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Abstract
Background: Due to the limited human resource and medical materials, the mortality of children under-5 was
high in Tanzania. Systematic and effective training programs for pediatric medical staffs are required. Thus, aim
of this study was to describe and test a simulation training program of pediatric technology for doctors and
nurses in Zanzibar.
Methods: A simulation training program of pediatric appropriated technology was designed and performed in
this quasi-experimental study, in which pre-post self-reported of pediatric knowledge (scoring 0-100) of
participants were calculated to analysis the effectiveness of this simulation training in Apr, 2018 and Oct, 2018.
Correctly answering of items≥80% was considered to be a pass. Data were entered and analyzed in SPSS 22.0
software to test the hypothesis.
Results: 56 participants were finally included in this study with 27 doctors and 29
nurses. Pre and post test scores of pediatric knowledge were at mean 44.32 (SD 9.53) versus mean 82.11 (SD
11.06) respectively, p<0.0001. The most effective training domain was (pediatric life support) at 44(78.57).
Passing rate of pediatric knowledge increased dramatically after training with p value less than 0.0001. Although
there was a mild difference between doctors and nurses at scoring of pre-test (p=0.048), the training effect
between them had no statistical differences (p>0.05).
Conclusion: The scenario simulation training course of pediatric appropriated technology could significantly
improve pediatric knowledge for doctors and nurses in Zanzibar. It might be further promoted as one effective
module of training in health foreign aid.
Introduction
Children are the future of our human beings; thus, it is our priority to offer quality care for neonatal and children
under-5 according to the United Nations Sustainable Development Goals (UNDP). As a systematic analysis by the
Global Burden of Disease [1] published on Lancet 2017 stated that mortality of children under 5 years old was
about 38.4 (34.5 to 43.1) per 1000 livebirth, while this data increase by 55.7 (48.2 to 65.3) per 1000 livebirth in
Tanzania, means that the mortality of children under 5 years old being almost 1.5 times of the global health
data. Pediatric health condition in these areas require more concern and effort. Leading cause of death in
children under-5 years old in sub-Saharan Africa was pneumonia, diarrhea and intrapartum-related events [2].
Study on 247,976 deaths over a 10-year period in Tanzania found that Leading death of in-hospital patients were
respiratory diseases (10.08%) and anemia (7.78%). Death among children under 5 years has shown an
increasing trend in neonatal disorders by 128% [3]. Zanzibar belongs to Tanzania with a population of 1.3
million. Although the help babies breathy (HBB) training program and the Integrated Management of Childhood
Illness (IMCI) Strategy for Children Under Five [4] has been performed across over hospitals of Tanzania[4-5]
there is still high mortality rate of children in that country [5], The reason why this condition occurred in Zanzibar
are due to its insufficient human resources and lack of medical facilities and equipment [6], thus leading to an
urgent requirement for systematic and standardized appropriate pediatric care technology training of medical
staffs, so as to improve children health and decrease mortality rate in children under 5 years old.
Medical Simulation Training began in 1960 with the clinical use of the Resusci-Anne model, it is worldwide spread
since then [7]. Application of simulation training was mainly in surgical training[8-12], trauma education [13],
emergency medical treatment [14], Neonatal Resuscitation Program(NRP) [15], Pediatric Life Support
Training[16], nursing education[17-18] among residents, medical students, doctors, nurses and other medical
staffs. Conducting of cased-based simulation training could dramatically improve the clinical skills of health care
workers, positively influenced intern outlook and attitude, promote the prognosis and outcome of patients,
enhance multidisciplinary team work and has economic benefits and economic effect advantages [19-25].

