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Abstract
Compared to economies around the world, the Palestinian economy confronts many obstacles
that prevent it from growing. These difficulties include the occupation's control over important
national interests, which includes preventing the import of technological instruments and
equipment, restricting border crossings, and preventing the entry of necessary industrial
materials. By blocking the entrance of foreign cash meant for investment, such measures

directly impede economic growth and the advancement of the national economy.
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In light of these obstacles, the Palestinian economy cannot establish a strong foundation
without a political solution that ensures sovereignty and economic freedom. This situation calls
for internal institutional reforms that can rebuild investor confidence within the Palestinian
state.

Since the establishment of the Palestinian National Authority, significant efforts have been
made to attract foreign investments in an attempt to bridge the funding gap and reduce
dependence on international aid and grants. However, these efforts have had limited impact
due to an unstable investment environment, the absence of economic sovereignty, and Israeli
restrictions on the movement of individuals, goods, and capital.

The importance of this study lies in its focus on the role of foreign direct investment (FDI) in
Palestinian economic growth, by assessing its effectiveness in attracting investors.
Additionally, it highlights the main challenges that hinder the development and growth of the
national economy, while offering key recommendations for decision-makers.

Keyword: Foreign Direct Investment, Economic Growth, Economic Reform, Ease of Doing

Business Index, Inflation, Employment, Unemployment.
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Abstract
The study aimed to identify the role of digital transformation in enhancing the quality of

internal auditing in Libyan commercial banks, through its role in governance and risk
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management and its confirmatory role, in addition to inferring the extent of the existence of
statistically significant differences regarding the study variables attributed to personal and
functional variables. The study relied on the descriptive analytical approach, while in terms of
procedures, the study is considered inductive deductive. The questionnaire was also used as a
main tool in collecting data. The study community consisted of those occupying positions
(internal auditing, members of boards of directors, risk management, external auditors, auditors
of the Audit Bureau, Banking and Monetary Control Department) in the Central Bank of Libya
and Libyan commercial banks. The study sample numbered (115) individuals, and each of the
following was used: Descriptive and inferential statistical methods were used to analyze the
data. The study concluded that sample members highly agree that digital transformation plays
a role in enhancing the quality of internal auditing in Libyan commercial banks. The results
also showed no significant differences in the study variables attributed to personal and
functional variables. The study recommended the necessity of adopting digital transformation
and digitization in Libyan commercial banks, and benefiting from the experiences of leading
banks in the field of employing and managing new digital technology, due to its role in
enhancing the quality of services provided by the internal audit team, improving the
effectiveness of internal auditor performance, and reducing the time of the internal audit
process.

Key words: Digital transformation, Internal Audit, Internal Audit Quality, Libyan Commercial
Bank.
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Abstract

This study addresses the most significant obstacles facing disabled students during the
stage of university education. These obstacles include deficiencies in the study curricula
specifically designed for disabled students, or the lack of specialized curricula that align with
their intellectual capabilities and their psychological or physical condition. Furthermore, the
study highlights the limitation of enrollment to only some theoretical colleges, the deprivation
of access to modern technology and participation in scientific colleges, in addition to certain
social obstacles related to mobility and access to classrooms.

On the other hand, the study focuses on the researcher’s vision regarding the necessity of
developing curricula to suit the condition of disabled students, dedicating specialized
academies for them, empowering them with Information and Communications Technology
(ICT), and emphasizing the rights of people with disabilities in the digital society.

Keywords: (Child — Disability — Education — Rehabilitation — Rights).
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Abstract:

The study aimed to identify the impact of entrepreneurial characteristics (self-confidence,
initiative, achievement motivation, autonomy and responsibility, creativity, risk-taking) among
employees on the adoption of strategic orientations at the New Al-Madar Telecommunications
Company in Benghazi, The study adopted an analytical descriptive approach. Data were
collected via a questionnaire distributed to a sample of (132) individuals, from which (107)

valid questionnaires were retrieved for statistical analysis. The results revealed: a high level of
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entrepreneurial characteristics among the sample members (weighted average 3.73, relative
weight 75%), a relatively high level of adopting strategic orientations (weighted average 3.62,
relative weight 72%), astatistically significant effect of the entrepreneurial characteristics
combined on strategic orientations, explaining (39.8%) of the variance in them. The dimensions
of achievement motivation and risk-taking had the largest and most significant impact. There
were no statistically significant differences in the level of entrepreneurial characteristics
attributed to demographic variables (gender, age, job level, educational qualification). The
study recommended enhancing training programs related to the characteristics of achievement
motivation and calculated risk-taking, encouraging creativity and initiatives through
incentives, and improving the organizational environment that supports autonomy and the
adoption of new ideas.

Keywords: Entrepreneurial Characteristics, Strategic Orientations.
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Abstract

This study aims to determine the level of recovery indicators from drug addiction from the
perspective of the recovering addict and the psychologist in light of certain variables. To
achieve this goal, the specialist-oriented recovery indicators scale (Suleiman, 2020) was used,
with some modifications made to tailor it to those recovering from addiction. and prepare a
questionnaire containing some personal information about the recovered person. After
confirming the validity and reliability of the two versions, one for the psychologist and one for
the recovering addict, the scales were applied to a sample of 30 recovering addicts and the five
psychologists who were following them up. The study reached the following conclusions:
The level of recovery indicators from the perspective of the recovering person and the
psychologist was high. The results also showed differences in the level of recovery indicators
between the recovering person and the psychologist in favor of the recovering person. The
results also showed differences in the level of recovery indicators in terms of social
relationships according to marital status in favor of married individuals from the perspective
of the recovered individual. However, no differences were found in terms of the overall score
and other dimensions. Meanwhile, there were no differences in the level of recovery from the
perspective of the specialist in terms of the overall score and dimensions attributable to the
marital status of the recovered individual. The results also showed no differences in the level
of recovery from the perspective of the recovering person and the psychologist attributed to the
educational level for the overall score, and all dimensions except for social relationships, which
showed differences in the level of recovery between secondary and university levels in favor
of university students from the perspective of the psychologist only. The results also showed
differences in the level of recovery from the perspective of the recovering individual
attributable to age at the onset of substance use for the total score and social relationships in
favor of age (17 years and above), while there were no differences for the remaining
dimensions. Meanwhile, the results obtained from the specialist's perspective showed no
differences in recovery indicators attributable to age at the onset of substance use. The results
also showed no differences in the level of recovery indicators attributable to the number of
substances recovered from addiction from the perspective of both the recovering individual
and the psychologist.

Keywords: indicators, recovery, addiction, drug, recovering addict.
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Abstract
This research examines the branch of Hadith Science (al-jarh wa al-ta'dil) (Criticism and

Credibility) which is specialized with the characteristics that, if found in a hadith narrator,
invalidate their narration and prevent its acceptance. These characteristics may relate to the
narrator's justice or accuracy. The research begins with an introduction and a preface that
clarify some relevant concepts, such as the concept of criticism and its legitimacy.

It also included two sections. The first section is concerned with explaining which qualities
influenced the reliability of the narrator, and the second section is concerned with the qualities
that influenced his accuracy, and which qualities had the greatest impact on the narrator, aiming
to explain the opinions of scholars and the most prominent evidence they used.

Keywords: influential attributes, criticism narrators
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The Leading Asymptotic Term for the Gamma Function of Matrices
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Abstract:

We derive the leading asymptotic term for the Gamma function of matrices. The leading
asymptotic approximation to derivatives of any order of the scalar Gamma function is also

obtained.
Keywords: Special functions; Asymptotic Approximations; Gamma function; Gamma function

of matrices.
Al 4, Lfi Cliial il Claalll i) e Jgeanll & WS clisiaall Lle AN o)l Colal) aal) g
Al Lle

Clighaal Lle &y ¢ Lle &l ¢ alie cilui ¢ daldll Jisall :dualidal) cilalst)

1. Introduction:

The purpose of this paper is to derive the following asymptotic results for the Gamma matrix
function I'(Q) with 8 is a large parameter. Scalar functions and matrix functions with a large

argument are common place in theory and applications. Details follow.

Proposition 1.1 Suppose

(i) the eigenvalues 1, ,k=1,2,...,rof Q € c™" satisfy Red, >0
(i) 6 € (0, )

Then, for Q fixed and as 8 — « we have for a certain constant invertible
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T that I'(6 Q) ~ T(wy,)T~!. This asymptotic relation ~ between matrices
holds in the following sense. The matrix (w,, ) is such that, when >y,

we have wy, =0, and whenx < y

6J aJ

ny: m F(Hlk) ( 1.1 )

211
02k

eOhl0g(OM)=02k [ nj g where 0 <j <my —1
I'(z) is the celebrated Euler Gamma function and I"'(Q) is the Matrix Gamma
function of the r x r matrix Q .

r'(p)= foooe_ttp_1 dt, tP"t = exp((P — 1) Int) (1.2)

Remark We adopt in equation (1.1) the convention of using the principal value of the complex

valued logarithmic function.

, 2 1 2
log(z) ==Inlz| +ia, -T<a<m, /9_;1 :=exp (ELog (9_:,()) (1.3)

Central to proving this result is the following lemma on the leading asymptotic term of all higher

order derivatives of the scalar Gamma function.
Lemmal2Lleth€D={|]e*0< || <A, —m+6<a<m—6},

where A, and 0 <4 <7 are certain constants. Then we have

1 1
F® () ~ e(A3)logA=MZnzm 7 os 404 oo, vEN. (1.4)

Given the myriad of applications of the scalar Gamma function and its derivatives in mathematics
and mathematical physics the above lemma 1.2 could be useful not only for the sake of proving
Proposition 1.1, but also in numerous other applications. We could not find this lemma explicitly
in the voluminous literature. It does not appear explicitly in any of the textbooks that are listed in

our references. Compare e.g. with Rainville E . F. [17],

Andrews G. et al [1], Olver F. W. J. [16] and Wong R. [24]. Proposition 1.1 is motivated by the

generalizations and extensions of scalar special functions to matrix special functions that took
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place in the past two decades. The Gamma matrix function, whose eigenvalues are all in the right

open half - plane is introduced and studied in Jodar L, Cortés J [12] for matrices in C™*.

