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On the Inverse Construction of (k,n)-Arcs in the Projective 3-
Space over GF(7)

Aidan Essa Mustafa Sulaimaan

Republic of Iraq Ministry of Education Open Educational College, Mosul, Irag, Email: aidan1020304050@gmail.com

Abstract: In this paper, we investigate the inverse construction of complete (k,n) —arcs in
the three-dimensional projective space PG(3,7) over the Galois field GF(7). The method is
based on systematically deleting selected points from maximal arcs of order m, where m =
n+1and3 <n < q?+ q, with arc sizes restricted byk < 400. Using this approach, we
construct a full hierarchy of complete arcs, ranging from the maximal case (400, 57) down to
the minimal configuration. Furthermore, a geometric proof is provided to show that the
smallest possible complete (k,n)-arc in PG(3,7) is uniquely realized as a (5,3) —arc. The
results extend the known classifications of arcs in finite projective spaces and offer a
systematic framework for their inverse construction and analysis.

Keywords: projective geometry; finite fields; (k,n)-arcs; maximal arcs; inverse construction

1. Introduction

Finite projective spaces and their arc structures constitute a central topic in combinatorial
geometry and finite field theory, with important connections to coding theory and discrete
mathematics. In particular, the study of (k,n)-arcs in projective spaces has attracted significant
attention due to their rich geometric properties and their role in the classification of point sets with

restricted intersection numbers.

Several researchers have contributed to this field. Ahmed et al. (2002) investigated maximal arcs
in the projective plane PG(2,7) over the Galois field GF(7).Later, Ismael (2005) constructed
complete (k,n)-arcs in PG(2,13). Al-Mukhtar (2008) extended these results by proving
completeness conditions of (k,n)-arcs in PG(3,q) for g=2,3, 5, within the range 3<n<q2+q+1. More
recently, Kareem (2013) examined projectively distinct (k,n)-arcs in PG(3,4) over GF(4). These

works highlight the progressive development of the theory of arcs in finite projective spaces.

The present paper continues this line of research by focusing on the inverse construction of
complete (k,n)-arcs in PG(3,7). The paper is organized into three sections. Section 1 recalls the

fundamental theorems and definitions of the three-dimensional projective space PG(3,q). Section
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2 develops the inverse construction method for complete (k,n)-arcs with 3<n<57. Section 3
provides summary tables presenting the entire spectrum of reverse constructions of complete arcs
in PG (3, 7). The results obtained in this study not only expand the classification of arcs in finite
projective spaces but also provide a systematic framework for understanding their inverse

generation.

2. The Fundamental Theorems and Definitions Pertaining to Projective 3-space
PG(3,9).
2.1 Definition 1[3] Projective 3-Space PG (3, q)
The three-dimensional projective space PG (3, q) over the Galois field GF (q) (where g = p™ for
prime p and integer m > 1) is a geometric structure comprising points, lines, and planes governed
by these fundamental axioms:
Incidence Axioms:
1. Line Uniqueness: Exactly one line passes through any two distinct points.
2. Plane Uniqueness:
A. There exists a unique plane containing any three non-collinear points
B. A unique plane contains any given line and point not on it.

4. Line Intersection: Two distinct coplanar lines meet at exactly one point.
5. Line-Plane Intersection: A line not contained in a plane intersects it at precisely one point.
6. Plane Intersection: Two distinct planes intersect along exactly one line.
2.2 Coordinate Representation:
Points: Represented by homogeneous quadruples (U1,U2,Us,Us) € GF(q)*{(0,0,0,0)}, where two
guadruples denote the same point if f they are scalar multiples (related by non-zero t € GF(Q)).
Planes: Represented by dual homogeneous coordinates [a: ,az ,as ,as] € GF (q) #{(0, 0, 0, 0)}, with
scalar multiples identifying the same plane.
Incidence Condition:
A point N(U1,U2,Us,U.) lies on plane n[a: ,az ,as ,a4] if and only if their dot product vanishes: a
UitaUz+asUs+asUs=0.
2.3 Definition 2[3] Plane w[3]

In PG (3, q), a plane = is defined as the solution set to the homogeneous linear equation Ui X +
U2Xz + UsXs + UsXa = 0, where [X1,X2,X5,X4] are coefficients in GF(q) (not all zero). This plane
is denoted 7| X1,X2,X3,X4].
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2.4 Theorems and Definitions
Theorem1 [4]: In PG(3,q), points admit a canonical representation through four distinct forms:
A. A unique point (1,0,0,0),
B. g points of type (U,1,0,0),
C. ¢?points of form (U,V,1,0),
D. @3 points (U,V,W,1) where parameters U,V,W range over GF(q).
Theorem 2[4]: The projective space PG(3,q) contains planes classified into four distinct types
based on their parametric forms:
A. asingle plane [1,0,0,0],
B. g planes of type [U,1,0,0],
C. ¢?planes of form [U,V,1,0],
D. @ planes [U,V,W,1], with parameters U,V,W ranging over GF(q).
Corollary 1[4]: The projective space PG (3, g) contains exactly g3 + g2 + g + 1 points and an equal
number of planes.
Theorem 3[4]: Three-dimensional projective space over GF(q) exhibits perfect duality - the
number of points in any plane (g2 + g + 1) equals the number of planes through any point.
Theorem 4[4]: In 3-dimensional projective space over GF(q), all lines are uniform with g+1
incident points, while all points uniformly lie on exactly g+1 lines each.
Corollary 2[4]: In PG (3, q), the intersection of any two planes forms a line containing exactly q+1
points. Dually, any two points lie on exactly g+1 common plane. Furthermore, each line is
contained in precisely g+1 plane.
Definition 3[1] :""(k ,n) — arcs™ In 3-dimensional projective space over GF(q), a (k, n)-arc is a
point set of size k with the property that every plane intersects it in at most n points (where n > 3).
The parameter n is known as the arc's degree.
Definition 4[1]: In PG(3,q), for any point set k of size k, an n-secant is a line or plane ¢
intersecting k in exactly n points. Special cases include:

1. secant: external line/plane (empty intersection)

2. secant: unisecant line/plane (tangent)
3. secant: bisecant line
4

secant: trisecant line.
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Definition 5[1]: A point N, not lying on a (k, n)-arc, is said to have index i if exactly i of the n-
secants of K pass through N. The number of such points with index i is denoted by C..
Remarkl [2]: A (K, n)-arc A is complete if and only if Co=0, which is equivalent to the
condition that every point in PG(3, ) is incident with some
N-secant line of the (k, n)-set.
Definition 6[2]: Let T; denote the total count of i-secant planes to a (k, n)-arc A. The plane
intersection type of A is then represented by the ordered sequence (Tn, Ta-1, Ta2, ..., To). The
type m of A is defined as
m=min {i|Ti£0} ,

That is, the least index i where T; is non-zero.
Definition 7[4]: Two arcs A (a (ki, n)-arc) and B (a (kz, n)-arc) are said to have the same type if
and only if their intersection profiles match completely, that is, T; = S; for all i = n,...,0. In such
cases, the arcs are protectively equivalent.
Theorem 5[4]: Let T; denote the count of i-secant planes to the arc A in PG(3,q), where:

A. T: counts bisecants

B. T: counts unisecants

C. To counts external planes (with b=q + 2 - k)
The following relations hold:

A. The number of unisecants is Ti=k- b
The number of bisecants is T = C(k,2) = k(k-1)/2
The number of trisecants is Ts = C(k,3) = k(k-1)(k-2)/6
For general n-secants: T, = C(k, n) = k!/(n!(k-n)!)

moow

External planes satisfy:
To= (g>+q*+q+1) - Zi= T
Theorem 6[4]: Let C; represent the count of points with index i in PG(3,q) that are not contained
in a (k, n)-arc A. Then the following equations govern these constants:
1. The total number of external points satisfies:
Shci=q+g+q+1-k

2. The weighted sum of indices satisfies:

iici_k(k— D k-n+1)(q%+ q + 1-1n)

n!
(04
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Here a = min{i | Ci # 0} and = max{i | C; # 0} represent respectively the minimal and maximal

indices for which C; is non-zero.