3

Thus, the aim of this study was to describe one appropriate pediatric technology simulation training program at
two different islands of Zanzibar and to test its effectiveness while application in order to improve the ability of
emergency response and treatment skills of pediatric doctors and nurses.
Methods And Materials
Study design
A quasi-experimental design was performed in this study, in which self-reported of pediatric knowledge score of
participants were calculated to analyse the effectiveness of this simulation training program.
Study setting
Hunan Children’s Hospital was a tertiary hospital located in south central China with a total of 1200 beds and
more than 2000 medical staffs only doctors and nurses. It is also the national pediatric foreign aid training base
of Chinese Ministry of Commerce, has trained more than 1200 international trainees from more than 25
countries mainly from low-resource countries.
Ethnic consideration
The study was approved by Hunan Children’s Hospital ethics commission board, (approving number: HCHLL-20803) and all written consent were signed by participants.
Course participants
Pediatric medical staff who volunteered to attend this foreign aid training in two islands of Zanzibar in Apr, 2018
and Oct, 2018 were included in this study. Inclusion criteria were: a) Medical staff of pediatric departments,
wards and hospitals in Zanzibar Island, with a total hospital beds over than 50; b) With an English medical
education background; c) Obtaining a medical practice certificate; d) Volunteer to participate in this training
course and sign the written informed consent; Exclusion criteria were: a)Temporary or un-formal employed staff;
b) Residents or nurses who did not finish basic medical training; c) maternal or sick leave more than 1 month
during this training year or attending other training program over than 1 months; d) failed to complete all
training program; e) the completion rate of the knowledge questionnaire is less than 80% or there is a clear bias
on the choices of all answers;
Course design
Pre-investigation in Zanzibar: 5 pediatric specialists were sent to Zanzibar to conduct a pre-investigation by
focus group interviewing with administration leaders of Zanzibar hospital in order to evaluate the current status
of pediatric epidemiology in Zanzibar, and to know the main cause of death under 5 years old, common
admitted disease and training requirements, then to determine the training methods based on local
phenomenon. Results showing that the common diseases admitted in pediatric wards were pre-term,
malnutrition, pneumonia and diarrhea in Zanzibar.
Training team set up: The training team consists of 10 medical doctors and nursing specialists with a title of
deputy or above in one tertiary children's hospital, including 5 doctors and 5 nurses, with an English level of
IELTS over than 6.5. 5 Medical doctors are responsible for preparation of courseware presentation according to
pre-survey result, major in neonatal resuscitation, pediatric basic life support, pneumonia management, nutrition
assessment and support, diarrhea and fluid therapy and prevention and control of hospital infection; 5 nurses
are responsible for the preparation of training facilities and equipment and other translation task. 3 officers of
the International Cooperation Department of children’s Hospital is also equipped to assist and help in recruiting
trainees, training venue layout, training implementation and other logistics support.
Appropriate technical curriculum design: The training course is based on the reference of 2017 Neonatal
Resuscitation Program (NRP) case training program released by the Canadian Academy of Pediatrics, Pediatric
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Basic Life Support(PBLS) and Pediatric Advanced Life Support(PALS) of 2015 International Consensus on
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendation
and "Integrated management of childhood illness (IMCI) strategy for children under five reviewed by the
Cochrane database 2016 [26-29]. 6 topics/domains were included in the end, as Neonatal Resuscitation
Programm (NRP), Pediatric Basic Life Support (PBLS), Pneumonia management, Fluid therapy, Nutrition
assessment and support, and Prevention and control of hospital infection in pediatric wards. The training sites
was set in the conference rooms of the central hospitals on the two islands of Zanzibar. Each training program
lasts for five days, with 2 days of theory lectures and 3 days of simulation practice.
At the beginning of the training, the teacher will explain the theoretical course in presentation with all trainees in
the conference room. A unified explanation of the six domains designed in advance are given, aiming to build a
general theoretical framework for the students. Key contents including: I, How to determine and calculate
