternatives and criteria.
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As seen in Figure 1, it is possible that Equation (6) is used for comparison of TFNs. When the
pair of comparison matrices (1) is consistent, then the crisp weights can be linked to intervals that
are given by Equation (4).

4 Evaluation and Experiments

Using the studied methods, the relative importance of the criteria, alternatives, and sub-
criteria are used for fuzzy comparison matrices without facing the problem of zero weight
problems. The method is carried out in four steps and these are given as follows.

Step 1: In this method, the fuzzy comparison matrices are converted into crisp comparison
matrices by employing the centered defuzzification method or the center of gravity is used. For
TFNs, the translating formula is given as:

aij (@)= (lj + my + ui)/ 3 (8),
where (@ j)= (li, mj uy).

Step 2: In this step, the consistency of every comparison matrix is found by calculating the

Cl or consistency index and the CR or consistency ratio.
CI = (l max ~— n)/ n_l (9),
CR =(CI - RI(n))/ 100% (20).

The subscript k is the highest possible Eigenvalue of the comparison matrix, n is the matrix
dimension, and RI(n) is the random index that is based on n given in Table 1. Matrix consistency
can be taken true only when CR(10) < 10%. This value of 10% can be increased or decreased based
on the tolerance set by the account managers. When the matrix produces an inconsistent result,
then a new pair comparison must be obtained to find the pair fuzzy comparison matrix for further
analysis. This review of the matrix is continued until the required consistency is obtained.

Table 1: Consistency index random matrices (Golden et al., 1989)
n | 3 | 4 | 5 | 6 | 7 | 8 | 9
RI(n) | 058 | 0.9 | 112 | 1.24 | 132 | 141 | 145
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Step 3: In this step, the local priority weight for each criterion, alternatives, and sub-
criterion is found by adding up the row of the consistent fuzzy comparison A". This is then
normalized with the sum of the rows to derive (S;) with (4). The crisp weights are then found by
conversion of the fuzzy weights.

Wi= S.(ﬁ): (i + mi + 4i)/3 Where (gi): (I, mij uyy) (11)
through normalisation of the normalised crisp weight vector give as
W = W', W, ... W (12)

Step 4: In this step, the aggregate local priority weights are arranged into the global
priorities. The rank of every alternative is obtained. If multiple managers use the results, then the
process of evaluation can lead to different comparison matrices for each manager. Therefore,

before the steps are applied, they need to be synthesised into a unit aggregate matrix.

~(k k k) (k
ifal’= (1PmPul) (13).

This is the number that indicates the judgement given by the kth manager, leading to
1

(if C~l(k)) “l= ((k)! OIS (k) ) (14)

U D) ij

This is the reciprocal value of the function. By using the fuzzy average judgement addition
operator for TFN (Kaufmann and Gupta, 1991):

o _1 (K K 1 K 1 Kk .
a = —Xk=ad l(]) =( Zmll( ),m ke ml-(j),; il 1u( N j=1, ... n: j#l (15)

4.1 Measuring the Impacts of Knowledge Sharing
To evaluate the impacts of knowledge sharing on the value creation process, the estimation

of the impacts is done by evaluating the balance amongst different IC assets. This will help to
ascertain if there is over-investment or under-investment of the IC assets and it would therefore be
able to find if the use of knowledge sharing is ineffective or efficient. When the balance of the IC
assets is effective, this does not indicate that the relative importance and weights can be
distributed homogeneously [31]. The objective is to see the impact of knowledge sharing on the
value creation process. Every industrial sector has a specific and special knowledge creation
process. Therefore, the IC configuration must change as per the industry under analysis. FAHP is
therefore used to evaluate the relative importance of different IC assets through the FAHP weights
for a clear identification of the IC configuration [32].

This method allows KSA accounting managers to compare firms directly from the same
sector for improvement by benchmarking. For this paper, the target firm T is compared for the IC
configuration of best practices from the same sector. When such information is shared between
accounting firms, the decision-making of the account managers can be evaluated. A hierarchy is

developed for the analysis as per the structure given in Figure 2.
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Figure 2: The FAHP model.

In the FAHP model illustrated in Figure 2, the following details are to be noted.

First level: This is the goal of the FAHP, and this allows the assessment of the impact of the
model on the value creation process. The goal for the firm set is the increase in company revenue,
and it implies that the IC assets lead to revenue maximisation. The methodology can be extended
to include other goals such as market cap, market share, patents held, and other value creation
processes.

Second level: This is the criteria and there are two types for the analysis: structural and
human capital.

Third level: This is the subcriteria that are as per the definition of intellectual capital.
Human capital is given three subcriteria and these are attitude, agility, and competence. Structural
capital is given three subcriteria and these are relationship, organisation, renewal, and
development.

Fourth level: This is the alternative and related to the indicators for the IC components and
selected from the available IC measurement systems. These indicate every component of the IC.
The indicators that stand for the IC components as per the available methods indicate the
alternatives. These are identified by indicators such as IND1 for training, employee satisfaction and
motivation. Also, R&D investments, business climate, customer satisfaction, innovation, efficiency

and are also included.