Hermite matrix polynomials are introduced by Jédar L . et al [11] and some of their properties
are given in Defez E , Jodar L. [5]. Other classical orthogonal polynomials as Laguerre and
Chebyshev have been extended to orthogonal matrix polynomials, and some results have been
investigated in Jodar L, Sastre J. [14] and Defez E, Jodar L. [6]. Relations between the Beta,
Gamma and the Hypergeometric matrix function are given in J'odar L, Cortés J. G. [12]., Salah
[20] and Batahan R. S. [3]. These special functions of matrices have become an important tool in
both theory and applications see eg Salah [19,21,22]. A few examples follow. In (1998). Jodar

and Cortes [13] studied the Hypergeometric matrix series
F(AB;C,2) = 1+ 01 (An(B)n (O 5 (15)
with , B and C , r xr matrices with B C = C B. They proved among other things that:

@) F(A, B;C. z) satisfies the hypergeometric matrix equation

z(1—2)wP-z AwD + wO (C-z(B+1)-AwB=0, 0<|z]|<1 (1.6)

(b) with B =—n I where n is a natural number, the equation (1.6) reduces to

z1-2)wP—zAwD +wD (C—z(n—-1) )-nAw=0 (1.7)

that possesses a matrix polynomial solutions of degree n. The matrix Gamma function
occurs in the integral with matrix argument

F(AB;C,z)

=([(1—tz)" A= (1—¢)Bdt) I 2B~ (-B)r(c) (18)
With A = O we obtain the special case of

F(0,B;C,z)=([] tF~'(1—¢)°"5~1dt) I (B)r~*(-B)r() (19)

that is the beta function with matrix arguments. It is evident from equation (1.8) that a study of
the limiting behavior of F(A,B;C;z) as C = 0Q becomes large, requires the services of
proposition 1.1. Matrices of the form with 8 a large parameter occur frequently in theory and

applications and could require the asymptotic approximation of integrals with a matrix argument.
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The right hand of equation (1.8) reveals that the asymptoic approximation of the integrals
representing the Gamma function, play a special role in the theory of special functions of matrices.
Proposition 1.1 and Lemma 1.2 are also relevant to the study of a singular perturbation problem
of the equation (1.7) For example, consider C a large matrix C = 8Q such that 8 — oo. It is readily

recognized that if we set € := 671 then the differential equation (1.7) becomes
e(z1 — Hw® = zAwD) + WD Q+ e (WwW(z(n—1) 1) +nAw=0 (1.10)

Formally, for €=0 we obtain a “reduced” hypergeometric equation wél)Q = 0. See e.g. Wasow
[23] and Nayfeh [15] for singular perturbations problems. The order of presentation in this article
is as follows. In section 2 we provide a proof to Lemma 1.2 and proposition 1.1, and in section 3

we provide an example.

2 The Main Result

2.1 Proof of Lemma 1.2

It is well known, see e.g. Arfken George B, Weber Hans J. [2] and Gradshteyn 1.S. et at [8], that

1 1
r()= elA-2)tog A=+ Finzn [1+s] or T(A)=e9D [1+5] (2.1)
Where

1 1 1 1
gM)=(—3)logrh—r+= Ln2m and S=—+ ——+ A (2.2)

and where A is an analytic function in the sector D such that
~ ¥ —k
A ZK=3ak/1 asA — o, 1 €D

A result of Ritt [18] states the following. Let (1) be holomorphic in a sector D defined by the
inequalities 0 < Ay <JA|, a; <arg A< a, with a, > a being real numbers. let f (1)~

> ,a,A"asAd - oo ,A€D,then fM~ Z:ozo ra,A"""1 as 1 — oo , in every proper sub
sector D* : a; < a7 < argh < a; < a, where a; and a; are certain real numbers.

Consequently, we have
AV~ (a2 )M as 1 >0 ,AED (2.3)

By Leibniz formula
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ro) () = zv (Z) (e9@)P[1 4 5V (2.4)
L=0

Considering the L derivatives of e9® with respect to A we have ,

(9D )Pz 9D [ gD ()] L+LeIDIP (1) gD () + ... + eID g (1) (25)
Now let ¢t be the transposition operation. In the sequel we denote by It = (I3, L5, - - -, 1,)¢,
vi=(1,2, - - -, v, )" where n € N, the transposition of certain column vectors in R™*™and we

denote a(l, v) certain coefficients to be elaborated upon in the sequel. We also put L for the

inner product of [ and v such that
L=(Lv)y=L+05L2+ - -+1,v, with [;<L forall 1<i<n. (2.6)

A special case of the Faa di Brunos formula, see e.g. Johnson W. P. and Bell E. T. [10] and [4],

we have

(L)
(eg(l) ) = eg(/'L) [ g(l) (/D] L+ Zfinitesum d(l, V) eg(ﬂ) [ g(l) (/1)] h . [ .g(vn) (/1)] fn

@ !
= eI [ gD [1+ Lpinitesum alv) EmZ2 (gD @1] (27)

where the finite sum is taken subject to (2.6). Similarly, we calculate the v,,th derivatives of

g (1) with respect to A, we have, when v,=1. g (1) = Log A — % A1, and when v,, > 2
V) () = -(vp-1) ~Vn

gvvA)=a, A +b, A~'", where

_ (1)Vn(vy-1)!
- 2

a,, =(=D"(v,-2)!, b, are certain constants. Since
[g@ @]+ = (Log A —5 A7%) ~t+i = (Log 2) ~t+k[ 1+ O( A7 (Log 1) ) ].

Therefore equation (2.7) becomes e9® [ g ()] L [1 +s,] where s, =0 { AP } for some

p € R. Now we can write equation (2.4) as

Zv (1) e @HOW] s L5107
L=0

=) g ) () P gD s s O] (28)
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= (e9®) M1+ (A7) ] = (AR)roar =23z g 5 1=y [140(27)]

and the conclusion (1.4) follows 0.

Remark f(1) ~ h(1) does not automatically imply f @~ h() as 1 — o for v € N, unless we

have special conditions as given in lemma 1.2. For example
fO=[A+ 2 tsin(A) ]~ 1= g
However, fM (\)=1— 172 sin(A?) + 2cos(A? ) is not asymptotic anymore to
1=g®N)ash— o
2.2 Proof of Proposition 1.1
By the Jordan Canonical form, it is well known, see e.g. Higham [9], that for

any matrix Q € C™ there exists a constant invertible matrix T such that

Q=TJT'=Tdiag(J,. j,,, Je)T", SEN (29)
Where
Jk) = Al + Hy, , 1<k <S (2.10)

my+my + -+ mg =1, Ly Iisanidentity matrix of size m; x m, and

[0 1 0 - 0]

H 1 -

Hy, = “ w0 ‘ , of size my, x my,. (2.11)
: -1
0 -+ v v 0

Consider the matrix 6Q. By Jédar L. and Corté J. G., [12], I'(6Q) is well defined, therefore by
e.g. Higham [9] we have

reQ)=Tr(Q)T'=Tdiag(8],,0],, ,0jg)T (2.12)
Consider

r@Ji)=[" et t%k=l dt (2.13)
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Observe that

mg—1 )
- _ (6Hpy,, Int)/
t0ik—1 = (02 1)[]mk+ E m+]’
j=1

Thus the integral (2.13) becomes

mi—1 .
o _ _ (6Hpy,, Int)/’
r@))=[;" et tO@xD E o dt

j=0

The typical term of the integral (2.14) is

© _t a1 (8] . eid
fO e t7 "k I dt—]!d(elk)jf(e/lk).

By lemma 1.2 we have,

jqi _1 _ ,
]'d((agj - (62, ~ e(eak Z)Log(eak) Ol +in2m | j g
! k

Thus

eia 21

Taeayy T O ~ 57 eftuLog (O4)=0% In g,
: k k

3 An example

(2.14)

For an application of proposition 1.1 consider the matrix Q € C*** together with it is Jordan

canonical form J

0O 1 0 0 11 0 0
1o o 10| ,_fo11 0 o
Q=0 o o 11 /=lo o 1 1| obtainedwith T, T~ such that,
-1 4 -6 4 0 0 0 1
1 -1 1 -1 0 1 0 0
_11 O 0 0 110 1 1 0
=11 1 o o' T 7o 1 21
1 2 1 0 -1 3 =3 1
r@Q)=rr(ey)r*
— 6dr(0) 02d%r®) ,,» 03d3r(0) ,,3 _
=T(r@lI, + = H, + TE H? + WH JT 1
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By proposition 1.1 we getas 8 — «

0 1 0 0
O O 1 O 2T
Ftelo o o 1 )
-1 4 —6 4
[ Ln20 Ln39‘|
1 -1 1 -17;i1 Lné@ 21 3! 0 1 0 0
en(@-6|1 0 0 0[]0 1 m?0fl0 -1 1 0
€ 1 1 0 0 o =—llg 1 5 1
1210l00 1Ln0J—13—31
0 0 0 1
Conclusion

In summary, derive the asymptotic results for the Gamma matrix function with a large parameter
Is investigated in this study. The results show that Proposition 1.1 and Lemma 1.2 are also relevant
to the study of a reduced hypergeometric equation for singular perturbations problems. The results
demonstrated in this work provide a perspective on the importance of special functions of matrices

in mathematics and mathematical physics.
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Abstract:

Water scarcity in Libya constitutes a structural challenge threatening national development,
as more than 95% of the country’s water resources originate from non-renewable aquifers
and the Great Man-Made River project. Rapid population growth and urbanization have led
to increasing wastewater generation, exceeding 1.4 million m3/day. However, less than 25%
of this volume undergoes adequate treatment, and the potential for safe reuse remains largely
untapped. This study assesses the performance of wastewater treatment plants (WWTPS) in
Tripoli, Benghazi, and Misrata through a mixed-methods approach combining field
sampling, laboratory analysis, and secondary data. A total of 120 influent and effluent
samples were analyzed for Biochemical Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), Total Suspended Solids (TSS), Ammonia (NHs-N), Nitrate (NOs7),
Phosphate (PO,37), and Fecal Coliforms. Results show removal efficiencies ranging
between 70-90% for organic matter and suspended solids, yet nutrient removal (NH3-N and
PO,%") and microbial disinfection remain inadequate, with effluents often exceeding WHO
and FAO reuse standards. Figures and tables illustrate treatment gaps across cities,
highlighting risks of environmental degradation and limited opportunities for water reuse.