children's fluid requirements, basic principles of diarrhea treatment in children; II, The importance of nutritional
assessment for children and how to provide total parenteral nutrition support; III, how to diagnose pneumonia in
children, standard treatment process and the main selection criteria of antibiotics; IV, prevention and control of
hospital infection in pediatric wards and hand hygiene; V, Steps and implementation process of NRP; VI, PBLS
flow-gram processes and key points.
At scenario simulation practice, whole conference room were divided into 5 arears, 5-6 Students and 2 teachers
(1 doctor, 1 nurse) were distributed into isolated areas, with a teaching ratio of 2: 5-6, a set of operating tools
(including: 1 table, 1 set of neonatal asphyxia resuscitation simulation model,1 set of pediatric basic life support
simulation model, 1 set of pediatric venous indwelling model, related medical equipment and appliances). The
training process is shown in Figure 1.
Scenario simulation practice
Scenario simulation practice includes four steps: Case selection- Instructor-led technic teaching- Case analysisScenario procedure simulation.
Firstly, Case selection and design. Before the training, the experts of the training team would select some typical
cases according to the training content, transcript cases, and compile the case information into a reminder casecard. Case selection criteria were children younger than 16 years old, length of hospitalization <2 weeks,
without congenital disease or any other surgical requirements etc. Cases including changes in the illness
condition who require basic life support, new admitted patients required neonatal pulmonary resuscitation,
different types of children with pneumonia, diagnosed hospital infection, diarrhea and malnutrition. For each
topic at least 4 cases were selected with a total of 30 case card were made. In the process of case selection,
patient privacy should be taken into consideration, without true personal information appearing on the case card
such as name, hospital number and family address. The case card would be distributed to the trainees before
simulation practice, encourage them to analyze and make consideration about the cases in advance.
Then case information of case-card was interpreted by the teachers, and students were invited to try to propose
specific clinical treatment plans and related clinical technical skills. Then teachers would summarize and analyze
the case details, give and introduction and diagnosis of all involved diseases, offer standardized treatment plans
and related skill procedures. The aim of this process was to help students focus on each individual characteristic,
build one comprehensive diagnosis and treatment plan, Strengthen their sense of cooperation, critical thinking
ability and comprehensive ability on disease diagnosis and treatment.
SecondlyInstructor-led procedure teaching. The teachers will select cases that includes all procedures required
for systematic teaching, emphasis on standard skill procedures and assessment indicators in the form of one-toone procedure demonstration. The procedures including: Apgar scoring, newborn care, positive-pressure
ventilation, endotracheal intubation and use of laryngeal mask, chest compression, administration of
medications, placement of peripheral vein catheter and hand hygiene, and treatment plan determine.
Thirdly, Case analysis. The case information of case card was asked, and students were invited to try to propose
specific clinical treatment plans and related clinical technical skills designed for the case. Summarize and
analyze case details, introduction and diagnose of involved diseases, standardized treatment plans and related
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skill procedures. Focusing on each changing individual, which requires comprehensive diagnosis and treatment.
Strengthen the teamwork awareness, problem thinking ability and comprehensive diagnosis and treatment
ability of medical staff.
In the end, Scenario simulation practice. Participants would simulate the clinical treatment process in pairs,
make treatment plans and perform clinical procedures according to the instructor/teacher who acts as the
debriefing facilitator, judge if the trainees making correct judgements. If the judgments were correct, procedures
would be carried out smoothly. If not, simulation stopped and the teacher would revise it correctly then guide the
students in right way. They are going to work together as a team to follow the NRP and PBLS flow diagram.
During simulation not only the case study was assessing but also the procedure learning was taught by giving
one-on-one teaching method and detailed instructions. Trainees alternate roles and perform procedures one-byone. The simulation training ends until all trainees have completed all procedures. On-the-spot correction and Q
& A for the specific problems of students were conducted during the practice.
