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1. Publishing Rules
In accordance with the Strategic Plan of mut'ah University and its vision

to meet the international standards of world university rankings and
classifications, and following the Strategic Plan and the Vision of the
Deanship of Scientific Research, which states “Towards a Deanship of
Scientific Research, which promotes the classification of the university
locally, regionally and globally,” and its Mission of “Creating an
environment capable of producing scientific research that contributes to
enhancing the role of the university in research and innovation locally,
regionally and globally.” The Deanship of Scientific Research has decided
to develop the journal of Mu’tah Lil-Buhtth wad-Dirasat to be indexed and
included in international databases such as Scopus, 1SI and PubMed, and to
improve its Impact Factor (IF) so as to internationalize its research product.

Subsequently, when submitting a manuscript for publication in the Journal,

the followings shall be considered:

1. Adopting the American Psychological Association (APA) Style, for more
information visit https://www.apa.org or https://ejournal.mutah.edu.jo/

2. All Arabic references should be written in English in the body of the
article and in the bibliography.

3. Translation of all Arabic references into English, keeping the original
Arabic list available for peer reviewing and technical checking.

4. Rearrange all references in an alphabetical order, in accordance with
APA Style.

5. The technical specifications for manuscript editing (available at the
journal website) should be strictly followed, as submitted articles are
subject to accurate technical review. If the required technical
specifications are not followed, the submitted manuscript will be
returned.

6. All required documents and forms should be submitted online at
https://ejournal.mutah.edu.jo/, as shown in the table below.

7. Violating any of the above-mentioned requirements will lead to rejecting
the submitted manuscript.
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2. Technical Specifications for publication

The technical specifications for manuscript editing (available at the

journal website https://ejournal.mutah.edu.jo/) should be strictly followed,
as submitted articles are subject to accurate technical review. If the required
technical specifications are not followed, the submitted manuscript will be
returned.

3. Publication Procedures

1.

Hw

The author(s) submit the research manuscript to the Deanship of
Scientific Research at mut'ah University at the Journal’s website
https://ejournal.mutah.edu.jo/

. The author(s) signs a publication pledge in an official form available at

the Journal’s website.

The manuscript is registered in the Journal special records.

The submitted manuscript is technically checked and initially reviewed
by the Editorial Board to determine its eligibility for peer review. The
board is entitled to assign peer reviewers or to reject the manuscript
without giving reasons.

If initially accepted by the Editorial Board, the manuscript will be sent
to two reviewers, who should reply within a maximum period of one
month. In case of failure to reply within the specified time, the
manuscript shall be sent to another reviewer. Once receiving the reports
of the reviewers, the Editorial Board decide the following:

The manuscript should not be reviewed by a peer who works at the
same institution.

The author must make the suggested corrections of the reviewers within
a maximum period of two weeks. Failing to meet this requirement will
stop the procedure of publishing the manuscript.

If the reviewer rejects the required corrections, the author will be given
a period of two weeks to make the necessary corrections, otherwise, the
paper will be rejected.



Mu'tah Lil-Buhuth wad-Dirasat, Natural and Applied Sciences Series Vol. 37. No.2, 2022.

9. Even if the reviewers approve the required corrections, the author(s)
must abide by completing the essential technical specifications to be
eligible to obtain the letter of acceptance.

10. The accepted manuscripts in the Journal are arranged for publication in
accordance with the policy of the Journal.

4. Publication Ethics
First: Duties of the Editorial Board

1. Justice and independence: The Editorial Board evaluates the
manuscripts submitted for publication on the basis of importance,
originality, validity, clarity and relevance of the journal, regardless of
the gender of the authors, their nationality or religious belief, so that
they have full authority over the entire editorial content and timing of
publication.

2. Confidentiality: The Editorial Board and editorial staff are responsible
for the confidentiality of any information about the submitted
manuscripts and not to disclose this information to anyone other than
the author, reviewers, and publishers, as appropriate.

3. Disclosure and Conflicts of Interest: The Editorial Board and editorial
staff are responsible for the non-use of unpublished information
contained in the research submitted for publication without the written
consent of the authors. The Editorial Board themselves avoid
considering research with which they have conflict of interest, such as
competitive, cooperative, or other relationships with any of the authors.

4. Publishing Decisions: The Editorial Board shall ensure that all
manuscripts submitted for publication are subject to reviewing by at
least two reviewers who are experts in the field of manuscript. The
Board is responsible for determining which of the research papers will
be published, after verifying their relevance to researchers and readers,
and the comments of the reviewers.

Second: Duties of the Reviewers

1. Contributing to the decisions of the Editorial Board.

2. Punctuality: Any reviewer who is unable to review the submitted
manuscript for any reason should immediately notify the Editorial
Board, so that other reviewers can be contacted.

3. Confidentiality: Any manuscript received by the Journal for reviewing
and publishing is confidential; it should not appear or discussed with
others unless authorized by the Editorial Board. This also applies to the
invited reviewers who have rejected the invitation for reviewing.
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4. Obijectivity: The reviewing process of the submitted manuscript should
be objective and the reviewer comments should be clearly formulated
with the supporting arguments so that the authors can use them to
improve the quality of their manuscript away from the personal
criticism of the author(s).

5. Disclosure and Conflict of Interests: Any invited reviewer must
immediately notify the Editorial Board that he/she has a conflict of
interest resulting from competitive, cooperative or other relations with
any of the authors so that other reviewers may be contacted.

6. The confidentiality of information or ideas that are not published and
have been disclosed in the manuscript submitted for reviewing should
not be used without a written permission from the author(s). This
applies also to the invited reviewers who refuse the reviewing
invitation.

Third: Duties of the Authors

1. Manuscript preparation: Authors should abide by publishing rules,
technical specifications, publication procedures, and publication ethics
available at the Journal website.

2. Plagiarism: Authors must not in any case steal the rights of other
authors in any manner, as doing so is considered plagiarism, which
entails burdening the legal and ethical responsibilities.

3. Originality: Authors must ensure that their work is original and relevant
work of other authors is documented and referenced. Absence of
documentation is unethical and represents plagiarism which takes many
forms, as mentioned at
https://www.elsevier.com/editors/perk/plagiarism-complaints

4. The author(s) should not send or publish the manuscript to different
journals simultaneously. Also, authors should not submit a manuscript
that has already been published in another journal, because submitting
the manuscript simultaneously to more than one journal is unethical and
unacceptable.

5. Authorship of the Manuscript: Only persons who meet the following
authorship criteria should be listed as one of the authors of a manuscript
as they should be responsible for the manuscript content: 1) present
significant contributions to the design, implementation, data
acquisition, analysis or interpretation of the study; 2) critically
contribute to the manuscript writing and revision or 3) have seen and
approved the final version of the manuscript and agreed to submit it for
publication.
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Silicon Mitigate Salinity Stress on Gerbera Cut Flower

Sameeha Salameh Al-Maitali

sameeha_ 98@yahoo.com

Abstract

Gerbera (Gerbera jamesonii) is an important ornamental flower in
global flower market, it is one of the most herbaceous, perennial herb
belongs to Asteraceae (compositae) family. Gerbera is very popular and
widely used as a decorative garden plant or as a cut flower; can be used in
landscapes as bedding plants for borders or as a cut flower for table
arrangement. Silicon (Si) is a spread widely element and the second most
abundant after oxygen in the soil, covering approximately 28 % of the
Earth’s crust. Silicon is not an essential nutrient, but it is known to have
beneficial effects when added to plants. In the soil, most sources of silicon
are present as crystalline aluminosilicates, which are inert, insoluble, and
not directly available for plants. Silicon provides strength to the plant by
making the plant tissues strong and rigid. Salinity is one of the abiotic
stresses that negatively influence agricultural production. Recent review has
proved that supplementary application of silicon involved in ornamental
plants tolerance such as gerbera against salinity, it positively increases the
activity of antioxidant enzymes, decreases the plasma membrane
permeability, resulted in decreasing levels of lipid peroxidation. Also,
reduces the transpiration ratio and increases root activities. Decreases in
transpiration lead to decreased osmotic stresses in plant cells and root
activities improved, because of root activities, uptake of nutrients by plants
improved and salt toxicity decreased.

Keywords: Silicon, Gerbera plants, Abiotic stress, an antioxidant enzyme.

* College of Agriculture, Mutah University.
Received: 29/6/2020. Accepted: 3/12/2020.
© All rights reserved to Mutah University, Karak, Hashemite Kingdom of Jordan, 2022.
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Introduction

Gerbera (Gerbera jamesonii), grown throughout the world in a wide
range of climatic conditions (Sujatha et al., 2002). Gerbera belongs to the
family compositae (Asteraceae) (Cardoso and Silva, 2013). It is a native of
South Africa and tropical Asia, gerbera comprises 45 species, this plant is
widely created for commercial use as cut, pot and garden flowers (Keditsu,
2013; Khalaj et al., 2011; and Vidalie, 2007).

Agricultural productivity is largely affected by major biotic and abiotic
factors including drought, salinity, extreme temperatures and pathogens
(Shrivastava and Kumar, 2015). Salinity is one of the most important
environmental factors, which limit growth and productivity of plants (Kaya
et al., 2003).

In Jordan, agricultural land is limited to 8% of the total land area, which
is heavily dependent on irrigation due to the arid climate conditions,
approximately 20% of irrigated lands affected by salinity, which comprises
one-third of food-producing land (Ammari et al., 2013). However, the total
area cultivated with gerbera plants in Jordan is estimated at about 20 du (40
plastic house); according to JCFA (2020). The annual production and
income of gerbera for the last three years are illustrated in the table 1.

Table(1) Annual production
and income of gerbera in Jordan (JCFA, 2020)

Annual production | Annual income
Year
( flower) (JD)
2018
3,527,362 215,169.082
(1/1-2018)-(31/12/2018)
2019
2,847,280 210,698.72
(1/1-2019)-(31/12/2019)
2020
610, 360 40,894.12
(1/1-2020)-(31/7/2020)
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Salinity stress leads to ionic imbalances, insufficient water use, and
nutrient (e.g. N, Ca, K, P, Fe, and Zn) deficiency, which ultimately leads to
oxidative stress in plants (Rehman et al., 2019). Under normal physiological
conditions, reactive oxygen species (ROS) produced in plant cells either in a
radical or non-radical form (Winterbourn, 2019). Gerbera plant classified as
moderately sensitive to salinity, so the maximum salinity (electrical
conductivity (EC) of nutrient solution) is 1.5-2.8 dSem™ without yield
reduction (Bilal et al., 2020; Carmassi et al., 2013b; Sonneveld et al., 1999;
and Baas et al., 1995).

Savvas et al. (2002) found that when the electrical conductivity (EC) in
the gerbera plant root zone of increased from 1.8-3.2 dSem’!, resulted in
decreased in number of flowers per plant and the mean flower weight , then
restricted the fresh weight of flowers per plant. Silicon is the only element
safe to plants when excessive uptake occurs. Deficient levels of silicon
makes the plant weaker in structure and induce abnormalities in growth and
reproduction (Ma and Yamayji, 2006).

Plant description

Gerbera plant is a perennial and herbaceous plant in Mediterranean
area, has cylindrical, smooth stem with full green pigmentation (Akter et al.,
2012). Leaves arranged in basal rosettes, petiolate, oblong-spatulate and
lobed; color ranges from deep green to light green in color (Infoagro, 2015;
Akter et al., 2012). Gerbera plant requires between 90-150 days for
flowering, depending on the sowing date and soil conditions, (Infoagro,
2015). There are many different gerbera colors including red, yellow, white,
pink, dark orange, and even violet. The flower size varies from 6 cm to 9.5
cm in diameter (Cardoso and Silva, 2013; Akter et al., 2012). Gerbera
propagates by seed (Seed germination has traditionally, non-uniform
flowering) division, and recently tissue culture. Breeding programs
(Keditsu, 2013) reported a significant increase in uniformity of seed
germination and the percent of germination. Gerbera has many medicinal
uses such as to treat cold, fever, and have broad-spectrum anti-tumor and
anti-bacterial activity and improving indoor air quality (Nungki et al., 2015).
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Silicon in nature and soil

In soil solutions, silicon- mostly- is present as uncharged monomeric
silicic acid at rates from about 0.1 mM to 0.6 mM (Epstein, 1994). The
major soluble forms of Si in the soil are monosilicic acid (H4Si04) and poly
acids (Matychenkov and Snyder, 1996). In highly weathered soils (Tropical
soils), free silicon dioxide (SiO2) may become depleted from soils leaving
sesquioxides of iron and aluminum as the major residual minerals
(Janislampi, 2012). However, silicon amendments can be important for
increasing crop yields in some soils (Korndorfer and Lepsch, 2001). Sahebi
et al. (2015) indicated that increasing concentration of the monosilicic acid
in the soil solution, improves the ability of plants to absorb phosphates
directly. The amount of monosilicic acid is increased because of chemical
resemblance between phosphate and silicate anions causing a competitive
reaction in the soil (Matychenkov and Snyder, 1996). Plants can absorb
phosphates directly when an increase of the monosolic acid in soil solution
occurred (Sahebi et al., 2015).

Sources of silicon

Silicon is available from natural resources: organic, inorganic
fertilizers, and industrial by-products (Gascho, 2001). By-products involve
potassium silicate, which used in fruit tree production to help against plant
disease (Mitre et al., 2010), and improve horticultural traits in ornamental
sunflowers, zinnia, and gerbera (Kamenidou, 2010). Rice hulls are derived
from plant residues have sufficient silicon concentration (Tubana, 2016).
Rice hulls help in mitigation the side effects of the disease (as anthracnose)
and improve some growth and fruit parameters of capsicum grown in a
hydroponics system (Jayawardaba et al., 2016). Diatoms, a group of algae,
accumulates amorphous silica when fossilized (Mills, 2017).

Uptake, transportation, deposition, and accumulation of Si in plants

All plants contain Si at different concentrations ranging from 0.1% to
10% dry weight, depending on species (Epstein, 1994) due to the
differences in capability for absorption of silicon (Ma and Yamaji, 2008).
Plants mainly absorb and utilize silicon in the form of orthosilicic acid Si
(OH)4, but Si mainly exists in soil as silica and silicates, most of which
cannot be absorbed by plants (unavailable) (Zhu and Gong, 2014).
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Generally, there are three main mechanisms by which plants absorb Si
through root—active, passive, and rejective (Zhu and Gong, 2014). When
plants having uptake of silicon higher than water are classified as active
such as rice and barley, but when the rate of silicon and water uptake is
similar are classified as passive such as oat, and those with lower rates
classified as rejective ( Kaur and Greger, 2019 ).

Plant species classified into three categories according to silicon content
(accumulator, intermediate, and non-accumulator) (Yan et al., 2018) (Table
2). Tropical and subtropical soils have low silicon concentrations due to
highly weathering and leaching processes (Epstein, 1999),while an
estimated 210-224 million tons of Si is taken out annually from the world’s
arable soils (Meena et al., 2014).

