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Effect of Fipronil Toxicity on the Larval Development of the Forensically Important
Blowfly Chrysomya albiceps (Wiedemann, 1819) (Diptera: Calliphoridae)

Hanan Abo El-Kassem Bosly

Biology Department - Faculty of Science - Jazan University, Saudi Arabia

Abstract

Fipronil is a worldwide used phenylpyrazole pesticide for the control of insects. In forensic
entomology, data about insects’ life cycles are used to give clues about a crime. The blowfly,
Chrysomya albiceps (Wiedemann, 1819), family Calliphoridae, is important insect in forensic
entomology. Because its larval development rate is important for forensic entomology estimates,
the present study was designed to investigate the fipronil toxicity on the larval development of C.
albiceps reared on muscle tissues from fipronil-treated rats (administered with a single oral dose
0.1 mg/kg of fipronil). Larvae were then subjected for the determination of the body weight and
length every 12 hours for 144 hours. Results showed that the final larval weight and length were
44.30 £ 0.15 mg and 13.25 + 0.14 mm after 132 h, respectively and pupal formation at 144 h in
fipronil group. These measurements were significantly lower as compared to that of control
group (reared on non-treated rat muscles) which showed larval weight and length of 77.50 + 0.84
mg and 12.95 + 0.12 mm, respectively, after 96 h; and pupal formation at 108 h. Moreover,
larval developmental period and the time of finding fresh pupae in fipronil-treated group was 36
hours later than that of the control. The study demonstrates that fipronil affects the larval
development of the forensically important C. albiceps which should be taken into account in
forensic investigations and estimation of postmortem interval (PMI).

Keywords: Forensic entomology; Chrysomya albiceps; Fipronil; Larval development; PMI.

1. Introduction phenylpyrazole insecticide which disrupts
Fipronil ~ (5-amino-1-[2,6-dichloro-4- the central nervous system of insects via
(trifluoromethyl)-phenyl]-4- interference with the passage of chloride
(trifluoromethylsulfinyl)-1-H-pyrazole-3- ions  through the y-aminobutyric acid-
carbonitrile) is a  broad-spectrum (GABA) regulated  chloride  channel
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(Raymond-Delpech et al., 2005). Fipronil is
used for crop protection in agriculture,
animal health, horticulture, house protection
and locust control (FAO, 2009). Fipronil is
widely marketed due to its activity against a
variety of insect pests like, fleas and ticks on
pets, mole crickets in turf grass, and indoor
pests such as ants and roaches (Kaakeh et
al., 1997; Ree et al., 2006; Gunasekara et al.,
2007; Insuasty et al., 2010; Poché et al.,
2017; Gupta and Anadon, 2018). The U.S.
Department of Housing and Urban
Development in collaboration with the
United States Environmental Protection
Agency conducted a survey measuring
insecticides in a randomly selected
nationally  representative  sample  of
residential homes. The survey showed that
most floors in occupied homes in the U.S.
have measurable levels of insecticides and
found that fipronil residues was recorded
40% of tested homes (Stout et al., 2009).
The exposure to fipronil can pose a risk for
mild, temporary health effects in various
human body systems (Mohamed et al., 2004;
Lee et al., 2010). Fipronil toxicity recorded
not only by direct human dose but also
through the food consumption  of
contaminated food with its residue (Gerletti

et al., 2020; boki¢ et al., 2020). Hence, the

widespread of fipronil elevate its human
exposure directly or indirectly.

In forensic entomology, collecting
and analyzing insect evidence help in
forensic examinations. Insects were used for
the determination of the minimum time
since death in cases of suspected death,
which is either by determination of the age
of the oldest necrophagous insects that
developed on the corpse or by the analysis
the insect species components on the corpse
(Amendt et al., 2011). The
Entemotoxicology is considered as an aspect
of forensic entomology and examination of
insects in corpses can indicate toxins or
drugs in it and revealing an evidence about
the cause of death (Introna et al., 1990; Goff
et al., 1992; Hédouin et al., 1999; Hedouin
et al.,, 2001). Moreover, the postmortem
interval (PMI) estimates on larval
development (Goff et al., 1992). Chrysomya
albiceps (Wiedemann, 1819) (Diptera:
Calliphoridae) is one of the most studied
blowflies and is recognized as a pioneer
species in the colonization of corpses and
carcasses and is attracted by the odor
produced during corpse decomposition
(Kosmann et al., 2011; Vasconcelos et al.,
2013; Mashaly et al., 2020). It is considered

as one of the main species of forensic
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importance due to not only its early presence
on the corpse but also its high reproductive
rate (Grassberger et al., 2003). C. albiceps
was the dominant species recorded on
indoor and outdoor carcasses in stages of
bloating, decay and advanced decay in a
recently published study in Saudi Arabia
(Al-Khalifa et al., 2020; Mashaly et al.,
2020). C. albiceps has been previously
collected and identified in the area of
interest of the present study (Jazan, Saudi
Arabia) (Bosly, 2010; Setyaningrum and Al
Dhafer, 2014; Dawah et al., 2019; Mashaly
et al., 2020). C. albiceps is important in
forensic entomology since it can be used to
determine the PMI by calculating the age of
the oldest larval stage feeding on a corpse
(Gomes et al., 2006; Mendonca et al., 2010;
Ramos-Pastrana and Wolff, 2017; Salazar-
Souza et al., 2018).

Therefore, the present study aimed to
explore the effects of fipronil on the larval
development of C. albiceps that can provide
a tool for forensic entomologists to estimate
the PMI as information in judicial cases.

2. Materials and Methods
2.1. Experimental animals

The present study was carried on

sixteen adult male albino Wister rats. Rats

were supplied by the Animal Research

Center of the Jazan University Medical
Research Center (JUMRC) and weighing
(200 = 20 g) and 4 months aged. Animals
were housed in environmentally controlled
conditions (temperature of 22 + 2°C) with a
12-h light/dark cycle and had free access to
commercial rodent pellets and water ad
libitum.  All  experimental procedures
involving animals were reviewed and
approved by the Standing Committee for
Scientific Research Ethics-  Jazan
University. The ethical approval reference
number (REC42/1/080).
2.2. Chemicals:

Fipronil commercial formulation
(Fipronil 5% SC) was provided from Jazan
Agricultral Research Center, LOT No: Ml
190359, India.

2.3. Preliminary study:

The present study was started by
pilot using different concentrations of
fipronil orally administered to adult male
albino Wister rats started from 25 mg/kg
that induced mortality after 24 h, then the
dose was reduced up to 1.5 mg/kg. The
lower doses resulted in no animal mortality
but showed C. albiceps larval mortality once
or they did not complete their maturation for

pupal formation.
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2.4. Preparation of fipronil

treated rat muscles

Animals were randomly divided into
two groups, the control group (n=4) where
rats were orally administered with single
dose via oral gavage of 2ml of normal saline
(control group) or fipronil-treated group
(n=12) where each rat was orally
administered a dose of 1mg/kg (in 2ml)
fipronil (equivalent to 1/100 LDs, of rats
(Tingle et al., 2003). Control and fipronil-
treated animals were sacrificed by sudden
decapitation 24 h post oral administration
and skeletal muscle tissue samples from
each group was excised and were stored in
freezer until used for feeding the
experimental larvae.

2.5. Origin of the Chrysomya

albiceps Specimens colony
The C. albiceps colony was established at
the Biology Department, Faculty of Science,
Jazan University, and were reared in the
laboratory for four generations. Flies were
placed in polypropylene breeding cages (45
x 30 x 20 cm), and adults were allowed
access to diet (ad libitum); the diet consisted
of skimmed powder milk and sugar 10g
each in 100 ml of water in Petri dishes
(Bosly, 2021). Larvae were placed in

beakers within transparent boxes containing

sand and sawdust to prevent the post-feeding
larvae from escaping. Larva were provided
fresh cattle liver tissue (purchased from
governmental slaughter house in Abu Arish,
Eastern Jazan) ad libitum as a rearing
medium/substrate in the cages (Figure 1).
2.6. Experimental procedures:

The experimental procedures were
performed in three replicates. In each
replicate 40-50 first instar larvae/group were
picked up under stereomicroscope with the
aid of a brush (number 0) to plastic vials
(15 x 12 x 11 cm®) containing 20 g of rat
muscles from normal untreated rats muscle
(control group) and from fipronil treated rats
(fipronil group) as larval rearing substrates.
The rearing muscles replaced every 24 h
until pupation (Figure 2). The rearing vials
were covered with muslin secured with a
rubber band, and muscle tissue were
replaced daily with sterilized muscle
shavings. The vials were maintained in
climatic chambers at 30+1°C, with 65%
+10% RH and a photoperiod of 12 h/12 d
(light/dark). The experimental temperature
at 30+1°C was chosen according to results of
a previous study which recorded that rearing
at 30°C was optimal for C. albiceps (Bosly,
2021).
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Every 12 h until pupation, thirty
randomly selected larvae from the replicates
in each group were immersed in hot water
(70-80°C) for 3-5 min to prevent shrinkage
before preservation in 75% alcohol
according to the method described by
Adams and Hall (2003). They were used for
the determination of the larval weights (mg)
by using a sensitive electrical balance with a
sensitivity of 0.001 g™ and larval lengths
(mm) to the nearest 0.01 mm under a
stereoscopic  binocular microscope. The
onset times of pupation in each group were
recorded.

2.7. Statistical analysis

Data analysis was performed using
one-way ANOVA (with a least significant
difference (LSD) test), and significant
differences were defined as those with
P<0.05. Statistical analysis was performed
using the Statistical Package for Social
Science "SPSS" for Windows software,
Release 22.0 (SPSS, Chicago, IL).

3. Results

Data in Table (1) show the means
and standard errors of C. albiceps larval
body weights (mg) every 12 h for 144 h of
control and fipronil groups. The larval body
weights of the control group were

significantly increased after 24 h (7.50 +

0.15 mg) from that at 12 h (2.30 + 0.85 mg)
of rearing up to 84 h (79.60 + 0.78 mg)
(P<0.05). On the other hand, body weight
significantly decreased at 96 h (77.50 + 0.84
mg) as compared to the last period of
detection (84 h) (P<0.05). As in control
group, but in a prolonged period, fipronil
group showed significant increase in the
larval body weight from 24 h (4.40 + 0.09
mg) compared to that at 12 h (3.00 + 0.12
mg) of rearing up to 120 h (45.10 = 0.19
mg) (P<0.05). Then the weight significantly
decreased at 132 h (44.30 + 0.15 mg) as
compared to the last period of detection (120
h). Data also presented a significant
decrease in the larval body weight in the
fipronil group as compared to the
corresponding weights in larvae of control
group at 12, 24, 48, 72 and 96 h (P<0.05).
Moreover, larvae of control group initiated
pupation at 108 h, which was earlier than the
time of pupation in those reared on muscles
of fipronil treated rats (144 h).

