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Abstract
Background: Food and waterborne diseases, caused by microorganisms or chemicals in contaminated food or water, are a 
significant global health concern. In Rwanda, diarrheal diseases, exacerbated by unsafe food and water consumption, rank 7th 
among the top 10 causes of morbidity and mortality, particularly affecting children under 5 years old. From 2016-2021, food 
and waterborne diseases accounted for 83% of reported outbreaks. This study evaluates the reliability of pre-test and post-
test measures in assessing the impact of food safety training on hygiene and sanitation officers and environmental protection 
specialists across all districts in Rwanda.

Methods: A retrospective quantitative research design was used to gather data from 30 hygiene and sanitation officers and 
environmental protection specialists across all 30 districts and the city of Kigali during training sessions. A set of 16 questions was 
administered electronically as a pre-test before the workshop, followed by the same questionnaire as a post-test after a five-day 
training program on food safety. Data were exported to Excel and analyzed using R packages. Normality of the data was checked 
using Quantile-Quantile plots and the Kolmogorov-Smirnov test. A paired t-test was conducted to evaluate the differences between 
pre-test and post-test scores.

Results: The average pre-test score was 76%, which increased to 92% in the post-test, showing a 16% improvement. Statistical 
analysis revealed a p-value of 0.9374, indicating no significant difference at the 5% significance level. However, the paired t-test 
showed a t-statistic of 5.9452 and a p-value of 0.000, indicating a statistically significant improvement in scores after the training.

Conclusion: The pre-test and post-test effectively measured participants' knowledge acquisition, fulfilling the workshop’s learning 
objectives. Participants preferred ongoing training sessions, either online or in person, to enhance their understanding. Overall, 
the workshop was highly rated for its content, organization, delivery, and practical utility.
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1. Introduction
Food and waterborne diseases encompass a broad spectrum 
of illnesses resulting from the consumption of food or water 
contaminated with microorganisms or chemicals. Water 
contamination can occur at various stages, from its source to storage 
and consumption [1]. Similarly, food can become contaminated 
at any point along the production-to-consumption process, 
either unintentionally or due to unsafe handling practices and 
environmental pollution, such as water, soil, or air pollution. The 
main causes of these diseases are typically infectious organisms, 

chemicals, and toxins [2].

Foodborne diseases pose a growing public health challenge 
worldwide, contributing significantly to disability and mortality 
rates [3]. Gastrointestinal symptoms are the most common clinical 
presentations of food and waterborne illnesses, while more severe 
consequences can include kidney and liver failure, neurological 
disorders, reactive arthritis, and cancer. Antimicrobial-resistant 
microbes can also be transmitted through the food chain, direct 
contact between animals and humans, or environmental pathways 
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[4]. Each year, an estimated 700,000 people worldwide lose their 
lives due to antimicrobial-resistant infections [5].

The World Health Organization (WHO) has estimated that 
unsafe food consumption leads to the loss of approximately 33 
million years of healthy life worldwide annually, a figure that 
may be underestimated. Nearly 600 million people, or nearly 
1 in 10 globally, fall ill after consuming contaminated food, 
resulting in 420,000 deaths each year and a loss of 33 million 
healthy life years [6]. Low and middle-income countries bear a 
substantial economic burden, with annual losses totaling around 
US$110 billion in productivity and medical expenses due to 
unsafe food. Children under 5 years old account for 40% of the 
burden of foodborne diseases, resulting in 125,000 deaths annuall 
[7]. Foodborne illnesses hinder socioeconomic development by 
straining healthcare systems and adversely impacting national 
economies, tourism, and trade. The Uganda Ministry of Health 
reports that foodborne diseases affect approximately 1.3 million 
people annually, making up 14% of all treated cases. The most 
frequent foodborne illnesses include typhoid, brucellosis, bacillus 
dysentery, cholera, and contamination by aflatoxins [8].

In Rwanda, diarrheal diseases rank 7th among the top ten causes 
of morbidity and mortality, with children under 5 years old being 
particularly vulnerable whereby diarrhea ranks as the third most 
common cause of death among children under the age of five 
[9,10]. In the last five years (2016-2021), most (83%) reported 
outbreaks were attributed to food and waterborne diseases [11]. 