The study concludes that wastewater treatment in Libya, while partially effective, falls short
of international benchmarks. Advancing wastewater management requires upgrading
infrastructure, adopting tertiary treatment technologies, enforcing regulatory frameworks,
and integrating resource recovery to support a circular economy. Wastewater reuse should

be prioritized as a strategic pillar for addressing water scarcity and enhancing sustainable
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development in Libya. These findings provide evidence-based recommendations for
policymakers and plant operators to enhance wastewater reuse, mitigate environmental
risks, and strengthen water sustainability in Libya.

Keywords: Wastewater treatment, Libya, water reuse, sustainability, nutrient removal,

circular economy.
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Introduction

Libya, situated at the heart of one of the world’s most arid and semi-arid regions, faces
severe water scarcity challenges. The country's water supply is heavily dependent on non-
renewable groundwater reserves from the North Sahara Aquifer System (NSAS) and the
Great Man-Made River (GMMR) project, with a growing reliance on seawater desalination
to meet rising demand (World Health Organization, 2022; Libyan Water and Wastewater
Company, 2023). Rapid population growth, accelerated urbanization, and economic
development have significantly increased municipal wastewater generation, currently
estimated at approximately 1.4 million cubic meters per day ... (Smith et al., 2023; Food
and Agriculture Organization, 2021).However, Libya’s wastewater treatment capacity
remains critically limited and inefficient, resulting in the widespread discharge of untreated
or partially treated effluents into the environment (El-Khodary, 2020; United Nations
Environment Programme, 2022).

Paradoxically, when appropriately treated, wastewater transforms from a hazardous
pollutant into a sustainable and reliable alternative water source, capable of alleviating the
heavy pressure on Libya’s overstressed conventional water resources. Nevertheless, the
current state of wastewater management in the country reflects a glaring gap between
potential and reality. While some major cities such as Tripoli, Benghazi, Misrata, and Sabha
... (El-Khodary, 2020; Khalil & El-Far, 2021). It is estimated that less than 25% of Libya's
generated wastewater undergoes secondary treatment or higher (Food and Agriculture
Organization, 2021; United Nations Environment Programme, 2020)., with outdated
technologies like stabilization ponds and activated sludge systems predominating.
Furthermore, the reuse of treated wastewater remains minimal, unregulated, and largely ad
hoc. Vast quantities of treated or partially treated effluents are discharged into valleys,
seeping into aquifers, or flowing into the Mediterranean Sea (United Nations Environment
Programme, 2022; Khalil & El-Far, 2021).The integrated and sustainable management of
wastewater is critical for North African countries like Libya, where water scarcity intersects
with escalating pollution levels. The United Nations Environment Programme (UNEP,
2020) emphasizes that sustainable wastewater management directly contributes to achieving
the Sustainable Development Goals (SDGs), particularly Goal 6, which advocates for clean
water and sanitation for all.

Despite the existence of treatment infrastructure, Libya lacks coherent and sustainable

strategies, leading to pressing environmental challenges such as groundwater contamination
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and the spread of waterborne diseases. The rapid urban expansion has intensified pollutant
loads, placing enormous strain on the already fragile wastewater systems. The country’s
aged infrastructure, coupled with a deficiency in modern treatment technologies,
exacerbates environmental degradation through surface and groundwater pollution, in
addition to contributing to greenhouse gas emissions.
Achieving sustainability in wastewater treatment necessitates a delicate balance between
technical efficiency, minimal environmental footprint, economic feasibility, and social
acceptance. Therefore, evaluating Libya’s current strategies and assessing their
sustainability is a critical prerequisite for devising viable solutions that encompass these
multidimensional considerations.
Traditionally, wastewater treatment has been narrowly focused on contaminant removal,
neglecting the immense potential of resource recovery and reuse. With the global paradigm
shift towards sustainable development, it has become imperative to adopt treatment systems
that not only neutralize waste but also safeguard natural resources and enhance water
security. Sustainable wastewater treatment is anchored on three fundamental pillars:

. Environmental Sustainability: Minimizing the ecological footprint of treatment processes
by employing low-carbon, energy-efficient technologies.

. Economic Sustainability: Reducing long-term operational costs through resource recovery,
including water reuse, sludge valorisation, and energy generation.

. Social Sustainability: Ensuring access to safe, usable water while promoting social equity
and improving quality of life.
Emerging sustainable technologies in wastewater treatment offer promising solutions,
including decentralized biological treatment systems suitable for rural areas, anaerobic
digestion for sludge-to-energy conversion, advanced tertiary treatment for safe reuse in
agriculture and industry, and smart control systems leveraging loT technologies to optimize
efficiency and minimize waste.
The effective implementation of these technologies yields tangible benefits:
e Substantial reduction in freshwater consumption through reuse initiatives.
e Significant improvements in public health by curbing waterborne diseases.
e Support for a circular economy by transforming “waste” into valuable resources.

e Enhanced food security via the use of treated wastewater for irrigation.
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Problem Statement:
Current wastewater treatment plants (WWTPS) in Libya fail to achieve effluent quality that
meets international standards for reuse, particularly with respect to nutrient removal and
pathogen reduction. This gap undermines water sustainability efforts and poses serious
environmental and health risks.

Research Significance:
Properly treated wastewater represents a strategic opportunity to alleviate water scarcity in
Libya. Beyond providing an additional water source, it supports agriculture, reduces
reliance on over-extracted aquifers, protects ecosystems, and enables energy and nutrient
recovery—thus contributing to a circular economy.
Research Aim:
This study aims to evaluate the performance of WWTPs in Tripoli, Benghazi, and Misrata,
assess their compliance with international standards, and explore opportunities and
challenges for advancing wastewater reuse as a pillar of water sustainability in Libya.
Materials and Methods:
Study Design:
This research employed a mixed-methods approach combining quantitative laboratory
analysis with secondary data review and case studies. The goal was to evaluate the
performance of wastewater treatment plants (WWTPs) in three of Libya’s largest cities—
Tripoli, Benghazi, and Misrata—and to compare effluent quality against WHO and FAO
reuse standards.
Study Areas:

o Tripoli WWTP: The largest treatment facility, serving the capital with mixed industrial and
municipal wastewater.

« Benghazi WWTP: Medium-scale facility with aging infrastructure and frequent operational
interruptions.

« Misrata WWTP: Relatively newer plant but facing challenges of capacity overload due to
population growth.
These cities were selected because they represent diverse geographical, demographic, and
infrastructural contexts, providing a comprehensive understanding of wastewater treatment

challenges in Libya.
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Sampling Strategy:
« Sample Size: 120 wastewater samples were collected (40 per city).
« Sampling Points: Both influent (raw sewage) and effluent (treated discharge) were analyzed.
« Period: Samples were collected between 2018 and 2023 to capture seasonal and annual
variations.
Parameters Analyzed:
The following physicochemical and microbiological indicators were measured:
« Biochemical Oxygen Demand (BOD, mg/L)
e Chemical Oxygen Demand (COD, mg/L)
o Total Suspended Solids (TSS, mg/L)
o Ammonia Nitrogen (NHs-N, mg/L)
o Nitrate (NO5~, mg/L)
e Phosphate (PO43~, mg/L)
o Fecal Coliforms (CFU/100 mL)
Analytical Methods:
« Physicochemical Analysis: Conducted following Standard Methods for the Examination of
Water and Wastewater (APHA, 2017).
« Microbial Analysis: Performed using the membrane filtration technique to quantify fecal
coliforms.
« Statistical Analysis: Descriptive statistics, ANOVA, and correlation analysis were carried

out using SPSS v26. Results were compared to international standards to assess compliance.

Secondary Data Sources:

To complement laboratory findings, reports and databases from the World Bank (2019),
FAO (2018), UNEP (2020), and the Libyan Water and Wastewater Company (LWWC,
2023) were reviewed. Expert interviews with local plant operators provided insights into
operational and policy challenges.

Results:

Wastewater Quality in Selected Cities:

Table 1 presents the average influent and effluent characteristics for the three WWTPs
studied. Results indicate significant pollutant reduction across BOD, COD, and TSS, while
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nutrient removal (NH3-N and PO,37) and microbial quality remain below WHO/FAOQ reuse

standards.

Table 1. Average Wastewater Parameters in Tripoli, Benghazi, and Misrata (Influent vs. Effluent)

Parameter Tripoli Tripoli Misrata Misrata | Benghazi | Benghazi | WHO/FAO
Influent | Effluent Effluent Effluent Influent | Effluent Standard
BOD (mg/L) 320 85 80 80 300 90 <30
COD (mg/L) 580 150 155 155 560 160 <125
TSS (mg/L) 420 100 105 105 400 110 <50
NH5-N (mg/L) 45 15 16 16 40 18 <10
NO5~ (mg/L) 5 3 3.2 3.2 6 3 10
PO,3 (mg/L) 8 2.5 2.6 2.6 75 2.8 5
Fecal Coliforms
1.2x10% | 1.5x103 1.8x103 1.8x103 1.1x10% | 2.0x103 <1000
(CFU/100 mL)

Removal Efficiencies:
The removal efficiency of key pollutants is illustrated in Figure 1, showing that:

« BOD removal reached ~70-75%, but effluents still exceeded safe reuse limits.