The effect of fipronil- treated
muscles on larval body length represented in
Table (2). Results clearly showed a
significant increase in the body length (mm)
of control larvae after 24 h (4.78 + 0.08
mm), 36 h (5.90 £ 0.12 mm), 48 h (7.48 +
0.08 mm), 60 h (8.89 + 0.14 mm), 72 h
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(13.30 £ 0.14 mm) and 84 h (14.00 £ 0.11
mm). Then the larval body length
significantly decreased at 96 h (12.95 +
0.12) as compared to that detected at 84 h.
while, the larval body lengths in fipronil
group significantly lower than their
corresponding in control group from 12 h up
to 96 h. Data showed body length at 12 h
(2.00 + 0.08 mm), 24 h (2.66 + 0.08 mm),
36 h (4.38 + 0.08 mm), 48 h (6.19 + 0.09
mm), 60 h (7.92 + 0.08 mm), 72 h (8.59 +

Table (1): Effect of fipronil on the average Chrysomya albiceps larval body weight (mg) (mean + SE)

0.05 mm), 84 h (9.55 + 0.10 mm), 96 h
(10.05 + 0.13 mm), 108 h (11.90 + 0.14
mm) and at 120 h (14.05 + 0.11 mm). Then,

the larval body length significantly
decreased at 132 h (13.25 + 0.14 mm) as
compared to that detected at 120 h. Figure
(3) represented the visualized difference in
size between larvae in control (A) and

fipronil group (B).

at different durations and the onset time of pupa (h).

Groups . .
Control Fipronil
Hours
12 3.00+0.12° 2.30+0.85°
24 7.50 £0.15° 4.40 £ 0.09”"
36 12.90+0.18° 6.40+0.19
48 39.40 + 0.54¢ 10.10 + 0.24"
60 49.00 + 0.39° 14.50 + 0.19°
72 72.60 + 1.53' 19.00 + 0.45"
84 79.60+0.78° 22.40+0.19%
9% 77.50 £ 0.84" 27.50 +0.24™
108 Pupation 32.50 £ 0.09'
120 45.10 £ 0.19'
132 4430+ 0.15"
144 Pupation
Onset time of pupa (h) ‘




(YY) smabgia AVEEY AU an,) ¥ andl 4 alaal) Aiabadl) 2 glall o) Jla Al Adaa

Data represented as mean + SE, n=30. Means sharing the same superscript are not significantly
different from each other (P<0.05) within the same column and superscript (*) indicates
significance between means within the same raw.

Table (2): Effect of fipronil on the average Chrysomya albiceps larval body length (mm) (mean +
SE) at different durations

Groups
Control Fipronil
Hours

12 2.85+ 0.06° 2.00 + 0.08*
24 4,78 +0.08° 2.66 + 0.08"
36 5.90 +0.12° 4.38 +0.08%"
48 7.48 £ 0.08¢ 6.19 £ 0.09""
60 8.89 +0.14° 7.92 +£0.08%"
72 13.30 £ 0.14f 8.59 + 0.05"
84 14.00 £ 0.11¢ 9.55+0.10¢"
96 12.95+0.12" 10.05 + 0.13™
108 Pupation 11.90 +£0.14'
120 - 14.05+0.11'
132 - 13.25+0.14%*
144 - Pupation

Data represented as mean + SE, n=30. Means sharing the same superscript are not significantly different
from each other (P<0.05) within the same column and superscript (*) indicates significance between
means within the same raw.
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Figure (2): Rearing of C. albiceps larvae on rat muscles, the first instar larvae (A) (arrow) and the
pupae (B) (arrow).

Figure (3): A photograph represent the difference in C. albiceps larval size after 24 h
(arrow) in control group (A) and in fipronil group (B).
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4. Discussion

The present study started by
preliminary investigation that showed C.
albiceps larval mortality once or they did
not complete their pupal formation when the
first instars reared on muscle tissues from
rats orally administered concentrations in a
single dose from 25 mg/kg up 1.5 mg/kg.
The dead larvae could be used as evidence
in case of suspicions deaths by their analysis
to elucidate the effect of the insecticide on
larvae as previously studied through the
insect’s protein profile (Sawaby et al., 2009;
Abd El-bar and Sawaby, 2011) or the
insect’s pesticide level (Rashid et al., 2008).
In the present study, unfortunately, the
analysis was unavailable and the study
continued with the single fipronil rat dose
induced no mortality (1mg/kg).

The present study results
demonstrated the effect of fipronil toxicity
on the insect through the significant delayed
development of the C. albiceps larvae and
pupal formation. Where the larval
development period and the time of finding
fresh pupae in fipronil group was 36 hours
later than that of the control. In addition to
reduced larval body length and weight in the
prepupal determined time. It was known that

the C. albiceps life cycle constitutes three

larval instars and a pupal stage, where the 1%
stage feed on the decaying flesh while the
2" and 3 ones feed on other blow fly
larvae (Faria et al. 1999). The 3 larva
continues to feed for a while then it stops
feeding and inter a non-feeding wandering
stage is called a prepupa (where larvae
decreased in weight and length) to pupate
(Dhang et al. 2008; Joseph et al., 2011).
Carrion flies feed on poisoned dead
bodies previously ingested drugs or toxic
substances and the investigation about how
these substances interact with the insect
following ingestion and the possibility to
estimate the time of death is decisive to
forensic entomotoxicology (Stojak, 2017). It
was reported that the presence of drugs in
decomposing tissues could alter the rate of
development of insects colonized on carcass.
Where insects could be alternative
specimens when the body fluids and tissues
are not valid for analysis and constitute an
evidence to establish the estimation of PMI
(Amendt et al., 2011; Harvey et al., 2016).
As regard to drugs, it is well known
that addiction is a major public health
problem worldwide and deaths through
overdoses are common. The presence of
drugs in carcass tissues can alter the rate of

development and biomass of insects that
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colonize them and affect the estimate of
PMI (Mashaly et al., 2020).

albiceps when was reared on rabbit tissues

Chrysomya

administered tramadol (opoid drud) caused a
significant decrease in weight, length, width
and showed abnormal fused small sized
respiratory spiracles and deformed small
posterior end with hypogenesis of the
posterior respiratory spiracles of C. albiceps
third the

collectively could affect PMI estimation

instars larvae and results

(Elshehaby et al., 2019). In the same
manner,  cypermethrin  (a  pyrethroid
pesticide) and tramadol hydrochloride

retarded the mean total developmental
period from egg to adult of C. albiceps
(Ekrakene and Odo, 2017). In addition,
higher concentrations of heroin or higher
amounts of alcohol consumption as drug
abuse or addiction may sometimes be a
direct cause of death and that affect the
succession patterns of insects that colonize a
body (Tabor 2005).

sulphate when was previously administered

et al, Morphine
to rabbits in recorded decreased C. albiceps
larval development rate by an increase larval
length and weight and accelerated the
puparial development rate when they fed on
rabbits tissues in a dose dependent manner
(Salimi et al., 2018). The study concluded

10

that the time taken for morphine-fed larvae
to pupariate was longer and for puparial
stage was shorter, than the time taken by
control colonies (Salimi et al., 2018). The
larvae of C. albiceps that fed on the cocaine-
containing livers were developed faster than
that fed on control liver tissue declaring the
cocaine stimulation influence on the larval
growth (de Carvalho et al., 2012).

Different studies were performed to
assess the effect of insecticides on the on
maggots and insects as a guide for
establishment of the cause of death and
could be aid in estimating postmortem
interval. Previously, Malathion increased the
period of larval development, the larval
length and weight and delayed the pupal
onset time in C. megacephala species and
the pesticide accumulated in larvae (Yan-
Wei et 2010).

organophosphate showed delayed growth

al., Dimethoate
development effect on four species of

blowflies (Chrysomya megacephala,
Chrysomya saffranea, Chrysomya rufifacies
and Chrysomya Indiana) that reared on
sheep liver contaminated with dimethoate
from the minimum dose concentration was
used (1 ppm dose) up to 4 ppm in a
concentration dependent manner (Abd Al

Galil et al.,, 2021). In the same manner
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Terbufos organophosphate (5 or 10 mg/kg)
under
the

rats
affected

administered  decomposed

environmental  conditions
development of the forensic potential flies
and implicated for the PMI estimation (Jales
etal., 2021).

Fipronil as a pesticide worldwide
used and actively marketed throughout a
wide range of industrialized and developing
countries. People are readily exposed to it in
daily life, as it is effective against a variety
of insect pests and control parasites in pets
and possibly as a residual in feeding
materials, so it offers hazards to human
health. In humans, poisoning is mainly due
to accident or suicide attempt (Chodorowski
and Sein Anand, 2004; Lee et al., 2010;
Gutta et al., 2019). A previous study (Pisa
et al., 2015) concluded that the existing
levels of pollution under authorized uses
with fipronil probably to have large-scale
and wide range negative biological and
ecological impacts. Fipronil side effect on
non-target invertebrates as honeybees when
exposed to the nectar and pollen of treated
plants showed evidenced effects on learning,
memory, orientation and reduced their
efficiency of foraging (El Hassani et al.,
2009; Holder et al., 2018). Fipronil showed

highly toxic to all tested bee species in

11

addition to the effect on the predatory
invertebrates of natural pest species (Pisa et
al., 2015). The toxicity of fipronil and its
degradates to nontarget species, such as
aquatic invertebrates, is well documented
(Mize et al., 2008; Overmyer et al., 2007;
Weston and Lydy, 2014).

Fipronil insecticidal activity exerts
by binding GABA receptors and glutamate
receptors
(Gunasekara et al., 2007; Narahashi et al.

leading to hyperexcitability
2010). The continuous neurons stimulation
leads to death of the target invertebrates.
While the binding of fipronil to insect
GABA than that

observed for

receptors is tighter

vertebrate receptors. In
addition, the effect on the glutamate
receptors is specified to insects and make
the difference in efficiency on invertebrates
over that on vertebrates (Grant et al. 1998;
Hainzl et al. 1998; lkeda et al., 2003;
Mohamed et al., 2004; Narahashi et al.
2010). Fipronil metabolism in vitro and in
vivo studies revealed that fipronil is
converted to fipronil sulfone as a major
metabolite that have oxidative and similar
toxicity effects as the parent compound in
insects and mammals (Scharf et al., 2000).
Fipronil-desulfinyl, a photodegradation

product of fipronil, on the basis that it could
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be a significant residue, and its toxicity
appeared to be greater than that of the parent
molecule, fipronil. The sulfone was the
major metabolite in rat fat and tissues (FAO
The
associated with rat skeletal muscle can be

fipronil). presence of adipocytes
important in addition to the skeletal muscles

themselves in  accumulation of the
insecticide as previously detected because of
fipronil oral administration in rats (Powles,
1992; Cravedi et al., 2013). Fipronil and its
metabolites are  widely  distributed,
particularly in adipose tissues, and have a
high level of enterohepatic recirculation
(Hainzl and Casida 1996; Mohamed et al.
2004). This in line with the predicted
toxicity effects on larvae that fed on muscles
from rats administered fipronil.