Table (2) Plant categories
based on silicon uptake capacity (Yan et al., 2018)

Accumulator Intermediate Non-Accumulator
(>1.5% Si) (1.5-0.5% Si) (<0.5% Si)
Dry weight Dry weight Dry weight

Rice Cucumber Tomato
Wheat Rose Pansy
Lentils Squash Grapes
Spinach Chrysanthemum Gerbera

Sugarcane Zinnia Petunia
Mosses Marigold Snapdragon

18
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Effect of Silicon on plant growth and quality

Silicon plays an important role in plant growth and quality. Kamenidou
et al. (2010) found that the application of Si enhanced the growth and
quality of important floricultural crops such as ‘Acapella’ gerbera (Gerbera
jamesonii L.). The effect of weekly application of potassium silicate
drenches at 100 mg/L Si on the morphological characteristic of different
species of floriculture grown in a soilless substrate; they found that, a
significant height response with Si treatment (Mattson and Leatherwood,
2010). Silicon supplementation increases stem diameters of chrysanthemum
(Chrysanthemum xmorifolium) (Moon et al., 2008), and gerbera (Savvas et
al., 2002). Moreover, Si additions increased both stem and flower diameter
of greenhouse-grown sunflower (Kamenidou et al., 2008) and zinnia (Zinnia
elegans) (Kamenidou et al., 2009). Silicon concentration in leaf tissue varied
from 237 mg-Kg'Si for petunia (Petunia xhybrida Vilm) to 11,700
mg-Kg ! for zinnia (Frantz et al., 2008). Addition of silicon solution in a

closed hydroponic system improved stem quality of cut rose (Ehret et al.,
2005).

Effect of silicon on strength of tissue

Silicon deposited in plant cell walls as amorphous silica oxide (SiO2,
nH>O) form (Pilon-Smits et al., 2009). A considerable relationship between
cell wall macromolecules and silicon was found (Yamamoto et al., 2012).
Intra or extracellular silica in plants is useful for improving mechanical
strength and alleviating biotic and abiotic stress (He et al., 2013).
Deposition of Si in the leaves enhances the strength and rigidity of cell
walls, decreases water loss from the cuticle, and increases the resistance to
lodging, low and high temperature, radiation, UV, drought stresses and
increased postharvest quality (Ma and Takahashi, 2002).

Application of potassium silicate (K2Si0O3) at 100ppm had increased in
the thickness of xylem in Zinnia elegans than untreated plants. The
increment may be attributed to the silicon deposition in epidermal and in
turn strengthening storage and vascular tissues (El-Serafy, 2015). About
90% of the total absorbed Si, accumulated in the epidermis of leaf and cell
walls, which accounts for 10% of the dry weight of grass shoots (Ma and
Takahashi, 2002). Savvas et al. (2002) found that silicon improved quality
of gerbera flowers by providing mechanical strength to the stems since stem
diameter increased with increasing silicon concentration in the nutrient
solution.
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Babalar et al., (2016), found that the significant effect of silicon
supplementation on the gerbera plant strengthened lower part of the stem
but had no effect on the top of the stem. Silicon affects the mechanical
properties of cell walls, permeability to water; it is involved in the
biosynthesis of cell wall components (Liang et al., 2015). In addition, it had
significant influence on metabolism and concentration of polyphenols in the
xylem cell walls. Silicon doesn’t only involve in the strength of cell walls,
but it, also, increases the elasticity of the wall during cell growth (Broadley
et al., 2012). Babalar et al. (2016) demonstrated that application of silicon
could enhance the mechanical strength of inflorescence stem and improve
the cut flower quality in gerbera.

Effect of silicon on flowering parameters and post-harvest quality

Savvas et al. (2002) illustrated that the higher percentage of flowers
grading as class I and peduncle stem thickness increased in Gerbera when
potassium silicate (1.25 mM) was included in the hydroponic nutrient
solution. The maximum value of flower number per gerbera plant reached
when treated by 7.3g/ pot calcium silicate and flower diameter reaches the
maximum value when treated by 3.6g/pot, compared to the control (Moyer
et al., 2008).

Foliar application of potassium silicate (KSiO3), sodium silicate
(NaSiO3), and rice husk ash on gerbera plant, resulted in thicker flower
peduncles, increased height, and earlier flowered more than control
(Kamenidou et al., 2010). The short vase life of gerbera cut flowers leads to
difficulties with long-distance transportation and subsequent marketing
(Aghajani and Jafarpour, 2016). The effect of different levels of silicon on
gerbera flower longevity; when the increasing concentration of silicon to
2mM Si in the vase solution significantly raised the longevity and
significantly reduced the fresh weight alters of gerbera flower comparison to
the control while increasing the rate to 3mM Si decreased the vase life
comparison the control by decreasing ethylene biosynthesis (Kazemi et al.,
2012c¢). Pre-harvest treatment of different sources of Si as well as salicylic
acid and methyl jasmonate as postharvest treatment can significantly affect
the marketability of cut gerbera flowers (Aghajani and Jafarpour, 2016).
Richter (2001) found that supplying different gerbera cultivars with silicon
can extend vase life. In addition, the number of flowers with a bent neck can
be decreased. Foliar sprays of sodium silicate at 50—100 mg L' resulted in
taller gerbera plants combined with larger flower diameters and drenches
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potassium silicate at 200 mg L' resulted in increased basal and apical
diameters in flower peduncles (Kamenidou et al., 2010).

Silicon and salinity stress

Salinity stress is one of the most common environmental stresses that
deterioration to the agriculture industry worldwide. The elevated supply of
Si (2 mM) improved the quality of the gerbera flowers when salinity was
low (0.8mM) (Savvas et al. 2007). Reezi et al. (2009) found that the flower
number increased when the application of 50 ppm Si in nutrient solution
compared with unstressed conditions. Supplementary of silicate in gerbera
plant resulted in slightly increased plant growth, similar to those obtained in
plants under the control treatment (without salinity) and root fresh weight
was slightly higher than salinized plants (Savvas et al. 2002). Foliar
application of Si reduced the effect of salinity on the flower vase life of
gerbera in case of using low-quality water (Torkashvand and Shirghani,
2015) and high-quality water (Oliveira et al., 2012).

Mechanisms of silicon in mitigation of salinity stress

The exogenous application of silicon (Si) has been used as an eco-
friendly approach (Almeida et al., 2017). In general, under salinity
conditions, the soil has a high level of sodium (Na+) ions and chloride (Cl—)
ions content, leads to plants have low water potential and salt deposition in
the other plant cellular regions (Romero-Aranda et al., 2001). Sodium
(Nat+) and chloride (Cl—) ions move to the aerial parts of plants through
transpiration, and when Na+ and Cl— are at a toxic threshold, several tissues
of a plant can be damaged (Sahebi et al., 2015). Shi et al. (2013) reported
that Si decreases the apoplastic transportation of sodium ions (Na+) and
chloride ions (Cl—) under salinity stress.

Silicon mitigates salt stress by inhibition of sodium ion (Na+) transport
to the leaves and specific accumulation of Na+ in the roots (Tuna et al.,
2008). Shi et al., (2005) found that treatment of plants with silicon under
saline stress has a smaller specific leaf area and a larger leaf weight ratio
when compared with untreated plants. Silicon increases salinity tolerance
capacity of rose plant by increased photosynthetic activity, improving water
status and stimulation of antioxidant system by reducing salt uptake and
increasing K uptake (Tahir et al., 2006).
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Abiotic stresses cause oxidative stress in plants that induce the
production of reactive oxygen species (ROS) (Mc Cord, 2000). The
application of silicon increases the activity of an antioxidant enzyme in
plants under salinity (Liang et al., 2003). Sahebi et al., (2015) reported that
silicon decrease the permeability of the plasma membrane in plants leaf
cells resulted in decreasing levels of lipid peroxidation. Sahebi et al. (2015)
indicated that the treatment of various plants with silicon under salinity
stress reduces the transpiration ratio and increases root activities, decreases
in transpiration lead to decreased osmotic stresses in plant cells and root
activities improved, as a result of root activities, uptake of nutrients by
plants increased and salt toxicity decreased (Figure 3).

o Metabolic damage

Figure (3) A schematic model for the mechanism of silicon in plant
under salinity

The right (R) side refers to effect of salinity on plant, the lift side (L)
refers to the effect of exogenous silicon on plant under salinity.
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The main purpose of this review is to understand the role of silicon in
the growth and development of gerbera plants and clarify the effect of
silicon in mitigate salinity stresses. Treatment of plants with silicon under
salinity stress decreases transpiration, which, in turn, decreases osmotic
stresses in plant cells and improves root activities. This may be attributed to
improving uptake of nutrients by plants and decreasing salt toxicity, then,
growth, quality and prolonged vase life of gerbera cut flowers improved.
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Abstract

Pain is one of the major health problems that impose huge social and
economic burdens all over the world. Mechanical allodynia is a symptom of
pain defined as a painful sensation resulting from innocuous stimuli such as
touch. Currently available drugs have several side effects urging the need
for new natural sources that alleviate mechanical allodynia. This study
investigated the effect of Arbutus andrachne L. (a medicinal plant growing
in Jordan) on capsaicin (Caps)-induced mechanical allodynia in male rats
and the mechanism that underlie its effect. Caps injection decreased paw
withdrawal threshold (PWT) significantly compared to control group.
Mechanical allodynia was detected 30, 90 and 150 min after Caps injection
to the plantar surface of the left hind paw of rats. The intraplantar (ipl)
injection of 100 pg (but not 50 or 200 ng) of A. andrachne extract,
ipsilaterally, prior to Caps injection increased PWT at all-time points similar
to the anti-nociceptive effect in the positive group that was treated with
2.5% diclofenac sodium prior to Caps injection. The ipsilateral pre-
treatment with the antagonists of transient receptor potential vanilloid-1
(TRPVI), cannabinoid receptor 1 (CB1l) and peroxisome proliferator-
activated receptor alpha (PPARa) reversed the activity of the leaf extract in
contrast to the antagonists of PPARy and a2-adrenergic receptors. In all
groups, no effect was detected on the contralateral hind paw of animals at
any time point. In conclusion, A. andrachne can be exploited as an anti-
nociceptive agent.

Keywords: Arbutus andrachne, TRPV1, mechanical allodynia, PPAR,
CBl1, a2-adrenergic
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1. Introduction:

Pain is one of the major health problems that
lead to disability, mortality and the need for
health care services (Brooks and Tracey, 2005).
Transient receptor potential vanilloid-1 (TRPV)
is a key receptor involved in the detection of
different painful stimuli including mechanical
allodynia (Caterina et al., 1997; Gilchrist et al.,
1996). TRPV1 is a non-selective cation channel
that is activated by noxious heat (> 43°C),
anadamide, protons as well as endogenous
activators ‘endovanilloids’ (Caterina et al., 1997;
Brandt et al., 2012). It is also activated by the
potent and highly selective agonist capsaicin
(Caps), the active ingredient in chilli peppers
(Caterina et al., 1997). According to Caterina and
Julius (2001), the deletion of TRPVI1 gene in
mice attenuated paw swelling in Caps-treated
animals. Thus, TRPV1 is considered a promising
target for pain control (Jara-Oseguera et al.,
2008).

Previous studies contirmed an interaction between TRPV1 channel and
other receptors in pain modulation. These receptors include cannabinoid
receptor 1 (CB1) (O'Sullivan, 2016), alpha 2 (o2)-adrenergic receptor
(Filippi et al., 2016) and peroxisome proliferator-activated receptors o and
gamma (PPAR a and y) (Ambrosino et al., 2014, O'Sullivan, 2016).
Noteworthy, CB1 receptor is expressed in peripheral sensory neurons and
epidermal layers in human skin (Caterina, 2014). CB receptors play a
crucial role in itch and pain responses through several mechanisms
(Caterina, 2014). Also, a2-adrenergic receptor is among the receptors that
contribute to TRPV1 functionality (Dessaint et al., 2004; Matsushita et al.,
2018). It was documented that the application of yohimbine (an antagonist
for a2-adrenergic receptor) inhibited the firing of dorsal root ganglia (DRG)
neurons, induced by Caps (Dessaint et al., 2004; Matsushita et al., 2018).
With respect to PPAR receptors, Alsalem et al. (2016) reported that TRPV 1
channel can be modulated by a dual agonist for PPARy and PPARa
receptors.

Notably, natural compounds from various sources can modulate TRPV1
channel. In this regard, (Abbas, 2020) reviewed 137 natural products that
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affect TRPV1 activity in different assays highlighting that natural sources,
including medicinal plants, can be good sources for analgesics. According
to (Oran, 2014), there are 363 medicinal plants in Jordan including Arbutus
andrachne L. (Qaigab or Qatlab in Arabic) which is a medicinal plant
growing in Ajloun, Irbid, Amman, Jarash and Salt (Al-Eisawi, 1998; Oran,
2015). It belongs to Ericaceae family (Oran, 2015) and Arbutoideae sub-
family (Tenuta et al., 2018). It is a laurel-like genus described as long
evergreen shrub that reaches 2-4 m (Tenuta et al., 2018; Al-Eisawi, 1998;
Oran, 2015). This plant is edible and has many uses in traditional medicine
(Oran, 2015). Several studies were conducted to determine the biological
effects of this medicinal plant. However, there is lack in the studies that
evaluate the anti-nociceptive effect of A. andrachne in pain models induced
by mechanical stimuli. The aim of this study was to determine the effects of
different doses of A. andrachne leaf extract on Caps-induced mechanical
allodynia in rats. Also, to explore the roles of TRPV1, CB1, PPARa,
PPARy, and o2-adrenergic receptors in mediating the effect of A.
andrachne.

2. Materials and methods:
2.1. Drugs

GW9662, GW6471, yohimbine, capsazepine, Caps and SR141716A were
from Tocris Bioscience, UK. Diclofenac sodium was purchased from
Novartis, Switzerland. Olive oil was brought from the Department of
Agriculture, the University of Jordan, Amman, Jordan. Ethanol and
methanol were purchased from Scharlau, Spain. Syringes (1 ml) were from
Becton, Dickinson and Company, United States. Caps was dissolved in
olive oil while other drugs were freshly prepared from stock in sterile saline.

2.2. Collection and identification of 4. andrachne leaves

The leaves of A. andrachne were collected in March 2019 from Jarash in
Jordan and were authentically identified by Prof. Sawsan Oran, a plant
taxonomist at the Department of Biological Sciences, the University of
Jordan, Amman, Jordan. A voucher specimen was placed at the herbarium
in the same department.
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2.3. Preparing the methanolic extract from A. andrachne leaves

The leaves of A. andrachne were washed, dried, ground with a blender, then
were soaked in methanol (100 g in 1000 ml) at 10:1 v/w ratio for 72 hrs at
room temperature with continuous shaking (Pandey and Tripathi, 2014)
followed by filtration using Whatman filter paper and evaporation of
methanol by rotary evaporator at 45 °C. Successive extractions were used to
prepare the methanolic extract. The extract was kept in a container at -20
°C.