« COD removal ranged between 72—75%, indicating partial degradation of organic matter.

o TSS removal was relatively effective (~75%), yet effluents remained above the WHO
threshold.

 Nutrient removal (NH3-N and PO,37) was poor, with removal efficiencies below 60%,
raising concerns of eutrophication if discharged into water bodies.

« Fecal coliforms showed 2-3 log reduction, but effluent counts (1.5-2.0x102 CFU/100 mL)
still exceeded the standard for unrestricted agricultural reuse (<1000 CFU/100 mL).

Removal Efficiency (%)
88.2 85 914 70 333 375 99.97

193 - - - = —_ —_— =
45+ 90t 30+ 3.5x10
+ + +
12 15 10 15+5 8+2 5#+1 )
380+ 620+ 350+ 1.2x10
+ + +
45 60 0 50+8 12+3 8%+2 s
Fecal

BOD COD TSS NHs-N NOs;~  POs  Colifor
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) ms
(CFU...

W Removal Efficiency (%) 88.2 = 85.5 914 70 33.3 | 375  99.97

Figure 1. Removal Efficiency Across Libyan Cities (2018-2023)
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Figure 2: Seasonal Variation in COD Concentrations at Libyan WWTPs.

As in Figure 2 reveal peak concentrations during summer months (620 mg/L), exceeding
winter levels by 25%, which coincides with increased industrial activity during this period.
Potential for Wastewater Reuse:
To evaluate reuse feasibility, effluent quality was compared against WHO/FAO guidelines.
e Only nitrate (NO3~) concentrations consistently met the standard, suggesting limited
concern for nitrate pollution.
« BOD, COD, and TSS exceeded thresholds, making effluents unsuitable for direct
agricultural or industrial reuse without additional treatment.

« Fecal coliforms remained above limits, emphasizing the absence of effective disinfection.
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Figure 3: Comparison of Treated Effluent Parameters (BOD, COD, TSS) Against Permissible Limits
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Figure 4: Ammonia Nitrogen (NH3-N) Removal Performance Comparison
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Figure 5: Log Reduction of Fecal Coliforms in Libyan WWTPs

Figure 3 presents compelling evidence of inadequate NH5-N removal across all plants, with

none achieving more than 60% efficiency. Similarly, Figure 4 documents phosphate

concentrations in treated effluent that consistently surpassed WHO irrigation standards by

50-80%. These findings are particularly concerning given the eutrophication risks mapped.

the pathogen reduction data in Figure 5 shows only 2-3 log reduction of fecal coliforms,
leaving effluent concentrations (1.5-2.0x10% CFU/100mL) above the WHO's <1000 CFU

standard for agricultural reuse. This performance gap becomes even more apparent when

compared to regional benchmarks.

Wastewater Treatment as a Pillar of Water Sustainability...

161



SN asl) - ) Alaal) $ B - Aa gidal) Aaaladl dalal) Ayl
#2026 4 Scientific Journal of Open University - Benghazi

Discussion:

The results of this study highlight a critical gap between the current performance of
wastewater treatment plants (WWTPs) in Libya and the requirements for sustainable
wastewater reuse. While the facilities in Tripoli, Benghazi, and Misrata achieved moderate
removal efficiencies for BOD, COD, and TSS (70-75%), the final effluents still exceeded
WHO and FAO thresholds for unrestricted reuse. This indicates that existing plants are
functioning at a basic secondary treatment level, but their output is not sufficient to ensure
environmental and public health protection.

Organic Matter and Suspended Solids:

The reduction of BOD and COD demonstrates that biological processes in the plants are
partially effective in removing organic pollutants. However, effluent concentrations (80-90
mg/L for BOD and 150-160 mg/L for COD) remain well above reuse standards (<30 and
<125 mg/L, respectively). This suggests overloaded plant capacity, insufficient aeration,
and limited maintenance, consistent with findings in similar MENA countries (Food and

Agriculture Organization, 2021; United Nations Environment Programme, 2020).
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Figure 6: Fecal Coliform Concentrations in Tripoli, Benghazi, and Misrata Effluents
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Figure 7: Comparative Analysis of Organic Load Removal in MENA Region
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The strong correlation (R2=0.78) between plant age and treatment efficiency shown in
Figure 6 provides critical insights into Benghazi's underperformance, where 38-year-old
infrastructure struggles with contemporary loads. This finding is further contextualized by
Figure 7, which compares internal and external BOD levels among the three cities.
Nutrient Removal (NH3-N and PO437):
Nutrient removal emerged as one of the weakest aspects of performance, with only 40-50%
efficiency. Effluent concentrations of NH;-N (15-18 mg/L) and PO,3" (2.5-2.8 mg/L)
exceed international reuse standards. High residual nutrient loads can lead to eutrophication
in receiving water bodies, promoting algal blooms and oxygen depletion. This reflects the
absence of advanced biological nutrient removal (BNR) systems or tertiary treatment
processes, which are essential for sustainable effluent management.
Figure 3 presents compelling evidence regarding NH5-N removal, showing none of the
plants achieved more than 60% efficiency. The phosphate data in Figure 4 reveals even
more concerning results, with effluent concentrations consistently exceeding WHO
irrigation standards by 50-80%. These findings are contextualized by Figure 8, which
projects a 25% increase in coastal nutrient loading by 2030 if current treatment practices
persist.
The intersection of data from Figure 3 (NH3-N removal), Figure 4 (PO,3~ concentrations),
and Figure 9 (eutrophication risk assessment) paints a concerning picture of cumulative
environmental impacts. These visualizations collectively demonstrate how current treatment

inadequacies directly contribute to identifiable high-risk zones along Libya's coastline.

COD Reduction Across Cities
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Figure 8: Nutrient Loading Projections in Receiving Water Bodies by 2030
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Microbial Contamination:
Although fecal coliforms were reduced by 2-3 log units, effluent concentrations (1.5—
2.0x10% CFU/100 mL) remain above WHO thresholds (<1000 CFU/100 mL) for safe
agricultural irrigation. The lack of tertiary disinfection technologies (such as UV radiation
or chlorination) represents a major barrier to safe reuse. Similar challenges have been
reported in wastewater management across North Africa, where microbial safety is a
persistent concern (Khalil & El-Far, 2021).in Figure 10, where Libya trails neighboring
countries by 30-40% in microbial removal efficiency. Microbiological analysis, visualized
in Figure 5, documents insufficient fecal coliform reduction (2-3 log), It is important to note
that while Figure 5 illustrates the performance of Libyan WWTPs, Figure 10 provides a
broader regional benchmark. Therefore, Figure 10 should be interpreted as an additional
comparative reference rather than a duplication of the same dataset leaving effluent
concentrations (1.5-2.0x10% CFU/100mL) above the WHO's <1000 CFU standard. This
performance gap becomes starkly apparent when compared to regional benchmarks Figure
10 comparative analysis of disinfection technologies underscores Libya's 50% shortfall in
pathogen reduction compared to WHO targets. This evidence base strongly supports the

urgent need for advanced treatment solutions to enable safe water reuse.

1e6 Fecal Coliforms Levels

e

-
N

-
[=]

o
©

—e— Influent FC
—e— Effluent FC
——- WHO Limit

e
)

o
IS

Fecal Coliforms (CFU/100mL)

o
N

0.0 -=

Tripoli Benghazi Misrata

Figure 10: Pathogen Reduction Efficiency vs. International Benchmarks
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Comparative Insights:

Compared to countries like Tunisia and Jordan, where wastewater reuse rates reach 40-50%
through the adoption of tertiary treatment and reuse policies, Libya lags significantly behind.
In Libya, reuse is less than 5%, primarily due to technical inefficiencies, lack of regulatory

frameworks, and weak institutional coordination.

Strategic Implications:

The findings clearly demonstrate that Libya’s wastewater sector requires urgent

technological upgrades and policy reforms to transform wastewater from an environmental

liability into a resource. Specifically:

Upgrading WWTPs with advanced tertiary treatment (e.g., membrane filtration, UV

disinfection).

Introducing biological nutrient removal systems to address nitrogen and phosphorus

pollution.

« Developing regulatory frameworks and monitoring systems to enforce compliance with
international standards.

« Promoting resource recovery strategies (biogas from sludge, phosphorus recovery, water
reuse in agriculture and industry).

Conclusion:

This study evaluated the performance of wastewater treatment plants (WWTPS) in Tripoli,

Benghazi, and Misrata cities, highlighting both the achievements and limitations of current

systems. The findings confirm that while existing plants achieve partial removal of organic

matter and suspended solids (70-75%), effluent quality still falls short of WHO and FAO

standards for safe reuse. In particular, nutrient removal (NHs-N and PO,3”) and microbial

disinfection remain inadequate, posing risks of eutrophication and public health hazards.

The results underscore that wastewater treatment in Libya is at a critical crossroads: it

currently mitigates some pollution loads but does not unlock the full potential of wastewater

as a strategic water resource. Without significant intervention, untreated or partially treated

effluents will continue to exacerbate environmental degradation and water scarcity

challenges.

Recommendations:
Based directly on the study results, the following targeted recommendations are proposed:

1.Technological Upgrades
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o Retrofit existing WWTPs with tertiary treatment technologies (membrane filtration, UV
disinfection, or chlorination) to improve microbial safety.

e Introduce biological nutrient removal (BNR) processes to reduce nitrogen and phosphorus
loads, preventing eutrophication risks.

2.Policy and Regulation

e Establish national effluent quality standards aligned with WHO and FAO guidelines.

e Implement monitoring and enforcement mechanisms to ensure compliance and
accountability.

3.Resource Recovery and Circular Economy

e Utilize anaerobic digestion of sludge for biogas generation, reducing energy costs and
contributing to energy security.

e Promote phosphorus recovery technologies to recycle nutrients for agriculture.

