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Abstract
Background: Mechanical engineering students spend several hours in primitive workshops
and laboratories for training as part of their academic curriculum; they are exposed to various
types of hazards such as machines, flammable materials, and other dangers. Thesemachines
are one of the causes of amputation, crushing, and broken bones among these students.
This study aims to explore how training in first aid (FA) and basic life support (BLS) helps
mechanical engineering students at Sudan University of Sciences and Technology manage
risks in such situations.
Methods: The current study had a quasi-experimental design, and 100 students were chosen
through stratified systematic random sampling. Data were gathered via questionnaire and
observational checklist, whose content validity and reliability were confirmed (r = 0.87 and r
= 0.82, respectively). Data were analyzed using the Statistical Package for Social Sciences
(SPSS) version 20.0 for descriptive and inferential statistics. The program was delivered
through a series of 13 lectures conducted over a total of 65 hr.
Results: All tests had a maximum mean knowledge score of 50 points. At the pretest,
students’ overall knowledge of FA and BLS was low (13.82), however, it improved to 49.87
and 48.77 at posttest one and posttest two, respectively, after the intervention. Statistically
significant differences were seen between pre- and posttest one (P = 0.000) and between
pre- and post-late (P = 0.000). In the pretest, the total proportion of the students’ practices
related to FA and BLS was low (12.87%). However, when the program was implemented, the
total percentage of practices increased in posttest one (95.65%) and posttest two (95.21%).
This indicates the effectiveness of training programs.
Conclusion: Students lacked knowledge and practice in FA and BLS before the intervention.
The training helped enhance their skills. FA and BLS programs should be included in
university curricula to help students manage risks in workshops and laboratories.
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1. Introduction

The global burden of injuries is probable to
increase over the next 20 years. It is projected
that by 2030, injuries will be the leading cause
of death universally, and deaths from self-harm will
be the 12th leading cause of death [1]. In Khartoum
State, injuries are among the 10 leading reasons
for attending outpatient clinics and formal health
units [2]. Statistics show that the overall incidence
of injuries among students in Khartoum state was
82.0/1000 people/years at risk of injuries [3]. A
total of 441 cases of nonfatal harm arisen in 12
months. Therewere 28 deaths due to injuries out of
129 reported deaths over five years [4]. Student’s
contact with splashed chemical liquids, powders,
dust, fumes, mists, gases, machine lubricants,
degreasers, coolants, releasing agents, paint, fuel,
cleaners, metalworking fluids, gels, or grease
used around machinery could be harmful. These
chemicals can burn, explode, corrode, poison, or
produce irritation [5–7]. injuries play a significant
role in university students’ success [8]. According
to a previous study, human error is responsible
for 80–90% of school-related industrial injuries
[9]. Globally, millions of individuals die each
year as a result of accidents or serious injuries.
Unfortunately, many of those deaths could have
been prevented if first aid (FA) was administered
at the scene immediately before the emergency
services arrived [10]. For instance, it was reported
that giving the patient the proper position could
lower the mortality rate by as much as 10%. In
addition to the lifesaving results of FA, effective and
timely FA practices also prevent disabilities [11]. It is
well-known that education programs are the most
commonly used approach in injury prevention and
management [12]. Numerous agencies, such as
the American Red Cross, the American Safety and

Health Institute, the American Heart Association,
and other organizations, have trained millions of
individuals in FA, Cardiopulmonary Resuscitation
(CPR), and automated external defibrillator (AED).
However, there is still a need to train more people,
especially the college-age population [13]. The
administration of FA and Basic Life Support (BLS)
as soon as possible after an injury may help reduce
the rate of morbidity and mortality from school-
related industrial injuries [12, 14]. This study was
conducted to emphasize the importance of FA and
BLS programs in teaching students basic facts and
techniques that can save lives [15].

2. Methods

2.1. Study design

This study had a quasi-experimental design. The
study was conducted on a single group; pre- and
posttests were followed by a posttest evaluation
(late posttest) after three months to assess how
well the knowledge and skills were retained.

2.2. Population and study setting

The study population comprised of bachelor’s
students in their second, third, and fourth years
in the Faculty of Mechanical Engineering College
at Sudan University of Science and Technology
(SUST) in Khartoum state, the capital of Sudan.
Students who were eligible to be in the study
needed to be available for the duration of the
2018–2019 academic year andwilling to participate
in the study.
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2.3. Sample size and sampling tech-
nique

The researchers used the stratified random sample
method to determine the sample size, dividing
the study population into three strata: second-
year, third-year, and fourth-year students. The
Probability Proportional to Size (PPS) technique
was employed, given that the target population
comprised 600 students, and each stratum con-
tained 200 students. Therefore, with Nh1 = 40, Nh2
= 40, and Nh3 = 40, the total sample size was n =
120. To determine the necessary sample size, the
researchers used the following formula N = {(z) 2 *
(p) (q)}/ (d)2 [16], where P = 0.5 was assumed as the
population proportion since the researchers were
uncertain about the proportion. Q was calculated
as (1–p), d was set as 8% for the margin of error, and
Z was chosen as 1.96 to achieve a 95% confidence
level. Consequently, the calculated sample size
was n = 120. However, it is worth noting that 20
students dropped out of the study during program
implementation, resulting in a final sample size of
100.