Theorem 7[1]: A (k, n)-arc A in PG(3, q) is maximum if and only if every line in PG(3, q) intersects
A in either 0 or n points.

3. Reverse construction of complete (k, n) —arcs in PG(3,7)

In this section, a method for constructing complete (k,n)-arcs in PG(3,7) is presented. This is
achieved by selectively removing specific points from existing complete arcs that possess a higher
degree, denoted as mmm, where the relationship m=n+1 holds. The parameter nnn is constrained

to the range 3<n<57, and the resulting arcs have a size k that does not exceed 400.

Furthermore, a geometric proof is provided to establish that the smallest possible complete (k,n)-
arc in PG(3,7) is uniquely characterized as the (5,3)-arc. This conclusion is substantiated through

the following reasoning:

3.1 The complete (k,57) —arc in PG(3,7)
In the projective space PG(3,7), the configuration consists of 400 points and 400 planes, governed
by the following fundamental properties:
A. The incidence structure is uniform: every point is incident with 57 planes, and conversely,
every plane contains 57 points.
B. The structure of lines is uniform as well: each line comprises exactly 8 points and is
simultaneously the intersection of 8 planes
given this symmetric structure, the largest possible complete (k, 57)-arc, denoted A, is
attained when its size k is 400. This maximal arc is formed by the entire set of points in the
space. The reasoning is that since every plane already contains the maximum of 57 points
from this set, no additional point can be excluded without violating the arc's completeness. In
other words, there are no points with an index of zero relative to the set A..
Consequently, the set A: = {1, 2,..., 400}, encompassing all 400 points of PG(3,7), itself
constitutes the complete (400, 57)-arc.
3.2 The Construction of Complete (k,56) —arc in PG(3,7)
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A complete (382, 56)-arc A can be derived from the complete (400, 57)-arc A: in PG (3, 7) by

removing 18 specific points from Ai, namely:

P.=1[3,4,5,6,7,8,10,11,12, 13, 14, 15, 16, 23, 30, 37, 44, 51].
This construction ensures that:
A. A= A:\Pi(i.e.,, A: consists of all points in A except those in P1).
B. Every plane intersects A: in at most 56 points, reducing the intersection size from 57.
C. Every point not in A: lies on at least one 56-secant, a plane intersecting A: in exactly 56
points.
Thus, A is a complete (382, 56)-arc in PG (3, 7).
3.3 The Construction of Complete (k,55) —arc in PG(3,7)
A complete (371,55)-arc As can be formed in the projective space PG(3,7) by removing 11
additional points from the previously defined (382,56)-arc A.. The excluded points are:
P.=[17, 18,19, 20, 21, 22, 24, 31, 38, 45, 52].
This yields the new arc:
As=A\ (P UP,),
Where A is the original (400, 57)-arc and P: was the first set of 18 removed points. Key
Properties of As:
1. No External Points Are Excluded:

Every point not in As lies on at least one 55-secant plane (i.e., no points have an index of zero).
2. Plane Intersection Constraint:

Any plane in PG(3,7) intersects As in at most 55 points ,reduced from 56 in A..

Thus, As is a complete (371,55)-arc, demonstrating a further refinement of the initial arc

structure.

3.4 The Construction of Complete (k, 54) —arc in PG (3, 7)
The complete (371,55)-arc As in PG(3,7) can be further reduced to construct a complete (362,54)-
arc As by removing 9 specified points from As, namely:
P> =25, 26,27, 28, 29, 32, 39, 46, 53].
This produces the new arc:
As=A:1\(P1UP2UPs),
Where:
1. A.isthe original (400,57)-arc,

10

—
| —
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2. P: (18 points) and P2 (11 points) were previously removed to obtain Az and As
Respectively
Essential Properties of A4:
1. Completeness Condition:
Every point not in A4 lies on at least one 54-secant plane (ensuring no points have index zero).
2. Intersection Bound:
Every plane in PG(3,7) meets A«inat most 54 points (strictly enforcing the arc's defining
property).Thus, A4 is a complete (362,54)-arc, demonstrating another step in the progressive
refinement of the initial arc structure.
3.5 Constructing a Complete (355, 53)-arc in PG (3, 7):
In this section, we derive the complete (355,53)-arc, denoted as ASA_5Ab5, in the projective
space PG(3,7) by eliminating seven specific points from the previously constructed (362,54)-arc
A,. The points to be excluded are:
P.=[33, 34, 35, 36, 40, 47, 54].
Thus, the resulting arc A5 is defined as:
As=A\(PrUP2UPsUP.),
Where:
1. A.isthe original (400,57)-arc,
2. P, P2, Ps are the sets of points removed in prior steps to construct Az, As, and Aa,
respectively.

Critical Properties of As:

1. Completeness Guarantee:

Every point outside A5 lies on at least one 53-secant plane, ensuring there are no points of index

zero (i.e., all points outside of A5 are covered within the plane structure).

2. Intersection Constraint:

Each plane in PG (3, 7) intersects Az in no more than 53 points, maintaining the arc's defining
properties. This ensures that A5 is a complete (355, 53)-arc, representing an iterative refinement

of the initial arc structure.

11

—
| —
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3.6 Constructing a Complete (350, 52)-arc in PG(3,7):
The complete (355,53)-arc Ag in PG(3,7) can be further refined to construct a complete (350,52)-
arc Ag by removing 5 specified points from 4s:
Ps=1[41, 42,43, 48, 55].
Thus, the resulting arc A, is defined as:
As=Ai1\(P1UP2UP;UPsU Ps),
where:
1. A: represents the original (400,57)-arc,

2. P through P. denote the point sets removed in previous construction steps.
Fundamental Properties of As:
1. Coverage Property:
Every point not contained in As lies on at least one 52-secant plane, guaranteeing that no
points have index zero (complete coverage).
2. Intersection Property:

Every plane in PG (3, 7) intersects Aq in at most 52 points, maintaining the arc's defining
characteristic. This construction yields As as a complete (350, 52)-arc, representing another
systematic reduction of the initial arc configuration.

3.7 Constructing a Complete (347, 51)-arc in PG(3,7):

By removing the final three points from the (350, 52)-arc A, we obtain the complete (347,51)-
arc A, The points to be excluded are:

Ps = [49, 50, 56] .
This yields the terminal arc configuration:

A7=A1\(P1UP2UPsUPsUPs U Ps)
Where:

1. A is the foundational (400,57)-arc

2. Pithrough Ps are the sets of points removed in previous steps.

Verification of Arc Properties:

1. Completeness Criterion:

—

12

—t
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a. All points outside A- lie on at least one 51-secant plane, guaranteeing full coverage.
b. No points exhibit index zero relative to A-, ensuring that all points are properly accounted
for.
2. Dimensional Constraint:
Every plane in PG (3, 7) intersects A7 in at most 51 points
This systematic reduction process continues iteratively until we ultimately obtain:
3.8 The Construction of Complete (k, 3) —arcs in PG (3, 7)
The final (5, 3)-arc, denoted as Asgs, is derived from the (6,4)-arc As, by removing a specific point
P55={400}. This operation results in:
Ass=A:\(P1UP2U ...UPss)={1, 2,9, 58, 115}
This construction satisfies the following criteria:
1. Intersection Bound:
All planes in PG (3, 7) meet Ass in at most 3 points
2. Completeness Criterion:
A. Every point outside Ass lies on at least one 3-secant plane
B. No points exist with index zero relative to Ass
We establish through geometric reasoning that the configuration adheres to the rules of
completeness and intersection.