¢ Develop structured programs for safe wastewater reuse in agriculture and industry, reducing
reliance on groundwater extraction.

4.Capacity Building and Stakeholder Engagement

e Train plant operators and technical staff on modern treatment and monitoring methods.

¢ Raise community awareness about the benefits and safety of treated wastewater reuse to

enhance acceptance.
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Abstract:
This research aims to develop an accurate prediction model for shear strength in deep beams
to improve the design of these vital structural elements. Various experimental data were
collected for several beams, including variables such as beam dimensions, concrete type, and
reinforcement type.
The data were analyzed using SPSS, where multiple linear regression analysis was performed
to determine the relationship between these variables and shear strength. The results showed
a strong relationship between some variables and shear strength, such as reinforcement ratio
and cross-sectional dimensions. However, the results also showed significant differences in
data quality, which negatively affected the model's accuracy.
The results indicate that the lack of available data has led to weak prediction power. Compared
to previous studies, this research has demonstrated the importance of considering the effect of
concrete type on shear strength.
Keywords: Prediction, shear strength, deep beams, data analysis, linear regression, SPSS
program.
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1. Introduction.

Deep beams are a type of reinforced concrete beam that has a large height-to-width ratio.

These beams are used in a variety of engineering applications, including buildings, bridges,

and tunnels [Russo, G., Venir, R., & Pauletta, M. (2005)]. The shear resistance of RC beams,

especially shear-critical elements such as RC deep beams, is a challenging issue that is still

the subject of academic debate. This is because the shear behavior of RC beams is affected by

many parameters, the interdependence of which is very difficult to model. Additionally, shear

forces always act in combination with other types of loads such as flexure, axial load, and

sometimes torsion, further complicating the problem. Accurate shear capacity prediction is

paramount since shear failure is catastrophic and could occur without warning [Osman, B. H.

(2008)].

They behave differently from ordinary beams, as phenomena such as lateral bending and axial
compression play an important role in determining their ultimate capacity. It provides wide
open spaces without internal columns, which increases the efficiency of space use. It has high
rigidity and a large load-bearing capacity, which makes it suitable for use in structures with
high loads.

It also provides great flexibility in design, allowing the design of structures of complex shapes.
In the deep beam, a significant portion of the applied load is transferred to the support point
through a compressive force that combines the load and the reactions. This leads to the strain
distribution being non-linear, and shear deformations are more pronounced than flexural
deformations. Particularly, the use of deep beams at the lower levels in tall buildings for both

residential and commercial purposes has increased rapidly because of their convenience and
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economic efficiency. Generally, deep beams are regarded as members loaded on their top
extreme fibers in compression and supported on the opposite side [U. Obinna . (2023)].

The ultimate capacity of a deep beam refers to the maximum load that it can bear before failure
occurs. Determining the ultimate capacity is crucial to ensuring the safety and structural
integrity of deep beam design; however, predicting the maximum capacity of deep beams is
complex and requires careful analysis.

The maximum capacity of deep beams is affected by several factors, including the dimensions
of the beam [Length, width, and height] the type of concrete [Compressive strength, soil
properties], the type of reinforcement, [Amount of reinforcement, distribution of
reinforcement, type of steel] and the loading conditions [Type of loading, loading value,
loading site] therefore predicting the maximum capacity of deep beams is complex and
requires careful analysis [RHAIR, E. I. A. M., & Ahmed, E. 1. (2005)].

Figure 1: Some applications of deep beams.

By comprehending the factors affecting shear strength and developing more accurate design
methods, engineers can design safer and more qualified concrete structures. Shear strength is an
internal force that acts parallel to the cross-section of a beam and causes the members of the beam
to slide relative to each other. In deep beams, which are characterized by their large length relative
to their height and thickness, shear strength plays a critical role in determining their load-bearing
capacity [Ochshorn, J. (2009)].

The purpose of studying the shear strength of deep beams is structural safety: Understanding
shear strength is essential for designing beams that can withstand loads without failure. Improving
design: Knowing how shear strength is distributed in a beam helps engineers to improve its design
and reduce the amount of material used. Troubleshooting: If a beam has a problem, understanding
the shear strength helps to determine the cause of the problem and find the appropriate solution.

In general, predicting the ultimate capacity of a deep beam requires careful consideration of
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various factors and perhaps a combination of analytical and experimental approaches [Ochshorn,
J. (2009)].

Reinforced concrete deep beams have many useful applications in building structures such as
transfer girders, wall footings, foundation pile caps, floor diaphragms, and shear walls. Especially
the use of a deep beam at the lower level in high buildings for both residential and commercial
purposes [Al-Asady, A. S .(2018)].

The method of distributing the load on beams influences the distribution of the resulting stresses,
and thus the shear strength [Park, R., & Paulay, T. (1991)].

The proposed method can accurately predict different failure modes, calculate the corresponding
shear strength, and then determine the failure mechanism and shear strength. The process is as
follows:

1. Crushed concrete at node 1: Under the condition of load distribution, the upper and
lower load distributions of shear stiffness must be satisfied when concrete at node 1 is
being crushed.

2. Crushed concrete at node 2: When concrete is being crushed at node 2, we can obtain
the shear strength of the lower load path and also the shear strength of the upper load
path under the condition of load distribution.

3. Steel yielding at node 3: When the flexural steel yields at node 3, the equilibrium
requirement of the vertical forces must be satisfied at node 3. The upper load and lower
load distributions of shear stiffness must also be satisfied.

4. Steel yielding at node 4: When steel yields at node 4, we can obtain the shear strength
of the upper load path. Then, the shear strength of the lower load path will increase
continually until failure occurs. We can calculate the minimum value of the shear
strength out of node 1, node 2, and node 3, to find the failure location and the

corresponding shear strength of the lower load path [8].

The two main patterns of failure that deep beams suffer from are shear and flexural failures.
The shear failure is divided into four patterns [ Fu Chai, and et. al (2013)]:

1. Shear tension failure. this type of failure is due to the influence of the flexural load,
which causes the tensile crack expansion in the compressive zone. The beam fails by
flexural failure in the compressive zone.

2. Shear compression failure, this type of failure is the result of a decrease in the

compressive zone due to the presence of diagonal cracks and their expansion in the
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compression zone, also, concrete crushing that occurs because of compressive stresses
exceed.

3. Struts compressive or shear proper failure, this type of failure often occurs in deep
beams that have a low value of (a/h), in which arc formation is evident. The deep
beams fail by compressive crush in the direction of the strut axis or by sudden tensile
crack parallel to the strut axis.

4. Flexural compression failure occurred after yielding of the main flexural steel

reinforcement, due to crushing of the concrete in the constant moment region.

Figure 2: Modes of failure, G1-shear tension failure, G2-shear compression failure, G3-strut
compression failure, and B2-flexural compression failure.

Understanding the ultimate shear capacity of deep beams is essential for structural engineering
and designers. It allows them to design deep beam structures that can safely support the intended
loads without failure. Accurate prediction of the ultimate capacity also helps in optimizing the
design and reducing material and construction costs. The main aim of the present study is to
develop a numerical and analytical model to predict the shear behavior and capacity of RC deep
beams more accurately than the available models, and this is achieved through the following
objectives:

1. Gain an understanding of the effect of key parameters such as shear span to depth

ratio, concrete compressive strength, shear reinforcement, and size effect on the

behavior of RC deep beams.
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2. Develop a mathematical model for predicting the maximum capacity of deep beams
using statistical analysis.

3. Compare the accuracy of the developed model with other prediction models from
various codes.

4. Evaluating the accuracy of a mathematical model to predict the bearing capacity of a

beam using statistical analysis.

2. LITERATURE REVIEW.
There are many studies and research that deep beams, using different methodologies, some
of them including the following:

[Chan and et al. (2019)] Summarized to separate and determine the effects of bearing plate
size on the effect of shear size. Existing deep beam tests on the effect of shear size were classified.
It is verified that the effect of shear volume for deep beams with a fixed bearing plate size is
stronger compared to deep beams with relatively varied plate sizes.

[Kim and et al. (2011)] Presented experimental studies of the behavior of deep reinforced
concrete beams under combined axial and bending loads. To study the effect of axial loads on the
structural behaviors of deep RC beams, specimens were prepared for different shear-to-depth
ratios and subjected to axial loads of 235 kN or 470 kN. Through experiments, structural
behaviors such as failure modes, load-deflection relationships, and strains of steel bars and
concrete were observed. Reported results of tests, for deep beams with a shear-to-depth span ratio
of 0.5, the load at beam failure decreases as the applied axial load increases, while deep beams
with shear-to-depth span ratios of 1.0 and 1.5 show that the applied axial load delays the failure
of the beam. In addition, the failure mode of deep beams changes from shear failure to concrete
cracking due to compressive stress at the upper corners of RC beams as the shear span-to-depth
ratio decreases.

[Rao and et al. (2011)] Presented experimental investigations on the shear behavior of
reinforced Concrete (RC) deep beams without and with shear (web) reinforcement. Twelve large-
scale deep beams made of 60 MPa concrete were tested. Three different beams of depth 250mm,
500mm, and 750 mm were tested to understand the size effect. The behavior of deep beams,
including load-deflection curves, web strains, crack Width, shear ductility, and reserve strength,
has been investigated. The beams tested under three-point loading failed in shear, and failure

modes were influenced by the beam depth and amount of shear reinforcement.
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3. COLLECTING AND ANALYSIS OF DATA.

Many methodologies can be used to predict shear strength in beams. These methodologies
depend on the type of beam, materials used, and theoretical, numerical, and experimental
boundary conditions. Understanding the shear behavior of deep RC beams has been a difficult
problem for several decades, and the problem is still not completely solved. A better
understanding and exploration of the influence of different design factors and the ultimate

shear capacity of deep reinforced concrete beams is obtained using SPPS analysis software.