2.4. Data collection tools

This study used questionnaires and observational
checklists to collect data and evaluate engineering
students’ knowledge and practice of FA and
BLS in pre-training, immediate, and three-month
post-training programs. Data collection tools were
constructed after a literature review which helped
the researchers select the best questions. The
questions were chosen with the help of a commit-
tee of five experts from different fields, including
medical and surgical nursing, and community
health nursing. The questionnaire covered the
common types of engineering students’ risks and
how they managed them; this included general

knowledge of FA and BLS. The observational
checklist covered the skills required for 10 pro-
cedures related to choking; internal and external
bleeding; FA for shock; CPR; bone fracture and
dislocation; sprain and strain; burns; and skills
to deal with emergency medical conditions such
as seizures and fainting, heart attack, hypo-
and hyperglycemia; asthma; and poisoning. The
total score for both knowledge and practice was
categorized into three levels according to the
interval 3-point Likert scale as follows [17]: Low
knowledge or practice if <50%; moderate if 50–
75%; and high if >75%. Before proceeding with
the full study, a pilot study was conducted with 10
engineering students in Mechanical Engineering
College to test the tools for clarity, organization,
and applicability, and to determine the length of
time needed for data collection. Based on the
pilot study results, necessary modifications were
made, and each item in the tool was refined
and put in the appropriate setting. It took pilot
participants approximately 25–30 min to complete
the knowledge section of the questionnaire and
25–35 min to complete the skills-related tasks
based on the criteria in the observational checklist.
Pilot study participants were then excluded from
the study sample. Using the Pearson’s correlation
coefficient and the Alpha Cronbach test, the
reliability of the instrument was found to be r =
0.87 for the knowledge questionnaire and r = 0.82
for the skills checklist. This deemed the format is
statistically acceptable.

2.4.1. The training program

The researchers designed the program based on a
review of existing literature from textbooks, materi-
als, periodicals, magazines, and 2015 updates from
the American Heart and European Heart Associa-
tions. All sources were needed to identify salient
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aspects of the study problem and to develop
relevant tools for data collection. The training
program was presented using different teaching
aids, including class lectures, audio–visual mate-
rials, demonstrations, and return demonstrations,
and group discussions. In addition, many physical
objects were used, such as skeletons, child and
adult mannequins, AEDs, disposable CPR training
barriers (masks), burn blankets, burn gels, and
plasters in a variety of sizes and shapes. By the
end of the training program, it was expected that
students could take charge of an accident scene
to stop further injury; get to the victim(s) in the
easiest and safest way possible; open a victim’s
airway and perform rescue breathing; provide
one- and two-rescuer CPR and defibrillation;
control bleeding by direct pressure, elevation,
and pressure points; detect and care for shock;
detect and care for soft-tissue and internal injuries;
perform basic dressing and bandaging techniques;
detect and care for open and closed fractures;
detect and care for poisoning, including alcohol
or drug poisoning; detect and care for diabetic
conditions, cardiovascular and stroke, respiratory
emergencies, seizures, fainting, and dizziness;
detect and care for superficial, partial- and full-
thickness burns and smoke inhalation; and perform
emergency and nonemergency moves.

2.4.2. The design and implementation of
training

Phase one (preparation): After designing the study
tools, official approval was obtained from Sudan
University of Science and Technology to carry
out the study. The study’s support staff (i.e., 10
healthcare providers) were given a comprehensive
brief on the research topics and tools to be
used. The researcher’s assistant visited students
in levels 2, 3, and 4 to discuss the objectives

of the training program, and written consent
was obtained from students who agreed to
participate. The researchers coordinated with the
study participants and the college administration
to determine the appropriate place and time for
implementing the training.

Phase two (pretest): The researchers, together
with their work team, distributed the questionnaires
to all participants, who completed the question-
naire in 25–30 min to test their knowledge. Then,
each participant was given one of the 10 trainees
on which they tested their FA and BLS skills using
the observational checklist. Each pretest took 30–
35 min.