1. Minimality Proof:

The (5,3)-arc constitutes the smallest possible complete configuration in PG(3,7)
No complete (k, n)-arc exists with k <5 while satisfying n > 3

Complete Arc Spectrum:

The projective space admits complete arcs across the range 3 <n <57

> D

The maximal case is the (400,57)-arc (trivially comprising all points)
C. Intermediate configurations follow the progression shown in Table 1

3. Existence Verification:

Each (k, n)-arc in the hierarchy satisfies:

A. Intersection condition: V planes z, [t N A|<n

B. Completeness condition: vV p € A, 3 secant plane with exactly n points

13

—
| —
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points n arcs parts
3 4 5 6 7 8 10 11 12 13
14 15 16 23 30 37 a4 51

18 382 56

17 18 19 20 21 22 24 31 38 45

11 371 55

52

25 [ 26 [ 27 | 28 | 20 | 32 [ 39 [ 46 [ 53 | [ o [362] 54 | 1
33 | 34 [ 35 | 36 [ a0 | 47 [ 54 ] \ | | 7 [355 ] s3
a1 | a2 [ a3 | 48 [ 55 | | | l | | 5 [350 [ s2
a9 [ s0 [ s6 | I l l l l I [ 3 [3a7 ] s

57 59 60 61 62 63 64 65 72 79
86 93 100 107 156 205 254 303 352

19 328 50

66 67 68 69 70 71 73 80 87 94
101 108 157 206 255 304 353

17 311 49

74 75 76 77 78 81 88 95 102 109
158 207 256 305 354

15 296 48

2
82 83 84 85 89 9 | 103 | 120 | 159 [ 208 [ .. [ o0 | 4,

257 | 306 | 355

90 91 92 97 [ 104 | 111 [ 160 | 209 [ 258 [ 307 [ .. [ 55 | 46

356

98 | 99 [ 105 [ 112 [ 161 [ 210 [ 259 [ 308 [ 357 | | o [ 263 ] a5

106 | 113 | 162 | 211 | 260 | 309 | 358 | \ | [ 7 [ 256 | aa

121 [ 128 [ 135 [ 142 [ 149 [ 114 [ 163 [ 212 [ 261 [ 310 | . [, [ 45

359

122 [ 129 [ 136 [ 143 | 150 [ 116 | 164 [ 213 [ 262 [ 311 | [ 50 | 4,

360

123 [ 130 [ 137 [ 144 [ 351 [ 117 [ 165 [ 214 [ 263 [ 312 | . [ . [

361

124 [ 131 [ 138 [ 145 | 152 [ 118 [ 166 [ 215 [ 264 [ 313 | [, [ 4 3

362

125 132 139 146 153 119 167 216 265 314
363

11 201 39

126 133 140 147 154 120 168 217 266 315
364

11 190 38

127 134 141 148 155 169 170 218 267 316
365

11 179 37

14
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177 184 191 198 171 219 268 317 366 9 170 36
178 185 192 199 172 220 269 318 367 9 161 35
179 186 193 200 173 221 270 319 368 9 152 34
180 187 194 201 174 222 271 320 369 9 143 33 4
181 188 195 202 175 223 272 321 370 9 134 32
182 189 196 203 176 224 273 322 371 9 125 31
183 190 197 203 226 225 274 323 372 9 116 30
233 240 247 227 275 324 373 7 109 29
234 241 248 228 276 325 374 7 102 28
235 242 249 229 277 326 375 7 95 27
236 243 250 230 278 327 376 7 88 26 5
237 244 251 231 279 328 377 7 81 25
238 245 252 232 280 329 378 7 74 24
239 246 253 282 281 330 379 7 67 23
289 296 283 331 380 5 62 22
290 297 284 332 381 5 57 21
291 298 285 333 382 5 52 20
292 299 286 334 383 5 47 19 6
293 300 287 335 384 5 42 18
294 301 288 336 385 5 37 17
295 302 338 337 386 5 32 16
339 345 387 3 29 15
340 346 388 3 26 14
341 347 389 3 23 13
342 348 390 3 20 12 7
343 349 391 3 17 11
344 350 392 3 14 10
394 351 393 3 11 9
395 1 10 8
396 1 9 7
397 1 8 6 3
398 1 7 5
399 1 6 4
400 1 5 3
Table (1)
(1)
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i 1 2 3 400
1 0 1 6
Pi 0 1 1 6
0 0 0 6
0 0 0 1
2 1 8 8
9 9 9 15
16 10 22 21
23 11 28 27
30 12 34 33
37 13 40 39
44 14 46 45
51 15 52 51
58 58 58 59
65 59 71 65
72 60 77 78
79 61 83 84
86 62 89 90
93 63 95 96
100 64 101 102
107 107 107 107
114 108 120 120
121 109 126 126
128 110 132 132
Lines 135 111 138 138
142 112 144 144
149 113 150 150
156 156 156 162
163 157 169 168
170 158 175 174
177 159 181 180
184 160 187 186
191 161 193 192
198 162 199 198
205 205 205 210
212 206 218 216
219 207 224 222
226 208 230 228
233 209 236 234
240 210 242 240
247 211 248 253
254 254 254 258
261 255 267 264
268 256 273 270

16
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275 257 279 276
282 258 285 282
289 259 291 295
296 260 297 301
303 303 303 306
310 304 316 312
317 305 322 318
324 306 328 324
331 307 334 337
338 308 340 343
345 309 346 349
352 352 352 354
359 353 365 360
366 354 371 366
373 355 377 379
380 356 383 385
387 357 389 391
394 358 395 397
Table (2)
Conclusion

In this paper, we presented the inverse construction method for complete (k, n)-arcs in the

projective 3-space PG(3,7) over the Galois field GF(7). We constructed a full hierarchy of complete

arcs, ranging from the maximal case (400, 57) down to the minimal configuration. A geometric

proof was provided to show that the smallest possible complete (k, n)-arc in PG(3,7) is uniquely

realized as a (5,3)-arc. This method extends the existing classifications of arcs in finite projective

spaces and offers a systematic framework for their inverse construction and analysis.
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Abstract:

This paper investigates a new subclass of analytic univalent functions defined in the open unit disk
U = {z € C:| z I< 1}, by employing the generalized operator A*g,, f(2).

Several sufficient conditions are established to determine differential subordination and
superordination relationships for this subclass. In addition, corresponding sandwich-type results
are derived based on these findings. The results obtained here extend and unify several previously
known results for special operators and subclasses of analytic functions.
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Keywords: Analytic function, Differential subordination, Differential superordination, Sandwich
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2. Introduction

letS = S(U) represent the class of all functions that are analytic in U where U = {z € C: |z] <
1} is the open unit disk. Define Let S[a, n] be a subclass of the functions f € S, given by the series:

f(2)=a+az"+ a2+, neN,a€eC 1)
We also assume that § < S where S is the subclass of analytic and univalent functions in U,of the
form :

f(z)=z+ Z a,z". (2)
n=2

Now, we assume that f,g € S,and the function f is subordinate to g, or equivalently, g is
superordinate to f, if there exists a Schwarz function W such that f(z) = g (W(z)), where W(z) is
analytic function in U with |W(z)| < 1 and W(0) = 0, z € U,then one can say that f < g or
f(z) <g(2) for ze U. [13].

In addition, if g is univalent in U, then f < g if and only if £(0) = g (0)
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and (U) c g (U).[13,17,18].