3.1 Data collection from the literature review.

A total of 235 data sets were obtained aiming to evaluate the ability of the beams to withstand
lateral loads caused by shear forces. By collecting and examining previous literature; specimens
were tested and different parameters were examined for their effect on specimen behavior. These
variable parameters were shear extend soon to depth ratio (0.0024 — 2.49), beam height (250 mm
— 1905 mm), Ultimate load (0 N — 12588400 N), shear span of beam (1.125 mm — 4375.2 mm),
area of tension steel reinforcement (84.82 mm? — 32572 mm?) and area concrete of beam (40000
mm? — 933482 mm?), including geometric dimensions, reinforcement information, and concrete
strength, are selected by combining a set of random experimental data that varies in terms of
dimensions (Longitudinal and cross-section), loading (Central load), and factors (Reinforcing
steel). And others, for the shear bearing capacity of deep reinforced concrete beams with simple

supports

3.2 Data analysis using SPSS.

SPSS is a windows-based program that can be used to enter and analyze data and create
tables and graphs. It offers a comprehensive set of capabilities, providing flexibility and ease
of use beyond traditional statistical software. SPSS is capable of handling large amounts of
data, can perform all the analyzes covered in the text, and much more. SPSS is commonly
used in engineering mathematics and requires a range of analytical tools to solve problems
and make decisions. Correlation and regression analysis serve as useful tools, helping
engineers predict and improve results based on different variables. Whether it is
understanding the effects of different factors on the manufacturing process or analyzing the
performance of a structure over time, correlation and regression can provide valuable insights
[Sedgwick, P. (2013)].
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3.3 Estimating the regression curve.

Curve estimation allows you to quickly estimate regression statistic and produce relevant

plots for 11 different models.

Curve estimation is most appropriate when the relationship between the dependent variable

(s) and the independent variable is not necessarily linear [Sweet, S. A., & Grace-Martin, K.

(1999)].

4. RESULTS.

The results of statistical and engineering analysis of deep structural elements (Deep beams)
will reveal a set of complex relationships between various engineering and mechanical factors
and the ability of these elements to bear the applied loads. The study showed that the beam's

height, width, shear span, concrete cross-sectional area, and steel reinforcement area have a direct

and indirect effect on the beam's final bearing capacity.

The results aim to understand the relationship between various engineering factors and the ability
of deep structural elements to bear loads. These results can be used to develop more accurate

analytical models to evaluate the bearing capacity of these elements, thus improving the design

of structural structures.

4.1 Prediction results for ultimate capacity.

Results of predicting deep beam behavior using advanced statistical methods:

Scatterplot

Dependent Variable: Pu
(n)

Regression Standardized Residual

-2- a 2 4

Regression Standardized Predicted Value

Figure 3: Scatterplot Dependent Variable: pu (regression).
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4.2 Curve estimation results
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Figure 4: Scatterplot dependent variable: pu (Curve estimation).
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Figure 5: Results of the curve estimation for coefficient b using the SPSS program.

4.3 Equations derived from results from SPSS.
4.3.1 b vspu.
Linear: y =-719667.136 + 10688.197x  Eq (1).
Logarithmic: y=-11971884.5 + (2660225.726 In(x)) Eq (2).
Inverse: y =422952.411 — (362051788 /x) Eq (3).
Quadratic: y =-419504.695 + (7815.90x) + (3.812 x?) Eq (4).
Cubic: y=-715618.950 +( 11473.508x) + (-5.922 x?) + (0.007 x*)  Eq (5).

To estimate the shear capacity of deep beams reinforced concrete simple supporters, a simple

linear equation can be used if the relationship between shear capacity and cross-sectional area is
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approximately linear. But if the relationship is more complex and affected by other factors such
as concrete type and reinforcement ratio, you will need a more complex nonlinear equation.

4.4 Scatter diagrams for our developed models.
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Figure 6: Comparison between pu and pu prediction used from the b vs pu linear equation.
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Figure 7: Comparison between pu and pu prediction used from the b*h vs pu linear equation.
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Figure 8: Comparison between pu and pu prediction used from the a*As vs pu linear equation.

5. DISCUSSION OF THE RESULTS.

The results obtained were discussed, focusing on the impact of each of the identified factors
on final capacity, and comparing these results with previous studies. Possible deviations between
the current and previous results will also be discussed, and possible explanations will be provided.
Finally, recommendations will be made for future studies that can build on the findings of this
research.

Due to their high bearing capacity and adaptability to different loads, deep structural
elements are considered essential in many engineering facilities. However, there is still a lack of
complete understanding of the behavior of these elements and the Influence of various factors on
their ultimate capacity. The results aim to fill this knowledge gap by predicting the ultimate
capacity of deep structural elements using a set of influencing factors that have a strong
relationship with the ultimate capacity. These factors were selected based on an in-depth statistical
analysis using SPSS, where the focus was on the factors most closely related to final ability
according to previous studies.

Prediction discussion of the results for the ultimate capacity:

1. The results showed that the maximum load is strongly affected by the dimensions of the
beam, the shear span of the beam, the concrete area of the beam, and the area of the
reinforced steel in tension, and they have a strong relationship, as the results ranged from

e dvspu=0.763
e hvspu=0.757
e avspu=0.806
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e Acvspu=0.944

e Asvspu=0.932
The results showed that the maximum load is weakly affected by the ratio of shear span
to depth, as the strength of the relationship was a\d = 0.427. This indicates that these
parameters play an important role in predicting the shear strength.

2. From the equations, it is clear that the best linear equation (Eq 4.21), and that the results
of all linear equations have a large difference between them concerning the prediction
values pu and pu, such as (The linear equation (Eq 4.21), for the parameter (Ac), and its
values (Pu= 84000 N, Pu prediction= 514332.676 N), (Pu= 89600 N, Pu prediction=
437187.63 N) and, (Pu= 1000000 N, Pu prediction=1133555.176 N) and these are weak
results.

3. The weak results negatively affected the accuracy of the model, and one of the reasons for
this is the lack of data. To improve the accuracy of future predictions, it is recommended
to increase and diversify the sample size, improve the quality of the data, and use
advanced analytical techniques. It is also recommended to conduct additional
experimental studies to evaluate the effect of other variables on shear strength. Through
these efforts, more accurate design tools for deep beams can be developed, contributing
to improved structural integrity.

4. This research is an important step towards developing accurate prediction models for
shear strength in deep beams. Despite the challenges faced in the research, the results
obtained provide a good basis for future studies. By addressing the proposed limitations
and developing the model, more accurate design tools for deep beams can be developed,
which contributes to improving the safety of structures.

6. CONCLUSION AND RECOMMENDATION.

The most important results reached will be summarized, and finally, a set of
recommendations will be presented that can be built upon in future research. Which aims to
predict the final capacity of deep structural elements (Deep beams) using the SPSS statistics
program.

6.1 Conclusions:

1. Deep structural elements are essential elements in many engineering structures, due to their

high load-bearing capacity and adaptability to different loads. However, understanding the shear
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behavior of deep RC beams has been a difficult problem for several decades, and the problem is
still not completely solved.
2. Statistical sampling is considered the best way to predict data or information, as it saves time
and effort for the researcher.
3. Engineering mathematics often requires a set of analytical tools to solve problems and make
decisions. Correlation and regression analyses serve as useful tools, helping engineers predict and
improve results based on different variables. Whether it is about understanding the effects of
different factors on the manufacturing process or analyzing the performance of a structure over
time, correlation and regression can provide valuable insights. The statistical analysis program
SPSS is the best way and the most widely used tool to obtain the classification and analysis of all
data, which provides:

e Description of all variables related to the study.

e Analysis of data related to the study.

e Reaching the most important results related to the study.

e Generalizing the results.
4. The results present that the maximum load is highly affected by the dimensions of the beam,
the shear span of the beam, the concrete area of the beam, and the area of the reinforced steel in
tension, and they have a strong relationship, as the results ranged from 0.7~0.9. The results
showed that the maximum load is weakly affected by the ratio of shear span to depth, as the
strength of the relationship was 0.3. This indicates that these parameters play an important role
in predicting the shear strength.
5. The results of the comparison between the prediction and Pu that were extracted from previous
studies show a significant difference. This indicates weakness in the results, one of the reasons
for which is the lack of data.
6. To improve the accuracy of future predictions, it is recommended to increase and diversify
the sample size, improve the quality of data, and use advanced analytical techniques. It is also
recommended to conduct additional experimental studies to evaluate the effect of other variables
on the shear strength. Through these efforts, more accurate design tools for deep beams can be

developed, which contributes to improving the safety of structures.

6.2 Recommendations:
1. Increase sample size: More experimental data should be collected to increase sample

size and improve model accuracy.
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2. Improve data quality: Attention should be paid to improving data quality by using
accurate measuring devices and following standard procedures.

3. Include additional variables: Additional variables can be included in the analysis, such
as reinforcement type, connection method, and the effects of fires and earthquakes.

4. Use advanced analytical techniques: Advanced analytical techniques, such as artificial
neural networks or machine learning, can be used to develop more accurate predictive
models.