2.4. Experimental animals

The procedures in all experiments were approved by the ethical committee
at the University of Jordan (ethical approval number 235/2020/19). Male
Wistar rats (200-250 g) were used in the experiments. The animals were
kept in the animal house, the University of Jordan in controlled conditions
and had free access to food and water.

2.5. Measurement of Caps-induced mechanical allodynia

Each group included 6 animals. The rats were allowed to acclimatize for 1
hr in inverted cages covered with perforated lids placed on an elevated wire
mesh surface. Baseline withdrawal thresholds were determined to ensure
that the animals have equivalent baseline readings before being divided into
different groups. The animals were assigned into control and experimental
groups. Mechanical allodynia was induced by the intraplantar (ipl)
administration of 30 pg Caps (dissolved in olive oil) into the left hind paw
of animals. Control group received ipl injection of olive oil. Other groups
received different doses of A. andrachne extract (50, 100 or 200 pg
extract/paw) 30 min prior to Caps injection. Positive control group received
2.5% diclofenac sodium 30 min prior to Caps injection (according to
Nozadze et al., 2016). The dose of the extract that reversed Caps-induced
mechanical allodynia (100 pg) was selected to determine the effect of pre-
treatment with different antagonists on the anti-allodynic activity of the leaf
extract. Different antagonists were administered ipsilaterally to the dorsal
side of the hind paw, 30 min prior to extract injection. The dorsal side of the
hind paw was chosen for the injection of antagonists to allow local
administration of drugs while minimizing the effects of multiple injections
to the plantar surface of the hind paw (Ibrahim et al., 2005). The following
doses were used for the antagonists: 50 ug GW9662, a PPARYy antagonist
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(Alsalem et al., 2016), 1 pg capsazepine, a TRPV1 antagonist (Alsalem et
al., 2016), 0.01 pg SR141716A, a CB1 antagonist (Sagar et al., 2004), 50 pg
GW6471, a PPAR«a antagonist (Alsalem et al., 2016) and 100 pg yohimbine,
an a2-adrenergic receptor antagonist (Lee et al., 2013). The volume injected
to the paws was 50 pl/injection in all groups.

Paw withdrawal thresholds (PWT) of the ipsilateral and contralateral hind
paws were determined 30, 90 and 150 min after the injection of Caps or its
vehicle. Mechanical allodynia was measured wusing von Frey
anesthesiometer (Gilchrist et al., 1996). Briefly, thin filament was used to
press against the plantar surface of the hind paw of animal till the animal
lifts its paw. The number of grams (gm) that caused paw withdrawal was
recorded. A cut-off mass unit of 80 g was used in this experiment as in
Ferrier et al. (2016).

2.6. Statistical analysis

Normality test for all groups was performed using Shapiro—Wilk test.
Kruskal-Wallis non-parametric test was used to examine the statistical
differences between groups followed by Dunn's post hoc test. The tests were
performed using GraphPad Prism version 6. p <0.05 was considered
significant. Data were presented as Means+standard error of means (SEM).

3. Results:

The ipl injection of 30 ug Caps to the left hind paw was used to induce
mechanical allodynia in male Wistar rats. Caps injection decreased PWT in
the left hind paw significantly compared to control group after 30, 90 and
150 min of injection (figures 1A, 1B and 1C, respectively). No effect was
detected on the contralateral hind paw at any time point (figures 2A, 2B and
2C). Pre-injecting the animals with 100 pg A. andrachne methanolic leaf
extract alleviated Caps-induced mechanical allodynia at all measured time
points similar to the effect that was observed in the positive control group
treated with 2.5% diclofenac sodium/Caps (figures 1A, 1B and 1C). Two
doses of A. andrachne (50 and 200 pg) did not show significant effect in
reversing or decreasing the mechanical allodynia that was evoked by Caps
(figures 1A, 1B and 1C).
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Figure 1: PWT of the injected left hind paw measured 30 min (1A), 90
min (1B) and 150 min (1C) after the ipl injection of vehicle (control),
Caps, A. andrachne/Caps or diclofenac sodium/Caps.

* Significant compared to control group, # Significant compared to Caps-treated group
(p<0.05).
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Figure 2: PWT of the right hind paw (contralateral to the site of
injections) measured 30 min (2A), 90 min (2B) and 150 min (2C) after
the ipl injection of vehicle (control), Caps, A. andrachne/Caps or
diclofenac sodium/Caps.
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Figures 3A, 3B and 3C present PWT measured at 30, 90 and 150 min,
respectively (after Caps injection) for animals treated with different
antagonists prior to 4. andrachne/Caps. The anti-nociceptive effect of A.
andrachne in this mechanical allodynia model decreased when the animals
were injected with 0.01 ug SR141716A, 1 ug capsazepine or 50 pg
GWo6471 prior to A. andrachne/Caps at all-time points (after 30, 90 and 150
min of Caps injection). Generally, the animals that had low PWT displayed
guarding behaviour for their paw. No effect was detected in the groups that
were pre-treated with 50 pg GW9662 or 100 pug yohimbine. Also, no effect
was found on the contralateral hind paw in any group at any time point
(figures 4A, 4B and 4C).
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Figure 3: PWT of the injected left hind paw measured 30 min (3A), 90
min (3B) and 150 min (3C) after the ipl injection of A. andrachne (100
pg)/Caps or different antagonists prior to A. andrachne/Caps injection.

** Significant compared to A. andrachne (100 ng)/Caps (p<0.05)
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Figure 4: PWT of the right hind paw (contralateral to the site of
injections) measured 30 min (4A), 90 min (4B) and 150 min (4C) after
the ipl injection of A. andrachne (100 pg)/Caps or different antagonists
prior to A. andrachne/Caps injection.
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4. Discussion:

The present study sheds the light on the effect of 4. andrachne methanolic
leaf extract on Caps-induced mechanical allodynia in rats and highlights the
involvement of key receptors in its effect.

A. andrachne methanolic extract (100 pg per paw) increased PWT in
animals that received Caps injection. The lower dose of the leaf extract (50
pg) didn’t inhibit Caps-induced mechanical allodynia and this can be
attributed to the faster inactivation or clearance of this dose (Andersen,
1981). Other scenario for explaining this finding can be that the lower dose
of A. andrachne was not sufficient to activate receptors that are likely
correlated with this response. On the other hand, the lack of effect in the
higher dose of A. andrachne leaf extract (200 pg) can be attributed to an in
vivo pharmacokinetic mechanism of drug clearance and excretion to avoid
toxicity (Andersen, 1981). Other explanation is that the high dose of the leaf
extract caused off-target effects that antagonized the anti-allodynic effect of
the extract. No influence was detected on the contralateral hind paw
confirming the local effect of A. andrachne. This is the first study that
examined the effect of A. andrachne on the alleviation of Caps-evoked
mechanical allodynia. Moreover, the ipsilateral pre-treatment with
SR141716A, GW6471 or capsazepine reversed the anti-allodynic effect of
A. andrachne reflecting that CB1, PPARa and TRPV1 receptors contribute
to the effect of the leaf extract in this model. In contrast, no effect was found
for the antagonists of PPARy or a2-adrenergic receptors on the effect of 4.
andrachne in response to mechanical stimulus in this model.

Importantly, the activity of A. andrachne was similar to the effect of the
non-steroidal anti-inflammatory drug (NSAID), diclofenac sodium. In fact,
the action of the leaf extract on Caps-induced mechanical allodynia implies
the pathway through which the anti-nociceptive effect was mediated. In
more details, the neurons that transmit the signals from mechanoreceptors
synapse at the superficial lamina of the spinal cord, while the signals from
thermoreceptors synapse at the superficial and deep laminae of the spinal
cord (Benarroch, 2016; Greenspon, et al., 2019). Of note, A. andrachne
methanolic leaf extract exhibited anti-nociceptive effect in thermal and
chemical models of pain (Jaffal et al., 2020). Furthermore, the extract had
strong anti-inflammatory and antipyretic potential in carrageenan-induced
paw edema model and yeast-evoked pyrexia models, respectively (Jaffal et
al., 2021).

Based on the findings of this study and earlier reports, there is possibility
that the injection of the leaf extract evoke the release of endogenous
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cannabinoids that inhibit, at certain dose, neuropeptides release in the skin
(Engel et al., 2011). In more details, previous studies showed that the
stimulation of calcitonin gene-related peptide (CGRP) release by
anandamide and tetrahydrocannabinol was antagonized by TRPVI1
knockout and by using the antagonists of TRPV1 (BCTC) and CBI
implying the crosstalk between these two receptors (Engel et al., 2011;
Ahluwalia et al., 2003). Additionally, anti-allodynic effects of the synthetic
cannabinoids (WIN55212 and HU210) and tesaglitazar (a dual PPAR
agonist) were reported in streptozotocin (STZ)-induced diabetic neuropathic
pain model (Alsalem et al. 2019; 2020). Furthermore, Caterina (2014)
reviewed the importance of CB and TRPVI1 receptors in cutaneous
sensation. Additionally, many reports revealed that TRP channels (including
TRPV1) can be inhibited or activated by phytocannabinoids, synthetic
cannabinoids and/or endocannabinoids (Caterina, 2014). In fact, the effects
of cannabinoids on skin were attributed to the modulation of TRPV1
directly and indirectly (Caterina, 2014). At high doses, cannabinoids
directly induce TRPV1 activation while at low doses; they suppress TRPV1
channel indirectly by CB1 receptors (Litwack, 2013; Caterina, 2014). On
the other hand, the results of this study demonstrated that inhibiting CBI,
TRPV1, PPARa receptors reversed the anti-allodynic effect of 4. andrachne
while the previous results revealed that the anti-nociceptive effect of A.
andrachne in thermal models was inhibited by the antagonists of CBI,
TRPV1 and PPARy receptors (Jaffal et al., 2020). Accordingly, the
modulation of TRPV1 channel by PPAR receptors in vivo depends on the
type of stimulus and the used model of pain.

More importantly, our previous analysis of A. andrachne methanolic leaf
extract indicates that the extract is rich in 17 active constituents (Jaffal et al.,
2020). Many of these compounds exhibit anti-allodynic effects. For
instance, previous studies demonstrated that the ipl injection of linalool
attenuated mechanical allodynia in a mouse model of neuropathic pain
(partial sciatic nerve ligation, PSNL) in a dose dependent manner
(Kuwahata, et al., 2013). Also, the single and repetitive intraperitoneal (i.p)
injection of 100 mg/kg body wt quercetin produced an anti-mechanical
hypersensitivity in cancer-induced bone pain model in Sprague-Dawley rats
(Liu, et al., 2018). Similar effect in attenuating mechanical allodynia was
depicted after the i.p and intrathecal (i.t) injection of isoquercetin in diabetic
rats (Resham, et al., 2020). Moreover, Azevedo, et al. (2013) reported that
all doses of rutin and quercetin inhibited mechanical allodynia in a mouse
model of oxaliplatin-induced neuropathy accompanied with a decrease in
nitric oxide (NO) synthase immunostaining in the spinal cord (Azevedo, et
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al., 2013). Moreover, kaempferol extracted from Eruca sativa produced an
anti-allodyniac effect in STZ-induced diabetic neuropathy (Kishore, et al.,
2018). The amelioration of mechanical alldoynia in different animal models
was also mediated by linoleic acid (Shi, et al., 2019), gallic acid (Trevisan,
et al., 2014), a-tocopherol (Tiwari, et al., 2009), ursolic acid (Bhat, et al.,
2016), myricetin (Meotti , et al., 2006) and epigallocatechin-3-gallate (An,
et al., 2014). These findings justify the results of this study and suggest that
A. andrachne extract is a potential source of anti-allodynic compounds.

In conclusion, 4. andrachne exhibited anti-nociceptive properties in Caps-
induced mechanical allodynia in a mechanism that involves PPARa, CB1
and TRPVI. The use of this plant can open a gate towards finding
promising therapeutics for mechanical allodynia which is a key symptom of
many chronic pain conditions.
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Abstract

Background: Health care organizations are challenged to improve
patient safety. Establishing baseline data on patient safety education is an
effective intervention in this domain. This study aims at measuring nursing
students’ perceptions of patient safety.

Methods: Quantitative methodology, utilising cross sectional survey
distributed to 158 final year nursing students and analysed by confirmatory
factor and descriptive statistics.

Results: The model produced 4 components and their Cronbach Alpha
reliabilities are: Comfort (0.778), Error reporting (0.638), Denial (0.510)
and Culture (0.739), while the overall reliability for is (0.845). While 62%
of students have observed medical errors during their clinical practice; only
25% of them have reported an error using incident report.

Discussion and conclusion: It is significant to include Patient Safety in
nursing education and training programs. The inclusion will excel the level
of clinical excellence, shed a light on trimming down medical errors, and
enhancing health outcomes.