Conclusion: The present study demonstrates
practically that fipronil affects the larval
development of the forensically important
Chrysomya albiceps and this practical
add

investigations with suspected poisoning by

implications  may for  forensic
fipronil to estimate the PMI as information
in judicial cases.
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ABSTRACT
There has been a growing interest in the past few decades among the engineering community to
understand the behaviour of reinforced concrete structures exposed to severe loads due to blast and
impact. Although these severe transient dynamic loads are rare in occurrence for most structures, their
effect can result in catastrophic and sudden structural failure. The structural elements of the bridges
are most venerable to these accidental loadings. However, the piers are most critical and venerable to
these kinds of loadings, therefore, in this investigation a detailed numerical investigation have been
carried out which initially used the experimental data of published study of RC columns under impact
to validate the Finite Element (FE) models, which is then extended to study the number of parameters
(percentage of the longitudinal reinforcement, compressive strength of concrete (f¢), impact velocity
and, stirrups spacing) which may influence the impact behaviour of the RC columns. Following this a
typical RC pier full scale model has been used to investigate the vehicular collision. Based on the
detailed numerical investigation, it was found that the percentage of steel significantly influence the
impact force, however, compressive strength of concrete and stirrup spacing was found to have no

significant influence on the impact force.

Keywords: Impact Loading, Vehicular Collision, Finite Element, Reinforced Concrete, Piers,

Columns.
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1. INTRODUCTION

As 2017

Transportation,

per statistics of Ministry of
Arabia

(KSA) there are approximately 4989 Bridges.

Kingdom of Saudi

These bridges are typically designed for a live
load of 600-kN (60-Ton) 3-Axle Truck
Loading (133-K 3-Axle Truck Loading) and
typically these bridges are made up of
Reinforced concrete construction with concrete
having compressive strength of approximately
35 MPa after 28-days moist curing and yield
steel yield Strength of Grade-60 i.e 420 MPa.
Furthermore, there are large number of these
bridges having age of 45 and now under repair
in order to use these bridges for there whole
design life. The structural components of these
bridges which are mostly under repair are
Abutments, Girders, and Piers. There are
several causes which requires maintenances of
these bridges which may include higher traffic
volume than the design loads, corrosion of
reinforcement, natural disasters like floods,
high speed winds, etc. These activities are not

that frequent which results in the deterioration
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of the bridges on a daily basis, however,
collision of wvehicles with the structural
elements significantly cause damage to the
structure and require immediate action in order
to avoid the closure of the route which may

have significant influence on the economic.

Vehicular collision may cause damage to any
structural element of the bridge, for e.g.
recently a parapet was hit by a concrete mixer
truck while passing on the bridge number:
B02-0009 (B4929) located at the Eastern
province, rout 615, King Abdul Aziz road. The
superstructure of the bridge consists of
prestressed concrete closed box girder. It was
observed that the parapet bridge was hit by
concrete mixer truck while passing on the
bridge which resulted in severe damage of
concrete and exposed bars of about 6-meter
length and the height of 1.05 meter as shown in

Figure 1.
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Figure 1: Damage caused to the Parapet of Bridge B02-0009 (B4929) Located at the Eastern Province, Rout
615, King Abdul-Aziz Road.

Figure 2: Damage caused to the Bridge Number B3429 Located at the Western Province, Rout 15, Makkah —
Madinah Road.

Similarly, another vehicular collision was
reported on bridge number (B3429 located at
the Almadina province, rout 15, Makkah —
Almadina road in which bridge was hit by a
trailer while passing under the bridge. The
superstructure of the bridge consists of
prestressed concrete Girder (4 Girder/ span). It
was observed that the bridge was hit by a high
vehicle while passing under the bridge in

which the external girder-1 exhibited severe
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damage at 2 prestressing tendon and girder -3

showing lateral distortion and damaged
concrete of about 3m length and exposed
tendon as shown in Figure 2. Based on above
two report vehicular collision on the bridges, it
is important that the structural element should
be able to withstand the dynamic forces
generated during these impacts such that it
should be able to operated through its design
life.

As mentioned above, any structural
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member of the bridge i.e. girders, piers, deck
can be subjected to the impact load produced
due to the vehicular collision, however, the
piers are most critical and venerable to these
kinds of loadings. Therefore, investigating the
behaviour of Piers under impact loading is very
important in order to ensure smooth operation
of the bridges. Number of studies have been
carried out which studies the behaviour of RC

columns under impact loadings.

The behaviour of reinforced concrete (RC)
columns subjected to impact loading was
studied by Cai et al. [1]. For this purpose,
seven RC columns having identical cross-
sections of 150mm x 150mm and having height
of 1200mm were used. The specimen was
tested using impact test setup which consist of
drop weight and impacting hammer. In this
investigation seven columns were impacted at
the mid-height region with three different
masses of (i) 1200 kg (ii) 1500 kg (iii) 1800 kg
representing light, medium and heavy trucks
respectively. The velocity of the impacting
hammer used in this investigation was (i) 0.4
m/s (ii) 0.6 m/s (iii) 0.8 m/s (iv) 1.0 m/s (v) 1.2
m/s. In general, it was seen that for identical
mass and with increasing velocity the
maximum contact force and impact duration
exhibited by the specimen increases. It was
identical

also observed that for velocity
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specimen impacted with smaller mass exhibits
higher impact force. Similar to the observations
of contact force time histories it was found that
for identical mass and with increasing velocity
the displacement exhibited by the specimen

also increases.

The behaviour of a RC column subjected to
multiple impact was studied by Zhang et al.
[2]. A column having a square cross-section of
100mm x 100mm and a height of 800mm was
used for this purpose. The impact load was
applied using pendulum and for this purpose
the pendulum was raised to desired height and
released with velocities ranging from 230 m/s
to 3580 m/s. It was observed that for the case
when RC column was impacted multiple times
the maximum contact force increases
significantly with 1st, 2nd and 3rd impact. This
may attribute to the fact that with each impact
the local stiffness of RC column at the contact
area decreases and as a result contact force
increase. However, when a RC column is
impacted fourth time a significant reduction in
contact force was observed as due to last 3
impacts the column has lost its stiffness

significantly.

The behaviour of Reinforced Concrete columns
(RC) subjected to impact loading was studied
by Demartino et al. [3]. For this purpose, four
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RC
diameter of 300mm and a height of 1700mm

cantilever circular columns having
were used. Two columns with a stirrup spacing
(@) s = 330mm and the remaining two columns
with spacing (b) s = 100mm. The specimens
were tested using impact test setup which
comprises of drop weight and a test truck. The
drop weight and the test truck was connected
with the help of steel wires. The test truck was
accelerated by the drop weight drive
mechanism. In order to apply impact load, the
drop weight was released which transferred the
force to the test truck using steel wire. The
separation system detached the test truck and
steel wires (and the drop weight). After the
separation the test truck strikes the specimen
with the exhibited wvelocities. In this
investigation four columns were impacted with
two different velocities respectively. The
adopted velocities were (i) 3.0 m/s (lower
velocity) (ii) 4.5 m/s (higher velocity). In
general, it was observed that large impact
velocity leads to large damage. It was observed
that when the columns were impacted with
lower velocity the columns sustained their
stiffness whereas when impacted with higher
stiffness

velocity the columns lost their

resulting in failure of the column.

The behaviour of the columns under vehicular

impact loads was also studied numerically; for
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e.g. Zhou & Li [4] proposed a model for
assessing the damage caused to the bridges
piers using non-linear finite element analysis.
Chen et al. [5] carried out a detailed numerical
investigation for studying the behaviour of
bridge pier under the heavy-duty truck’s
collisions. Based on the detailed numerical
investigation it was found that during the
collision the heavy-duty trucks shows two to
three peaks in the impact force time histories.
AuYeung & Alipour [6] studied numerically
the influence of wvehicle mass,

the

velocity,

diameter  of pier and transverse

reinforcement on the  bridge pier under
vehicular collision and found that pier diameter
is the main parameter in detecting the failure
mode under vehicular collision. Brackin et al.
using detailed numerical investigation found
that 600 kips load is an appropriate design load

for pier subjected to heavy vehicular impacts.

Based on above literature review and

discussion, it is evident that most of the
experimental studies focused on studying the
scaled RC specimens, however, full scale RC
piers under impact loading have not been
studied extensively. Therefore, in this
investigation a detailed numerical investigation
have been carried out which initially used the
experimental data of published study of RC

columns under impact to validate the Finite
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Element (FE) models, which is then extended
to study the number of parameters which may
influence the impact behaviour of the RC
columns. Following this a typical RC pier full
scale model has been used to investigate the

vehicular collision.

2. NUMERICAL
INVESTIGATION

The numerical investigation was conducted

using non-linear finite element software
ABAQUS- 2016. Nonlinear FE analysis were
carried out using implicit scheme. The same
material properties were used as reported by
Do et al. [7] for the validation of FE models.
The concrete block and steel plates at the top of
the column representing the super-structural
loads were modeled as an elastic material with
defined properties same as of concrete used in
column and steel used in reinforcement. The
other end of the column is made fixed by
applying boundary condition such that
translation and rotation in every direction is
restricted. In order to ensure reinforcement is
properly embedded in the column, a constraint
of “embedded

reinforcement cage defined as embedded

region” is used with
region and concrete column as host region. The
steel impactor was also modeled as an elastic

material and was given an initial velocity of
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640m/s. The contact between the impactor and
column is made by creating a surface-to-
surface contact between the contacting surfaces

with a friction co-efficient of 0.5.

3. VALIDATION OF THE
FINITE ELEMENT
ANALYSIS

In order to validate the prediction of the finite
element analysis an experiment impact test
results of a bridges column subjected to lateral
impact load carried out by reported by Do et al.
[7] were used. For this purpose, non-linear
finite element analysis was conducted using
ABAQUS [8]. The experiment test setup
consists of a RC column having a cross-
sectional area of 100 mm x 100 mm and a
height of 800 mm subjected to lateral impact
load). In order to represent the super-structure
of the bridge a load was imposed on to the
column with the help of a concrete block
having a mass of 173 kg and steel plates with a
mass of 115 kg prior to the application of the
impact load. The impact load was applied with
the help of the pendulum which consist of the
impactor having a 300 kg which was used to
impact the column at its mid height. Further
details of the impact test setup can be found

elsewhere [7].
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Figure 3: Finite Element Model used for Conducting Validations.

A finite element model, similar to the impact
test set up used [7] was developed as shown in
Figure 1. The concrete block and steel plates at
the top of the column which were used to
represent the super-structural loads in the
impact test setup was modeled assuming its
elastic behaviour. Figure 2 shows the
comparison of the impact force-time histories
exhibited and

experimentally predicted
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numerically. A good agreement between the
experimental and numerical result is observed
indicating the validation of the model. A slight
deviation is observed in the time of the contact
and the peak impact force established
experimentally and numerically. The peak
impact force from the experimental data is
found to 21.49 KN while numerically it is 24.53

KN.
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Figure 4: Comparison between Impact-Force versus Time-Histories Established Experimentally [7], and
Predicted Numerically.