Throughout the scenario simulation process, participants are taught to evaluate and analyze cases while
emphasizing continuous correction and improvement of the students' correct procedure skills. All skill procedure
items are first taught to the students in a demonstration form, and then the students are instructed to rotate
through repeated exercises until they have mastered all the essentials of the procedures.
Study outcomes
Self-designed questionnaire of pediatric knowledge was distributed to test the score of all trainees’ before and
after training. Participants were asked to finish the questionnaire anonymously and independently. General
characteristic of the trainees and pediatric knowledge were included in the questionnaire. The questionnaire was
formulated by 10 pediatric specialists and was revised by three rounds of Delphi method.
Characteristics of trainees including gender, date of birth, occupation, education level, and working years;
Pediatric knowledge questionnaire is a questionnaire that includes 50 multiple choice questions. Knowledges are
about neonatal resuscitation; pediatric fluid therapy; nutrition support and evaluation; pneumonia management,
pediatric basic life support and prevention and control of hospital infection in pediatric ward, contains a total of
50 questions, 2.0 points per each question, all questions are not weighted, with total score of 100. The higher
score is, the better of pediatric knowledge is. A passing grade required answering 80% or more of items correctly
[30].
Statistical analysis
SPSS 22.0 software was used for data analysis. Quantitative data satisfying the normal distribution and
homogeneity of variance were expressed by mean (standard deviation). Comparison between the two groups
was performed by independent sample t test. The training effect was defined as the difference in scores of the
pediatric knowledge questionnaire before and after training, and the paired sample t test was used for analysis.
Qualitative data are expressed as percentages (%), and comparisons between groups are made by chi-square
test. P value less than 0.05 is considered as statistically significant.
Results
Characteristic of participants
A total of 66 participants were recruited in this study, of which 5 did not meet the inclusion criteria, 2 refused to
participate in the study, 3 failed to complete the entire training program, 56 students were finally included for
data analysis. Of the 56 trainees, 40 were male and 27 were doctors. Only 3 doctors had master's degrees or
higher. 5 midwives, 2 head nurses, and 3 department chiefs were also included; 51.79% of the trainees have
worked in pediatric department for over than 3 years, and the average age of trainees is mean 33.75(SD 8.08)
years old, min at 25 and max at 56. The pre-test score of pediatric knowledge between doctors and nurses has
slightly difference (p=0.048), major in score of nutrition assessment and support (p=0.037). But there was no
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statistical difference shown on other groups as age, education level, working experience and gender (P <0.05),
(Table 1 and Table 2).
Effectiveness of training program
Pre-test score of Pediatric knowledge were relatively low with no one pass the knowledge of NRP, PBLS and full
pediatric knowledge. The highest passing rate happed at the domain of fluid therapy knowledge with 41
participants pass accounts for 73.21%.
Post-test of pediatric knowledge was 82.11(11.06) with 41 passed and 15 failed. At this time point the highest
passing rate was still at the knowledge of fluid therapy with 54(96.43), and then the knowledge of NRP and
prevention and control of HI followed up at both 44(78.57), (Figure 3).
As for the training effect, we found that the most effective knowledge part was PBLS at 44(78.57), followed by
prevention and control of HI at 39(69.64) and then NRP at 35(62.5). The worst effective knowledge part was
knowledge of fluid therapy, but after our training the score of this part increased by 9.71(1.04) with only 2 failed.
As pneumonia management, there was only score of 2.57(2.90) increased. Even with our training there was still
almost half at 26(46.4) of participants did not pass the pneumonia management test.
Thus, is to say overall score of pediatric knowledge had increased dreamily, from mean 44.32 (SD 9.53) at pretest to mean 82.11 (SD 11.06) at post-test, (p<0.001). Score of prevention and control of HI and PBLS have
increased more than any other score of subscale knowledge at an increasing of 39(69.64) and 44(78.57)
participants passed respectively. But all score of pediatric knowledge had been improved, with p value less than
<0.00011, (Table 3). There were no statistical differences in the effect of training on demographic
groups(p>0.05), (Table 4).
Table 1 Characteristic of participants
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Variables
Male