KeyWords: Patient Safety, Education, Nursing, Jordan, Students,
HPPSACS
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1 - Background

Health care organizations has been facing the challenge of improving
patient safety (Singh & Graber, 2015). It was proposed that the student’s
safety behavior in clinical settings can be influenced by the quality, content
and delivery of nursing education (Walton & Barraclough, 2011).
Measuring the competence of any recommended curriculum to develop
nursing patient safety education require establishment of base-line evidence
on the existing position of patient safety education (Walton & Barraclough,
2011). While several studies have been conducted worldwide to evaluate the
student nurses views on their undergraduate patient safety education, such
research has mostly focused on the local and national perspective in the
developed countries (Attree, Cooke, & Wakefield, 2008; Chenot & Daniel,
2010; Madigosky, Headrick, Nelson, Cox, & Anderson, 2006). Limited
research has been carried out to compare the nurses’ perceived Knowledge
and attitudes regarding patient safety education in low resource countries
and across several countries, therefore, missing an important opportunity to
highlight an international pattern on the student nurses’ perceived patient
safety education in nursing domain. This paper is part of a wider research
proposal, therefore, addressed the apparent gap in the literature. It outlined a
quantitative study, by distributing a survey to the final year undergraduate
nursing students in three nursing institutions in the UK, Jordan, and Saudi
Arabia. The aim of the wider study was to provide a comparison of the
student nurses’ perceived Knowledge, skills, and attitudes regarding patient
safety education across the three sites and examining any pattern or
common relationships among the students’ perceptions that may emerge in
the study. This paper is reporting only patient safety education among
Jordanian nursing students through a survey on knowledge, skills and
attitudes in one of the nursing schools.
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2- Literature review:

There is a dearth of empirical research examining the relationship
between patient safety and education of health professionals in both quality
management and health service literature (Han, Kim, & Seo, 2020; Kirwan,
Riklikiene, Gotlib, Fuster, & Borta, 2019; Taskiran, Bacaksiz, & Seren,
2020; Yoo, Park, & Kwon, 2019). There have been some descriptive works
suggesting the link between patient safety and undergraduate nurses’
curriculum and education practices (Yoo et al., 2019).

health care organizations encounter a challenge of sustaining health
care service delivery under safety measures. thoughtful patient safety, and
safe patient care delivery can be achieved through health professional’s
knowledge, skills and attitudes. Those, usually gained during education
when it contains patient safety contents and courses (Greiner & Knebel,
2003; Hwang et al., 2016; Kongsvik, Halvorsen, Osmundsen, & Gjegsund,
2016). Nursing education worldwide was investigated to measure the
students’ patient safety knowledge, skills and attitudes (Han et al., 2020;
Johnson, McNally, Meller, & Dempsey, 2019; Kirwan et al., 2019;
Okuyama, Martowirono, & Bijnen, 2011; Taskiran et al., 2020; Yoo et al.,
2019). In the UK, Attree, et al (2008) examined the undergraduate nursing
degree curriculum to find contents related to patient safety. The study
utilized various qualitative data collection methods, including curriculum
analysis, focus group interviews with 15 students, 10 educators, and 6
education delivery key informants. The study found a lack of patient safety
knowledge based on the systems approach and the nursing curriculum had
no learning objectives with direct focus on patient safety (Reason, 2000).
Pearson, Steven, & Dawson (2009) also carried out a study on nursing
students beside three other health professions to understand patient safety
learning. The study utilized a qualitative design encompassing range of data
collection methods, such as curriculum analysis, interviews with students,
patients, academics, qualified health care professionals, and observation of
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teaching methods. The study found lack or sometimes several gaps in the
curriculum content of subjects related to patient safety.

In the context of North America and the US specifically, undergraduate
nursing students before licensed submit approval of patient safety education.
This came as recommendation from Smith, et al (2007) study which
concluded that qualified nurses must demonstrate patient safety
competencies. In their study, Smith, et al (2007) investigated the curriculum
of more than 600 nursing schools and programs in the US to find whether it
contains competencies related to quality and safety. The online survey of the
schools yielded that schools’ curriculum threaded with (95%) patient —
centred care, followed by (89%) safety and (82%) teamwork collaboration.
In another study, Chenot and Daniel (2010) evaluated the Knowledge of
pre-licensure nursing students about patient safety topics. They
implemented pre and post curriculum survey of Patient Safety/Medical
Fallibility Assessment -which published by Madigosky et al. (2006)- and
they developed the Health Care Professionals Patient Safety Assessment
Curriculum Survey (HPPSACS). They collected their data from seven
universities in the USA through a questionnaire distributed to a sample of
618 students and more than half responded. The researchers concluded that
patient safety knowledge measures are valid and reliable. Their conclusion
based on results indicate HPPSACS items scored Alphas estimates above or
near the range of the recommended level of 0.70 (Cortina, 1993; Nunnally
1978).

Although most research in nursing patient safety education appears to
have been undertaken in Western Europe and North America, there were
some attempts to carry out similar research in other countries. Vaismoradi et
al (2011) explored the role of nursing education on patient safety from the
point view of Iranian nurses. Their sample was seventeen undergraduate
nursing students enrolled in one university in Tehran. Their data collected
through personal interviews and qualitative content analysis reported
dissatisfaction with the classroom conversations about patient safety issues.
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The students expressed concerns about the medical domain of handling the
topics. Therefore, the students highlighted difficulty in making the
connection between the theoretical courses directed toward patient safety
standards and their nursing practice applications. However, the Iranian
culture, values, and educational systems may differ from others and the
context may apply elsewhere. To generalize these findings in different
cultural contexts, there is need to carry out further investigations.

Assessing the patient safety education in nursing programs in Jordan
received little attention, while it was prone to numerous investigations
internationally. Moreover, Jordan is less involved in patient safety education
based on a recent recommendation from the World Health Organization
office in Amman to design a patient safety and quality curriculum for health
disciplines’ students. Conducting such research on the local level would
help to evaluate the Jordanian nursing students current perceived status of
patient safety education. On the international level, such research would
help to highlight more visibly the themes in patient safety education, across-
county, which are lacking, or exiting, in the current nursing curriculum. This
would contribute to establishing across-countries shared indicators for
patient safety education in nursing, but the results would also inform policy
makers of areas of patient safety education that may be best addressed by
shared efforts. The World Health Organization (WHO) is going ahead in
developing and implementing Patient Safety Curriculum Guide for Multi-
professions students (Walton & Barraclough, 2011). However, the patient
safety education in nursing run in short of trustworthy baseline data on the
current status. This hinders measuring the impact of any proposed
intervention, including the new curriculum guide, on the health care
professional’ KSA toward patient safety education.
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Aim and purpose

This paper aims to assess nursing students in Jordan current perceived
status of patient safety education. The purpose is to provide
recommendations of basic knowledge required to develop nursing
competencies for undergraduate nurse student to carry safe nursing practice
therefore it attempts to answer the following questions:

Is the HPPSACA suitable for measuring nursing students KSA in
Jordan?

What are the undergraduate nursing students’ KSA regarding patient
safety (PS) in Jordan?

3- Methodology

this study used a cross sectional survey based on quantitative
methodology distributed to undergraduate nursing students in one academic
nursing institution in Jordan during four semesters. The study utilized the
previously validated Health Care Professionals Patient Safety Assessment
Curriculum Survey (HPPSACS) (Chenot & Daniel, 2010). Permission from
the author has been sought. Although the nursing education is delivered in
English, Arabic language is the native language in Jordan. Therefore, the
survey tool was combined with a translation for the items to Arabic to
support students understanding of every item. The items in the survey
translated into Arabic and back translated to English by two independent
translators (Ryan & Bernard, 2000).

The survey distributed to the final year undergraduate nursing students
in a public university in the south of Jordan during four different semesters.
By the time data collection started, final year students have covered most of
the courses during their curriculum and are likely to provide more informed
evaluation of their knowledge, skills, and attitudes regarding patient safety
education. Moreover, selecting undergraduate nursing students for
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evaluating their nursing education would be more appropriate. This is
because while they are still students, their patient safety behaviours are
likely to be influenced by their educational program, before they qualify as
registered nurses where their patient safety knowledge, attitude and behavior
become more influenced by their new working climate (Flin & Patey, 2009;
Mansour, 2015). The survey distributed to 158 final year undergraduate
nursing students in the academic institution. In total, 125 of final year
students returned surveys, in a response rate of 79%, two were excluded as
they were incomplete and 123 considered for the analysis.

The students on the nursing training course received a questionnaire
after a consent from them and from the other academic colleagues who were
delivering teaching to the final year nursing students. The researchers chose
a lecture, whereby the final year nursing students were attending, and the
questionnaires delivered. The students were encouraged to return the
questionnaires after the lecture finishes, but also given opportunity to return
the completed questionnaires to a designed mailbox in the institution at later
date.

1.1 Data analysis:
Data analysis involved:

The researcher coded the retuned questionnaires and entered the data
into SPSS Software version 20 (Allen & Bennett, 2012). The data
statistically analysed using factorial Analysis to ascertain the students’
knowledge and attitudes regarding patient safety. This study tested
HPPSACS scores for validity and reliability by employing alpha reliability
analysis and confirmatory factor analysis (CFA). The underlying constructs
was revealed by grouping the items into subscale scores on the patient
safety instrument. The students’ KSA concerning patient safety was
reported by descriptive statistics.
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1.2 Ethical approval:

Mutah Faculty of Nursing Research Ethics Committee granted the
institutional review approval before data collection commences. Moreover,
a permission to distribute the questionnaire from the dean of the Nursing
Faculty was obtained in advance. Information sheet distributed to the
participants, which states the purpose of the research, the likely benefits, and
the voluntary nature of participation. The students assured their identity will
never be sough at any stage of the research. Each questionnaire was
assigned a code to facilitate the data entry and analysis. There was no
physical risk to the students participating in this project, and to minimise
any potential psychological distress on the participants. A research assistant
who is not part of the teaching or assessment of the nursing students
collected the data.

4- Results

The survey analysis conducted on data from hundred twenty-three
nursing students. Most of them were females 41.5% (n=51), 32.5% (n=40)
were male, and 26% (n= 32) left the item without answer. The students
mean of age was 21, although the youngest was 20 and the older was 27
years old. All the students enrolled in three nursing programs and
respondents represent 54.5% (n=67) morning program, 12.2% (n=15)
parallel program, 1.6% (n=2) bridging program and 31.7% (n=34) did not
indicate their program.
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Table 0: Confirmatory Factor Analysis for the tool.

:'2 Initial Eigenvalues Rotation Sum§ of Squared
g Loadings
=9

§ Total V:f)islfce Cum;zaﬁVe Total V:fiz?lfce Cllm(‘;:atiVe
1 6.518 28.339 28.339 4331 18.829 18.829
2 1.927 8.378 36.718 3.426 14.894 33.723
3 1.656 7.201 43918 1.966 8.550 42.273
4 1.480 6.434 50.353 1.858 8.080 50.353
5 1.281 5.570 55.923

6 1.095 4.761 60.684

7 991 4.309 64.992

8 .892 3.878 68.871

9 .813 3.533 72.403

10 766 3.330 75.733

11 .687 2.987 78.720

12 .660 2.868 81.589

13 S77 2.507 84.095

14 .560 2.434 86.529

15 .529 2.298 88.827

16 485 2.107 90.935

17 429 1.867 92.802

18 379 1.646 94.447

19 342 1.487 95.934

20 280 1.219 97.153

21 253 1.098 98.251

22 225 978 99.229

23 177 771 100.000
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Extraction Method: Principal Component Analysis.

This study reports on usability of a framework for examining the
knowledge and attitudes about patient safety education from the perspective
of undergraduate nursing students’. Using Likert scale, the participants
selected their level of disagreement and agreement with the items 1-18 and
their discomfort and comfort for items 19-23. Patient safety situations the
students may had experienced during their last year training examined by
chooing yes or no reply for items 24-29 of the questionnaire. CFA examined
the data and confirmed the factor model of patient safety education reported
by Chenot and Daniel (2010) as illustrated in tables 0 and 1. Four factors
identified in this model.

Table 1: HPPSACS factors and associated items

factor Item no. Item description
19 Accurately completing an incident report.
20 Analysing a case to find the causes of an error.
Comfort 71 Supporting and advising a peer who must decide
1 . how to respond to an error.
(5 items) _ ]
22 Disclosing an error to a faculty member.
3 Disclosing an error to another healthcare
professional.
) Competent healthcare professionals do not make
medical errors that lead to patient harm.
4 Only physicians can determine the causes of a
medical error.
5 Healthcare professionals should not tolerate
uncertainty in patient care.
Errqr The culture of healthcare makes it easy for
2 | reporting 6 healthcare professionals to deal constructively
(9 items) with errors.

Healthcare professionals routinely  share
8 information about medical errors and what
caused them.

Healthcare professionals routinely report

10 medical errors.

12 Physicians  should be the healthcare
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factor Item no. Item description
professionals that report errors to an affected
patient and their family.
13 Effective responses to errors focus primarily on
the healthcare professional involved.
17 After an error occurs, an effective strategy is to
work harder to be more careful.
1 Reporting systems do little to reduce future
errors.
14 If there is no harm to a patient, there is no need
Denial to address an error.
3 (4 items) 15 If I saw a medical error, I would keep it to
myself.
16 Most errors are due to things that healthcare
professionals can’t do anything about.
1 Making errors in healthcare is unavoidable
Healthcare professionals should routinely spend
3 part of their professional time working to
improve patient care.
Learning how to improve patient safety is an
Culture 7 appropriate use of time in health programs in
4 . school.
(5 items)
In my clinical experiences so far, faculty and
9 staff communicate to me that patient safety is a
high priority.
There is a gap between what we know as ‘best
18 care’ and what we provide on a day-to-day
basis.

The 23 items produced a good model fit in CFA. The 23 items are
abstracted in 4 factors, those are:

1. 'Comfort' factor labelled the comfort feeling level of the student when
they complete revelation of medical errors and writing incident
reports.
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2. ‘Error reporting’ a factor labelled for dealing with medical errors and
reporting its incidence.

‘Denial’ factor labelled the medical errors denial.

4. The “’culture’’ factor was used to label the rest of items.

(O8]

Those factors have a relationship with the student knowledge and
attitudes toward patient safety education. Patient safety education measured
by recognising patient safety occurrence, disclosing this error to others and
education coverage of patient safety theme within the curriculum.

Table (1) Student response to the second section of the survey.

Uncomfortable |Neutral| Comfortable

Accurately completing an

0, o o
incident report. 20.5% 30.3% 49.2%

Analysing a case to find the

20.8% 26.7% 52.5%
causes of an error.

Supporting and advising a peer
who must decide how to 18.2% 23.1% 58.7%
respond to an error.

Disclosing an error to a faculty

21.5% 27.3% 51.2%
member.

Disclosing an error to another
healthcare professional.

Cronbach Alpha scores for HPPSACA indicated reliability and internal
consistency of the measure. Cronbach Alpha over all scored (0.845),
however, the model components reliability scores are (0.778) for Comfort,
(0.638) for Error reporting, (0.510) for Denial and Culture (0.739). Apart
from Denial, the other three components are within accepted range of
recommended threshold of 60. These coefficients are satisfactory in the light
of few items for each component and the exploratory nature of this construct
validity analysis.

26.5% 28.9% 44.7%

63



Patient Safety Education: A Perspective of Southern Jordan Nursing Students’
Ahmad H . AlNawafleh, Muwafaq AL-Momani, Fadwa Alhalaiqi

Table (2) Student response to the first section of the survey.

Disagree % | Neutral % | Agree %

In my clinical experiences so far, 20.5% 17.2% 62.3%
faculty and staff communicate to
me that patient safety is a high

priority.

Healthcare professionals routinely 35.8% 25.8% 38.3%
report medical errors.

If I saw a medical error, I would 65.7% 13.5% 20.7%
keep it to myself.

There is a gap between what we 19.5% 26.8% 53.7%

know as ‘best care’ and what we
provide on a day-to-day basis.

The study reports that 62% of students have observed medical errors
during their clinical practice; however, only 25% of them have reported an
error using incident report (see table 4). On the other hand, disclosing of
these errors to faculty member represented third only while almost all the
students witnessing errors disclose it to their colleagues. This is an
indication that there are barriers in communicating errors to the faculty. It
may also indicate that there is a culture of blame rather than a reporting
errors within the training area.