Definition 1[17]: Let: C3 x U - C, and let h(z) is univalent in U . If P(z) is analytic function in
U and fulfills the second-order differential subordination:

@(P(2),2 P'(2),2*P" (2); 2) < h(2), ®3)
then IP(z) is said to be a solution of the differential subordination (3), and the univalent function
q(z) say it a dominant of the solution of differential subordination (3), or more simply a dominant,
if P(z) < q(z) for each IP(z) satisfying (3). A dominant function q(z) that satisfies §(z) < q(z)
for each dominant 4(z) of (3) is called the best dominant of (3).

Definition 2[17]: Let P,h € Sand (r,s,t;2): C3 x U - C. If P and ¢ (P(2), z P'(2), z?PP"' (2); 2)
are univalent functions in U, and if IP satisfies the second-order differential superordination:

h(z) < p(P(2),z P'(2),2*P" (2); 2), (4)
then P is said to be a differential superordination solution (4). An analytic function q(z) , known
as a subordinant of the solutions of differential superordination (4), or more simply , a subordinant
, iIf P < g for each the functions IP satisfying (4). If g is univalent subordinant and that satisfy q <
g for each the subordinats q of (1.4), then is the best subordinat.

Many authors [1,2,3,10,17,20] obtained the necessary and sufficient conditions on the functions
h, P, and ¢ where by the following implication is true

h(z) < ¢(P(2),2zP'(2), 2*P" (2); 2),

Then

4(2) < P(2) )
Utilizing the outcomes Look [4,5,6,7,11,12,15,16,18,19,21] to obtain sufficient conditions for
normalized analytic functions to satisfy:

zf'(2)
<——x
4:1(2) ) 42(2),

where g;and g, are given univalent functions in U with q;(0) = q,(0) = 1. Several authors
[2,4,6,7,8,9] have also explored differential subordination and superordination results, along with
sandwich theorems.

Let f € S, A¥y ,, f(2) defined the following generalized integral operator:

Aty f(2)
1—-2u

1 -2
- - [y Ty g (siny ) ay,
0

(=) " riz+1)

(6)

where 7 > 0,4 >0,n € N, = N, U {0}.

For f(z) € A given by (2), we have the following expansion for A*y f(z)
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n-—1
2

- F(9+n+1) ((1—2;0)

_ 2 2 n ©)
Aty f(2) = z+ anz
nz:; r (g +1)
From (7), we note that
(A @) = (8 +2) Ak g0 f(2) — (0 + DAk, £(2) @

The specific goal of this research is to find sufficient conditions for certain normalized analytic
function f to satisfy:

Atg . 4
4 (2) < QT]C(Z)] < gy (2),
and
Atgion ()]
(2 < AZHZ—;ES) < a2(2),

wherever q, and g, are provided univalent functions in U with g, (0) = q,(0) = 1.

In this paper, we will derive Some sandwich theorems with the operator A4 ,, f(2).

Recent studies (2020-2024) have extensively explored conditions under which analytic and
univalent functions satisfy differential subordination and superordination relations, especially in
the context of generalized linear and fractional operators (see [1-3, 10, 17, 20, 22-26]).
These investigations have unified several classical results in geometric function theory and have
led to the development of sandwich-type theorems, as well as improved growth and distortion
estimates (see [4-9, 11-19, 21]).

This work contributes to the existing literature by employing the generalized operator A#g,, f(2)
to derive sufficient conditions for differential subordination, superordination, and sandwich-type
results for a newly defined subclass of analytic univalent functions.
In doing so, it extends and generalizes recent results, offering a broader framework that connects
classical findings with new subclasses generated by this operator.

2. preliminaries
To prove the main results, we will need the following lemmas and definitions.

Definition 1 [17]: Let Q denote the class of all functions q that are analytic and injective on
U|E(q), where U = U U {z € 9U}, and

E(q) = {v € ou: lim q(2) = oo}

Further, let q'(¢) # 0 for ¢ € AU\E(q). The subclass of Q where q(0) = a is denoted Q(a), and
specifically,
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Q(0) = Qo,and Q(1) = Q1 = {q € Q:q(0) = 1}.

Lemma 1 [18]: Suppose that the function q is a convex univalentin U letA € C, B € C|{0} if

zq"'(2) A
7@ } > max {0, —Re(g)} )

and if P is analytic in U and satisfies the subordination condition

Re{1+

AP(z) + BzP'(2) < 1q(2) + Bzq'(2), (10)
then P < g and q is the best dominant of (10).

Lemma 2 [5]: Let g be univalent in U, and let ¢ and 6 be analytic in the domain D containing
q(U) with ¢(e) # 0, when W € q(U). Define

h(z) = zq'(2)9(a(2)) , h(z) = 6(a(2)) + Q(2).
Suppose that Q(z) is starlike univalent in U, and that

Re{ZQh'(—iZ))}>O,ZEU

If P is analytic in U, with P(0) = q(0), P(U) < D , and satisfies the subordination condition

0(P(2) + zP' (D)p(P(2) < 6(a(2) + 2¢' (D9(a(2), (11)

and
h(z) < ¢(hq(2),z P'(2), 2°P" (2); 2)
then I < g and q is the best dominant of (11).

Lemma 3 [18]: Suppose that q is convex univalent in U and let B € C, with Re(B) > 0. If P €
H[q(0),1] n Q and P(z) + BzP'(z) is univalent in U, then

q(z) + Bzq'(2) < P(z) + BzP'(2), (12)

which implies that g < P and q is the best subordinant of (12).

Lemma 4 [12]: Let q(z) be a convex univalent function in the unit disk U, and let ¢ and 6 be
analytic in the domain D containing q(U). Suppose that:

9’(q(Z))}
Re {—(p(q(z)) >0,z€eU,

and that Q(2) = zq'(2)p(q(2)) is starlike univalent in U.
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If P € S[q(0),1] n Q,with P(U) c D,and satisfies the condition 8(PP(2)) + zP'(2)p(P(2)) is
univalent in U

and

(4(D) + 26/ @) < 8(P()) + 2P'(D)p(P(2)), (13)

then ¢ < P and q is the best subordinant of (12).
3. Differential Subordination Results
We Present a few differential subordination results by using the A4, f(2).

Theorem 1. Suppose that g be a convex univalent function in U with g(0) = 1,7 > 0,0 # v € C,
and suppose that q satisfies:

2q"(2) i

Re 1+ —; > max {0, —Re (—)} (14)
q'(2) v

If £ € S satisfies the subordination condition:

[A”g_zf(z)]T7 [(9 +2) ((AH9+2,n f(Z)) _ 1)]

Akgn f(2)
(15)
[
< 4@ +-2¢'@2),
then
Ao f2)]
[—Z < q(2) (16)
and q is the best dominant of (15).
Proof. We shall define the function P by
_ [A*ensf@]"
P(z) = [ z ] ’ (17)

then the function IP(z) is analytic and P(0) = 1, therefore, differentiating (16) with respect to(
z) and using the identity (8), we obtain

zP'(z) Z(Aﬂe,n f(Z)), 1
Pz) | Afenf@ (18)

Hence
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zP'(2)
P(2)

=ME* D\ T @

(46420 f@) ) ‘

Therefore,

’ n
w0 _asol

n

(40120 f@) ) ‘

At f(2)
The subordination (14) from the hypothesis becomes

P(z) + %Z]P"(Z) <q(z) + %Zq’(z).
An application of lemma (2.1) with B = % and v = 1, we obtain (15).

putting q(z) = ( ) in Theorem (3.1), we obtain the following corollary:
Corollaryl. Letn > 0,0 # € € C\{0} and

Re {1 +-22}> max{o,—Re (;)}.

If f € S satisfies the subordination condition:

[Aﬂen f(Z)] AMBn f(Z)] (AM9+2,n f(Z) _ 1>]
A“e,n f(Z)

)

1-2z242%
Z )/Z
(1-2)?

then

[A“Qn f(z)] 1 + Z)

and q(z) = ( ) is the best dominant.