Therefore, providing educational training on food and waterborne 
diseases to hygiene and sanitation staff across all districts of 
Rwanda is crucial. This training is essential for preventing and 
reducing the impact of these diseases in various sectors, including 
raising awareness to save lives. This process gives facilitators 
feedback by assessing the knowledge and skills that participants 
possess before the training program and what they acquire after 
the workshop [12].

The food safety training outcomes can be evaluated through pre-
test and post-test questionnaires. Data collected from these tests 
can be analyzed using suitable statistical methods aligned with 
the training program's hypothesis [13]. Initially, participants 
might score low on the pre-test, with some showing reluctance to 
respond. However, the post-test highlights participants’ immediate 
improvement. Trainers inform participants that the goal of these 
questionnaires is solely to assess the training's impact, not to 
evaluate their knowledge for other purposes. This study is to 
determine the immediate impact of the training on food safety of 
hygiene and sanitation officers from the districts in Rwanda.
 
1.1 Methods
1.1.1 Study Setting
The food safety training was facilitated by the Rwanda Biomedical 
Centre (RBC) team in collaboration with Johns Hopkins Program 
for International Education in Gynecology and Obstetrics 
(Jhpiego), Rwanda Institute of Conservation Agriculture (RICA), 

Rwanda FDA, and the University of Rwanda.

1.1.2 Study Population
All hygiene and sanitation officers and environmental protection 
specialist from 30 districts of Rwanda who are involved in the 
development and implementation of local hygiene and sanitation 
strategies, overseeing execution at the sector level, generating 
reports, collaborating with stakeholders for awareness campaigns, 
ensuring enforcement of norms, and conducting inspections.

1.1.3 Study Design
A retrospective quantitative study design was employed using 
pre-test and post-test research questionnaires during food safety 
training.

1.2 Sample Size
All thirty (30) hygiene and sanitation officers and environmental 
protection specialist who attended food safety training are included. 
The whole population is taken since it is small. 

1.2.1 Sampling Technique
All thirty (30) hygiene and sanitation officers and environmental 
protection specialists who attended the food safety training are 
included in the study, as the entire population is small.

1.2.2 Study Tool
Self-administered questionnaires created in an online Kobotoolbox 
platform have been used for pretest and posttest data collection 
during food safety training of hygiene and sanitation officers and 
environmental protection specialists.

2. Data Collection
Data was gathered via self-administered questionnaires sent 
through email and phone. Interactive sessions were used to address 
potential ambiguities from group work presentations and other 
learning activities.

2.1 Statistical Data Analysis
Quantitative data was analyzed using t-tests through R packages 
to evaluate the reliability of pre-test and post-test measures in 
assessing the impact of food safety training on hygiene and 
sanitation officers and environmental protection specialists 
from 30 districts in Rwanda. The Kolmogorov-Smirnov test and 
quantile-quantile plot were used to assess data normality before 
performing the paired t-test.

2.2 Ethical Considerations 
This study analyzed secondary data from questionnaires used in 
pre- and post-training tests. Permission to analyze the data was 
obtained from the division manager of epidemic surveillance 
and response, Rwanda Biomedical Centre. The data were kept 
anonymous to ensure confidentiality.

3. Findings
The pre-test and post-test data, displaying the percentage of correct 
answers, were exported from kobotoolbox and opened in Excel. 
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The average correct score in pre-test was 76% whereby the average of correct score in post-test was 92% making an increase of 16%. 

3.1  Normality Test for the Data
Many statistical methods and tests assume that the data follows 
a normal distribution. For instance, parametric tests such as 
t-tests, ANOVA (analysis of variance), and linear regression often 
assume normality of residuals; which means that data distribution 
is symmetric around its mean [14]. Therefore, before running 
t-test, we have to test normality of the datasets. We conducted 
a Kolmogorov-Smirnov test to assess the normality of the data. 
According to this test, if the p-value exceeds the significance level 
(α = 0.05), we consider the data to be normally distributed. Our test 
yielded a p-value of 0.9374, which is well above the significance 
level (α = 0.05). Therefore, we conclude that both the pre-test and 
post-test scores follow a normal distribution.