Table (3) Student response to questions
regarding experience of patient safety situation

Yes No

Have you observed a medical error in your clinical

experiences? 61.7% 38.3%

Have you disclosed a medical error to a faculty

Y 0
member? 32.8% 67.2%

Have you disclosed a medical error to a staff

() 0
member? 50.4% 49.6%

Have you disclosed a medical error to a fellow
student?
Have you reported an error using an incident
report?

58.8% 41.2%

24.6% 75.4%

Did your nursing program of study provide

V) 0,
sufficient coverage on the topic of patient safety? 65.3% 34.7%
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Next section presents a brief for the discussion, the study implications,
and conclusions. It gives further discussion for the study results in the light
of the theoretical context. It closes with future studies speculation based on
the findings of this study.

2- Discussion

This study examined undergraduate nursing students” KSA regarding
patient safety that were in BSc nursing degree programs in Jordan. It is
significant to include Patient Safety in nursing education and training
programs. More specifically there is a need to add the socio-cultural aspects
of safety to the nursing curriculum. Although curriculum development in
nursing education is demanding, efforts to include PS are not satisfactory.
This indicates the value of conducting research to recognise the senior nurse
students’ level of patient safety awareness.

This study suggests the HPPSACA can be used to assess senior
undergraduate nursing students KSA about patient safety. Indeed, the
student's perception of professional confidence in providing safe patient care
is one of several indicators for assessing the student’s competency and
effectiveness of nursing education. Existing instruments to measure patient
safety KSA were developed primarily to explore the impact of curriculum
proposals for patient safety.

Several tools used to assess safety competencies of nursing students,
however, most measures have few aspects of PS competencies outlined by
national and international bodies (Okuyama et al., 2011). Using the CFA to
analyse the wide range patient safety competencies as measured by
HPPSACA, this study addressed the literature gaps.

Our results confirmed previous results of four-factor, 23-item model of
student nurses’ patient safety competence (Ginsburg, Tregunno, & Norton,
2013; Mansour, 2015). Those can be used to assess senior students learning
about Patient Safety competence: (1) comfort, (2) reporting, (3) denial, (4)
Culture of safety. Evaluation of students KSA in the main safety
competencies is essential, mainly due to small evidence about patient safety
competency assessment.

The HPPSACA can be used to investigate whether the students attained
the learning objective of patient safety during their training. Therefore, it is
helpful for the academics in their class room teaching, clinical training and
to design curriculum for professional nursing (Ginsburg et al., 2013). It does
worth to mention that we found during this study few academic members
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expressing understanding the basic knowledge and skills required to teach
patient safety related materials.

Curriculum at the undergraduate nursing programs is modified every 4-
6 years in Jordan, however, it is difficult to find who has the power to
include new competencies and subjects in the curriculum. Further research
is necessary to understand how to include PS knowledge in this curriculum.
Moreover, it is important to determine which PS aspects and teaching
approaches are more appropriate considering the stage and the setting.

Since academic and hospital environment can influence the adoption of
PS for quality health care service it is necessary also to assess the formal
and informal factors related to inclusion of PS in nursing education
curriculum. Despite this problem adoption of PS in nursing education is
important; because, there is evidence supporting PS knowledge achievement
from the curriculum. The key issue of this argument is the identification that
nursing students’ KSA of PS is essential and adjustable.

This study recommends for a future research to build on these findings
and examine academics interpersonal relationships impact on patient safety
knowledge among students in nursing bachelor programs in Jordan.
Learning patient safety component would need to incorporate an appraisal
of pedagogic teaching concepts and tools. There is need to identify any
barriers to report errors mainly to instructors. It may also identify any
curriculum aspects that influence students’ interpersonal relationships. Also,
an examination of nursing teachers and instructors’ ability to conduct
patient safety knowledge and convey it to their students to build KSA. Thus,
we propose that an increase in students KSA of patient safety might
correlate with an increase in patient safety KSA among nursing teachers and
instructors. A future research would be to develop a study to assess the
nursing curriculum contents of patient safety domains in Bachelor
programs. Likewise, there is need to determine the correlation of patient
safety learning outcomes with indicators of health outcomes through an
examination of patient safety courses and teaching practices. This may
include topics related to incidence reports and medication errors.

This study may present issues related to generalisability of its results to
wider population which may be considered during future implications. Its
data come from senior nursing students in the clinical training in one
Jordanian governorate, Karak. In Jordan, there tends to be some variation in
nursing school curriculum. Internationally, Jordan’s nursing training
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structure and environment are equivalent to the wider programs adopted by
other countries in Europe and North America. It is however possible that our
four patient safety factors validated in this study will be translated in
different way for new graduates from other national cultures. Additional
exploration and cross-validation with wider samples of senior student nurses
or fresh graduates of the HPPSACA is necessary to generalise wider
implication.

3- Conclusion

This study added to the literature of patient safety the value of its
integration in nursing curriculum. This integration would contribute to
improving health outcomes, reduce medical errors and lead to quality health
service. Conducting a study using HPPSACS with undergraduate nursing
students would shed a light on their awareness about patient safety.
Descriptive statistics of this study reported that the nursing students’ have
positive attitude and highlight their patient safety awareness on scores
expressed by the HPPSACS.

Patient safety should be considered in nursing curriculum and should be
taught by nursing academics. Policy development must include patient
safety, and this is the responsibility of nursing leaders. Both the nursing
leaders and academics must work toward approval of the patient safety
competencies at the national level and at the level of nursing education
programs. Nursing academics in the accreditation boards, Jordanian Nursing
Council and nursing institutes are required to address nursing students’
competencies of patient safety. This is required to enhance health care and
health outcomes. Adoption of patient safety in the nursing curriculum will
enhance health, save patients’ lives, and it will sustain Jordan's health
system.

This study should be followed up by examining patient safety KSAs of
associate, bachelor, master’s, and doctoral nursing students. Further
examination is recommended for nursing academics perceptions of patient
safety and its applications for their students.
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Towards a Multi Classifier Machine learning Based Approach for
Course Cancelation Problem Avoidance
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Abstract

The course cancelation problem (CCP) is one of the main problems of the
university timetabling process. The problem usually occurs when the academic
registry at the university cancels a course section for violating the "minimum
number" hard constraint which refers to the minimum number of students enrolled
in the course section. CCP is common within the universities in which the
timetable is created before the student registraion process strats.

This paper discusses the development of a multi-classifier machine learning-
based approach for course section cancellation risk estimation. The approach
analyzes the enrollment historical data of the university to identify the common
features of the canceled sections. These features include the course, section time-
slot, the number of students who are eligible to take it, and the lecturer. These
features are then associated with section cancellation status. The resulted dataset is
fed into a multi-classifier component to predict the risk level of the section
cancellation. The proposed approach aims to advice the academic departments in
preparing the timetable of the upcoming academic term to avoid including the high
risk courses in the time table which ,in turn, is expected to inance the stabilty of
the time table by minimzing the number of canclection cases.

Results have shown that the proposed approach has achieved 85% classifying
accuracy in identifying the cancelation risk level of sections before including them
in the timetable. The classifying accuracy is expected to improve with the growth
of the data volume. Also, using different gives the approach the dynamicity to use
the most accurate classier to achieve the highest accuracy based on the provided
case.

Keywords: Machine Learning, University Timetabling, Course Cancelation, Multi-
Classifier.
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1- Introduction

Timetabling is one of the key tasks in the enrollment process in the
universities as the course offering must be ready for the students every
academic term brfore they start their study. Usually, the academic
departments prepare the course timimtable in collaboration with the
academic registry to ensure it is convenient for the students, complying
with the academic plan and the university policy. However, the credit hours
system adopted by different universities over the world requires that the
student have the right to select the courses offered by the university based
on their preferences of the class time and lecture. This requires, usually, to
offer different sections of the same course with different timeslots and/or
different lecturers to give students enough flexibility on their choices.
Moreover, the timetable must also be compatible with the lectures'
specialties and availability. Preparing a suitable timetable that meets all
these requirements might sound simple at the theoretical level, but it is more
complicated in practice as such it must satisfy the students, lecturers, and
university constraints including the academic plans and other academic and
financial constraints.

Due to the prolonged global financial hardship, financial modeling has
become a critical factor at all levels in university planning, in general, and in
course offering in particular. To minimize cost, the course offering process
often applies a strict section cancelation policy that identifies a minimum
number of student enrollments, referred to as the threshold, required to
survive section cancelation. The threshold is identified based on different
factors such as the nature of the course (lecture-based or lab-based), the
program level (BSc, Masters, Ph.D.), the course role in the academic plan
(mandatory or elective), and the course’s level (university, faculty or
program).

Such policy helps the university minimizing the teaching cost, but it
causes problems for the students and the academic departments due to
regular cancelation of significant sections. The cancellation usually happens
in the early weeks of the academic term. This causes a huge disturbance
since the students need to look for an alternative section, or even a course, to
replace the canceled section. Even though, this might go smoothly in some
cases, finding the alternative often involves complexities related to
resolving conflicts in sections timeslot. In some other cases, the situation
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becomes more complicated especially with the students who are graduating
on that term or the following one as they need to apply for permission to
take a course that is not part of their academic plan and it is the
responsibility of the academic department to identify which course to take.
This leads to a shift of the actual start of the learning and teaching process
as the timetable takes two to three weeks to stabilize.

University Course Timetabling Problem (UCTTP) is an optimization
problem that occurs every semester .( Asmunim,2015) (Babaei, Karimpour
& Hadidi,2015). The goal of the university course timetabling problem
(UCTTP) is to create a timetable in which all events are assigned to a set of
predefined timeslots and rooms in such a way all constraints (hard and soft)
are satisfied .( Babaei, Karimpour & Hadidi,2015). A set of events include
the subsets: courses, students, and lectures. Constraints have two categories;
hard and soft. Hard constraints refer to those conditions that must be met
such as minimum and maximum number of students in the class and there is
no tolerance for violation. Soft constraints refer to those constraints that are
preferred to satisfy to make the timetable more efficient such as minimizing
the time gaps between students' classes or minimizing the distance between
the rooms for students .( Asmunim,2015) (Babaei, Karimpour &
Hadidi,2015).

Course/section cancelation problem (CCP) can be defined as the
situation in which the academic registry at the university cancels a course or
a course section because of the violation of one of the hard constraints
which is usually the minimum number of students enrolled in the course.
This problem is quite common in the university in which the timetable is
created before the enrollment process. In this case, course sections are
offered and assigned to timeslots and lectures before students enrollment,
Consequently, the students have the choice to select the courses based on
their preferences under the condition of satisfying the academic plan
constraints such as the prerequisites and the maximum number of courses
taken of each requirement type in the academic plan of the student's
program. This margin of selection freedom often leads to a lack of
enrollment in some sections due to the tendency of students to avoid certain
time slots (early morning and evening), lectures, or courses. These sections
are usually canceled especially if didn't achieve the minimum number of
students which causes a significant distribution for the teaching process as
the students in the canceled courses start to look for other courses to enroll
again. Course cancellation usually takes place after the first week of the
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semester. This leads to a delay in the actual start of the teaching process and
long queues of students asking for the advice of the academic departments.
Another complication of this problem is that the academic departments in
many cases must reassign lecturers to courses to meet the academic load of
each lecturer in the department.

In the light of the above, providing an effective approach to help the
academic departments in preparing an optimal course offering that meets the
student's requirements and minimizes the number of the canceled sections
has become imperative.

This paper discusses the development of multi-classifier machine
learning- based approach for course's section cancellation risk estimation.
The approach analyzes the enrollment historical data of the university to
identify the common features of the canceled sections. Such features may
include the course itself, section-time slot, the number of students who are
eligible to take it, the lecturer. These features are then with section
cancellation status. The resulted data set then is red into a multi classifier to
predict the likelihood of the section cancellation. The proposed approach
aims to assist the academic departments in preparing the timetable of the
upcoming academic term by predicting the likelihood of the section
cancellation before including it in the timetable. This in turn is expected to
minimize the number of the canceled section.

2- Related Work

The ACTTP has been studied extensively and several researche have
attempted to provide efficient solutions. However, due to the high
dimensionality of the problem together with a variance of the rules applied
in different countries and universities, providing a comprehensive approach
that can overcome all subproblems sounds nonrealistic which makes this
research area still lacking.

One of the earliest attempts to solve this problem used graph coloring
problem in 1967(Welsh,1967). The graph coloring-based approach was
further developed to solve the timetabling problem using a non-directional
graph to prevent the conflict in the timetable (Werra,1985). To reduce the
number of resulted graphs a separated graph was used on separate students'
groups (Selim,1988). This method has been modified to direct the vertices
and edges of the graph to common courses to create a uniform distribution

of the courses (Amal & Mayez,2010).
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Another graph-based approach has been proposed using genetic
coloring to find the least colors of the graph (Asham, Soliman&
Ramadan,2011). A genetic algorithm has been proposed for maximizing the
number of enrolled students in the course using bipartite graphs (
Long,2019). A modified grouping-based algorithm has been proposed to
solve the course timetabling problem (Kralev, Kraleva& Kumar,2019).

The integer programming(IP) method is used to split the timetabling
into two subproblems: timetabling and grouping. An IP-based heuristic
approach was applied to the two groups until finding the optimal timetable
(Aubin,Ferland,1989). Another IP-based method was introduced to solve the
timetabling problem. The method aimed to produce the best fit timetable by
allocating a set of courses to a lecturer, groups of students, and timeslots (
Daskalaki,Birbas & Houso0s,2004). An IP-based relaxation method was
proposed to create an optimal timetable on two steps (
Daskalaki,Birbas,2005). The courses with one timeslot were timetabled in
Step.1 while the courses with more than one timeslot were timetabled in
Step.2. The IP has also been used to improve the rule finite and constraint
satisfaction in timetabling ( Bakir & Aksop 2008). Lecturer university
timetabling was looked at as an NP-hard problem ( Luisa&
Meurant,2020)and both algorithms were evaluated on this base. Genetic
Algorithm was shown to outperform Hybrid Genetic Algorithms-Hill
Climbing in finding the optimal solution. (Yusoff,Roslan,2019).A binary
integer programming formulation has been used to solve the university
timetabling problem( Erim Chung & Kim,2019).

Constraint satisfaction programming (CSP)has also been used to solve
the time baling problem. A constraint-based approach has been integrated
with a genetic algorithm to find the optimal timetable ( Deris, Omatu &
Ohta,1999). In another research, the object-oriented approach and
constraint-based reasoning have been combined to find an optimal timetable
(Deris,Omatu,&0Ohta,2000).In more recent research, constraint satisfaction
programming has been used to find the objective function to allocate
resources required for an optimal timetable[19](Lixi, SimKim,2005). A
Constraint satisfaction (CS) model was introduced in (Lixi, SimKim,2005)
to automatically construct the university timetable. The model uses the
university constraints such as the academic plan, time slots lecture
availability to produce the timetable. A list of hard and soft problems
relating to university timetabling was provided in ( Herres, Schmitz,2019).
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The list included different problems such as the time overlapping and the
lecturer's double booking.