Theorem 2. Let g be a convex univalent function in U with

q(0) = 1,9'(z) # 0 (z € U) and assume that q satisfies:

i L + S50 D)

9@ 9@ (19)

q'(2) .

where i € C,v € C\{0}and z € U. Suppose that z—= o is starlike univalent in U. If f € S satisfies
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Y, 0,i,v;2) < (14 q(2)a@)"t + vz (:;((ZZ)), (20)
Where
[ P [A#9+1,nf(z) e
Vi O vi) = [ Bion f@ | | Wonf@
(21)
(A 9110 f(D)  (AFg12n f(D))
MO L@ Mo f@ )
then
Algiin fD)]
[ Aoy f@) | 4 22)
and q is the best dominant of (20).
Proof. Consider a function P by
_ Algi1n f(2) !
e = [ Ao f@@) | (23)

Then the function P(z) is analytic in U and P(0) = 1, differentiating (23), with respect to z and
using the identity (8), we obtain

17(9 n 2) ((A#9+1,n f(Z)) (Au0+2,n f(Z))>]

Ao f@)  Abg, f(2)

zIP'(2)
P(2)

By setting
6(e) = (1+e)e"tand ¢p(e) = é ,v#0

we see that 8 (e) is analytic in Cand 8(e) is analytic in C\{0} and that 6(e) # 0, 8 € C|{0}. Also,
we obtain

q'(2)

q(z)

Q(2) = 2q(2) $(2q(2)) = vz
and

h2) = 6(a() + 0@ = (1 +4@)a@) " + vz 1
4(2)

It is obvious that Q(z) is starlike univalent in U, we have
zh'(z)
Re{ Q@)

i i-1
} > Re{;q(Z)lq’(Z) + Tq(Z)l‘lq’(Z)} >0
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Using a simple calculation, we get

_ i q'(2)
Y(,u0,nv;2) < (1+q(2)q(2)"t + vzm,

where Y (n, 1, 6,n, v; z) is given by (19).
From (20) and (24), we have

P'(2)
P(z)

(1+P@)(P(2)) +vz <

q'(2)
a(z)’

(1 + q(z))(q(z))i_1 + vz

Therefore, by Lemma (2.2), we get P(z) < q(z). By using (23), we get the result.

1+Az
1+Bz

make up q(z) = (

Corollary 2 Let—1<B <A <1and

{i(1+AZ)i i—1(1+AZ)"‘1 1+Bz(4+3Az)}
e )

v\1+ Bz v \1+Bz (1+ B2)(1 + Az)

where v € C\{0} and z € U, if f € S satisfies:

(0100, 7:2) < [1+(1+AZ)](1+AZ)i_1+ A-B
Y w04 vz 1+ B2/1\1+ Bz

and Y(n, u, 0,1, v; z)is given by (3.8),

then
Algyin A" (1 + AZ)
Atg . f(2) 1+ Bz
and q(z) = (i:‘;z) is the best dominant.

4. Differential Superordination Results
Theorem 3. Let g be a convex univalent function in U with

q(0) = 1,7 > 0 and Re{v} > 0. Let f € S satisfies :

[A“e+1,n f(2)
Aoy f(2)

n
€ S[q(0),1]nQ and (4.1)

and

26

), —1 < B <A <1inTheorem(3.2), we obtain the following:

Y2+ A2)(1 + Bo)|

(24)
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P(z) | Alen ()
We use (1.8) with some simplification from (29), we get

n ,
(e+a[ 9"“”](”%““f@f-g+{ﬂ@%i94 ~P@) + 2P @)

Aﬂe,n f(Z)

by using Lemma (2. 3) , we get the desired result.
putting q(z) = ( ) in Theorem 4. 1, we obtain the subsequent corollary:
Corollary 3. Letn > 0 and Re{v} > 0. If f € q satisfies

Atg . n
Fon T e sfao) 110

and

A“en f(2) 6+2,n f(2) A”e,n f(2) n . .
[(9 +2) [ ] ( Ao ) 1)] + [T] be univalent in U. If

1~z +2—z Algn £ (AP g1an £(2) Alon @]
<(1 ><(9+2)[ ](A”e,nf(z)_1)+[ z ]

27
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n
[(9 +2) [A#B";f(z)] (A:z;'z"}g)z) - 1)] be univalent in U. If(4.2)
o.n f(Z)] <A“e+2n f(2) )]
z + z z)<|(0+2 - -1
4(2) +-24'(@) < ( )[ YN
A 26
+LJLI§4’ (26)
Z
then
Al on @]
and q is the best subordinant of (26).
Proof. Define the function P by
A* 7
m@:ki%ﬂﬂy (28)
Differentiating (28) with respect to z , we get
! z [ AH* (2) ,
zP'(z) ( onf ) 3 1" (29)
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then (ﬂ) < [A—ug";f (Z)]n,

1-z
and q(z) = (%) is the best subordinant.

Theorem 4.Let g be a convex univalent function in U with

q(0) = 1,q9'(2) # 0 and Suppose that q satisfies:

. i _— -
Re {% (q-(Z)) q'(2) + lT (q_(z)) 1C1-’(Z)} >0, (30)

wherei € C,v € C\{0}and z € U.

Letz% is starlike univalent function in U. Let f € S satisfies

n

[M € H[q(0),1] nQ,

A”e,n f(Z)

and ¥(n,u, 0,i,v; z) is univalent function in U, where ¥ (n, u, 8, i, v; z) is given by (21). If

q'(2) (31)

(1+ae)(a0) ™ + vz = < Y0 1.6,,v:2),

then

q'(2)
a(z)

(1+9@)(a@) " +vz—= < %, 1,0,i,v; 2),

(32)
and q is the best subordinant of (31).
proof. Consider a function P by

q'(2)

i—1
(1 + q(z))(q(z)) + vz 2@

<Y, ub,iv;z), (33)

Differentiating(4.10) with respect to z , we obtain

2P/ (2) [n ©+2) <(A”e+1,n f@)  (4%o+2n f(Z))> |

P(z) Alg_1nf(2)  Abgnf(2)

By setting 6(e) = (1 + e)e’"'and ¢(e) =+ ,v # 0.
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It is simple to see that 8 (e) is analytic in C and ¢(e) is analytic in C/{0} and that ¢(e) #
0,eeC/{0} as well , if we let

00 = 24 ola@) = v 2
we see that Q(z) is starlike univalent function in U,
Re {%} = Re {i (q(z))iq'(z) + % (q(z))i_lq'(z)} >0

Using a simple calculation, we obtain

i P’
Y, u6,i,v;z) = (1 + IP(Z))(IP(Z)) vz IP((ZZ))' (34)

where ¥(n, u, 0,1, v; z)is given by (3.8).
We have from (31) and (34)

i P’
Y, u6,i,v;z) = (1 + IP(Z))(IP(Z)) vz %, (35)

Therefore, by Lemma(2.4), we get q(z) < P(z).
5. Sandwich Results
Theorem 5. Let g; be a convex univalent function in U with

q1(0) =1, n >0 and Re{e} > 0 and let g, be univalent function in U, q,(0) = 1 and satisfies
(14). Let f € s satisfies:

[ an()] ESll noQ

and

Ao @7 (AFg12n f(2) Abgn F@11 . .
6+2) [ . ] ( Ao f @) 1) + [T] be univalentin U. If

n
@ (2) +- qu’(z) <0 +2) [ ont (Z)] (A”9+2,n f@) _ 1) N [AMGJ; f(Z)]

A“e,n f(Z)
<qy(2) + ;ZQZ "(2),

then

< qz(2),

Atg . K
a(n < |enl?