4.2 Application of FAHP Model
The method discussed in the previous sections is applied to a target firm T and the results

are compared to a sample of 10 benchmarked firms from the same sector. The findings are then
shared to assess the impact of the knowledge-sharing process in accounting firms. Data for the
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FAHP implementation were obtained through journal articles where managers of KSA accounting
firms were interviewed. The responses were then analysed for the respondents who compared the
alternatives, criteria, and subcriteria to make paired comparisons. Respondents expressed their
relative importance using linguistics terms previously defined. The paired comparisons were then
arranged to provide respondents’ interpretation of the questions. The judgements were then
transformed into fuzzy numbers.

For the data, the consistency matrix was analysed and it is consistent with Cl =0.11 and CR =
0.8. The row sum of RS; (3) and the normalised row sum S; Eqaution (4) were calculated for the
indicators that are associated with the row of Table 1. Value of the row sum of alternative Training

with reference to competence was calculated by using Equation (3) to give:

RS; =(1,1,1) @ (1.5,2,2.5) & (1,1.5,2) ¢ (0.4,0.5,0.7) D (0.33, 0.4, 0.5) & (0.4, 0.5, 0.7) D
(BbbK(1.5,2,2.5) = (.13, 7.9, 9.83)

Sum values of all rows are given. Therefore

~_ 613 7.9 9.83
Si=( : :
71.13 " 59.67 50.43

) = (0.0862; 0.1324; 0:195)

Other row sum values are given in Table 2. Crisp weights are obtained with Equation (11)
and through normalization, the relative weights forever alternative for competencies are found as:
W =(0.13; 0.13; 0.11; 0.17; 0:.0; 0.17; 0.09)

4.3 Measuring the Impacts on Knowledge Sharing on KSA Accounting
Firms

Calculated values of synthesized pairs are presented. The seven indicators selected in the
fourth level of the FAHP model in Figure 2 are mapped to the respective sub-criteria. The
assessment is for all the parameters. The weights assigned by the respondents fall in the same
narrow range of agreement. Some variations are seen for firm T not being aligned, attitude is the
same for T 2%, and BP at 20%. It appears that firm T focuses on competence rather than BP, with
35% against 28%. BP invests more from intellectual agility at 52%, whilst T invests 43%. Company
T is seen to have an IC with strength and innovation capacity, with intellectual ability at 3%,
competence at 35%, and attitudes at 43%. The overall assessment is that there is a concurrence

amongst KSA account managers when FAHP is used.

Table 2: Synthesized paired judgments for alternatives for competence.
IND1 IND2 IND3 IND4 IND5 IND6 IND7
| m u | m u | m u | m u | m u L m u | m u

IND1 1 1 1 15 2 2.5 1 15 2 04 05 067 033 04 05 04 05 067 15 2 25
IND2 04 05 067 1 1 1 15 2 2.5 04 05 0.67 1 1.5 2 04 05 067 1 15 2
IND3 05 0.67 1 04 05 067 1 1 033 04 05 033 04 05 033 04 05 15 2 25
IND4 15 2 25 15 2 2.5 2 3 1 1 1 04 05 067 05 1

IND5 2 2.5 3 0.5 0.67 1 2 25 3 1.5 2 2.5 1 1 1 1.5 2

IND6 1.5 2 25 15 2 2.5 2 3 067 1 2 04 05 0.67 1 1 1 1 15 2
IND7 04 05 0.67 05 0.67 1 04 05 067 04 05 067 033 04 05 0.5 0.67 1 1 1 1
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4.4 Implications and Recommendations
Findings from the tests bring out the following implications. It is possible to identify the

extent to which portfolios perform against benchmarked firms of KSA firms. The implication is that
accounting firms can analyse a cohort of firms from the same sector for several criteria, subcriteria,
and alternatives to understand their performance for specific indicators. More important this
knowledge can be shared in the accounting firm, or in the accounting firm network to analyse
portfolios, understand areas where some firms show higher or lower performance. This assessment
is independent of the account managers’ skills and competence. Therefore, it would be possible for
accounting firms to advise their clients on the best-performing stocks and inform leaders for areas
in which they can improve.

The recommendations are that for further studies, multiple target firms should be examined
to understand their performance. The indicators can be tangible or revenue-based or they can be
focussed on intangible indicators such as intellectual capital and human capital. When sufficient
studies are run, it will be possible to use the studies through a framework and increase the
competitiveness of KSA firms.

5 Conclusion

The paper has generated data for criteria, sub-criteria, alternatives, and weights as
successful developed for a target firm. The results were then compared to benchmarked figures.
The result was useful since there was a high level of concurrence and disagreement for various
indicators. When this knowledge was shared and compared amongst managers, an evaluation
pattern based on intangibles was developed. This development is very interesting and it has wider
implications since it is possible to take up evaluation of a large number of firms based on multiple
indicators and decide if they are performing well, if these firms would perform well in the future,
and if a framework can be developed for such evaluation. For future studies, it should be possible to
test for a very large cohort sample of firms by using artificial intelligence to study stocks, firm
performance, and then decide where investment can be done.

6 Availability of Data and Material
Data can be made available by contacting the corresponding authors.
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