4. PARAMETRIC STUDIES

In order to study the influence of various
parameters on the impact behaviour of the RC
columns parametric studies were carried out
using same FE validated model as described
above. The parameters considered in this study

are:

@ the

reinforcement

Percentage  of longitudinal

(b) Compressive strength of concrete ()
(c) Impact velocity

(d) Stirrups spacing
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4.1.Influence of Percentage of

Longitudinal Reinforcement

As per ACI 318-14 [9] specifications, the
minimum and maximum percentage of
longitudinal reinforcement allowed for the
is 1% and 8%

the study herein

design of RC columns
respectively. Therefore,

focuses on studying the influence of these
longitudinal reinforcement on the impact
behaviour of the RC columns. In the first case
study, maximum percentage of steel i.e. 8% is
considered (case(a)), whereas, in the second
case study 4% of longitudinal steel was used
(case(b)). The results of both these case studies
are also compared with the column specimen

having 1% longitudinal reinforcement as used



(Yo7 saadgic AVEEY AU ayy) ¥ aaad) 8 alaal)

Al o gl )l Al

in the case for the validation of the FE analysis
(FE Model). Figures 3 and 4 show the
between force-time

comparison impact

histories, and midspan deflection of RC

columns having different percentages of
longitudinal steel and subjected to same impact

load as used above in the validation. As can be

— | ]
wh =

—
=

Impact Force (kN)

seen that increasing the percentage of steel
results in increase in impact force hence a
direct relation is established, whereas, the
increase in percentage of steel results in
decrease in the displacement at the point of

impact.

sawewa (g5p (a}
e »(Case (b)

s FE Model

Time(ms)

Figure 5: Comparison between Impact-Force versus Time-Histories for RC Columns having 8% (Case (a)), 4%
(Case (b)) and 1% (FE Model) Longitudinal Reinforcement.
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Figure 6: Mid-Span Deflection with respect to Time observed for RC Columns having 8% (Case (a)), 4% (Case
(b)) and 1% (FE Model) Longitudinal Reinforcement.

4.2. Influence of Compressive Strength

of Concrete

In order to study the influence of compressive
strength of concrete (fc) on the impact
behavior of the RC columns, three case studies
were considered using different concrete
compressive strengths:

(@) fe=20.6 MPa

(b) fo =60 MPa

(c) f =80 MPa

The
compressive strength of 20.6 MPa is that it

reason for the consideration of

corresponds to 3 ksi which is common value of

compressive strength considered for designing.
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The results of these case studies are also
compared with the column specimen made
with concrete compressive strength of 42MPa
as used in the case for the validation of the FE
analysis (FE Model). Figures 5 and 6 indicate
the effect of compressive strength of concrete
on impact force and mid-span displacement. It
was found that compressive strength of
concrete does not have any significant
influence on the impact force as similar
magnitude of the impact force was observed
for the case of RC columns made with different

fe. It was also found that increasing f results
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in decrease in displacement but this decrease becomes insignificant at higher values of f.
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Figure 7: Comparison between Impact-Force versus Time-Histories for RC Columns made with Concrete
Compressive Strength of 20.6 MPa (Case (a)), 42MPa (FE Model), 60MPa (Case (c)) and 80MPa (Case (d)).
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Figure 8: Mid-Span Deflection with respect to Time observed for RC Columns made with Concrete
Compressive Strength of 20.6 MPa (Case (2)), 42MPa (FE Model), 60MPa (Case (c)) and 80MPa (Case(d)).
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4.3.Influence of Velocity

In order to study the influence of the impacting
velocity on the impact of the RC columns, two
velocities as shown below were considered; (a)
320 mm/s and (b) 1280 mm/s.

These velocities correspond to the half and
double of the FE model velocity used above in
the validation of the FE analysis. Figures 7 and
8 show the comparison of impact force time
histories and mid-span displacement exhibited
by RC columns subjected to different impact
velocities. It can be seen that velocity of the
impactor has significant influence on the
impact force and the exhibited deflection. It

was also observed that when considering the

50

!
40 ' \
'

Impact Force(kN)

velocity as twice of the velocity used in the
experimental setup [7] the magnitude of the
impact force become twice, whereas, when
velocity was considered half of that used in the
experimental setup [7] approximately half of
the impact force was observed when compared
with the magnitude of the impacting force
observed with the impact test velocity. Based
on above, it can be concluded that direct linear
relationship was observed between the impact
velocity and the magnitude of the impact force.
It was also observed that an inverse relation is
observed between the velocity of the impactor
and the deflection exhibited by the RC column

at the point of impact.

anssrs (e (E[)
e FE Model

www Case (b)

0 10 20 30

Time (ms)

40 50

Figure 9: Comparison between Impact-Force versus Time-Histories for RC Columns subjected to Impact
Velocities of 320mm/s (Case (a)), 740mm/s (FE Model), and 1280MPa (Case (c)).
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Mid-Span Deflection with respect to Time for for RC columns subjected to impact Velocities of

320mm/s (Case (a)), 740mm/s (FE Model), and 1280MPa (Case (c)).

4.4. Influence of Stirrups Spacing

In order to investigate the influence of stirrup
spacing on impact behaviour of the RC
columns two case studies were carried out:

(@) Increasing the stirrup spacing to double of
that used in the experimental setup (i.e. 80 mm)
(b) Decreasing the stirrup spacing to half of

that used in the experimental setup (i.e. 20 mm)

The results of these case studies are also
compared with the column specimen having

stirrups spaced at 40 mm as used in the case for
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the validation of the FE analysis (FE Model).
Figures 9 and 10 show the comparison between
impact force and displacement-time histories
respectively for RC columns having stirrup
spacing at 80 mm (case (a)), 20 mm(case(b))
and 40 mm (FE model). It was observed the
stirrup spacing does not significantly influence
the impact force time histories, however,
displacement time histories were found to be
significantly influenced. It was also observed
that with the decrease in the spacing of the
stirrups the amount of the damage caused at the

mid-span also decreased significantly.
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Figure 11: Comparison between Impact-Force versus Time-Histories for RC Columns having Stirrup Spacing
at 80 mm (Case (a)), 20 mm (Case (b)) and 40 mm (FE Model).
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Figure 12: Mid-Span Deflection with respect to Time observed for RC Columns subjected to Impact Velocities
of 320mm/s (Case (a)), 740mm/s (FE Model), and 1280MPa (Case (c)).
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5. VEHICULAR COLLISION ON
A PIER OF RC BRIDGE

AASHTO-LRFD  [10]
equivalent static force (ESF) of 2668 kN acting

recommends an

at a height of 1.5m from the ground level to be
considered while designing bridge piers in
order to consider the vehicular collision,
however, the behaviour of such elements
significantly differ under dynamic conditions.
Therefore, in this study in order to investigate
the vehicular collision on a pier of RC bridge, a
non-linear FE analysis was conducted using
ABAQUS [8]. For this purpose, pier having
height of 5.1m supporting girder loads which is
considered as an axial load of 9227 kN acting
on the pier is modelled. The Pier is reinforced
with sixty-three 32mm-dia longitudinal bars till
a height of 4 m from the bottom and forty-two
bars for the remaining height. Figure 11 shows
the pier cross section and reinforcement details.
In the FE model, concrete compressive strength
is assumed to be 27.5 MPa, whereas, the yield
strength of reinforcing steel bar is assumed to
be 410 MPa for both longitudinal bars and

stirrups.

Figure 12 shows the FE model used for
investigating the vehicular collision on pier.

The vehicle model is taken from the sample
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models present in the ABAQUS [8]. Vehicle
model consists of more than 200,000 elements
and is designed especially for collision
modeling. The vehicle falls in the category of
passenger car having an approximate gross
vehicle weight rating (GVWR) of 7000 Ibs
according to the federal highway authority
(FHWA) [11] USA classification. In FE model
, the vehicle is collided with pier at a height of
1.275m from the bottom with a vehicle velocity

of 120 mph.

Figure 13 shows the displacement-time history
of the pier at the collision point. It was
observed that no significant deformation takes
place in the as peak deformation 0.28 mm was
exhibited. Figure 14 shows the FE model used
for vehicular collision on pier and Figure 15
shows the displacement-time history of the pier
at the point of collision. Figure 16 shows the
profile of deformation of the FE Modelled
collision of the car with the pier at the time of
the collision, while Figure 17 shows the profile
of deformation along the pier height. As can be
seen that due to the collision of the vehicle the
behaviour of the pier can be classified into two
types; the

deformation occur at the point of the contact of

local behaviour in which the
the collision and the global behaviour in which

the deformation occur along its full height.
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Figure 13: Peir’s Cross-Section and Reinforcement Details.

Figure 14: FE Model used for Vehicular Collision on Pier.
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Figure 15: Displacement-Time History of the Pier at the Point of Collision.

Figure 16: Deformation Profile of the FE Model at the Time of the Collision.
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Figure 17: Deformation Profile along Pier Height.

6. CONCLUSIONS

A detailed numerical investigation have been

carried out which initially used the
experimental data of published study of RC
columns under impact to validate the Finite
Element (FE) models, which is then extended
to study the number of parameters which may
influence the impact behaviour of the RC
columns. Following this a typical RC pier full
scale model has been used to investigate the
vehicular collision. Based on the scale RC
column FE model and the parametric studies

conducted, following conclusions were drawn.

e Impact force is mainly the function of
velocity of the impacting object, as a
direct relationship was observed.

40

of steel

the

e Percentage significantly

influence impact force and
compressive strength of concrete and
stirrup spacing was found to have no
significant influence on the impact

force.

Based on the FE model investigating the full
scale model of RC pier under high speed car
collision, it was found that no significant
damage was exhibited by pier. Due to the
collision of the vehicle the behaviour of the
pier can be classified into two types; the local
behaviour in which the deformation occur at
the point of the contact of the collision and the
global behaviour in which the deformation

occur along its full height.
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ABSTRACT

Noise is considered one of the primary pollutions worldwide, which plays a key role in harming human physical
and rational health. The current study was conducted to evaluate the effect of noise level, font size, and character
type on the typing performance on computers. The data were obtained by measuring ambient noise at five levels
of noise: 56, 63, 70, 76, and 82 dba during typing on computers by 20 participants. The noise was measured by a
noise level meter device. We measured the average typing time and average typing accuracy at each level of
noise at two different conditions. The first condition is by dividing the typing on computers into three types of
characters (Times new roman, Arial, Andalus) and the second condition by dividing the font size into four types
(10, 12, 14, 16). After that, we measured the average typing time with different font sizes at different characters
type. The findings are discussed thoroughly in the paper, revealing that noise level, character type as well as font
size are the remarkable conditions amid all controllable aspects that affect the average typing time and accuracy.
In addition, the results show that the ideal conditions were, 70 dBa Noise level, Times New Romans and
fourteen font sizes. In conclusion, working at noise level of 70 dBa would greatly optimize the human
performance represented by a low typing time and high typing accuracy.