and q; and g, are respectively the best subordinant and the best dominant.
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Theorem 6. Let g, be a convex univalent function in U with

g,(0) = 1 and satisfies (30) . Let g, be univalent function in U with q,(0) = 1 and satisfies (19).
Let f € S satisfies

n
[M €s[11]nQ,

A”Q,n f(Z)
and ¥(n, 1, 8,1, v; z) is univalent in U, where ¥(n, u, 0, i, v; z) is given by (21).1f

&' (2)
a1 (2)

(1+6@) (@) " +vz <p(,1,0,i,v;2)

a2’ (2)

< (1 + QZ(Z))(QZ(Z))i_l + Uzm.

then

Agiin f@D]
A“e,n f(Z)

and g, and g, are respectively the best subordinant and the best dominant.

a1 (2) < [ < qz(2)

Conclusion

In this work, we studied a subclass of analytic univalent functions associated with the generalized
operator Ay, f(z). Using differential subordination and superordination techniques, we obtained
sufficient conditions for normalized analytic functions and established corresponding sandwich-
type results. These findings extend previous works and highlight the effectiveness of the operator
Ay, in generating new results within geometric function theory.
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Abstract

This study aims to identify the role of Iraqi satellite television channels in promoting a
culture of confronting violence and extremism, particularly as issues of violence and
extremism constitute significant topics that require thorough academic examination. The
study is grounded in a central research question: “What is the role of Iraqi satellite
television channels in promoting a culture of confronting violence and extremism? This
research is descriptive in nature and adopts the survey methodology. A questionnaire was
utilized as the primary tool for data and information collection. The research sample was
selected using a purposive sampling method, with a total sample size of 400 respondents
from the Iragi public, comprising both males and females from the Karkh and Rusafa
districts. The study reached several key findings, most notably: The results indicate that
the majority of respondents prefer to follow satellite television programs addressing issues
and forms of violence and extremism worldwide, due to their significance to the security
and stability of the country and its people. Issues related to corruption within state
institutions, political topics, global issues of violence and extremism, and security-related
matters ranked, respectively, among the subjects that attracted the respondents’ greatest
interest and preference for follow-up through satellite television programs, given the
importance of these issues to the public.

Keywords: Iraqi Satellite Television Channels; Confrontation; Violence; Extremism.
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Abstract

Prosocial behavior play a significant role during global crises. Furthermore, positive behaviors,
such as empathy and social responsibility, can alleviate the severity stressful events. The current
study investigated these positive behaviors and their role in developing prosocial behavior during
COVID pandemic in 381 university undergraduate students at King Saud University in Saudi
Arabia. To measure social responsibility, empathy and prosocial behavior, the researcher has
used Social Responsibility Scale, Toronto Empathy Questionnaire, and Prosocial Behavior Scale.
The t-test, the Pearson correlation coefficient, and Macro program Process have used to analyze
the links between the research variables prosocial behavior, social responsibility, and empathy. In
relation to the pandemic, social responsibility and empathy were associated with prosocial
behavior. Moreover, empathy mediated the association between social responsibility and prosocial
behavior. Furthermore, men had higher prosocial behavior and social responsibility then women
while, women had higher empathy then men. Our results offer new insights into the roles that
positive factors play in improving the mental health of university students during pandemics
situation.

Keywords: prosocial behavior; social responsibility; empathy; global crises

Introduction

Globally, the stressful events such as COVID pandemic have triggered an unprecedented
psychological and social crisis, especially among university students who experienced an absence
of physical classes and a lack of social life, affected their mental health and social activity [1], [2],
[3]. With increasingly negative impact of global crises on individuals, these crises must be
confronted by endorsing more positive social behaviors [4], [5]. Therefore, it is crucial that we
focus on factors that improve mental health, which in turn contribute to combating the effects of
global crises.

Prosocial behavior, e.g., helping, donating, and sharing, plays a positive role in improving the
mental health of students whose communities have been exposed to health crises or natural
disasters. This type of positive behavior also increases the level of life satisfaction [4]. Moreover,
prosocial behavior also benefits the recipients of help and thus contributes to the recovery from the
negative impact of global health crises [6]. Therefore, the levels of prosocial behavior of university
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students should be improved [7]. However, during COVID pandemic, little has been known about
the prosocial behavior of university students and the factors influencing it.

Problem Statement

Prosocial behavior represents one of the most vital aspects of human interaction and becomes
particularly evident during times of crises and disasters [1]. During the COVID-19 pandemic, a
noticeable decline in prosocial behavior was observed among university students [5]. Dhar et al.,
(2020) reported that university students experienced social isolation, which adversely affected their
social functioning. Therefore, it is essential to identify and examine the factors that contribute to
enhancing prosocial behavior among this population.

Prosocial behavior, social responsibility, and empathy are highly influential factors in confronting
health crises such as the COVID pandemic [8]. Previous studies found that social responsibility is
related to social behavior [9]; [10]; [8]). Social responsibility can predict the social behavior of
individuals [9]. Desrumaux et al., (2015) have reported that more responsible university students
are more positive towards others. Responsible individuals are concerned about the needs of others
and tend to help others, which is a form of prosocial behavior. Such students are more capable of
feeling social responsibility towards members of their community and thus exhibit various positive
prosocial behaviors, such as altruism, comforting, and donating [12]. Additionally, social
responsibility is one of the main pillars of prosocial behavior during the health crises [13]. For
example, in public areas, university students feel social responsibility and thus exhibit prosocial
behavior, such as adhering to precautionary measures (e.g., wearing face masks and maintaining
sufficient physical distance in public places) [14]. Additionally, they help those who are affected,
either physically, socially, or even financially. For instance, responsible individuals donate to
people who have lost their jobs due to the stressful events to alleviate negative consequences [15].

Social responsibility might affect the occurrence of social behavior through a certain path [9].
Cehajic et al., (2009) found that responsibility predicts empathy. Individuals who take
responsibility are more empathetic towards others. Additionally, they tend to relate to others,
sharing their emotions and feelings [16]. Conversely, lack of responsibility may produce negative
feelings and decrease empathy [17]. Having sufficient empathy leads to wide forms of prosocial
behavior such as cooperating and helping [18]; [19]. Empathy enhances an individual’s ability to
face crises and help others [20]. According to Hoffman (2008), empathy is the main driver of
prosocial behavior. Furthermore, it is an essential topic of positive psychology and an important
indicator of positive behaviors such as altruism [22]. University students with high empathy have
a higher level of prosocial behavior [8]. Empathetic individuals perceive the negative feelings of
others and feel their distress, which makes them more interested in others and willing to help them
[23]. Although the relationships between social responsibility, empathy, and prosocial behavior
have not yet been investigated, it has been suggested that empathy links social responsibility with
prosocial behavior.
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Furthermore, gender may strongly affect the level of prosocial behavior [24]. It is believed that
women are more prosocial than men [25]; [26]; [27]. Nevertheless, men contribute more than
women to resecialprosocial behavior [28]. Moreover, gender determines the type of prosocial
behavior. Men are superior to women in prosocial behavior that requires physical effort, such as
the work of firemen and lifeguards, whereas women participate emotionally and financially [24].
On the other hand, previous research has reported gender differences in empathy, indicating that
women tend to demonstrate a higher ability to empathize with others across various situations [28]
; [29]. However, Deng et al.,(2023) found no significant gender differences in empathy. With regard
to social responsibility, some studies have shown that men exhibit higher levels of social
responsibility than women [30] ; [31]. In contrast, women have been found to play a crucial role in
social responsibility, particularly in its emotional and social dimensions [32]. Nonetheless,
differences in the levels of prosocial behavior, empathy, and social responsibility between men and
women during global crises are still unknown.

The abovementioned studies suggest that social responsibility, empathy, and gender influence
prosocial behavior. However, these studies such as the study of Silke et al., (2021) showed the
effect of social responsibility on prosocial behavior in general. Thus, this study attempted to delve
deeper by examining social responsibility factors and the extent of their effects on empathy and
prosocial behavior among students at King Saud University in Saudi Arabia during the COVID
pandemic. Furthermore, empathy probably plays a crucial role as a mediator in the relationship
between social responsibility and prosocial behavior.