Other researchers adopted a heuristic Approach. For example, in the
Greedy Randomized Adaptive Search Procedure (GRASP), a maximum
flow partial solution and simulated Annealing were integrated to find the
optimal university timetable ( Lixi&SimKim,2005). The introduced
componential model was developed using the second International
Timetabling Competition (ITC-2007). A meta-heuristic algorithm was
integrated with a non-dominated sorting genetic algorithm to find the best
solution for the timetabling problem ( Al-ghamdi,2012). The education
quality measure was used as a base for the solution selection. The education
quality included different factors such as the teaching capabilities of
lecturers, student counseling, and tutorials time during the day. The
Simulated Annealing ( Kirkpatrick,Gelatt&Vecchi,1983) was used to
optimize the Reheating (SAR) ( Goh, Kendall& Sabar,2017) algorithm to
find the optimal solution for the post-enrollment course problem. The
introduced approach started with finding a feasible solution first then
optimizing that solution ( Goh, Kendall& Sabar,2019). Ant colony
optimization (ACO) algorithm has been used to optimize the university
timetabling. The algorithm was applied on Faculty of Informatics and
Computing (FIC) datasets and achieved an acceptable accuracy level in
assigning the offered courses to the available time slots (Mazlan, Makhtar&
Ahmad Khairi,2019). A Genetic Algorithm was introduced in (Mazlan,
Makhtar& Ahmad Khairi,2019) for the timetabling problem. The algorithm
was designed to increase the convergence rate of the new schedule. An
extensive computational experiment was conducted on the International
Timetabling Competition ITC-2007 data set ( Gllci& Akkan,2020). In their
experiment, the researchers applied a multi-objective simulated annealing
(MOSA) algorithm to achieve the optimal solution for the soft constraint
problem. Tabu search based approaches for timetabling were proposed in
(Gaspero & Schaerf 2001) (Abdalla,Obit&Alfred,2019). The proposed
approaches used the diversification of the neighborhood to find the optimal
solution. The approach focused on reducing the number of potential
solutions to speed up the optimization process.An agent-based framework
for the university course timetabling was proposed in (
Abdalla,Obit&Alfred,2019). The framework used distributed multi-agent
system based on integer programming. The approach consisted of a central
agent that is coordinating between the other agents to find the optimal
solution. A model-driven approach has been proposed to solve the time
tabling problem ( Eke.,et al 2019). The approach used a model-driven Ul to
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generate an initial solution then give the user the ability to adjust the
solution.

Recently, machine learning has been used for university timetabling
problem. A naive Bayesian approach was proposed to identify preferred
timeslots by lecturers to resolve the soft constraint (Tharwat,2018). Support
Victor Machine and Leaner Regression were both used for feature extraction
and selection to identify the hard and soft constraints. Neural Network was
integrated with the heuristic approach for better performance in the
class/teacher timetabling problem (CTTP) ( la Rosa-Rivera.,et al 2020).
Fuzzy logic has been used to solve the problem of course timetabling. A
fuzzy c-mean based approach has been introduced to handle the uncertainty
in clustering students' courses in a weekly program. The approach reduced
conflict in the student's preferences and class time ( Asmuni.,et al 2020).
Another research ( Rachmawati& Srinivasan,2005) proposed a hybrid fuzzy
approach to students' projects. The approach used an objective satisfaction
method for assigning students to projects. A fuzzy genetic heuristic has been
applied to the University course timetabling problem (
Chaudhuri&De,2010). The genetic heuristic has been used to match the
events(classes) with the features while the fuzzy sets have been used to
handle the soft constraints' violation. In another research, A fuzzy genetic
algorithm has been integrated with local search to solve UCTP (Kohshori &
Abadeh,2012 ). The fuzzy genetic algorithm has been used to produce the
optimal timetable and the local search for improving the efficiency of the
algorithm. Fuzzy logic has been integrated with a local search algorithm to
address the ambiguity in soft constraints of the timetable and the local
search was used to find the optimal  solution (
Babaei,Karimpour&Hadidi,2019). In another research ( June ..et al 2020),
the fuzzy logic has been integrated with a sequential constructive algorithm
to optimize the course timetable. Fuzzy logic has been used expand produce
multiple sequences that are normalized to find the best sequence. Fuzzy sets
have been used in modeling the violations of the soft constraints (
Perzina&Ramik,2013). The sets were incorporated in a self-learning genetic
algorithm with indirect representation to produce a low-cost optimal course
timetable.
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3- The Proposed Approach and its Results.

As shown in Figure(1), this paper proposes a multi classifier machine
learning based framework to support the decision of the academic
departments in building the timetable. It uses the classifiers to identify the
cancelation risk level of the suggested course sections during the timetable
construction process. The aim of using different classifiers is to maximize
classifying accuracy. This can be achieved by evaluating the accuracy
performance of different classifiers first. Consequently, the classifier with
the highest accuracy performance is selected.
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Figure 1: The Proposed Approach
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1.1  Dataset Extraction and Preparation.
1.1.1 Data Collection

In this step, a dataset is collected from the university enrollment and
registration databases. The collected data may include data related to the
number of the students who are eligible to take each course, the minimum
number of students allowed for each course section, the academic plan for
each academic program, the average number of sections canceled for each
lecturer in the past, the average number of sections that have been
previously canceled for each course and the status of each course section in
the time table history.

The proposed framework has been developed, trained, and evaluated
based on real data collected from MU academic registry system databases.
The dataset used in this study has been extracted from the Mutah University
(MU) enrollment records focusing on the data of the canceled course'
sections over the last 5 years. The dataset consisted of 5000 records and
included data on the timetable history, lectures, courses, and academic plans
of the academic programs.

MU is one of the largest public universities in Jordan. It has been
founded in 1981 to be the first university in the southern part of Jordan. MU
encompasses two wings; Military and Civilian. The Civilian wing contains
14 colleges: Arts, Business, Law, Social Sciences, Social Sciences,
Educational Sciences, Sport Sciences, Medicine, Pharmacy, Nursing,
Engineering, Science, Information Technology and Agriculture. The
university offers 56 academic programs on Bachelor, Master, and Doctorate
levels. The university has around 18,000 students currently enrolled in all
programs.

Like the other Jordanian universities, MU adopts the credit hour system
in which each credit hour equates to three class hours per week throughout
the academic semester which spans over 16 weeks. Each program has an
academic plan that defines the program requirements and their
dependencies. The program completion requirements are released in the
form of courses which are of different requirement types such as university-
level mandatory, university-level elective, college-level mandatory, college
level elective, program level mandatory, and program level elective. Each
requirement type has a specific number of credit hours that should be
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completed successfully by the students to graduate. The academic plan
defines course dependencies by enforcing a prerequisite mechanism by
which the student can't enroll in a course until he/she completed (either
successfully or unsuccessfully) the prerequisite in a previous semester.

1.1.2 Dataset Prepossessing and construction

In this step, the collected data is processed and prepared for training the
classifiers. In our case, the dataset consisted of six features (predictors) and
one target as shown in Figure (2).

Student to Cap Ratio
Class Timeslot

Lecturer  Cancelation HHI:> Section
Score Cancelation Risk

Course Cancelation
Score

Course Importance

Figure (2) Predictors — Target

The table below describes how these features have been constructed
and calculated

Table (1) Features Values Calculation
FEATURE | DESCRIPTION VALUE GUIDE

Represents the scaled ratio between the
number of students who are eligible to | 1: High (=<02)
The student | take the course. (according to_the 2: Medium (01<
1 to Cap | program academic plan constraints) X <02)

Ratio and the minimum number of students

to keep the section according to the | 3: Low (01>= X)
university policy.
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1: Early (08:00-
Refers to the time of the day in which | 10:00)
, |Class the section is scheduled. This feature | 2: Middy (10:00-

Timeslot can take one of three values.: Early, é4|?§t)e (14:00
Middy or Late. 18:00)
This is a score of the cumulative
number of sections that were canceled | , ,,. , ,_

Lecturer for the lecturer in the past. It is a scaled 1. High (=<02)

Score

3 Cancelation

ratio between the number of the
sections canceled for the lecture and
the average number of the section
canceled for lectures across the
university.

2: Medium (01<
X <02)

3: Low (01>= X)

Course

Score

4 Cancelation

This is a score of the cumulative
number of sections that were canceled
of a specific course in the past. It is a
scaled ratio between the number of the
sections canceled for the course and the
average number of the section canceled
for courses across the university.

1: High (=<02)

2: Medium (01<
X <02)

3: Low (01>= X)

Course
Importance

This is a scaled weight of the
importance of the course for the
students in the academic plan and takes
its value based on the type of the
requirement the course belongs to in
the academic plan such as mandatory
or elective and if the course is a
prerequisite of other courses.

1: High
2: Medium
3: Low

1.1.3 Labeling

The data was labeled by associating the five features in the previous
table with the scaled cancelation risk which has been calculated based on the
cancelation history of the previous timetables and as follows:

1: High: refers to the case in which the course section was canceled from
the first round of the timetable review due to not meeting the
minimum number of students' constraints. In most cases, the number
of students enrolled in these sections is significantly below the
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threshold. Therefore, sections in this category do not pass to the
second round of the timetable review.

2:  Medium: refers to the case where the course section passes the first
round of the timetable review with several students that is slightly
below or above the threshold. Hence, another chance in the second-
round timetable review is granted for such sections.

3:  Low: refers to the case in which the course section passes the first
round with a students' number that is fairly above the threshold.

The table below shows a sample of the labeled dataset.
Table 2: Dataset Sample

Student to . Lectur_e Coursg Course Cancelation
CapRatio Timeslot | Cancelation | Cancelation Importance Risk
Score Score
1 1 1 1 3 1
1 2 1 1 3 1
1 1 1 1 3 1
1 1 1 1 3 1
1 3 1 1 3 1
1 1 1 1 3 1
1 1 1 1 3 1
1 2 1 1 3 1
1 1 1 1 3 1
1 1 1 1 3 1
1 1 1 1 3 1

1.2 Multi Classifiers training and testing

A supervised machine learning approach has been used to develop a
model to predict the cancelation risk of course sections. As shown in Figure
(3), different classifiers have been trained and tested on the dataset to
compare their accuracy performance. In turn, this comparison provides an
indicator of the optimal classifier for the data set. The used classifiers
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included Neural Networks, Decision Tree, Naive Bayes, SMV, Random
Forest, and KNN.
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Figure 2: Multi-classifier Model

To train and evaluate the model’s accuracy, a 5-fold cross-validation
has been used. The dataset is divided into training and testing subsets for
each fold where the model is trained and tested using the training and testing

sets, respectively.
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1.3 Classifying Accuracy Evaluation and Best Classifier Selection.

In this stage, the resulted classifying accuracy of the used classifiers are
compared to identify the most accurate classifier to be used for the
prediction of section risk of cancelation. The evaluation is performed based
on two matrices which are the Classifying Accuracy (CA) ( Rakesh
Kumar.,et al 2013), which shows the average accuracy for each classifier for
all classes, and the confusion matrix ( Tharwat,2018), which identifies the
classifying accuracy of each classifier for each class.

CA=(TP+TN)/ (TP + TN+ FP + FN) Equation1:CA
Where: T: True; F: False; P: Positive; N: Negative

Table (3) shows the accuracy performance of each classifier.
Table 3: Accuracy Performance

MODEL CA
NAIVE BAYES 0.8555 “‘
NEURAL NETWORK 0.8586 ;

TREE 0.8586 :
RANDOM FOREST 0.8586 l l
SVM 0.3860 -
KNN 0.4620

The table shows that Neural Networks, Decision Tree, Naive Bayes,
and Random Forest have achieved 85% classifying accuracy which is
relatively acceptable having the size of the dataset. However, both SMV and
KNN have poor classifying accuracy 38 % and 46%.

For more insight on the accuracy performance of well-performing
classifiers, a confusion matrix test has been conducted as shown in the table
below:
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Table (4) Confusion Matrix Test
Neural Networks Naive Bayes
Predicted Predicted
1 2 3 > 1 2 3 >
0, 0, 0,

Actual 62.2% | 99% 27.9% 1410 Actual 90.1% [ 99% 0.0% 1410

2 00% 1000% 00% 737 2 0.0% |100.0% |0.0% 737

3 0.0% 0.0% 100.0% 1625 3 250% 0.0% [75.0% |1625

> 877 876 2019 3772 y 1677 876 1219 3772

Random Forest Decision Tree
Predicted Predicted

1 2 3 > 1 2 3 >

62.29% 9.9 % 27.9% 1410 Actual 1 [62.2% | 9.9 % 27.9% 1410
Actual
0, 0, 0,

2 00% h00.0% | 0.0% 737 2 00% [100.0% | 0.0% 737

3 0.0% 0.0 % 100.0% (1625
3 00% 0.0% [100.0% |1625
y 877 876 2019 3772
y 877 876 2019 3772

The table shows that Neural Networks, Random Forest, and Decision
Tree have the same classifying accuracy for all classes (1, 2 and 3) as they
achieved 100% classifying accuracy for classes 2 and 3. However, they
performed well in classifying class three correctly as they achieved 62.2 %
classifying accuracy. On the other side, Naive Bayes performed well in
classifying class 1 (90.1%) correctly, however it was not as accurate as class
3 (75%). In our case, class 1 might be more important than other classes as
it represents the courses’ sections that have a high probability of
cancelation; Therefore, such classes need to be detected in advance to avoid
post cancelation disruption. In light of this fact, Naive Bayes could be
considered the most well-performing classifier for our dataset. However, the
accuracy performance may vary based on the nature and the size of the data
collected in the future.
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2- Conclusion

This paper presents an intelligent approach for early-warning
mechanisms that could be used by universities to minimize course
cancelation cases. The mechanism is intelligent and adaptive such that it
utilized the historical timetable and student enrollment data to predict the
risk of course section cancelation. It is based on using the machine learning
approach using an optimal classifier that is selected among different
classifiers. The selection process is achieved through a comparative analysis
based on their accuracy performance. In this paper, the data collected has
been scaled and reorganized to consists of five main features that have been
used in the classification process. These included Student to Student to Cap
Rati, Class Timeslot, Lecturer Cancelation Score, Course Cancelation
Score, and Course Importance.