KEYWORDS: Noise Level, Font Type, typing Time, computers, Font Size.

INTRODUCTION sensation and communications in the middle of

the understanding of noise and temperature.
Noise has been called one of the four primary

pollutions worldwide, industriously alarming For the time being, computer usage is
human physical and rational health and predominant, while keyboard usage is a
wellness. Noises such as make-up noise, prominent characteristic of everyday life.
passage sound, and workplace noises are Keyboard usage has been considered as a
arbitrarily circulating variables as well as the strong risk variable for carpal subway disorder
sound pressure scale modifications irregularly. as well as a diversity of various other
The effect of noise has been well-elaborated musculoskeletal  conditions, inclusive of
from the sights of working accomplishment, [1, epicondylitis [6]. According to the writing desk
2], diseased erection syndrome, [3], human of Labor Data as well as several various other
health, [4] and feelings, [5]. A significant research studies, upper extremity MSD
quantity of examination has been carried out on (Musculoskeletal Symptoms and Disorders)
the feasible effects of sound on thermal associating with computer keyboard usage is a
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significant concern in work-related wellness [7,
8] as a result of its high propagation rate. Given
that the computer’s keyboard usage can be
explained by recurring finger motions, those
conditions may expand from accumulative
valuables of transitory loads on the tarpaulin
out of recurring muscular tissue activations.
Word treatment jobs are a substantial part of
everyday bureaucracy jobs, which need focus
and concentration that might drive to cerebral
stress and fatigue. Given that it is appealing
mutual in workplaces to focus on the music
while at the office [9, 10], music might have
some comfy effect on people in reducing the
work-related anxiety.  Psychophysiological
anxiety restriction has actually been recognized
to increase muscle stress in repeated manual
jobs [11], and if songs with its comfy impact
can decrease muscular tissue stress it could
possibly decrease Musculoskeletal Disorder
(MSD) risk. Till now, there is no studies on the
direct physical as well as psychological
influence of music on computer word treatment
jobs. This research study aims to analyze the
impacts of music and intellectual tons induction
on keying productivity, inputting force and also
EMG (Electromyography) activity extensor
digestome muscular tissues in word processing
tasks.

Noise defilement in operating rooms negatively
impacts both patient integrity and staff well-
being prospectively predestined noise levels in
the operating room and establishes a positive
engagement amidst intraoperative noise levels
and operative site infections, [12, 13].
Intraoperative noise confuses surgery, which
may have unfavorable impacts on the focus of
operating room staff, [14,16]. The poor focus
caused by high levels of noise may affect
operating room staff's capability to implement
aseptic techniques, growing the eventuality of
developing operating site infections.
Intraoperative noise affects operating room
staff's dialectics and their capability to execute
their tasks, [13]. Anesthesiologists' clinical
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thinking execution was poorer in a noisy
medium than in a peaceful environment, [17].
Moreover, intraoperative noise may damage
efficient communication between operating
room staff, [14,18,19] and unavailing
communication is a leading factor contributing
to inverse events, [20]. Unavailing
communication not only negatively affects
patient safety but also causes a raise in stress
among operating room staff, [21].

Moreover, ambient noise in an artificial
operating room generated a growth in the
psychological and physiological stress of
apprentice operators during laparoscopy, [22].
Besides the increase in stress, intraoperative
noise growing the perception of workload and
fatigue of operating room staff, [23].

Previous research has shown that vocals can
have a negative influence on reproduction
typing accomplishment, however high-volume
music can have a positive effect on typing
speed. The influence of accompanying music
also seems to vary according to whether the
entrant is a skillful typist or minimal
experienced. The results from this work
obviously shows that various parameters of
music have different effects [24], and suggests
that we intensity be able to achievement
raucous, pragmatic music to improve execution
when active at a computer. The study shows
that the conditional reinforcing belongings of
verbal feedback for accuracy or speed single
increased accuracy or speed scores of typing
achievement. Feedback for accuracy alone
(quality of achievement) had the utmost,
influence on overall performance raise.
Therefore, feedback for accuracy appears to be
the feedback of choice in this specific
regulation, though utmost changes are
anticipated if extra achievement administration
tool are added [25]. Another study by
Majaranta et al. [26] did not find different
effects between superintendent and peer
feedback, but this observation should further be
scrupulous. Additional studies are
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indispensable to further examine long-term
effects of oral feedback unique as well as in
group with other rendering enhancing tools.
Such studies showed that the uninteresting task
of eye typing is facilitated using appropriate
feedback. The form of feedback impacts both
employee performance and experience. By
adding a short heard ‘‘click’’, both the typing
accuracy and speed is afflicted [26]. The
period of the dwell time affects the suitability
of different types of feedback: Short stay times
demand short and pure feedback while long
stay times can be showing extra information.
Word forecast has been shown to be a
potentially beneficial tool in supporting
children with spelling distress to spell more
carefully, despite the costs related to its use.
However, the restraint of a person with spelling
difficulties to word- forecast employment
varies and is difficult to foresee, [27].

The main goals of this paper are to understand
just how individuals are influenced by noise as
an enhancement to mundane, tedious job-
related computing jobs. By carrying out
empirical studies in the field, it is hoped that
this study will certainly cause a far better
understanding of just how noise impacts
individuals when functioning and also add to
the advancement of theories describing why
noise can transform people’s habits.
EXPERIMENTAL METHODS

1. Participants

Twenty male participants with average age 20-
23 years old. The participants, who were in
decent physical health and condition, have no
history of hand nor forearm musculoskeletal
signs. As well, they were able to read and write.
2. Design and Study

This descriptive, prospective, cross-sectional
study was conducted and the data were
obtained by measuring ambient noise at five
levels of noise 56, 63, 70, 76 and 82 dBa during
typing on computers by 20 participants. We
measured the average typing time and average
typing accuracy at each level of noise at two
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different conditions. The first condition was by
dividing the typing on computers into three
types of characters (Times new roman, Arial,
Andalus) and the second condition was by
dividing the font size into four types (10, 12,
14, 16). After that, we measured the average
typing time and average typing accuracy with
different font sizes at different characters types.
3. Research Instruments

The dimensions of the adjustable table to fit the
study was (length 100 cm x breadth 70 cm X
height 59 ~128 cm), as well as several 20-
laptop computers, which were placed on the
tables, were used. In addition, and to simulate
the office workstation, adjustable office chairs
with armrests were used. The participants
adjusted the height of the chair’s seat according
to their desire, following by the adjustment of
the table height to relax and upright the upper
body posture in order to feel comfortable when
using the laptop keyboard. The noise was
measured by a noise level meter device.
Stopwatch with Countdown Timer was used to
determine the typing time for each student.

4. Experimental procedure

This descriptive, prospective, cross-sectional
study was conducted and the data were
obtained by measuring ambient noise at five
levels of noise during typing on computers by
20 participants.

Participants were provided first with a student
worksheet, and then performed a word
processing task by typing a paragraph contain
70 words. Then, the time of typing full
paragraphs was monitoring using a stopwatch
for each participant. In the end, the average
time of typing was computed from twenty
participants.

5. Design of experiments

The experiences were designed to compute the
following: 5 (level noise) * 3 (character type) *
4 (font size) within the subject design. The
subsequent tables show the aggregate number
of experiments considering the diverse
conditions.
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Table 1 Aggregate Number of Experiments with Diverse Conditions

Noise,5 experiment Characters type,15 experiment Font size,20 experiment
56 dBa Times new roman Avrial Andalus 10 12 14 16
63 dBa Times new roman Avrial Andalus 10 12 14 16
70 dBa Times new roman Avrial Andalus 10 12 14 16
76 dBa Times new roman Avrial Andalus 10 12 14 16
82 dBa Times new roman Avrial Andalus 10 12 14 16

Table 2 Number of Experiments of Characters Type and Font Size at Noise Level 1, 65 dBa.

Noise, 56 dBa
Characters type Font size,12 experiment
Times new roman 10 12 14 16
Avrial 10 12 14 16
Andalus 10 12 14 16

Table 3 Number of Experiments of Characters Type and Font Size at Noise Level 2, 63 dBa.

Noise, 63 dBa
Characters type Font size,12 experiment
Times new roman 10 12 14 16
Avrial 10 12 14 16
Andalus 10 12 14 16

Table 4 Number of Experiments of Characters Type and Font Size at Noise Level 3, 70 dBa.

Noise, 70 dba
Characters type Font size,12 experiment
Times new roman 10 12 14 16
Arial 10 12 14 16
Andalus 10 12 14 16

Table 5 Number of Experiments of Characters Type and Font Size at Noise Level 4, 76 dBa.

Noise, 76 dba
Characters type Font size,12 experiment
Times new 10 12 14 16
roman
Arial 10 12 14 16
Andalus 10 12 14 16
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Table 6 Number of Experiments of Characters Type and Font Size at Noise Level 5, 82 dBa.

Noise, 82dba
Characters type Font size,12 experiment
Times new 10 12 14 16
roman
Arial 10 12 14 16
Andalus 10 12 14 16

6. Test Conditions

Windows 7 was installed by students for typing
on computers. After students finished typing
the task, the data were recorded for the task
time and typing accuracy. The task contains
seventy words. Screen resolution was 720*1280
at the same zoom level of 100%. The tests were
done at room temperature.

7. Data Analysis

The software used for data analysis is Minitab.
The analysis of variance (ANOVA) and
analysis of mean (ANOM) were applied to the
collected data.