Phase three (intervention): The researchers and
their work team implemented the training program
to ascertain that it was implemented correctly. The
program lasted a total of 65 hr and consisted
of 13 lectures. There were three lectures per
week, and each lecture lasted 5 hr (2 hr of
theory and 3 hr of practical skills). At the end
of the program, educational materials printed in
English were distributed. These included booklets,
posters, and videos, and were also sent to study
participants via email and WhatsApp.

Phase four (posttest intervention): Evaluation
of the training program began in this phase
and was performed immediately using the same
questionnaire and observational checklist as the
pretest to compare FA and BLS knowledge and
skills pre- and postintervention. Further, the same
tool was used three months later to give an
additional post-late test to assess knowledge gaps
and retention.

2.5. Data analysis

Data wereanalyzed to address the study objec-
tives. Descriptive and inferential statistics were
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obtained using the SPSS, version 20. Descriptive
measures included frequency, percentage, mean,
and standard deviation. A paired t-test and an
interval 3-point Likert scale were used to compare
the effectiveness of the program.

3. Results

The present study assessed the effect of an edu-
cational training program on the 100 engineering
students – 86% were male and 14% were female.
Participants’ ages ranged from 18 to 37 years, with
88% of participants being between the ages of
18 and 22. Study participants were from different
academic levels, and most of their parents had
completed university, as indicated in Table 1.

3.1. Participants’ knowledge levels

The total mean knowledge scores were 13.82 in
the pretest and 49.87 in the posttest. The post-
late (three-month later) test had a total mean
knowledge score of 48.77 out of a possible 50-
point total. As indicated in Table 2, In pair 1, the
P-value (0.0001) is <0.05, which means there is
a statistically significant difference between the
mean pre- and posttest knowledge. The post
sample is a beater. The P-value of pair 2 (0.000)
is <0.05, which means there is a statistically
significant difference between the mean pre-
and post-late knowledge as well. The post-late
sample is the beater. In pair 3, the posttest and
post-late samples of the knowledge mean and
paired differences had a mean of 0.18, a standard
deviation of 0.07, and a standard error of 0.03. Pair
3 has a t-value of 6.55 with 5º of freedom, and a P-
value of 0.501, which is >0.05, meaning there is no
statistically significant difference between posttest
and post-late knowledge, as indicated in Table 3.

3.2. Participants’ skill level

The pretest total percentage of skills done correctly
was 12.87%, the posttest total percentage of skills
done correctly was 95.65%, and the post-late total
percentage of skills done correctly is 95.21%. The
maximum score of the total percentage of correctly
answered questions is 100%, as indicated in Figure
1.

4. Discussion

The study’s findings showed that the sample
comprised of males and females, mainly between
the ages of 18 and 22 years, reflecting a picture
of the general population distribution in most
mechanical engineering schools. They were from
different academic years within the engineering
faculty. Furthermore, most of the students live
in urban areas, and more than half of them
had no previous knowledge of FA or BLS. They
obtained their information from the internet and
social media. This is nearly identical to results
from research by Khader et al., who found that
the majority of students were male (63%) and were
between the ages of 18 and 22, with the majority
of students being in their second year (27%) [18].
The present study’s findings on demographics are
also similar to the study conducted by Althubaiti
et al., where participants’ mean age was 21 ± 1.5
years. Many of their mothers and fathers had a
university-level education (37.45–33.5%), and most
of them did not have previous knowledge about
FA and BLS (64.7%) and sources of knowledge
from teachers (21.6%) [19]. The participants’ overall
knowledge of FA and BLS was low in the pretest,
but improved after program implementation, as
indicated by the results of posttests one and
two. There are statistically significant differences
between the pretest and both posttests, which
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Table 1: Distribution of the study population by demographic characteristics (n = 100).

Characteristics Frequency Percentage

Gender Male 86 86%

Female 14 14%

Age class (yr) 18–22 88 88%

23–27 6 6%

28–32 2 2%

33–37 4 4%

Academic year Second 38 38%

Third 36 36%

Fourth 26 26%

Father’s level of education Elementary education 7 7%

Secondary 21 21%

University 71 71%

Mother’s level of education Illiterate 3 3%

Elementary education 16 16%

Secondary 37 37%

University 44 44%

Residence Rural 14 14%

Urban 86 86%

Previous knowledge of FA and
BLS

Yes 34 34%

No 66 66%

FA: first aid; BLS: basic life support.

Table 2: The total mean of knowledge in pre-, post-, and post-late educational programs among engineering students (n = 100).

Total means of knowledge scores

Test sample Pre Post Post-late

Percentage 28% 99.7% 98%

Mean 13.82 49.87 48.77

Maximum possible mean score 50 50 50

*low knowledge: <50%; moderate knowledge: 50–75%; high knowledge: >75 %.

Table 3: Total knowledge scores from students’ paired sample statistics, mean standard deviation, and P-value in pre-, post-, and
three-months’ post-educational program (n = 100).