In this paper, different classifiers were trained and tested on the
collected dataset. The classifiers included Neural Networks, Decision Tree,
Naive Bayes, SMV, Random Forest, and KNN. Neural Networks, Decision
Tree, Naive Bayes, and Random Forest has performed similarly well (85%
Classifying Accuracy) and outperformed SMV and KNN which bother had
poor classifying accuracy(38 % and 46%). Although Neural Networks,
Decision Tree, Naive Bayes and RandomForest had a similar average
classifying accuracy (85%), Naive Bayes outperformed the Neural
Networks, Random Forest, and Decision Tree in classifying class 1 which is
the most important class in our case. However, the classifying accuracy is
subject to change for all classifiers based on the nature and the size of the
collected data. Based on the results, the paper concludes that the proposed
approach is promising, and using different classifiers gives the advantage of
selecting the most accurate one to use.
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Soft Cloud: A Tool for Visualizing Software Artifacts as Tag Clouds
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Abstract

Software artifacts visualization helps software developers to manage
the size and complexity of the software system. The tag cloud technique
visualizes tags within the cloud according to their frequencies in software
artifacts. A font size of the tag within the cloud indicates its frequency
within a software artifact, while the color of a tag within the cloud uses just
for aesthetic purposes. This paper suggests a new approach (SoftCloud) to
visualize software artifacts as a tag cloud. The originality of SoftCloud is
visualizing all the artifacts available to the software program as a tag cloud.
Experiments have conducted on different software artifacts to validate
SoftCloud and demonstrate its strengths. The results showed the ability of
SoftCloud to correctly retrieve all tags and their frequencies from available
software artifacts.
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tag clouds.
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1. Introduction

Tag cloud has become a widespread visualization and navigation
technique in the software engineering domain (Emerson, 2014; Lohmann et
al., 2009). Software artifacts visualization helps software developers to
manage the complexity and size of the software system (Al-Msie’deen,
2019c). This study suggests a new approach called SoftCloud to visualize
software artifacts as tag clouds. In general, the tag cloud is a visualization
technique for the content of a particular document (Al-Msie’deen, 2019a).
Tag cloud uses the font size to denote how often a particular tag has been
repeated through documents, while the tag color is for decoration purposes
only (Al-Msie’deen, 2019b).

Each tag in the cloud usually represents a single word, and tag
importance has shown appropriate font color and size (Rinaldi, 2019). Most
current studies use the static tag clouds to represent tags of the textual
documents and web pages (Hearst and Rosner, 2008; Cui et al., 2010;
Garcia-Castro et al., 2009; Greene and Fischer, 2015). Current approaches
that build the tag cloud from the software code are either incomplete (i.e.,
use either classes or methods) or do not perform pre-processing of the tag
before adding it to the cloud (such as returning the English word to its root)
(Emerson, 2014; Emerson et al., 2013a; Emerson et al., 2013b; Deaker et
al., 2011; Cottrell et al., 2009; Anslow et al., 2008; Stocker, 2011; Martinez
et al., 2016; Bajracharya et al., 2010). The literature has shown very limited
work to mine tag cloud using different software artifacts (cf. Section 2).
Figure 1 displays an example of a tag cloud — SoftCloud's representation of
the abstract text of this paper.

| £ Tag cloud - SoftCloud - O *

A Ability Accord Aesthetic All And Approach Artifact Available B2 C oL coler Complexity Conduct
Correctly Demonstrate Developer Different Experiment Font For Frequency From Have Help In Indicate |t Just

Manage New Of On Originality Paper Program Purpose Result Retrieve Show Size Soft Software strength

Suggest System Tag Technique The Their This To Use Validate Visualization Visualize While Within

Figure 1. Tag cloud summarizing the abstract of this paper.

In this work, the software artifacts are any documents related to the
software system. This paper considers any document resulting from the
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software development process as an artifact. Thus, the following documents
are artifacts of the software: source code, commented code (i.e., Javadoc),
design documents such as software architecture document (Rational
software corp., 2001), and so on. Javadoc is a software artifact developed by
software experts to summarize the software code (Kramer, 1999). SoftCloud
considers all software identifier names (i.e., package, class, method, and
attribute names) inside the code artifact.

In this paper, tag cloud displays the most common tags across software
artifacts. In the tag cloud, some tags appear in different font sizes. However,
some tags appear important more than other tags. The number of times a tag
repeats within a software artifact determines the font size of this tag in the
cloud (Yonezawa et al., 2020). However, this allows the software developer
to see the most common tags as well as the unique tags in the tag cloud.

SoftCloud accepts any software artifacts as input. However, based on
its parser, SoftCloud extracts all software artifact words. After that, it
divides words into their constituent words. Then, it obtains the word roots.
Then, it determines the weight of each tag based on its frequency across
software artifacts. After that, it arranges tags in standard form. Tags are
arranged according to their frequency, random or alphabetical. Finally,
SoftCloud produces the tag clouds as outputs (cf. Figure 2).

SoftCloud is detailed in the rest of this paper as follows. Section 2
discusses the related work. Section 3 describes the SoftCloud approach step-
by-step. Section 4 presents the experiments were conducted to validate
SoftCloud’s approach. Finally, section 5 concludes and provides future
work of SoftCloud.

2. Related Work and Comparison with SoftCloud

This section presents the related work related to SoftCloud
contributions. It also gives a concise summary of the diverse approaches and
shows the need of suggesting SoftCloud’s approach.

In the software engineering field, industrial tools and academic research
have not focused on tag clouds as a popular visualization technique. Few
studies have proposed the idea of visualizing the software artifacts as a tag
cloud (Emerson, 2014; Emerson et al., 2013a; Emerson et al., 2013b;
Deaker et al., 2011; Cottrell et al., 2009; Anslow et al., 2008; Stocker, 2011;
Martinez et al., 2016; Bajracharya et al., 2010).

This section is limited to providing works very close to the
contributions of SoftCloud. In the related work, each approach receives one
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type of software artifact as input. There is no generic approach to dealing
with different software artifacts. Some existing works deal only with one
artifact, such as software code or Javadoc (Al-Msie’deen, 2019b; Al-
Msie’deen, 2019c). The approach proposed in this study used different
software artifacts as inputs. Besides, SoftCloud listing some user tasks on
the tag cloud, such as: finding a particular tag, and finding the most
common tags, and so on.

Anslow et al. (Anslow et al., 2008) used a tag cloud to visualize
software classes. Cottrell et al. (Cottrell et al., 2009) proposed an approach
to visualize software methods as tag clouds. Sourcecloud (Stocker, 2011)
created a tag cloud for software classes. Al-Msie’deen (Al-Msie’deen,
2019c) used a tag cloud to visualize software source code, while, Al-
Msie’deen (Al-Msie’deen, 2019b) visualized JavaDocs file as a tag cloud.
Also, a tag cloud is used in the Sourcerer API Search (Bajracharya et al.,
2010) to visualize the code repository. Table 1 presents a comparison
between the selected tag cloud studies (i.e., small survey). The author
evaluates the studied approaches according to the following criteria: inputs,
outputs, cloud layout, and tag order.

Table 1. Selected main studies related to SoftCloud.

ID Inputs
wn
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ID Outputs Layout Order
£ o o) 8 >
£ on 2 3 2 g = k= g
Sl El m| S| & &l | 2] &
1 X X X
2 X X X
3 X X X
4 X X X X
5 X X X
6 X X X
7 X X X
8 X X X X X
9 X X X
10 | x X X
11 X X
12 X X X X X
Paper # Author(s) Publication type
1 Al-Msie’deen, 2019¢ Journal
2 Al-Msie’deen, 2019b Journal
3 Anslow et al., 2008 Conf
4 Deaker et al., 2011 Technical report
5 Cottrell et al., 2009 Int. workshop
6 Stocker, 2011 Eclipse plug-in
7 Martinez et al., 2016 Conf
8 Emerson, 2014; 2013ab | MSc thesis, Conf
9 Al-Msie’deen, 2018 Journal
10 Bajracharya et al., 2010 | Conf
11 Feinberg, 2013 Tool
12 SoftCloud Journal

The brief overview of the current approaches shows the need to suggest
an approach to visualize different software artifacts as a tag cloud.
SoftCloud’s approach deals with different software artifacts such as source
code, design documents, and JavaDocs. On the other hand, SoftCloud’s
approach performs preprocessing of the tag before adding it to the cloud,
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where it separates the words based on the camel-case splitting method, and
then returns each word to its origin. Also, SoftCloud introduces some useful
filters and user tasks (e.g., search tasks) within the cloud.

3. SoftCloud Step by Step

This section gives an overview of SoftCloud approach and describes the
approach step-by-step.

The study presented in this paper exploits the tag cloud visualization
technique and applies it to the software engineering domain. The originality
of this approach is that it receives as inputs different software artifacts.
Then, this approach generates the tag clouds to render the input information.
SoftCloud’s approach is designed to deal with the software engineering
datasets challenges (e.g., scale and complexity of software) using suitable
visual mappings existing in tag clouds to render the dataset data.

To visualize a software dataset as a tag cloud, it is important to define
visual characteristics that might influence perception within tag cloud such
as cloud layout (e.g., typewriter), tag order (e.g., random), tag length (e.g., a
variable number of letters or an equal number of letters), tag position, font
size (also font family, style, size, and color), and cloud background color. In
addition, it is important to choose visual characteristics that are suitable for
data mapping, such as font size.

Dataset needs the necessary pre-processing procedure to prepare it. In
the approach proposed in this paper, pre-processing is carried out by
extracting the words of the available software artifacts. Then, the words
have divided into their constituent words, and then each word is returned to
its original. In conclusion, word repetition has counted throughout software
artifacts, and at last, tags are arranged through the cloud using a specific
order. An overview of SoftCloud’s approach is shown in Figure 2.
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Input Software artifacts —> Software code, JavaDocs, Diagrams, ...
\ 4
1 Mining software artifact words Words file f----» Identifier names, ...
2 | Dividing words to their constituent words putintle f---= Put] Int
3 Stemming words to their roots —>| thrown [----- 2| throw
4 Determining the weight of tag —> Get |----- > 4
5 Arranging tags in standard form —> Xor, Year, Zero ...
6| Producingsoftware artifact cloud —> AgcpeF
y
Output Tag clouds Source code cloud, JavaDocscloud, ...

Figure 2. SoftCloud approach overview.

A tag cloud is a type of weighted list to visualize software artifact data
(Jin, 2017), which gains growing attention and extra application
opportunities in the software engineering field. As a demonstrative example,
SoftCloud considers the source code of the Rhino software (Mozilla, 2012)
and JavaDoc of NanoXML software (Scheemaecker, 2020). Rhino is an
open-source application of JavaScript written completely in Java language.
It is embedded in Java implementation to deliver scripting to end-users.
J2SE 6 is used Rhino as the default Java scripting engine. NanoXML
application is Java software for parsing XML documents. SoftCloud
produces the artifact cloud in six phases are detailed below.

3.1. Mining Software Artifact Words

SoftCloud accepts the software artifact as input. Then, SoftCloud
generates a words file as output. The words file contains all the words for
the software artifact. Table 2 presents samples of words file contents of
Rhino and NanoXML artifacts.
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Table 2. Samples of words file contents.

Software artifact

Rhino code NanoXML JavaDoc
org.mozilla.classfile XMLParseException
itsExceptionTableTop class
getClassName summary
addLoadConstant package
emptySubString nanoxml

SoftCloud considers the textual datasets (or words file), where the ideal
datasets contain textual identifiers such as method names. The kind of
dataset that would be ideal to show in a tag cloud is one that contains
considerable amounts of textual information. Several datasets have
contained this kind of information, in the form of identifiers, words, or
labels. Software engineering datasets contain this type of data like package
names and JavaDoc words.

3.2. Dividing Words to Their Constituent Words

SoftCloud divides the words extracted from the program's artifact into
their constituent words. SoftCloud uses the camel-case splitting method to
split artifact’s words based on capital letters (e.g., A-Z), special characters
(e.g., underscore), and numbers (e.g., 0-9). Each word is divided into words
based on the camel-case rules (Al-Msie’deen et al., 2014b).

Table 3. Samples showing examples of dividing words using camel-case.

NanoXML JavaDoc words
JavaDoc word Words
wordl | word2 word3 | word4
NanoXML nano X m 1
ParseException parse | exception
getLocalizedMessage | get | localized | message
printStackTrace print stack trace
getLineNr get line nr
filllnStackTrace fill in stack trace

Rhino identifier names
Identifier name Words
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wordl1 word2
org.mozilla org mozilla
itsFlags its flags
addField add field
putlnt16 put int
unHex un hex
find_split find split

The Camel-case method is easy and widely used for dividing words
(Al-Msie’deen et al., 2014a). For instance:
getMaximumlnterpreterStackDepth identifier name has split into get,
maximum, interpreter, stack, and depth. Table 3 presents samples of word
splitting from Rhino and NanoXML software.

3.3. Stemming Words to Their Roots

Stemming is the text normalization (or called word normalization)
technique, in the field of software engineering word normalization is used to
prepare words for more processing. Stemming is a way of stripping attaches
from words to form the word root (e.g., protected to protect). The word root
generated by SoftCloud does not have to be the real word itself. Stemmer is
used in SoftCloud to return the word to its word root. In SoftCloud,
stemming was performed through WordNet (Fellbaum, 1998). SoftCloud
relies on WordNet dictionary to swap English words with their roots or
stems (Princeton university, 2010).

Table 4. Examples of returning English words to their roots or origins.

Rhino code words NanoXML JavaDoc words
Identifier word Root or stem JavaDoc word | Root or stem
synchronized synchronize indicates indicate
interfaces interface extends extend
reserved reserve thrown throw
parameters parameter parsing parse
arguments argument occurred occur

In SoftCloud, stemming is a method of changing an artifact word to its
root. The word root is the final form of the word that will appear in the
cloud as a tag. SoftCloud stemmer accepts as an input English word and
generates as output word root (or tag). For instance, the words parsing,
parses, and parsed all have the same root/stem which is parse. Sometimes,
the WordNet may not be dependable in all cases to return word root. In this
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case, SoftCloud returns the word itself as being the root of the word. Table 4
shows examples of the word stems from Rhino and NanoXML software
artifacts.

3.4. Determining the Weight of Tag

In SoftCloud, tag weight gives a sign about tag frequency across
software artifact words. In this stage, a weight is assigned to each tag based
on its occurrences in software artifact words. Table 5 displays examples of
tags and their weights from Rhino and NanoXML software artifacts.

Table 5. Examples of tags and their weights from Rhino and NanoXML

artifacts.
Rhino code tags NanoXML JavaDoc tags
Tag Weight Tag Weight

Activation 20 Exception 10
Adapter 24 From 2
Add 134 Get 4
And 35 Java 7
Arg 12 Line 6

In fact, the number of times a tag is repeated is a very important
indication of the importance of this tag in the software artifact. For instance,
in drawing shapes software (Al-Msie’deen, 2019c), the shape tag arose
thirteen times across software source code, so the given weight of this tag is
thirteen. The font size for the tag in the mined cloud is the number of times
the tag is repeated throughout the software artifact document. Tags that
appear with a large font size are more important than others.