B Average Typing Time

—
h
(=)

Average Typing Time, Sec

L
[==]

Noise Level, dba

Fig. 1 Effect of noise level on average
typing time
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RESULTS AND DISCUSSIONS

Figures 1 and 2 show that the average typing
time and average typing accuracy were affected
by noise level under parameters of times new
roman, character type and fourteen font size. In
Fig. 1. The noise level shows remarkable effect
on decreasing typing time, it can be
investigated that, avarge typing time shows the
minimum value at noise level 70 dba then
increases. The lowest typing time was observed
at 70 dba noise level. In Fig. 2. The hights
accuracy was noticed at 70 dBa noise level
followed by 82 dBa. These results matched the
results of noise level with average typing time.
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Fig. 2 Effect of noise level on average
typing accuracy
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Figure 3 and figure 4 display the main
consequence of font size on average typing
time and average typing accuracy under
conditions of 70 dBa noise level and fourteen
font sizes for times new roman character type.
In Figure 3, it can be observed that the average
typing time declines with rising font size up to
fourteen font sizes, then slightly increases for
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I

110

|

Font Size

Fig. 3 Effect of font size on average typing

time at 70 dBa and times new roman font type

Figures 5 and 6 display the consequence of
character type on average typing time and
average typing accuracy under conditions of 70
dBa noise level and fourteen font sizes. In
Figure 5, it can be shown that the lowest
average typing time at times new roman
character type then at Arial followed by
Andalus. The average typing accuracy was
shown in Figure 4. The highest accuracy is
noticed at times new roman font type.
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sixteen font sizes. The lowest average time was
observed at 14 font size. The average typing
accuracy was shown in Figure 4. The highest
accuracy is perceived at fourteen font size.
These results may indicate that the
recommended font size for such conditions is
fourteen points.
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| B Average Typing accuracy
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Fig. 4 Effect of font size on average typing
accuracy at 70 dBa and times new roman font
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Fig. 5 Effect of font type on average typing
time at 70 dBa and 14 font size

Average Typing Accuracy, %

99.4
99.2

99
98.8
98.6
98.4
98.2

98
97.8
97.6
97.4
97.2

97

W Average Typing accuracy

Times New Arial Andalus
Roman

Characters Type

Fig. 6 Effect of font type on average typing

accuracy at 70 dBa and 14 font size

Figures Yand A show the effect of noise level as well as font type on average typing time and average
typing accuracy at fourteen font sizes. In figure 7, it can be shown that the typing time declines until 70
dBa then increases for all character types and the lowest average typing time was at 70 dBa for times
new roman font type. The average typing accuracy was shown in Figure 8, the highest accuracy
observed for times new roman font type was at 70 dBa, the highest accuracy observed for Arial font
type was at 56 dBa and the highest accuracy shown for Andulus font type was at 82 dBa.
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Figures 9 and 10 show the main consequence of
noise level as well as font size on average
typing time and average typing accuracy for
times new roman character type. In figure 9, it
can be observed that the average typing time
decreases until 70 dBa then increases for all
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==fl=Font Size 12
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Fig. 9 Effect of noise level and font size on

average typing time for times new roman

Figures 11 and 12 show the effect of noise level
and font size on average typing time and
average typing accuracy for Arial font type. In
figure 11,

51

Average Typing Accuracy, %

font sizes and the lowest average typing time
was at 70 dBa for fourteen font sizes. The
average typing accuracy was shown in Fig. 10,
the highest accuracy shown for times new
roman font type was at 70 dBa and fourteen
font sizes then at 56 dBa and sixteen font sizes.
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Fig. 10 Effect of noise level and font size on

average typing accuracy for times new roman

it can be observed that the average typing time
declines gradually while noise level increases
for all font sizes and the lowest typing time was
at 82 dBa for twelve font sizes. The typing
accuracy was shown in Figure 12, the highest
accuracy investigated for Arial font type was at
56 dBa and font size sixteen then fourteen then,
twelve and ten font sizes for the same noise
level.
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Fig. 11 Effect of noise level and font size on

average typing time for Arial font type

Figures 13 and 14 demonstrate the primary
consequence of noise level and font size on
average typing time and average typing
accuracy for Andalus font type. In figure 13, it
can be seen that the average typing time
declines until 70 dBa then rises for all font sizes
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Fig. 12 Effect of noise level and font size on
average typing c for Arial font type

and the lowest average typing time was at 70
dBa for sixteen font size. The average typing
accuracy was shown in Figure 14, the highest
accuracy perceived for Andalus font type was
at 70 dBa, and font size ten then at 56 dBa and
font size twelve.
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To estimate the significance of each control

factor’s effect on the response factor, ANOVA
was used, The conditions description were
shown in table 7.

Table 7 Conditions Description:

A B C
Noise Level Character Type Font Size
LEVEL 1 56dBa | LEVEL 1 | Times New Romans | LEVE 10
LEVEL 2 63 dBa LEVEL 2 Arial LEVE 12
LEVEL 3 70 dBa LEVEL 3 Andalus LEVE 14

According to S/N Ratio, the ideal conditions
observed at noise level 3, level 1 in character
type and level 3 in font size, this parameters are
70 dBa Noise level and Times New Romans
and 14 Font size. According to the standard
deviation the ideal conditions shown at noise
level 2, level 3 in character type and level 1 in

Main Effects Plot for SN ratios
Data Means

Noise level Caracter ype Fontsize

4130
4375
44,00
4425
44350

4475

Mean of SN ratios

4300

4525
1 2 3 1 2 3 1 2 3

Signal-to-noise Smaller is better

Fig. 14 Main Effects Plot for SN Ratios
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font size, these parameters are 63 dBa Noise
level, Andalus and 10 Font size. According to
the means the ideal conditions were at noise
level 2, level 2 in character type and level 2 in
font size, these parameters are 63 dBa Noise
level, Arial and 12 Font size.

Main Effects Plot for StDevs

Data Means

Noise level Caracter type Font size

on
n
=

Mean of StDevs

50.0

475

45.0

Fig. 15 Main Effects Plot for Standard Deviation
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Main Effects Plot for Means
Data Means

Noise level Caracter type Font size
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Fig. 16 Main Effects Plot for Means

Response Table for S/N Ratios, Smaller is response table for the means displays the same
the best. detected at the S/N ratio. The response table for
The response table displays the most affecting standard deviation displayed that the font size is
conditions’ effect on typing time. The response the most affecting condition followed by the
table for the S/N ratio investigated the noise character type and the noise level, tables 8 to
level is the most affecting conditions then the 10.

character type followed by the font size. The
Table 8 Response Table for S/N ratio.

Level | Noise level Chta;: sgter Font size
1 -44.19 -44.91 -44.03
2 -43.63 -43.8 -44.01
3 -45.11 -44.22 -44.88

Delta 1.47 1.11 0.87

Rank 1 2 3
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Table 9 Response Table for Means

Level | Noise level Chg/r Fa)\gter Font size
1 154.9 170.5 154
2 146.7 149.5 153.3
3 175.6 157.3 169.9
Delta 28.9 21 16.7
Rank 1 2 3

Table 10 Response Table for Standard Deviations

Level | Noise level Chﬁfﬁgter Font size
1 53.03 59.19 44 .52
2 44.33 46.04 4551
3 53.25 45.37 60.58

Delta 8.92 13.82 16.06

Rank 3 2 1

The (ANOVA), (ANOM), the standard deviation of the investigated collected data, and S/N ratio were
done. The minimum value that carried to identify the remarkable variables and to quantify their effects
on the response characteristics was the best, show tables 11 to 13.

Table 11 Analysis of Variance S/N ratio (ANOVA)

Source DF Adj SS ':‘/Icg F-Value | P-Value
Noise level 2 3.313 1.6563 1.42 0.0414
Character type 2 1.888 0.9441 0.81 0.0553
Font size 2 1.483 0.7413 0.63 0.0612
Error 2 2.336 1.1682
Total 8 9.02
Table 12 (ANOM)
Source DF Adj SS Adj MS | F-Value P-Value
Noise level 2 155.3 77.66 1 0.05
Character type 2 364.4 182.22 2.34 0.0299
Font size 2 485.9 242.96 3.12 0.0242
Error 2 155.5 7777
Total 8 1161.2
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Table 13 (ANOVA)

. Adj F- P-
Source DF Adj SS MS] Value | Value
Noise level 2 1329.3 664.7 1.42 0.413
Character type 2 676.1 338 0.72 0.581
Font size 2 532.2 266.1 0.57 0.638
Error 2 936.3 468.2
Total 8 3473.9

Residual plots are mainly utilized for checking issues related to normality, variance randomization, and
outliers.

Residual Plots for MEAN1
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Residual Plots for STDE1
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Fig. 17 Residual Plots For MEAN1, SNRA1 and STDEL1.

CONCLUSION
Although previous studies have investigated the

impact

of noise on individuals"

typing

performance, they have not considered various
relevant conditions. Hence, this study evaluated
human performance (typing time and accuracy)
at different combinations of conditions. Several
key points are summarized as follows:

Purpose: The research was conducted to
evaluate the effect of noise level, font size,
and character type on the typing
performance on computers.

Design: Descriptive and cross-sectional
study.
Methods: The data were obtained by

measuring ambient noise at five levels of
noise: 56, 63, 70, 76, and 82 dBa during
typing on computers by 20 participants. The
noise was measured by a noise level meter
device. We measured the average typing
time and average typing accuracy at each
level of noise at two different conditions.
The first condition is by dividing the typing
on computers into three types of characters
(Times new roman, Arial, Andalus) and the
second condition by dividing the font size

Y

into four types (10, 12, 14, 16). After that,
we measured the average typing time with
different font sizes at different characters
type.

Findings: Noise level, character type as well
as font size are the remarkable conditions amid
all controllable aspects that affect the average
typing time. In addition, the results show that
the ideal conditions were, 70 dBa Noise level,
Times New Romans and fourteen font sizes.
Conclusions: Working at noise level of 70
dBa would greatly optimize the human
performance represented by a low typing
time and high typing accuracy.

REFERENCES

1. Guan H., Hu S., Liu G, Zhang L., “The
combined effects of temperature and
noise on the comfort perceptions of
young people with a normal Body Mass
Index”, Sustainable Cities and Society
54, 101993, 2020.

2. Szalma, J. L., & Hancock, P. A. Noise
effects on human performance: A
metaanalytic synthesis. Psychological
Bulletin, 137(4), 682-707, 2011.



(A Y)Y saadgia AVEEY LGN auny) ¥ aaall 4 alaal)

Al p gl 0 Analy Al

. Gerr, F.,

. Witterseh, T., Wyon, D. P., & Clausen,
G. The effects of moderate heat stress
and open-plan office noise distraction
on SBS symptoms and on the
performance of office work. Indoor Air,
14, pp.30-40, 2004.

Basner, M., Babisch, W., Davis, A.,
Brink, M., Clark, C., Jassen, S., et al.
Auditory and non-auditory effects of
noise on health. The Lancet, 383(9925),
1325-1332, 2014.

. Juang, D. F., Lee, C. H,, Yang, T., &
Chang, M. C. Noise pollution and its
effects on medical care workers and
patients in hospitals. International
Journal of Environmental Science and
Technology, 7(4), 705-716, 2010.

. Pascarelli, E.F. and Kella, J.J., Soft-

tissue injuries related to use of the
computer keyboard: A clinical study of
53 severely injured persons, Journal of
Occupational Medicine 35(5) 522-532,
1993.

. (BLS) BoLS. Reports on survey of
occupational injuries and illnesses in
1977-2001. In: Bureau of Labor
Statistics UDoL, Washington, DC. ed.,
2002.

Marcus, M., Ensor, C.,
Kleinbaum, D., Cohen, S., Edwards, A.
et al., A prospective study of computer
users: I. Study design and incidence of

musculoskeletal symptoms and
disorders,  American  Journal  of
Industrial Medicine 41(4), 221-235,
2002.

. Oldham, G.R., Cummings, A., Mischel,
L.J., Schmidtke, J.M. and Zhou, J.,

Listen while you work? Quasi-
experimental relations between
personal-stereo  headset use and

employee work responses, Journal of
Applied Psychology 80(5), 547-564,
1995.

58

10.

11.

12.

13.

14.

15.

16.

17.

Day, R.F., Lin, C.H., Huang, W.H. and
Chuang, S.H., Effects of music tempo
and task difficulty on multi-attribute
decision-making:  An  eye-tracking
approach, Computers in  Human
Behavior 25(1), 130-143, 2009.