Paired Differences t df P-value

Mean SD SEM 95% CID

Lower Upper

Pair 1 Pre–post 6.01 1.47 0.60 7.55 4.47 10.04 5 0.000

Pair 2 Pre–post-late 5.83 1.45 0.59 7.35 4.30 9.85 5 0.000

Pair 3 Post–post-late 0.18 0.07 0.03 0.11 0.26 6.55 5 0.501

CID: confidence level of interference differences; STD: standard deviation; N: number of knowledge
groups.

indicates that the implemented program effectively enhanced students’ knowledge of FA and BLS. Our
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Figure 1: Study participants’ overall practical score percent levels for first aid and basic life support skills in pre-, post-, and
three-months post-educational programs (n = 100).
Low practices: <50%; moderate: 50–75%; high: >75%.

findings are consistent with the findings reported
by Wagida et al., a quasi-experimental study,
which found a poor understanding of roughly
99% in the pretest and a significant increase
to adequate information of 100% in the posttest
and a follow-up test two months later [20]. This
study’s findings are also consistent with the results
of the study conducted by Seham et al., who
assessed the impact of training programs in FA
and BLS, and found very high training effects,
with 86.7% of apprentices having a lower pre-
programing level. An excellent average score
compared to knowledge and practice of weak
scores [21]. Metok studied the effectiveness of
training programs regarding selected FA measures
among nonmedical professional students and
found that the pretest mean level of knowledge
score was 18.07, and the posttest mean score was
36.13. The paired t-test results were 20.76 and
22.17, respectively, indicating a high significance
level at P < 0.001, thereby demonstrating that
training programs are beneficial [22]. The results
of the present study also align with a study
directed by Kose et al. (2020) at Biruni University

in Istanbul, Turkey. The researchers discovered
that participants’ knowledge and practical skill
levels had increased (t = –12.442, P = 0.000; t
= –22.899, P = 0.000) [23]. Furthermore, similar
to the study conducted by Bildik et al. at Gazi
University with students in Ankara, Turkey, the
average pre- and posttest scores were 47.89 ±
11.29 and 75.28 ± 12.62, respectively. There was
a significant increase in the average scores (P
< 0.001). Following the training, the percentage
of correct answers on BLS concerns increased
dramatically. Significantly, more participants (58%)
thought they had sufficient FA knowledge and
skills than before the training (8%) [24]. Outcomes
further align with a study done by Amoura Soliman
Behairy and Manal Ahamed Al-Batanony, who
conducted their research in preparatory and sec-
ondary schools in Unaizah city, Qassim. They found
that 98.1% of participants had poor knowledge
in the pretest, which improved significantly to
excellent knowledge of 100% among participants
in the posttest. This research showed that the
FA and BLS education programs considerably
impact the quality of the trainees [25]. In addition,
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Kapoor et al. conducted similar research at
schools in Ahmedabad city, showing that the
range of knowledge about various aspects of FA
ranged from 7.66% to 63.33% before training, and
increased from 39% to 92.33% after the training.
This difference in knowledge was highly significant
[26]; students’ practices relating to FA and BLS
were low in the pretest and increased in posttests
one and two. Our findings were virtually identical
to previously released data at Gazi University
by Fikre [24]. The results also aligned with a
study conducted by Wafik and Tork, which found
that a poor practice percentage of 99% had
converted into a correct practice percentage of
88% in posttest and follow-up after an intervention.
This research shows that the FA intervention
program has led to considerable improvement
[20], further indicating that FA and BLS education
programs have significantly improved participants’
knowledge and skills in these areas [25]. A
study by Mohamed found that students in CPR
training had mean practice scores of 3.32 ±
2.04, which increased to 10.09 ± 1.03 after one
month. Following the training program, students
made considerable improvements in knowledge
and practices [27]. A study performed at the
University of Groningen by Maass et al. found
that overall CPR performance was low, with only
2% of participants achieving the criteria given by
the European Resuscitation Council Strategies of
2015. After a short training session, the rise in
performance was maintained over 45 min, with
96% of students meeting the performance criteria
indicated in the guidelines [28].

5. Conclusion

Results from this study suggest that the training
program helped students learn and practice FA

and BLS better in posttests than they did before
the training. An early evaluation of the post-training
program test revealed significant improvements in
study participants’ FA and BLS knowledge and
practical skills. The post-late test threemonths after
the program completion assessed participants’
knowledge and skill retention, showing only a small
drop in each category.

The following are the study’s limita-
tions

The same research can be conducted in large
samples to generalize the finding. A similar study
can be performed with a control group. The study
can be undertaken in another field. A similar study
can be conducted in the school setting.
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