N (%)

Pre-test of PK

40(71.43)

43.9(9.75)

Gender
Female

16(28.57)

45.36(9.20)

Nurse

29(51.78)

41.90(9.14)

Occupation
Doctor

27(48.22)

46.93(9.42)

Diploma

30(53.57)

44.3(9.26

Education level
BSc and above

26(46.42)

44.34(10.03)

<30

25(44.64)

45.36(9.43)

30-40

19(33.92’.)

41.21(7.84)

40-50

8(14.29)

48.38(12.83)

>50

4(7.14)

44.5(9.434)

<3y

27(48.21)

44.93(9.35)

3-5y

7(12.5)

42(8.64)

5-10y

14(25)

45.29(12.09)

>10y

8(14.29)

42.63(6.48)

Age(years)

Working experience
(years)

t/F

p

-0.519

0.606

-2.027

0.048

-0.018

0.986

1.274

0.293

0.295

0.829

NotesPK= score of pediatric knowledge

Table 2. Pre-post score of pediatric knowledge varied in doctors and nurses
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Nurses

Pre-test

Total score

41.90(9.14)

Doctors

T1

Post-test

Training effect Pre-test

Post-test

Training effect

T

81.66(11.98)

-39.76(15.56)

46.93(9.42)

82.59 (10.18)

-35.67(15.04)

-13.768

Fluid therapy

7.41 (1.80)

9.59(1.24)

-2.17(2.30)

7.89(1.37)

9.85(0.77)

-1.96 (1.68)

-5.086

Nutrition
management

7.79 (3.04)

15.45(4.03)

-7.66(5.13)

8.81 (3.73)

15.78(3.73)

-6.96 (5.50)

-8.038

Pneumonia
management

4.62 (2.68)

7.24 (2.17)

-2.62 (2.78)

4.74 (2.43)

7.23(1.85)

-2.52(3.07)

-5.071

16.34 (2.93)

-12.21(3.98)

5.26(3.00)

16.74 (2.01)

-11.48 (3.50)

-16.531

16.83 (3.72)

-8.21(4.39)

8.67(2.29)

16.67(4.44)

-8(5.87)

-10.075

16.21(3.04)

-6(4.96)

10.59 (3.50)

16.302.700)

-5.70 (4.25)

-6.518

PBLS

NPR

Prevention and
control of HI

4.14(2.67)

8.62 (2.88)

10.21(3.40)

Notes: T1=paired sample t test of nurses between pre-test and post-test; T2= paired sample t test
of doctors between pre-test and post-test;
T3=different sample t test of pre-test between nurses and doctors; T4= different sample t test of
post-test between nurses and doctors

Table 3 Pre-post score of pediatric knowledge
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Full mark

Pre-test

Post-test

Chang score

t

Total score

100

44.32(9.53)

82.11(11.06)

-37.79(14.50)

-19.501

Fluid therapy

10

7.64(1.61)

9.71(1.04)

-2.07(1.93)

-8.015

Nutrition management

20

8.29(3.40)

15.61(3.86)

-7.32(5.25)

-10.442

Pneumonia management

10

4.68(2.54)

7.25(2.00)

-2.57(2.90)

-6.641

PBLS

20

4.68(2.86)

16.54(2.52)

-11.86(3.73)

-23.763

NPR

20

8.64(2.59)

16.75(4.05)

-8.11(5.11)

-11.876

Prevention and control of HI

20

10.39(3.42)

16.25(2.86)

-5.86(4.59)