3.5. Arranging Tags in Standard Form

SoftCloud uses typewriter-style to arrange tags in the cloud from left to
right and from top to bottom. SoftCloud displays tags in the cloud in
alphabetical order (i.e., a-z). Software developer looks more able to find tags
in alphabetically ordered clouds (Al-Msie’deen, 2019c). Table 6 shows
examples of tags in alphabetical order.
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Table 6. Examples of tags in alphabetical order.

Rhino code tags NanoXML JavaDoc tags
Unordered Tags in alphabetical Unordered Tags in alphabetical
tags order tags order
Mozilla Xmlend Nano Or

Classfile Xop X Package
Class Xor M Parse
File Year L Print
Writer Yield Class Public

Acc Z Parse Runtime
Public Zero Exception Stack

On the other hand, SoftCloud allows the developer to arrange the tags
according to their frequency. Tags have arranged within the cloud from the
highest to lowest frequency. If some tags are equal in frequency, then
SoftCloud sorts these tags alphabetically. Figure 3 shows the generated tag
cloud after applying the frequency order filter.

|£] Tag cloud - SoftCloud — O x

Exception Java L Lang M Parse X Class Line String An Get Message

Stack Summary Trace Be Int Method No Print Wait Create Error From Inherit Name
Motify Nr Number Occur The All Associate Clone Code Constructor Equal Extend Field Fill
Finalize Hash Have If In Indicate Localize Nano Hanoxml Object Or Package Public Runtime Static
That This Throw Throwable To Unknown When Where While With Xml

Figure 3. A tag cloud produced from JavaDoc of XMLParseException class
of NanoXML.

In this cloud, tags appear according to their importance. The most
important tags appear first in the cloud. The tag cloud in Figure 3 shows that
the most common tag in the JavaDoc of XMLParseException class is an
exception. The most common tags have been displayed in larger fonts.

3.6. Producing Software Artifact Cloud

In SoftCloud, the dataset is extracted first from the software artifact.
Then the dataset words are divided into their constituent words. After that,
each word is returned to its root. Later, the weights are determined for the
tags, and then the software engineer determines the appropriate arrangement
of the tags in the cloud. Finally, the cloud has been created. As an example,
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SoftCloud uses the JavaDoc for XMLParseException class of NanoXML
software. Table 7 shows JavaDoc of XMLParseException class.

Table 7. JavaDoc of XMLParseException class of NanoXML
(Scheemaecker, 2020).

Class Summary

Package nanoxml. XMLParseException

public class XMLParseException

extends java.lang.RuntimeException

An XMLParseException is thrown when an error occurs while parsing an Xml
string.

Field Summary

static int | No_Line, indicates that no line number has been associated with this
exception.

Constructor Summary

XMLParseException(java.lang.String name, int lineNr, java.lang.String
message), creates an exception.

XMLParseException(java.lang.String name, java.lang.String message), creates
an exception.

Method Summary
int getLineNr(), Where the error occurred, or No_Line if the line number
is unknown.

Methods inherited from class java.lang. Throwable

filllnStackTrace, getLocalizedMessage, getMessage,  printStackTrace,
printStackTrace, printStackTrace, toString

Methods inherited from class java.lang.Object

clone, equals, finalize, getClass, hashCode, notify, notifyAll, wait, wait, wait

Figure 4 shows a tag cloud extracted from JavaDoc of
XMLParseException class of NanoXML (cf. Table 7). This cloud contains
all tags of JavaDoc. The number next to each tag is an indication of how
often that tag is repeated within the software artifact. The mined tag cloud
shows the rarest tags such as when and unknown.
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| £ Tag cloud - SoftCleud — O 4

All (1) Ap 151 Associate (1) Be (3) Class 139 Clone (1) Code (1) Constructor (1) Create (2 Equal (1) Error (2)
Exception © Extend () Fieid (') Fill (1) Finalize (') From (2 Get () Hash ('] Have () If () In (1
Indicate (1] Inherit (2 Int (2 Jaya @ L© Lang ™ Line (& Localize (!} M 5] Message 4} Method 1
Name (2} Nanoxml {1} No 3] Notify (21 Nr {2} Number (2} Object (1} Occur {2} Or (1l Package () Parse (8

Print 31 Public (1) Runtime (1) Stack 4 Static (1) String 8 Summary (4 That ('} The (2 This (1] Throw

(1) Throwable (1} To (11 Trace (4 Unknown (1) Wait (3] When (1) Where (1) While (1) With (1) X (31 Xml (1)

Figure 4. A tag cloud generated from JavaDoc of XMLParseException
class.

SoftCloud contains several features to allow data exploration such as
filtering data and handling large scale data. These features are the most
important to software engineering datasets. SoftCloud prototype is formed
to extract tag clouds from different software artifacts. SoftCloud prototype
is available at author page (Al-Msie’deen, 2021a).

4. Experimentation

This section presents the experiments conducted in this research to
display its soundness and presents different software artifacts. Also, it
shows the obtained results for some artifacts and presenting the threats to
the validity of SoftCloud. Figure 5 shows mined tag cloud from Rhino
software. SoftCloud algorithms need 22697 ms to generate tag cloud from
Rhino artifact. The most common tags (resp. the rarest tags) across Rhino
artifacts are presented in Table 8.

Table 8. Tags mined from Rhino artifact.

The most common tags The rarest tags
Tag Frequency Tag Frequency
Get 510 Zone 2
Id 444 Collect 1
Set 172 W 4
Name 168 After 3
Class 159 Yield 6
The number of tags across Rhino code is equal to 71095.
The execution time of SoftCloud in ms is equal to 22697.
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The success of a SoftCloud is measured by three metrics: precision,
recall, and F-Measure (Al-Msie’deen, 2019b). Precision and recall give a
value of one, if the tag and its frequency in the cloud are the same as tag
frequency in the software artifact. F-Measure gives a value of one in cases
where both precision and recall are one (Al-Msie’deen, 2014). SoftCloud
evaluation metrics have values between zero and one.

For a specific tag within the cloud, a precision metric is a percentage of
correctly retrieved tag frequencies to the total number of retrieved tag
frequencies (cf. equation in Table 9), whereas recall metric is the percentage
of correctly retrieved tag frequencies to the total number of relevant tag
frequencies. The F-Measure metric combines recall and precision in one
value (Al-Msie’deen, 2014). An example of the calculation of these three
metrics are presented in Table 9.

|£:| Tag cloud - SeftCloud -0 X

&
Alloc Allow Alnum Aload Alpha Alt Alternative Always Ambiguous Ampersand Analyze Anchor And

ay Append Application Apply Area return Arg) Args Argument Arithmeic Arity

A rray Arraycomp Arraylength Arraylit Arrayobj Asin Assert Assertnottest Asserttest
Assignment Associate Astore At Atan Athrow Attr Att” bu te

Figure 5. A tag cloud generated from Rhino artifact.

An illustrative example is introduced in Table 9 to show: 1) how to
calculate these measures for a trace tag from JavaDoc of
XMLParseException class (c¢f. Table 7), and 2) the equation of each
measure. Moreover, 3) how to compute these measures based on some
samples (not related to SoftCloud experimentation).
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Table 9. Standard SoftCloud evaluation metrics: precision, recall, and

F-Measure.
Tag relevant tag correctly retrieved tag retrieved tag
frequency frequencies frequencies
Trace 4 4 4
Metric Precision Recall F—Measure
Value 1 1 1

Precision = |{relevant tag frequencies} N {retrieved tag frequencies}|/
|{retrieved tag frequencies}|

Recall = |{relevant tag frequencies} N {retrieved tag frequencies}|/
|{relevant tag frequencies }|

F—Measure =2 x [(Precision x Recall) / (Precision + Recall)]

Tag relevant tag correctly retrieved tag retrieved tag
frequency frequencies frequencies
Notify 100 50 150
Metric Precision Recall F—Measure
Value 0.3 0.5 0.4
Tag relevant tag correctly retrieved tag retrieved tag
frequency frequencies frequencies
Wait 70 70 100
Metric Precision Recall F—Measure
Value 0.7 1 0.8

Low precision (e.g., precision = 0.1) leads to low trust in the proposed
system (i.e., too much noise). On the other hand, low recall (e.g., recall =
0.1) leads to unawareness and inefficiency of the suggested approach (i.e.,
too many missing frequencies for the tag). Table 10 summarizes the
obtained results of some tags from Rhino and NanoXML software artifacts.
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Table 10. Tags mined from Rhino and NanoXML software artifacts.

Software Tag | Tag within | Tag within SoftCloud evaluation
the cloud | the artifact metrics
Precision | Recall F-
Measure
Rhino A 37 37 1 1 1
And 35 35 1 1 1
Arg 12 12 1 1 1
NanoXML | Get 4 4 1 1 1
X 7 7 1 1 1
An 5 5 1 1 1

Results display that precision value is one of all mined tags. Thus, all
frequencies of the retrieved tag are relevant. Recall metric value equals one
of all mined tags. Hence, all relevant tag frequencies are retrieved. F-
Measure value equals one of all mined tags. Consequently, all relevant tag
frequencies are recovered, and only the relevant tag frequencies are
recovered. The results demonstrate the efficiency and ability of SoftCloud to
accurately retrieve the correct frequency of tags from software artifacts.
Figure 6 shows the tag cloud generated from the source code summarization
of the draw method from drawing shapes software (Al-Msie’deen and Blasi,
2019).

[£] Tag cloud - SoftCloud - O %

Access (2) And (2) Attribute (1) Be (6) Belong (1) Class (1) Color (2) Consist (1) Contain (2) Datum

(3) Draw (2) Follow (4) For (2) G (2) Get (5) Graphic (1) Invoke (1) It (2) J (2) Level (1) Line (2)
Local (1) Method (10) My (1) Name (1) Of (2) Paint (2) Painter (1) Panel (2) Parameter (2) Public

(1) Return (1) Set (1) The (8) This (9) To (1) Type (3) Variable (1) Void (1) Which (1) X (2) Y (2)

Figure 6. Tag cloud generated from source code summarization.

I have implemented numerous tag cloud layouts. Tags are positioned
one at a time within the cloud, with the chosen order (e.g., alphabetical
order). SoftCloud layouts are typewriter and spiral layout. In typewriter
layout tags are positioned left to right, jumping to a new line once the next
tag cannot be positioned on the existing line. While, in a spiral layout the
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first tag is positioned in the middle of the cloud, with consecutive tags are
being positioned around it in a spiral style. Figure 7 expressions the same
data set in Figure 6 with a spiral layout chosen. This layout is less
appropriate for some tasks, including discovering a particular tag or
emphasizing its absence.

| £:| Tag cloud - SeftCloud — O ™

My (1) Name (1) Of (2) Paint (2} painter (1)

10
MEthﬂg:mi:‘ mDatum (3) Draw (2) Follow (4) Panel (2)
Attribute (1) Parameter (2)

Local (1) )
And (2
Line (2) Consist (1) "M@ 4 oes (zy BE (0 For (2) Public (1)
Return (1)

¥ (2) Level (1) cColor (2) Belong (1) G (2)
X(2) 3@y 0o Class (1) Get (5) Set(1)
Which (1) Invoke (1) Graphic (1) 11'19 18)

Void (1) variable (1) Type (3} To (1) ThiS (9

Figure 7. Tag cloud with spiral layout.

Figure 8 shows the tag cloud generated from user and system
requirement of registration service. This requirement is included in the
requirements document of the interactive multimedia magazine application
(Al-Msie’deen, 2021b). A software engineer can extract the tag cloud from
several software artifacts such as use-case description (Al-Msie’deen,
2008), use-case diagram (Alfrijat and Al-Msie’deen, 2010), software
identifiers map (Al-Msie’deen and Blasi, 2021), and feature descriptions
(Salman et al., 2012).

| £ Tag cloud - SoftCloud — O be

A (2) Add (1) After (1) All (1) Allow (3) And (2) Button (2) By (1) Click {1) Field (1) Fill (2)
Form (3) Her {1} His (1) Immitn {2} In (3) It {1} Member {1) New (2) News (1) Or (2)

Order (2} Press (1) Professor (3) Register (1) Registration (5) Request (1) Respond (1)

Shall (5) Show (1) Software (3) Student (3) System (4) The (11) To (7) User (2)

Figure 8. Tag cloud generated from the software requirements specification
document.

The software architecture document is one of the software’s artifacts.
This document is a design document. Figure 9 represents the tag cloud
generated from a software architecture document of the collegiate sports
paging system (Rational software corp., 2001).
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|£| Tag cloud - SoftCloud _ O 5
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-

Figure 9. Tag cloud summarizing architecture document of collegiate
sports paging system.

The user of SoftCloud has the choice of filtering the tag text to a fixed
number of letters (e.g., 10 letters). This filter has two aims (cf. Figure 10), to
exploit available space in the cloud, and to minimize any side effect a larger
number of letters in a tag may have on user awareness (i.e., eye attention).

| £ Tag cloud - SoftCloud — O %

Abbreviatis 11 Administras 1 Applicatio+ - Architectu+  Architectus

Architectus+  Automaticas 11 Commercials 1/ Communicats 4 Communicats |1
Comprehens+ |1} Configurat+ iz Considerats 1} Corporatios |!; Decomposits |1
Descriptio# (s Dynamicalls 1, Functional+ 2 Heavyweigh 1 Implementa+
IFOTMAtios  iiteattios  FiercanneH  [EENGH ) [AOIENS - [iGRGHEIans
Maintenanc+ (2 Necessaril+ 111 Organizati+ 1 Performanc+ 4 Persistencs iz Presentatis
i Rediizatiof 1 FelatinEnY " Representa*  Requirement « Significan+ «©
Specificats = Subscripti - Sibstantias (1 Supplements « fransactios ") Transmisse (1

Figure 10. A tag cloud generated by using fixed number filter.

The threat to the validity of SoftCloud is that the existing prototype
considers only a Java code artifact. Moreover, when a software engineer
uses mixture words inside software artifacts (e.g., SeTStandardS) the camel-
case splitting method cannot deal with it (or should be enhanced with other
methods). The WordNet dictionary may not be dependable in all cases to
reveal the word root. Currently, SoftCloud is missing some filters, for
instance, it does not filter tag names that are textually similar.
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5. Conclusion and Future Directions of SoftCloud

This paper proposed a new approach to visualize software artifacts as a
tag cloud. However, SoftCloud has executed on different software artifacts.
Such as rhino, nanoXML, drawing shapes, interactive multimedia
magazines, and collegiate sports paging software artifacts. The results were
showed that all tags and their occurrences are mined correctly from software
artifacts. However, the mined tag clouds have shown the most common and
rarest tags. Also, tags have been arranged randomly, alphabetically, or
according to their frequency. Also, tags within the cloud are filtered based
on their frequency or length. Besides, clouds have been organized according
to a typewriter or spiral layout. For future work, some user tasks will be
added to the cloud and use new cloud layouts. Finally, there is an urgent
need for a comprehensive survey providing all studies related to the tag
cloud techniques in the software engineering domain.
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