5. Validate the model: The model should be validated using an independent dataset to

ensure its ability to generalize.
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Abstract

With a focus on 17 papers indexed in Scopus between 1989 and 2025, this study offers a
bibliometric review of the literature on the effect of computer proficiency in technology
acceptance. The review investigates how user acceptance of technological advancements across
several fields, including computer science, education, psychology, and business, is influenced by
computer proficiency, which is defined as the abilities that facilitate efficient human-computer
interaction. The results show that computer proficiency, which frequently has greater impacts
than prior experience, is a reliable and substantial predictor of technological acceptance.
Furthermore, this association is shaped by modifiers including age, computer phobia, and self-
efficacy. Recent research has broadened toward useful applications in professional and
educational contexts, whereas early studies mainly focused on computer phobia and basic
proficiency assessment. According to the review, improving computer skills can boost user
confidence, lessen digital inequality, and encourage wider acceptance of technology, especially
in developing nations where digital literacy is still low. The necessity of explicitly incorporating
computer skill into models of technology acceptance is emphasized in the paper's conclusion,
which also calls for more empirical study in professional sectors and emerging economies.
Keywords: Computer Proficiency, Technology Acceptance, Bibliometric Review, Computer
Science
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1. Introduction

A well-established interdisciplinary area of study that bridges computer science, psychology, and
sociology is acceptance technology. While psychological and sociological research focuses on
decision-making processes that predict changes in user behavior, computer science research
typically focuses on system features (Amrouni & Arshah, 2018; Guo et al., 2018). The knowledge
bases of other fields, such psychology and sociology, can be used to better understand how the
nature of technology influences user behavior and usage (Tondeur et al., 2017). Computer science
acceptance attitudes of users ought to be based on perceptions of technology attributes (for
example functionality and usability), contextual factors (for example beliefs, values, social norms,
community and infrastructure), and individual factors (for example, intrinsic motivation, habit,

cost/benefit views, self-efficacy and anxiety) (Venkatesh et al., 2016).

Any technical innovation process starts with an individual's approval and acknowledgment, which

maximizes incentives for individual creativity (Wu et al., 2018). As a result, researchers are now
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interested in identifying the elements that influence users' acceptance or rejection of current
technology. Users have created a variety of models and frameworks to explain the adoption of
new technologies. These models and frameworks include elements that can promote user
acceptance (Taherdoost, 2018). Computer science is important to note that acceptance and reliance
by users are essential for any new technology to be improved and developed further. Furthermore,
user engagement in the development of systems had a proclivity to acceptance function (Hamidi

& Chavoshi, 2018).

Computer Proficiency is the skills related to communication between person and computer,
human-computer interaction, and is dependent on prior computer experience and usage frequency
(Sharit et al., 2019). Even if computer and internet technologies are now far more accessible and
widely used in poor nations (Sharit et al., 2019), however, developing countries such as Libya, the
use of these technologies is still low among people. For instance, a report by the internet world
stats organization (Worldatlas, 2016) has categorized 1.4 million with 21.8% among Libyan
citizens as Internet users, while 78.2% are not active users. For the optimal use of ICT, there is a
need for both domain and interaction knowledge. Computer proficiency is the essential interaction
knowledge required to use computers efficiently. Computers and the Internet can help seniors live
better lives and perform better on essential tasks for independent living. To reap these benefits,
the skills required to operate such systems must be available; thus, proper training is essential.
The current levels of proficiency must first be determined in order to provide efficient and

effective training.

Lastly, some of the relevant studies confirmed an effect computer proficiency on the level of user
acceptance (Boot et al., 2016; Sharit et al., 2019; Zhang et al., 2017). Consequently, there is a need to
inspect the moderator effect of the computer proficiency on the relationships studied in the
technology acceptance models and how computer science would affect the level of acceptance of

systems by users.

2. Previous Studies

One of the more developed fields of study is technology acceptance literature, which focuses
mostly on how accepting behavior may affect actual technology use (Blut et al., 2021). According
to the theory put forth by (Davis et al., 1989), If people think computers will help them perform

better and are easy to use, they intend to use them. Different from basic computer experience,
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computer proficiency includes abilities linked to prior use intensity and human-computer

interaction (Sharit et al., 2019; Smith et al., 2000).

Scholars have shown that proficiency is a more accurate measure of real-world computer
performance than experience alone (Arning & Ziefle, 2008; Barrett, 2018). Computer proficiency
implies skills related to communication between person and computer, human-computer
interaction, and varies from past computer experience and usage rate (Sharit et al., 2019; Smith et
al., 2000). Computer proficiency is a better indicator of real computer performance than computer
technological experience (Arning & Ziefle, 2008; Barrett, 2018), and computer experience has
differential effects on the acceptance of technology than computer proficiency (varma & Marler,
2013; Xu et al., 2017). Previous studies found that the use of advanced technology also had a
positive correlation with computer proficiency (Boot et al.,, 2015), while computer anxiety
correlates negatively with computer self-efficacy and computer attitude (Sengpiel & Jochems,

2016), indicating that self-efficacy might influence computer proficiency.

Additionally, research shows a positive correlation between technology use and computer ability
(Boot et al., 2015), whereas self-efficacy and attitudes are adversely affected by computer anxiety
(Sengpiel & Jochems, 2016). (Varma & Marler, 2013) further contend that gaining a lot of experience
does not always increase acceptability, highlighting the significance of assessing proficiency as a
separate concept. Collectively, these results highlight how proficiency plays a moderating role in
determining the results of technology acceptance.

3. Methodology

The Scopus database was used to perform a bibliometric review that covered the years 1989- the
year the first study on this subject was published- through July 2025. A bibliometric study was
conducted on works that address both computer competency and technological acceptance in
order to achieve the goals of this endeavor. As seen in figure 1, the chosen articles are from the
following domains that are related to the goals: IT/IS, computer science, engineering, social
science, psychology, and other disciplines. They are ranked in order of significance and were
published in conferences and journals with a high impact factor known as "Scopus articles™ in the
Scopus database. A review of the items of interest for this inquiry was carried out after defining

the criteria for the collected articles.
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Figure 1: Documents by subject area

In order to make the search more thorough, articles that were within their themes were located

utilizing this database's search engine. The keywords that were utilized as the phrases within the

topic were "Computer Proficiency and Technology Acceptance” in English only. Only 17 papers

were located, and abstracts were examined to ensure that the articles' content was actually related

to the topic being reviewed.

4. Results

A total of 17 academic publications from 1989 to 2025 were found by the bibliometric analysis.

Early research examined self-perceived computer skill and its impact on educational decisions

(Evans & Simkin, 1989). These seminal publications emphasized how crucial proficiency is for

lowering anxiety and raising engagement. Table 1, show these articles.

Table 1: The preliminary investigations of academic publications

NO. Document title Authors Source Year | Citations
1 Using Digital Inequality Framework to Evaluate a | Thompson, A.D., Sparks, C., | Journal of Aging and Health 2025 2
Technology-Delivered Intervention for Caregivers: | Wong, B., Caserta, M., Utz, | , 37(1-2), pp. 106-116
Age, Education, and Computer Proficiency R.L.
2 Effects of Experience and Computer Proficiency on | Olomiyete, LA Journal of Ecohumanism, 3(4), pp. 3303- | 2024 0
the Acceptance Behaviour of Accountants towards 3314
Usage of Cloud-Based Accounting Technology. A
case of Nigerian accountants
3 Effects of extended use of an age-friendly computer | Sharit, J., Moxley, J.H., Boot, | ACM  Transactions on Accessible | 2019 7
system on assessments of computer proficiency, | W.R., .Rogers, W.A.Czaja, | Computing
attitudes, and usability by older non-computer users SJ. ,12(2), a9
4 Predicting computer proficiency in older adults Zhang, S. Grenhart, W.C.M., Computers in Human Behavior 2017 23
McLaughlin, A.C., Allaire, | , 67, pp. 106-112
J.C.
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5 Exploring the relationship between computer | Boot, W.R., Sharit, J., Czaja, | Lecture Notes in Computer Science | 2016 0
proficiency and computer use over time in the PRISM | S.J., Charness, N., Rogers, | (including subseries Lecture Notes in
trial W.A. Artificial Intelligence and Lecture Notes
in Bioinformatics)
, 9755, pp. 300-307
6 EasyAuthor-Supporting Low Computer Proficiency | Chimalakonda, S., Nori, K.V. | Conference on Human Factors in | 2013 3
Teachers In The Design of Educational Content for Computing Systems - Proceedings, 2013-
Adult Illiterates April, pp. 649-654
7 Data mining techniques for identifying students at risk | Tsai, C.-F., Tsai, C.-T., Hung, | Australasian Journal of Educational | 2011 16
of failing a computer proficiency test required for | C.-S., Hwang, P.-S. Technology
graduation , 27(3), pp. 481-498
8 Cloze: An authoring tool for teachers with low | Hutchful, D., Matur, A., | ACM International Conference | 2010 9
computer proficiency Cutrell, E., Joshi, A. Proceeding Series, 2369239
9 Students' computer proficiencies, perceptions and | Badamas, M.A. Proceedings of ISECON 2010 0
experiences: An exploratory study
10 A proposed curriculum for computer proficiency for | Dunmade, A.O. European Journal of Scientific Research, | 2008 0
Nigerian tertiary institutions 24(4), pp. 487-490
11 An assessment of basic computer proficiency among | Bradlow, E.T., Hoch, S.J., Journal of Educational and Behavioral | 2002 27
active Internet users: Test construction, calibration, | Hutchinson, J.W. Statistics, 27(3), pp. 237-253
antecedents and consequences
12 The design of a web-based computer proficiency | Kinnersley, N., Mayhew, S., Proceedings - Frontiers in Education | 2001 5
examination Hinton, H.S. Conference, 2
13 Assessing computer proficiency Parker, Lorraine M. Proceedings - Frontiers in Education | 1998 0
Conference, 2, pp. 772
14 The lecture classroom environment and its effects on | Schuh, K.L. Journal of Educational Computing | 1996 8
change in computer anxiety of students taking Research, 15(3), pp. 241-259
computer proficiency classes
15 Enrollment in computer courses by college students: | Jo Campbell, N. Journal of Research on Computing in | 1992 22
Computer proficiency, attitudes, and attributions Education, 25(1), pp. 61-74
16 Relation of computer attitudes and computer | Jo Campbell, N., Williams, | Journal of Research on Computing in | 1990 9
attributions to enrollment in high school computer | J.E. Education, 22(3), pp. 276-289
courses and self-perceived computer proficiency
17 What Best Predicts Computer Proficiency? Evans, G.E., Simkin, M.G. Communications of the ACM 1989 107

,32(11), pp. 1322-1327

Initial Search Results (Query: "computer proficiency™): the initial broad search for "computer

proficiency"” in article titles resulted in 17 documents. An analysis of these documents is presented

below based on type, country, affiliation, author, year, and funding sponsor.

a. Analysis by Document Type:

The search results consist primarily of two categories of documents: articles and conference

papers.