Rissén, D., Melin B., Sandsj6 L.,
Dohns, 1. and Lundberg, U., Surface
EMG and psychophysiological stress
reactions in women during repetitive
work, Eur J Appl Physiol 83(2-3), 215-
222, 2000.

AORN position statement on managing
distractions  and noise  during
perioperative patient care. AORN Inc;
2020. Available at:
https://www.aorn.org/
guidelines/clinical- resources/position-
statements. Accessed April 13, 2020.
Dholakia S, Jeans JP, Khalid U,
Dholakia S, D'Souza C, Nemeth K. The
association of noise and surgical-site
infection in day-case hernia repairs.
Surgery. 157:1153-1156, 2015.
Padmakumar AD, Cohen O, Churton A,
Groves JB, Mitchell DA, Brennan PA.
Effect of noise on tasks in operating
theatres: A survey of the perceptions of
healthcare staff. Br J Oral Maxillofac
Surg. 55, pp.164-167, 2017.

Van Pelt M, Weinger MB. Distractions
in the anesthesia work environment:
Impact on patient safety? Report of a
meeting sponsored by the anesthesia
patient safety foundation. Anesth Analg.
125:347-350, 2017.

Keller S, Tschan F, Semmer NK, et al.
Noise in the operating room distracts
members of the surgical team. An
observational study. World J Surg. 42:
3880e3887, 2018.

Enser M, Moriceau J, Abily J, et al.

Background noise lowers  the
performance of anaesthesiology
residents’ clinical reasoning when



18.

19.

20.

21.

22.

(A Y)Y saadgia AVEEY LGN auny) ¥ aaall 4 alaal)

Al p gl 0 Analy Al

measured by script concordance: A
randomised crossover volunteer study.

Eur J Anaesthesiol. 34(7):464-470,
2017
Keller S, Tschan F, Beldi G, Kurmann

A, Candinas D, Semmer NK. Noise
peaks influence communication in the
operating room. An observational study.
Ergonomics. 59:1541-1552, 2016.
Cheriyan S, Mowery H, Ruckle D, et al.
The impact of operating room noise
upon communication during
percutaneous  nephrostolithotomy. J
Endourol. 30:1062-1066, 2016.
Minimizing noise and distractions in the
OR and procedural units. Joint
Commission Quick Safety. The Joint
Commission; 2017.
https://bit.ly/315brxe. Accessed April
13, 2020.

U_gurlu Z, Karahan A, Unli H, et al.
The effects of workload and working
conditions on operating room nurses
and technicians. Workplace Health Saf.
63:399-407, 2015.

Waterland P, Khan FS, Ismaili E,
Cheruvu C. Environmental noise as an
operative stressor during simulated
laparoscopic surgery. Surg Laparosc

59

23.

24.

25.

26.

27.

Endosc Percutan Tech. 26:133-136,
2016.

McNeer RR, Bennett CL, Dudaryk R.
Intraoperative noise increases perceived
task load and fatigue in anesthesiology
residents: A simulation-based study.
Anesth Analg. 122:512-525, 2016.
Bramwell-Dicks, A., Petrie, H. and
Edwards, A.,. The Effect of Vocals and
Music Volume on Transcription Typing
Speed. In Eighth York Doctoral
Symposium on Computer Science &
Electronics (p. 18), 2015.

Tittelbach, Danielle, Lanny Fields, and

Alicia M. Alvero. "Effects of
performance feedback on typing speed
and accuracy." Journal of

Organizational Behavior Management
27, no. 4, pp. 29-52, 2008

Majaranta, P., MacKenzie, I.S., Aula, A.
and Raihd, K.J. Effects of feedback and
dwell time on eye typing speed and
accuracy. Universal Access in the
Information Society, 5(2), pp.199-208,
2006.

Herold, M. and Bornman, J. Typing
speed, spelling accuracy, and the use of
word-prediction. South African Journal
of Education, 28(1), pp.117-134, 2008



(AYe¥) aabgio AVEEY Ny ) ¥ asmd) 4 alaal Aal) o ghall () Jla Asala Alsa

A gasas]) 83@3‘_,&;2\_)&51\ &14) Gﬂ“‘“uhw‘ 8333&\@%&3&&'4\9«'43\ 6 $ia il

JJ:\MA\ cwuﬁu\.é,\ﬁ* cgh J...\Ai" 4‘;39 M‘g\é,\ﬁ\ (PSR A@LA\ c@i&.ﬁ&j\#ﬁ\
AR g

43 gl 4 jad) AStaad) (Ol (Ol ok Aaaly Aigd) A0S (deliall dunigh) aud]
Ll an Ay ggan Lial) daaly cddigl 4008 ¢ SAilSaal) ananail] g zUSY) Adin and?

ueidlal)

& ,m&mms‘wg\J'Ju\”u_.,ﬁqu‘(,utdqumm)x\ﬁw\w)mgm}-an
o‘)g.;\ ‘_“Jc 4..1\.5]\ c-Lu\ ;\JY\ ‘511‘— Ll &}1 Jaall o ‘c-LA}nAM ng.u.u e.us.a d;\ &_\;.\S\ Jaa ;\);\
YUY Y 0Tl i 0 die glia guall (5 gl (bl SIS (e QUL Je J geasdl &5 55 gaa S

DR (e slia guall (5 gine (i a5 gaaaSll 5 jeal o AUSH dagal & Jliia Yo elal DA (e @lld 5 AY
e IS die UK 48y Langie 5 AUSH g o gle (el Ll 28] lis guiall (5 ghue iy Gl Slea
sl guall (5 siuse daiingo cApalall 48l 020 (8 (Gaxy (EELE i) il Gl 8 duseddl il il
-_-@U:\smuss)\sag;‘;;)sjz‘émuasw\jq,;)u\ﬁi@QHM\M\@U&AJJJM\
(Olagy st 3l J:sjtij.nv.d}mm;uﬂ\)u\M\mﬁCsc\m 0 snaSll 3 jeal e 4l
o il die (adle (0 thm}ds\quMYwu})LM\@ VE( .L.;j\eaj
JJM\DP‘&QM\JSMG‘JY&}MM\JMV' L_ajds:;tm}md}uuu\ﬁ M\;\_\J\;M}A

60



(AY oYY onadgio AVEEY LGN au)) ¥ anadl 4 alaalf Addat) a glall of Sl daaly Aa

The Applications of Control Charts in Higher Education: A Systematic
Review

Abdulelah Ali
Department of Industrial Engineering
Jazan University, Saudi Arabia

ABSTRACT

The aim of present review is to investigate the impact of quality control charts on enlightening
the quality of higher education and the effectiveness of education and learning. A systematized
literature search was accomplished from numerous sources viz., PubMed, MEDLINE, CINAHL, and
EMBASE to identify relevant studies published from 1998 to 2019. Based on the search methodology
it was tried to reveal the factors that influence the quality control chart's enlightenment on the quality of
higher education. In addition, it tries to emphasize how statistical control charts can help teachers
improve the quality of education and the effectiveness of supervision in practice. Therefore, all quality
control challenges have been addressed so that appropriate actions and adjustments can be coordinated.
Thus, quality control enhances thorough quality oversight in higher education and stimulates the
professional growth and development of teachers and students. It can be concluded that, if researchers
use control charts as SPC methods to improve Saudi Arabian higher education institutions (educational
outcomes, non-curriculum skills, success/failure rates, mental stress, etc.), it will be beneficial.
Therefore, statistical control charts are a tool for moving problems in right direction. This is a
recognized and consistent way to find its place, particularly in quality control of higher education
systems

Key Words: Control Charts, Higher Education, Statistical Quality Control, Academic Progress.

1 INTRODUCTION financial shocks. Higher education graduates
behave better and make higher levels of public
contribution. In short, HE institutions not only
provide the right and proper work skills, but also
prepare individuals to become active members
of the community and society. Reforms of
existing higher education institutions can be
facilitated through deliberate collaboration by
governments, the corporate sector, civil society
and academia. This could help reinvent the HE

Higher education (HE), also referred to
tertiary education, comprising private and public
institutions that help promote growth, reduce
poverty and promote shared prosperity. A skilled
workforce with a concrete knowledge is
essential for invention and development. Well-
educated workforces are more likely to be hired,
receive better salaries, and cope better with
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system for quality delivery in research,
education and community services. Higher
education institutions need to set up internal
quality assurance and quality control techniques
to enhance quality delivery.

Traditionally, a variety of quality
"guantitative” tools (such as control charts) have
been applied primarily in industrial products. In
addition, the use of control charts for quality
evaluation has been gradually introduced into
the service sector since the last few decades.
However, quality of service has been associated
with  increased profitability, creating a
significant competitive benefit for service
businesses by creating repetitive sales and
greater market share, confirming consumer
retention and positive reviews [1]. Therefore,
service suppliers should always stick to quality
measurements so that they can establish ways to
improve quality. Among the many types of
existing services, present study focuses on
education, more precisely higher education
(HE).

However, in some situations, it has been
found that due to educational system policies
and strict regulations, it also plays a role that can
lead to increased levels of stress by students.
Some sources include overcrowded lecture
rooms, semester grade evaluation systems,
insufficient resources and equipment [2], huge
syllabuses [3] lengthy hours, and expectations
for memorization [4]. In addition, parents and
institutes are relentlessly instilling fear of failure
that affects their self-esteem and self-confidence.

Therefore, the purpose of this review is
to investigate the impact of quality control charts
on improving the quality of higher education and
the effectiveness of education and learning. It

62

was also attempted to emphasize how teachers
improved internships in the quality of education
and the effectiveness of supervision.

1.1  STATISTICAL PROCESS
CONTROL

Walter Shewhart introduced the concept
of statistical process control (SPC) to improve
industrial production. SPC is an online quality
control system that can be defined as a
philosophy, policy, and method for improving
systems, results, and processes. SPC is based on
the theory of variability, the general and special
causes of variability. This includes the theory of
process thinking, data learning, analytical
research, experiments, measurement, and
methods of data gathering reported by Ning et
al. [5]. The most widely used charts in SPC are
run charts, average charts, range charts,
histograms, Pareto charts, and so on. It should be
noted that while SPC and statistical quality
control are frequently used reciprocally, the
latter is used to define a broader management
approach towards quality management.

1.2 DESIGN OF ACONTROL CHART

Control charts are mainly graphs derived
from the normal distribution curve. There are
two categories of control charts, variable charts
and attribute charts, depending on the nature of
data. The data is placed in subgroups to establish
a set of interpretations that indicate stable and
controlled behavior for the process. For
example, you can select interpretations of group
reaction times that can involve subgroups on a
regular basis throughout the day and plot them
as a single point on the control chart. The
attribute chart is used to predict the number of
defective products. One defective unit can have
several defects. Control charts can be
categorized into X & S charts, X & R charts, p
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charts, np charts, and more. For more
information on creating and using control charts,
see Kaminsky et al. [6] and Amin [7]. Thor et al.
[8] discussed variables wused in medical
observations, their benefits, and the obstacles
related with the use of control charts. Laney [9]
and Mohammed & Laney [10] have proposed
used of control charts for attributes with very
large sample sizes (thousands or millions).
Prajapati [11] have proposed a modified X-chart
for autocorrelation observations. Depending on
the suitability of the chart; it can be used in
certain situations.