-9.549

Discussion
Pediatric knowledge of doctors and nurses was not ideal in Zanzibar
As results demonstrated in our study, pre-test score of pediatric knowledge was not ideal, demonstrated that no
one passed the pre-test. Study[30] on Essential Care for Every Baby (ECEB) training in rural Tanzania found that
the pre-test pass rates of learners was about 66.7% (n=24) which was much better results than our pre-test. The
reason why the results varies is due to their ECEB training was following on the success of help baby breathy
(HBB) program launched in 2009 all over Tanzania, thus offer a better knowledge foundation of learners. As for
our pre-test of pediatric knowledge contains major appropriate pediatric care technology, means no pre training
except for medical school learning, making it difficult to choose the right answers and getting high score of the
questionnaire. There was 5.9 million children under-5 died every year worldwide, the leading cause of death
were pneumonia and diarrhea[2], most of these deaths occurred in South African countries, such as Sierra
Leone, Tanzania, etc. The level of their pediatric care was relatively low as our previous study found [31-33] and
make the score of fluid therapy had the biggest passing population in this study. Fakih and colleagues [6]
pointed out that according to the minimum staffing requirements of Zanzibar, the human resources of the
surveyed among 79 medical institutions were inadequate, qualified staffs including medical doctors, nurses and
general surgeons were limited. These findings were consistent with our study. Since different medical
background and differences distributed daily work between doctors and nurses, doctors preferred to prescribe
feeding regimens while nurses notes feeding implementation and adverse reactions [34], leading higher pre-test
score in doctors rather than nurse at the domain of nutrition assessment and support in our study, but training
effect of all learners varied in groups had no statistic difference.
Simulation training can improve pediatric knowledge of pediatric medical staffs in Zanzibar
In this study the adoption of simulation training program, evaluate the current actual case needs by case-card,
so as to systematically manage the cases and build comprehensive medical strategy, which is in line with
integrated medical ideas and methods.[27] Traditional instructor-led teaching method had inability to present
complete clinical practical thinking in the minds of students,[35] All patients are particular, special and complex
individual, they need to be consider as an integrated samples to treat and deal with. Thus, why our caseoriented scenario simulation address on the competent of training team as they act as the debriefing facilitator,
the only one to take control of the whole program and the key to the success of this training course.
From the study we known that all the sub-domain of pediatric knowledge has improved dramatically. The most
effective knowledge part was PBLS, as the same as schoolers thought that through thoughtful design of
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animations and interactive virtual patients as simulation training tool could further improves PBLS skill
acquisition [15].
Improving the sense of hospital infection and applying simple measures can significantly improve the
effectiveness and knowledge for prevention and control of HI, the research by song and her colleagues found
that scenario simulation exercises can strengthen trainees' awareness of infectious disease protection and
improve their comprehensive ability to transport patients [36].
As Study by Mildenberger, C. demonstrated that the use of scenario simulation training can increase the
knowledge of neonatal asphyxia resuscitation of local midwives in Uganda and maintain a high level after 1
month [21]. Pneumonia is the leading course of death of children under-5 in sub-Saharan Africa,[2] even with our
training, pass rate of this domain was still not ideal, that is because pneumonia management including not only
the right antibiotic selection, but also reasonable airway management and appropriate technical support, such
as oxygen inhalation, physiochemical treatment, respiratory support, etc. which are very complicated and
delicate tasks, so the pneumonia management is very difficult and tough. thus, cannot be totally administered
only by one training. Overall these relevant research results are lined with this case-oriented scenario simulation
training program adopted in this study.
Therefore, the author believes that this case-oriented scenario simulation training is an effective training
strategy and measure, which can promote the teamwork of multidisciplinary for intensive care unit teams[22,
37], improve the ability of emergency and crisis management [23], and improve the students' disease
management and diagnosis skills, knowledge and confidence[7, 38-39]and had economic benefits and cost
advantages[19] which can be promoted and popularized as effective health foreign aid training models.
Limitations
Firstly, we adopted a self-reported questionnaire in this study, it has its only limitations as self-reported
investigations, we cannot figure the truth out if participants try to hide the real opinions; Secondly, we only
included the pre-pos- test score of the pediatric knowledge as our only outcomes to test our training effect,
future study that including patients outcomes should be collected also in order to have one more objective and
fair training effect evaluation. Thirdly, the learners are those who volunteer to attend our study, so that there
may be a selection bias exist; last but not the least, we did not have access to evaluate the score of pediatric
knowledge care in long-term after our training, thus we do not know if our training effect can last for how long
and how much.
Conclusion
Our study demonstrated that simulation training is one mature strategy that can effectively improve the skills
and knowledge of medical staffs. Application of integrated simulation training strategy of pediatric knowledge
might offer an overview of daily task and help to response quickly while working for doctors and nurses. And
future health foreign aid is more than just pure medical materials, facilities or resources but to offer technology
and skills. Further study of pediatric appropriated technology training program could focus on the test of
whether improving of care knowledge for children help to decrease the mortality of children under-5 or not.
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