* Articles account for 64.7% of all documents.

* Conference papers account for the remaining 35.3%.

As shown in figure2, this distribution is typical of academic research, demonstrating that

findings on "computer proficiency" are predominantly distributed through peer-reviewed

journals, with a significant share also presented at academic conferences prior to or during

publication.
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Conference Pape... (35.3%) ™.

-

T Article (64.7%)

Figure 2: Documents by type

b. Analysis by Country or Territory

The geographical distribution of the publications is strongly concentrated in a few nations, with

the United States making the largest contribution.

e 12 documents from the United States,
e 2 from India,

e 2 from Nigeria,

e 1 from Canada,

e 1 from Taiwan.

As shown in figure3, the data clearly show that research using the term "computer proficiency"
in the title is primarily undertaken and published by authors linked with universities in the
United States.

Nigeria _
Canada -
Taiwan -

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Documents

Figure 3: Documents by Country or Territory
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c. Analysis by Affiliation
The study of institutional affiliations is consistent with the country-level statistics, indicating a

high presence of US universities.

* Four leading institutions (2 docs each): Florida State University, Oklahoma State University,

University of Miami, and University of Miami College of Engineering.

* Other affiliations (1 document): Digital Green, International Institute of Information,
University of Illinois Urbana-Champaign, University of Nevada, Reno, Virginia
Commonwealth University, and NC State University.

As shown in figure4, this topic appears to be the focus of research at a limited number of
academic institutions in the United States. Notably, Florida State University and the University

of Miami make significant contributions.

Florida State University

Oklahoma State University

University of Miami

University of Miami College of Engin...
Digital Green

International Institute of Informatio...
University of Illinois Urbana-Champ...
University of Nevada, Reno

Virginia Commonwealth University

NC State University

o
o
]
[
[=]
n

0.75 1 1.25 15 175

(]

2.25

Documents

Figure 4: Documents by Affiliations

d. Analysis by Author

A small group of authors contributed several publications to this collection of 17 documents.

* Boot, W.R.; Charness, N.; Czaja, S.J.; Jo Campbell, N.; Rogers, W.A.; and Sharit, J. are the

most frequent authors, each with two documents.

* Other authors include J.C. Allaire, M.A. Badamas, E.T. Bradlow, and M. Caserta, each with

one document.
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As shown in figure5, the findings indicate the presence of a core group of scholars who are
especially active in this topic. The collaboration between these authors could be the topic of

further network research.

Boot, W.R.
Charness, N.
Czaja, 5.).

Jo Campbell, N.
Rogers, W.A.
Sharit, J.
Allaire, ].C.

Badamas, M.A.

Bradlow, ET.

[l
a
w
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2
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a
z

o
©
N
4
n
o
@

0.8 1 12 14 2.2

"
(=]
=
[}
]

Documents

Figure 5: Documents by Author

e. Analysis by Year

The publication frequency over time has a shifting pattern with no discernible trend.
* Publication period: 1989-2025
* Peak year: 2010 (2 documents)

* General Trends: The number of publications per year is constantly modest, usually one

document, with several years going without publishing.

As shown in figure6, research on "computer proficiency,” as an explicit title keyword, has been
continuing for decades but has not increased exponentially. Instead, it occurs as a topic of

occasional interest, or it may be discussed using different terminology in other times.

Documents

)
1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 2019 2022 2025

Year

Figure 6: Documents by Year
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f. Analysis by Funding Sponsor
The information in these documents comes mostly from US government health and research
agencies.
* The National Institute on Aging has three documents.
* Three documents from the National Institutes of Health (NIH).
» Two documents from the US Department of Health and Human Services.
* There is one document for Teachers College.
As shown in figure6, the large financing from the National Institute on Aging and the National
Institutes of Health clearly suggests that computer proficiency research is frequently framed in

terms of health, wellness, and aging populations.

National Institute on Aging

National Institutes of Health

U.S. Department of Health and
Human Services

Teachers College

™

0.5 1 15 2 25

(=]

Documents

Figure 7: Documents by Funding Sponsor

g. Refined Search Results (Query: ""computer proficiency' and "UTAUT")

To investigate the intersection of computer proficiency with a specific technology acceptance
model, a refined search was performed. This search looked for documents containing "computer
proficiency™ AND ("unified theory of acceptance and use of technology” OR "UTAUT") within
the title, abstract, or keywords.

This highly specific query yielded only one document:

. Title: Predictors of patients' acceptance of video consultation in general practice during
the coronavirus disease 2019 pandemic applying the unified theory of acceptance and use of
technology

. Source: Digital Health

. Year: 2023
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The result from the refined search indicates that while “"computer proficiency” is studied, its
explicit connection to the UTAUT framework is extremely rare, representing a potential gap or

niche in the existing literature.

5. Discussion
The review's bibliometric findings highlight a number of important trends in the research on

computer skill and how it affects people's acceptance of new technologies. All things considered,
the results highlight how computer skills consistently play a significant part in determining how
people view, engage with, and eventually embrace technological advancements. According to the
reviewed literature, competency is a better indicator of acceptance behavior than prior experience,
indicating that confidence and skill in human—computer interaction is more important than simple

technology exposure.

The moderating effect of computer proficiency on established technology acceptance models is a
major theme that emerges. The evidence suggests that computer proficiency shapes constructs
like perceived usefulness, behavioral intention, and ease of use, which are fundamental to
frameworks such as the Unified Theory of Acceptance and Use of Technology (UTAUT) and the
Technology Acceptance Model (TAM). For example, users with higher computer proficiency
exhibit greater self-efficacy and lower computer anxiety, which leads to higher rates of digital
adoption, while those with limited skills tend to feel apprehension and resistance, which slows

down digital adoption.

According to the chronological analysis, the majority of early research (1989-2005) focused on
identifying and assessing computer competency, frequently in educational settings. These seminal
publications outlined the psychometric underpinning for comprehending proficiency and
emphasized how it affects students' attitudes toward technology and learning practices. However,
more recent studies (2010-2025) have moved toward practical research, examining the effect of
proficiency in age-friendly systems, digital literacy, and health technologies. This development
reflects the larger cultural trend toward digital transformation, where competence is becoming a
necessary skill for engagement in both the personal and professional spheres rather than a

specialized issue.

There is a substantial theoretical and empirical opportunity due to the paucity of research that
explicitly incorporates computer proficiency into accepted acceptance models, particularly

UTAUT. The necessity for a methodical investigation of the ways in which proficiency interacts
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with constructs like effort expectancy, performance expectancy, and facilitating situations is
shown by the one study that was found to use this intersection. Future studies can produce more
precise predictive frameworks that take into consideration differences in skill levels among user
populations by incorporating computer proficiency as a variable or moderator into these models.

Lastly, bibliometric patterns support the idea that competency is a socio-cognitive concept that
affects user attitudes, confidence, and sustained engagement with technology, rather than merely
being a technical ability. Thus, increasing computer competency through focused education and
training initiatives might be a calculated method to boost technology adoption, especially in
developing countries where the digital revolution is still in its infancy. Therefore, empirical
studies that incorporate proficiency into acceptance models, compare its impacts across cultures,
and assess interventions meant to boost computer literacy and confidence should be given top

priority in future research.

6. Conclusion

The existing literature on the impact of computer proficiency on technology acceptability has
been methodically mapped and examined in this bibliometric evaluation. Computer competency,
which is defined as the competencies necessary for efficient human-computer interaction, is a
strong and substantial predictor of user acceptance of technology, according to an examination of
17 important studies published between 1989 and 2025. The results repeatedly show that
proficiency has a greater impact on acceptance behaviors than just prior computer experience,
highlighting the need to differentiate between the depth of usable skill and the breadth of
expertise.

One important finding from this review is that computer skill is a key moderating factor. The
overall trajectory of technology acceptance is shaped by its considerable interactions with
important elements like age, self-efficacy, and computer fear. The acknowledged significance of
computer skills in fostering digital inclusion among aging populations and reducing the digital
divide is further highlighted by the substantial funding focus from health-oriented organizations
such as the National Institute on Aging.

This review does, however, also point up important gaps in the literature. Significant prospects
for future study are indicated by the stark geographic concentration of studies in the U S A and

the dearth of researches that specifically incorporate computer skill into comprehensive models
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of technology acceptance, like UTAUT. Empirical study is desperately needed in emerging
economies, where digital literacy levels are frequently below ideal, and in a wider range of

professional fields than those that have already been studied.

To sum up, improving computer skills becomes a crucial tactic for building user confidence,
lowering acceptance obstacles, and advancing fair access to technology. Future studies should
focus on explicitly incorporating computer competency as a fundamental feature inside well-
established technology acceptance models in order to further this subject. Moreover, coordinated
efforts ought to be focused on creating focused training programs and carrying out cross-cultural

research to confirm these results in various technical and socioeconomic contexts.
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Abstract

This research aims to study the linear Cauchy equation in Hilbert spaces, with a focus on the
properties of its solutions, their stability, and the effect of linear coefficients on the spectrum.
The study begins with a review of linear differential equations and the fundamental theories
related to Hilbert spaces, followed by a spectral analysis of eigenvalues and eigenvectors
associated with the Cauchy equation.

The research also discusses applications of spectral analysis in dynamical systems,
mathematical physics, and wave propagation models, providing practical examples for
computing spectra and analyzing the results.

The findings highlight the importance of spectral analysis in understanding the behavior and
stability of linear systems, and they open the door for further studies in partial differential
equations and applied mathematical analysis.

Keywords: Cauchy equation, spectral analysis, Hilbert spaces, eigenvalues, stability
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