In addition to the charts above, there are
additional charts used for the quality control
such as CUSUM (Cumulative Sum Chart) and
EWMA (Exponentially Weighted Moving
Average Chart). However, these charts fall into
the category of variable control charts. These
control charts are highlighted because the above
control charts are not sufficiently sensitive to
process measurements. For more information on
creating and using CUSUM and EWMA charts,
see Woodall [12]. Pillet et al. [13] states that
multivariate charts are used when monitoring
multiple variables.

2 METHODOLOGY

Extensive research is done to find
articles related to the use of control charts in
various service departments. A systematized
literature search was accomplished from
numerous sources viz., PubMed, MEDLINE,
CINAHL, and EMBASE to identify relevant
studies published from 1998 to 2019. Based on
the search methodology it was tried to reveal the
factors that influence the quality control chart's
enlightenment on the quality of higher
education. The search keywords are "SPC",
"control chart"”, "application™, "and control chart
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application in higher education”, and "SPC to
promote student progress”. The search excluded
unpublished work from the master's and doctoral
dissertations because these studies are likely to
appear.

3 RESULTS AND DISCUSSION

Many countries have embarked on a
major reformation of their higher education
systems,  increasing  their  scope and
effectiveness. However, the progress is uneven.
Many countries around the globe need to
confirm that national policies prioritize fair
access, better-quality learning, competent
retention, and augmented assurance of success
for all the students, regardless of background.
Both the policy and the degree programs need to
be better tailored to the needs of the local
economy. Only then can the government achieve
improved achievement in high education,
turning its success into increasing and sustaining
economic and social development. Thus, quality
control enhances thorough quality oversight in
higher education and stimulates the professional
growth and development of teachers and
students.

In one study Braimah and Abdulsalam
[14] monitored the training / learning process at
a college in Kwara, Nigeria, and to confirm that
whether teacher services to students meet the
university's academic standards. This goal is
achieved by monitoring student failure rates
after the end of an academic session. They used
the P-chart to observe the rate of failure (process
average shift). Based on their findings, they
encouraged management to take action on the
part of teachers and students to stay in control of
the process (reduce failure rates). In addition,
Taiwo and Olufemi [15], investigated the



(a¥e YY) aadgio ad ety AU any) ¥ 2l 4 alaal)

Ayl p el ¢ Aol Alna

performance process in higher education in
Nigeria using Ibadan's polytechnic as a case
study to see if institutions, students and teachers
meet the academic standards set. The P-chart
reveals that the failure rate is out of statistical
control. However, they found that some of the
content of these courses was a school certificate
syllabus that students must have done in
secondary school, but nevertheless the failure
rate of some courses is high. This indicates that
student performance is not encouraged in some
of the courses offered, which can be caused by a
range of reasons. In another study, Okwonu and
Ogini [16] investigated student performance
based on two semester exam scores. They
reported that student performance fluctuated due
to common or assignable causes. Positive
fluctuations improve the student's overall
performance, and negative  fluctuations
adversely affect the overall performance.

In another study, Braimah and
Abdulsalam [14] use the P-Charts in the Quality
Control of Students Performance in Tertiary
Educational Since P-chart detected shift in the
process (teaching/learning), it can be used to
monitor failure rate in schools (Colleges and
Tertiary  Institutions).  Conclusively, the
teaching/learning process is said to be out of
statistical control since some of the plotted
points fall outside the upper control limit (UCL),
meaning that the failure rate of courses
corresponding to these points above the UCL are

not conforming to the failure level of
conformance by the college.
In another study, Braimah and

Abdulsalam [1] used P-graphs in the quality
control of student performance in higher
education. Since P-graphs detect changes in the
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process (teaching/learning), it can be used to
monitor school failure rates. (College and
colleges and universities). Finally, the
teaching/learning process is considered to be out
of statistical control because some of the plotted
points exceed the upper control limit (UCL),
which means that the failure rate of the courses
corresponding to these points is higher than the
UCL non-conformity level of the college.

Hanna et al. [17] present a different
approach to identify educational issues in
retention, progression, and graduation. They use
the SPC to analyze changes related to a student's
academic performance and enable the supervisor
to perform root cause analysis and take
corrective action. In addition, they emphasize
that in the current academic environment, the
evaluation process guarantees learning, and that
the SPC also provides a means of monitoring the
relationship between quality of education (i.e.,
learning outcomes) and academic progress.
Therefore, the main goal of SPC is to discover
the occurrence of special causes in time, so as to
investigate the process and take corrective
measures. Focusing on higher education
teaching issues, control chart can be used to
monitor the performance of different faculty
members over time. It is certainly feasible to
compare the performance of several faculty
members at a specific moment (such as a
semester) at the same time [18].

In addition, Sivena and Nikolaidis [18]
elaborate on statistical frameworks based on
SPC technology and tools, such as those
extensively used in some application control
charts. In addition, by scientifically determining
the limits of the suggested control chart,
decision makers can not only identify
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unproductive faculty members, but also decrease
the adverse reactions evoked by the recognized
members. In addition, for HE institutions around
the world that have not been evaluated by
questionnaires, they  actually  improve
monitoring and, as a result, improve the quality
of university courses, as well as educational
ability and performance.

The academic stress due to academics
has become an unescapable problem worldwide
in different cultures and ethnicities. The
academic stress prevalence cannot be a stream-
specific condition, and high-stress levels have
been reported among engineering and medical
students, which emphasizes necessary medical
intervention [19]. In a study Reddy et al. [20]
showed that academic stress remains a
catastrophic problem affecting students' mental
health and well-being. In addition, techniques
such as biofeedback, yoga, life skills training,
mindfulness, meditation, and psychotherapy
have been found to be effective in reducing
student stress. Therefore, the basic knowledge
provided by learning and development science,
coupled with decades of educational research
insights, provide a framework to support the
welfare of children in various environments
[21]. Some sources include overcrowded lecture
rooms, semester grade evaluation systems,
insufficient resources and equipment [2], huge
syllabuses [3] lengthy hours, and expectations
for memorization [4]. If students do not take
appropriate exams according to the standards,
their teachers may be lazy, corrupt and
incompetent, and the exams set are far below the
standards [22]. Therefore, external examinations
are a way to ensure that all written examinations
meet the standards. For example, if the failing
rate of a course in an academic institution is too
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high, the management of the institution can take
action. In another study, Cervetti et al. [23]
recommended that the PCC should be clearly
displayed on the wall of the classroom so that
students and teachers can easily see it. Teachers
should encourage students to master class
progress and point out the goals of each exam.
This  should encourage teamwork and
cooperation with teachers in the class, thereby
creating a more conducive  classroom
environment. Therefore, the use of statistical
control tools can help management meet the
standards of educational quality.
4 RECOMMENDATIONS

Based on our review results, the
following suggestions can be made. Control
charts can often be used to identify courses that
students seem to have a problem with them.
Instead of complaining about high failure rates
and uncontrollable  problems,  university
administrators and teachers should focus on
what they can control. In addition, reforms of
existing higher education institutions can be
facilitated through deliberate collaboration by
governments, the corporate sector, civil society
and academia. This could help reinvent the HE
system in Saudi Arabia for quality delivery in
research, education and community services.
Staff must be available through the provision of
improved service, basic infrastructure, virtual
libraries, communication technology, and
internet  connectivity.  Higher  education
institutions need to set up internal quality
assurance and lecture unit monitoring to enhance
quality delivery. To improve quality, teachers
and non-teachers should be motivated to make
them more devoted and effective in their work.
Therefore, if researchers use control charts as
SPC methods in order to improve Saudi Arabian
higher  education institutions (educational
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outcomes, non-curriculum skills, success/failure
rates, mental stress, etc.), it would be beneficial.
5 CONCLUSION

Higher education principally aims at
developing the mental capacity and the character
of the individual to lead a productive life in
society. It is worth mentioning here that the
future of countries greatly relies on quality
education. Among many useful techniques,
statistical control charts are seen as a practical
tool for efficient problem-solving. This method
is widely known, and, at the same time, reliable
to be applied in the social sciences field,
particularly in the educational systems’ quality
control.
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Ecological Adaptation in Some Sand Dune Grasses:

Morpho-Anatomical Study

Wafa Hamad Ahmed Magbool
College of Science, Jazan University

ABSTRACT

Coastal sand dunes habitats in southwestern Saudi Arabia are one of the stressed
habitats with high intensity of solar radiation, high temperature, drought and
permanently exposure to winds and sand accretion. Few plant species colonize these
habitats, In view of the lack of studies that dealt with the adaptation of the sand dune
environment of the morphological and anatomical aspects at the global generally, and
the environments of the Kingdom of Saudi Arabia particularly, the idea of this study,
which was conducted during the years 2020-2021, was aimed at shedding light on some
aspects of the adaptive morphological and anatomical compositional aspects of plants
selected sand dunes, the most prominent and widespread species in them are three
perennial grasses: Panicum turgidum, Odyssea mucronata, and Cyperus conglomeratus.
These plants possess many morphological, anatomical and physiological characteristics
that God Almighty has created for them to reproduction, spread and resistance of
prevailing conditions in their habitats. The results of this study showed that the leaves of
the three species differ in their morphological characteristics. Cyperus conglomeratus
had the largest leaf thickness of the three species, medium value in the thickness of the
stem, and the lowest in leaf width. This indicates a greater internal volume of water
storage compared to a lower outer surface for photosynthesis. Odyssea mucronata and
Panicum turgidum are of less thickness in vegetative parts, which means more space for
photosynthesis compared to a smaller internal volume to water storage. On the other
hand, the leaves have more curl in times of drought, reduces the surface area exposed to
transpiration. For the thickness of the boundary layer, Cyperus conglomeratus was the
lowest of the three species, whereas Panicum turgidum was the largest. The three
species show prominent formation of Rhizosheath on their roots. The anatomical
structure of the leaves in the three species shows similar patterns including the structure
of the leaves, these plants have the C4 pathway, the stems and rhizomes. The stems and
rhizomes in both Odyssea mucronata and Panicum turgidum show a similar pattern that
characterizes the well-known pattern in the grasses. In contrast, Cyperus conglomeratus
stem exhibited a distinct structure with the presence of bundle sheath cells (Kranz
anatomy), an uncommon anatomical feature of the stem, and perhaps a feature that
enhances the photosynthetic activity of Cyperus conglomeratus stem. The anatomical
structure of the roots was similar in all three species, an indication of the similar
structural and adaptive characteristics when the environmental conditions are similar in
the same habitat, and this pattern (by distributing its vascular bundles around a central
pith) enhances the absorption of water and its transfer to the vegetative parts effectively.

Keywords: Weeds, Sand Dunes, Panicum Turgidum, Odyssea Mucronata,
Cyperus Conglomeratus.
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