Additionally, we utilized a quantile-quantile plot (Q-Q plot) 
to examine the correspondence between our sample data and 
a normal distribution. Q-Q plots are valuable in assessing the 
normality assumption required for many parametric statistical 
tests like t-tests [15]. They provide a visual and quantitative means 
to understand how well data conforms to a normal distribution, 
helping to make informed decisions about the appropriateness 
of statistical methods. This plot includes a 45-degree reference 
line for comparison. The Q-Q plot indicates that our data closely 
adhere to the characteristics of a normal distribution. Hence both 
Q-Q plot and Kolmogorov-Smirnov test confirm normality of pre-
test and post-test data as required by student’s t-tests analysis. 

Table 1: Percentage of Correct Score in Both Pre-Test And Post-Test on Food Safety

Question Pre-test results Post-test results
Percent of correct score Percent of correct score

Task 1 70% 90%
Task 2 97% 97%
Task 3 52% 80%
Task 4 64% 93%
Task 5 94% 97%
Task 6 76% 93%
Task 7 82% 97%
Task 8 76% 90%
Task 9 91% 97%
Task 10 73% 93%
Task 11 64% 87%
Task 12 85% 90%
Task 13 97% 100%
Task 14 64% 87%
Task 15 48% 87%
Task 16 82% 97%
Average 76% 92%

Figure 1: Normality Test Using Quantile-Quantile Plot
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After confirming normality, we conducted a paired sample t-test. 
This test compares the means of two related groups and considers 
the variability within the data to assess the likelihood that observed 
differences are statistically significant rather than due to chance. 
Specifically, it evaluates the significance of differences between 

pre-test and post-test scores. The t-test is used to determine the 
statistical significance of these differences, providing insight into 
the effectiveness or impact of the training materials used during 
the workshop.

Pre-test and post-test score Mean Std. Deviation Std. Error Mean 95% Confidence Interval T-statistics Degree of freedom P-Value
Lower Upper

N = 16 16.25 10.933 2.733 10.42 22.08 5.945 15 0.0000
The paired t-test results indicated a t-statistic of 5.9452 with a p-value of 0.000, evaluated at a 5% significance level for both pre-test and post-test 
outcomes. These findings demonstrate statistical significance between pre-test and post-test results.

Table 2: Paired Sample T-Test For Pre-Test And Post-Test Results on Food Safety

4. Discussion
The study evaluates the effectiveness of a training program 
designed to enhance food safety knowledge and skills among 
district hygiene and sanitation officers, as well as environmental 
protection specialists within the hospitality sector nationwide. 
The inclusion of both pre-test and post-test assessments allows 
for a comprehensive evaluation of the immediate impact of the 
workshop, providing valuable insights into the efficacy of the 
training materials and methods employed. This research aims 
to contribute to improving food safety practices and standards 
in the hospitality industry, thereby potentially enhancing public 
health outcomes and regulatory compliance nationwide. The 
study analyzed the pre-test and post-test scores of 30 participants, 
comprising hygiene and sanitation officers, and environmental 
protection specialist from all thirty districts of Rwanda. A paired 
t-test was conducted on the correct scores from both tests, revealing 
a statistically significant within-group difference (p ≤ .000, 
significance level of 0.05). The findings of the research support the 
notion in Qatar highlighting that ongoing food safety and hygiene 
training should be universally adopted across food services to 
equip all food handlers with the necessary knowledge and skills to 
consistently ensure food safety nationwide [15]. The use of pre-test 
and post-test questionnaires proved instrumental in rejecting the 
null hypothesis and supporting the research hypothesis, indicating 
a significant improvement in knowledge and skills following the 
capacity-building workshops. This finding aligns with similar 
studies Sthat have reported comparable outcomes [12,16,17].

5. Conclusion
Significant differences were observed in both intra-group and 
inter-group comparisons of pre-test and post-test scores. The use of 
pre-test and post-test questionnaires proved effective in assessing 
participants' knowledge acquisition following group work and 
lectures during a capacity-building workshop, thereby achieving 
the workshop's learning objectives. Participants expressed a 
preference for regular training sessions, whether online or in 
person, to further enhance their knowledge.
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