Significance of the Study

This study is significant because its findings contribute to enhancing the prosocial behavior of

university students. In addition, the research highlighted the importance of factors such as social
responsibility and empathy, and their roles in improving prosocial behavior. The study provided

substantial value by examining the mediating role of empathy in the relationship between social
responsibility and prosocial behavior. Moreover, the results offered important evidence that

enriches the existing literature on prosocial behavior and its influencing factors. Finally, this study
may assist professionals who focus on student-related issues and affairs.

Objective of the Study
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This study objected to identify the relationships between social responsibility, empathy, and
prosocial behavior. Moreover, this study examined the mediating influence of empathy in the
relationship between social responsibility and prosocial behavior. Finally, the study compared the
differences between men and women in social responsibility, empathy and prosocial behavior.

Study Hypothesis
The following hypothesis were formulated:
Hypothesis 1.

A positive and statistically significant association exists between social responsibility (self-
responsibility, religious responsibility, collective responsibility, and national responsibility)
empathy among university students.

Hypothesis 2.

A positive and statistically significant association exists between social responsibility (self-
responsibility, religious responsibility, collective responsibility, and national responsibility)
prosocial behavior among university students.

Hypothesis 3.

A positive and statistically significant association exists between empathy and prosocial behavior
among university students.

Hypothesis 4
Empathy is a mediator in the association between social responsibility and prosocial behavior.
Hypothesis 5.

There is a statistically significant difference in prosocial behavior among university students
according to the gender variable ( men, women).

Hypothesis 6.

There is a statistically significant difference in empathy among university students according to the
gender variable (men, women).

Hypothesis 7.

There is a statistically significant difference in social responsibility among university students
according to the gender variable (men, women).

Limitations

The location of the study was in Riyad, Saudi Arabia. Additionally. The sample of this study was
only university students.
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Operational Definition

prosocial behavior: the prosocial behavior’s operational definition in the study referred to the
score of university students on the Adult Prosocialness Instrument (API ) Caprara et al. (2005).

Empathy: The operational definition of empathy in the study referred to score of university
students on the Toronto Empathy Questionnaire (TEQ) (Spreng et al, 2009).

Social Responsibility: the operational definition of social responsibility in this study referred to
score of university students on the Social responsibility scale (Osman, 2010).

Materials and Methods
Sample Of the Study

This study was conducted among university students between November 2021 and April 2021 after
the pandemic had been relatively controlled and normal daily life was being restored in Saudi
Arabia. Paper questionnaires were collected from 381 university students from King Saud
University, of which 188 (49%) were male and 193 (51%) female.

Study Instruments

Social Responsibility: to measure the social responsibility of university students, the Social
Responsibility Scale was used that prepared by Osman (2010). It contains 43 phrases distributed
over 4 factors (self-responsibility 12 items (1-12), religious 10 items(13-22), collectivell items
(23-33), and national responsibility 10 items (34-43). The scale follows the 5-point Likert scale:
5=strongly agree,4= agree, 3=not sure, 2=disagree, and 1=strongly disagree. Thus, the minimum
total score for the scale is 43, while the maximum total score is 215 with higher scores indicating
higher level of social responsibility.

Social Responsibility Scale Reliability
Table 1: Social Responsibility Reliability

Scale Cronbach's alpha N of items
Personal Responsibility 0.81 12
Religious Responsibility 0.74 10
Collective Responsibility ,0.84 11
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National Responsibility

0.69

10

Cronbach's alpha was used to ensure the reliability of this scale, and the following o values were
obtained: 0.81, 0.74, 0.84, and 0.69 for personal, religious, collective, and national responsibility,

respectively, indicating good reliability.

Empathy: to measure empathy, the Toronto Empathy Questionnaire by Spreng et al, (2009) was
used. It contains 16 positive or negative statements, which are rated as always (4), often (3),
sometimes (2), rarely (1), or never (1). The minimum possible score on the scale is 1, while the
maximum possible score is64, with higher scores reflecting higher level of empathy.

Empathy Scale Reliability
Table 2: Empathy Reliability

Scale

Cronbach's alpha

N of items

Empathy

0.84

16

Cronbach's alpha was 0.84, indicating high reliability.

Prosocial Behavior: to measure prosocial behaviors (e.g., helping, donating, and sharing), the
Prosocial Behavior Scale was used that prepared by Caprara et al. (2005). It includes 16 items,
which are rated by the Likert scale: 4=permanently, 3=sometimes, 2=rarely, and 1=never. The
minimum possible score on the scale is 16, while the maximum possible score is 64, with higher
scores reflecting higher level of prosocial behaviors [33].

Prosocial Behavior Scale Reliability

Table 3: Prosocial Behavior Reliability

Scale

Cronbach's alpha

N of items

Personal Responsibility

0.87

16

Cronbach's alpha was 0.87, indicating high reliability.

Procedure

This research was approved by the Scientific Research Ethics Board at King Saud University,
Riyadh, Saudi Arabia. Participants were informed that the data collected would be used for
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scientific purposes and that they had the right to withdraw from participating whenever they
wished.

Students first completed a form with their demographic information. The questionaries were
completed in the following order: social responsibility, empathy, and prosocial behavior.
Afterwards, thanks and gratitude were extended to the participating students, questionnaires were
collected, and the purpose of the study was revealed. This process took approximately 25-35 min.

Data Analysis

SPSS 24.0 was used to analyze the links between the research variables. The t-test was conducted
to assess whether there is a gender difference in prosocial behavior. The Pearson correlation
coefficient was used to assess the association between prosocial behavior, social responsibility, and
empathy. Macro program Process 3.4 was used to examine the role of empathy as a mediator in the
relationship between social responsibility and prosocial behavior.

Results
Hypothesis 1.

A positive and statistically significant association exists between social responsibility (self-
responsibility, religious responsibility, collective responsibility, and national responsibility)
empathy among university students.

Table 4: Correlations Between Social Responsibility, and Empathy.

Social Responsibility Empathy
Correlation value P
Self-responsibility .065 .053
Religious responsibility 455 .000
Collective responsibility 105 .01
National responsibility 161 .000

Religious (r = 0.455, p <.000), collective (r = 0.105, p <.000), and national responsibility (r =0.161,
p <.000) were positively linked with empathy (Table 4). Hence, hypothesis 2 is mostly supported.
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Hypothesis 2.

A positive and statistically significant association exists between social responsibility (self-
responsibility, religious responsibility, collective responsibility, and national responsibility)
prosocial behavior among university students.

Table 5: Correlations Between Social Responsibility, and Prosocial Behavior.

Social Responsibility

Prosocial behavior

Correlation value P
Self-responsibility .108 .016
Religious responsibility 481 .000
Collective responsibility 251 .000
National responsibility 157 .001

Moreover, university students who had religious (r =0. 481, p < .000), collective (r =0. 251, p <
.000), and national responsibility (r = 0.157, p < .001) exhibit prosocial behavior during the
COVID-19 pandemic. Hence, hypothesis 2 is mostly supported.

Hypothesis 3.

A positive and statistically significant association exists between empathy and prosocial behavior

among university students

Table 6: The Association Between Empathy and Prosocial Behavior.

Empathy

Prosocial Behavior Correlation

209

.000

University students who exhibited positive behavior towards others during the COVID-19

pandemic were empathetic (r=0.209, p < .000). Hence, hypothesis 3 is supported.

Hypothesis 4
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Empathy is a mediator in the association between social responsibility and prosocial behavior.

Empathy

Collective Prosocial
responsibility ¢ (=0.223), P<.001) e Behavior

Figure 1: Empathy is a Mediator Between Collective Responsibility and Prosocial Behavior.

Collective responsibility predicted empathy (8 =0. 082, SE =0.031, P < .05), indicating a direct
relationship between collective responsibility and empathy (Figure 1). Additionally, collective
responsibility (8=0.223, SE= 0.046, P <.001) and empathy (5 =388, SE=0.057, P <.001) predicted
prosocial behavior. Furthermore, the indirect coefficient (p =0.033, SE=0.017, 95% CI = 0.0030,
0.0637) was significant. Hence, hypothesis 3 is supported. This finding reveals that empathy is a
mediator in the relationship between collective responsibility and prosocial behavior.

Hypothesis 5.

There is a statistically significant difference in prosocial behavior among university students
according to the gender variable ( men, women).

Hypothesis 6.

There is a statistically significant difference in empathy among university students according to the
gender variable (men, women).

Hypothesis 7.

There is a statistically significant difference in social responsibility among university students
according to the gender variable (men, women).

Table 7: Independent Sample t-test of Gender Difference.

Constructs Gender M SD T P
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Prosocial Behavior Men 3.762 406 -4.047 .000
Women 3.584 450

Empathy Men 3.804 557 -3.736 .000
Women 4.004 473

Social Responsibility | Men 3.863 402 -4.035 .000
Women 3.664 460

Note: M=mean; SD=standard deviation.

There was a difference between genders regarding prosocial behavior (Table 7): men exhibited
higher prosocial behavior (M = 3.762, SD = .406) than women (M = 3.584, SD = .450). While,
women exhibited higher empathy (M = 4.004, SD = .473) than men (M = 3.804, SD =
.557).Moreover, men exhibited higher social responsibility (M = 3.863, SD = .402) than women
(M = 3.664, SD = .450) Hence, hypothesis 5, 6 and 7 are supported.

Discussion

This work investigated the links between social responsibility, empathy, prosocial behavior, and
gender as well as the role of empathy among university students during stressful events such as the
COVID-19 pandemic. Our results revealed that there was a relationship between social
responsibility, empathy, and prosocial behavior. Additionally, empathy exhibited mediation in the
association between social responsibility and prosocial behavior. Furthermore, there was a gender
difference in prosocial behavior, empathy and social responsibility. This result is valuable for
specialists and researchers because it reveals the considerable role of prosocial behavior and the
factors affecting it for preventing and controlling epidemics.

This study demonstrated that the social responsibility of university students was related to their
prosocial behavior. Students with collective, religious, and national responsibility were more
involved in prosocial activities, which is in accordance with the results of past studies Manzano
and Valero(2019); Gutierrez et al., (2011), and Steele et al., (2008). Conversely, individual
responsibility was not linked to prosocial behavior. This is because of individual self-interest and
a stronger focus on personal responsibilities, which leads to an ignorance regarding one’s
responsibilities towards others. Furthermore, our results revealed that empathetic university
students act positively in their societies, which is in agreement with the results of Van der Graaff
et al., (2018), Yoo et al., (2013), and Morelli et al., 2014). Based on the empathy and altruism
hypothesis, if one is empathetic towards others who are going through crises, this individual feels
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their distress, realizes the need to change their situation, and is thus motivated to help them and
increase their level of well-being. This signifies that empathy is an essential component of prosocial
behavior. Additionally, some researchers such as Wang and Todd (2021) have indicated that
empathy towards others contributes to relieving one’s own distress. Regardless of the motivation,
empathy is a major driver of prosocial behavior. Hence, it is important to stimulate empathy, as
empathy greatly contributes to the development of prosocial behavior in university students.

Moreover, our findings revealed that empathy partially mediated social responsibility and prosocial
behavior. In university students, social responsibility can increase empathy towards communities
affected by COVID pandemic, and this empathy increases participation in prosocial activities such
as helping and donating. The mediating model of empathy revealed that social responsibility could
predict empathy, which is consistent with the results of Cehajic et al., (2009), Mattila and Hanks
(2012), and Silke et al.,( 2021). During the pandemic, university students experienced a high sense
of social responsibility and thus empathy towards others. The mediating model also revealed that
empathy predicts prosocial behavior, which is in agreement with previous studies Silke et al.,(
2021), Roberts and Strayer (1996). Otherwise, Zheng et al., (2023)Schoofs et al., (2019) have
reported no significant role of empathy. In fact, individuals who feel responsibility spend more
time with community members and thus recognize their thoughts, feelings, and pains. As such, they
empathize with community members, which leads to a desire to help. Furthermore, social and
health conditions, such as the pandemic, have an important effect on human behavior [8]. In relation
to the pandemic, medical students, paramedics, and doctors have great responsibilities and
represent positive models that help raise the positive behavior of university students [43].
Enhancing the prosocial behavior of university students greatly contributes to alleviating the
negative influence of global crises and raising the level of their mental health. Our results reveal
that empathy partially mediated the influence of social responsibility on prosocial behavior. This
partial mediation suggests that also other variables are involved, e.g., gratitude and social
intelligence, and warrant further investigation in future research [44]; [45].

Furthermore, the results of the current study showed that men outperform women in prosocial
behavior. This result was consistent with the work of McMcMahon et al., (2006; however, most
previous studies such as work of Charbonneau and Nicol (2002), and Abdullahi and Kumar(2016)
have found that women exhibit more prosocial behavior than men. A possible explanation is that
help during the COVID-19 pandemic required physical effort, whether engaging in helping patients
or exposing oneself to risk and leaving the house to help others. To protect others, e.g., from viral
infection, women conform more with public health measures than men, which may have limited
their prosocial behavior during the COVID-19 pandemic [32]. Moreover, the study found that
women exhibited higher levels of empathy compared to men. This result aligns with the findings
of the majority of previous studies such as Rueckert and Naybar (2008) and Rueckert et al., (2011),
although Clarke et al., (2016) reported no significant gender differences in empathy. With regard
to social responsibility, the findings indicated that men demonstrated greater social responsibility
than women. This result is consistent with the work of Rosati et al., (2018) and Bhaduri&
Brookshire(2015); however, a substantial body of research such as study of Reig- Aleixandre et al.,
(2023) and Cannney & Bielefedt (2015) have shown that women also display strong and
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meaningful forms of social responsibility. A possible explanation is that the differences between
men and women are neither essential nor fixed, and social responsibility is largely shaped by
cultural context and socially assigned roles. According to Social Role Theory, individuals behave
in ways that align with the roles expected of them. In Saudi culture, men are often expected to serve
as the primary protectors, decision-makers, and leaders during crises. These expectations lead men
to display more visible forms of social responsibility such as volunteering, fieldwork, and crisis
management—as observed during the COVID-19 pandemic. In contrast, women tend to exercise
social responsibility within the family and community in less visible yet equally significant ways.

According to the results of this study, universities should invest in and increase prosocial behavior
by engaging students, especially women, in charitable social activities dedicated to those affected.
Furthermore, universities should develop students’ prosocial behavior by teaching subjects that
focus on social responsibility and empathy.

Study Recommendations

Research on prosocial behavior and the effects of factors such as social responsibility and empathy
on university students is relatively limited. Thus, various aspects that influence prosocial behavior,
such as altruism and personal values, should be explored in future studies. This study used a
descriptive design to identify links between prosocial behavior, social responsibility, and empathy
in _the absence of information about their causal —relationships. It is significant that use
experimental design in future studies that -revealed important information about the causes and
effects of relationships - between these three items, indicating that it has the potential to facilitate
further observation and manipulation of the effects of social responsibility and empathy on
prosocial behavior and understanding on how these factors influence prosocial behavior. In the case
that another pandemic should arise, future work should study prosocial behavior during that
pandemic, as this would enable comparative studies to be conducted.
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