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Abstract:  

Background: Knowing the residents' knowledge, attitude, and practices to air pollution is necessary for developing 

interventions specific to that population. Air pollution remains a neglected environmental concern in Windhoek, 

Namibia and people’s perceptions about air pollution and health have not been documented. This study investigated 
the knowledge, attitudes and practices of tertiary students to air pollution in Windhoek.  

Methods: Students from five tertiary institutions in Windhoek were included in cross sectional study. A previously 

validated questionnaire was used to collect data from the study participants. Frequency and a corresponding 

percentage were reported for categorical data, whereas the association between knowledge of air pollution and 

perceptions was evaluated using the Chi-square test. Kruskal Wallis rank test was used to assess the statistical 

difference in knowledge, attitudes and practices. Data analysis was performed using STATA 15 and evaluated at a 

5% level of significance 

Results: More than half (59.4%) of the respondents thought that air pollution was a major problem, while over 90% 

knew that air pollution could negatively impact health. The media was found to be the main source of information 

for respondents (91.1%). Despite having the knowledge, less than a third (27%) of the respondents regularly took 

action out of concern of air pollution. There was a statistically significant association between knowledge, attitudes, 

and practices to air pollution (all P < 0.05).  

Conclusions: Air pollution interventions targeting tertiary students should be aimed at informing them on ways in 

which they could contribute individually and collectively to reducing air pollution and its negative effects. 
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Background 

Air pollution is a global health challenge with its effect observed especially in Asian countries and other developing 

countries [1,2]. The common health effects associated with air pollution include increased burden of heart and lung 

disease, respiratory disease, infant and child mortality, skin disease, allergic reaction, cancer, and increased hospital 

admission [3-5].  

The World Health Organization (WHO) estimated that 9 out of 10 people in the world breathe polluted air, and at 

least seven million people worldwide die annually as a result of exposure to air pollution [1,6]. The burden of 

diseases associated with air pollution has a more severe impact than the combination of smoking, diabetes and road 

accidents [2, 6-8]. In 2016, 4.2 million people died from outdoor; and 3.8 million from indoor air pollution related-

illness, mainly in low and middle-income countries [2, 7, 8]. Air pollution effects have gone far beyond affecting 

human health. In recent studies air pollution has been associated with reduction in tourism, and poor school 

attendance. [9,10]. 

Some countries such as China have made significant progress in reducing the level of air pollution within their 

highly affected cities. This was done through targeted regulations as well as educating the community to combat air 

pollution [11,12]. The change in people’s knowledge, attitudes, and practices to air pollution has contributed to the 
improvement of air pollution regulations in some cities in China [12,13].  

On the other hand, few sub-Sahara African (SSA) countries have prioritised the prevention and control of air 

pollution, despite sufficient scientific evidence linking air pollution to adverse health effects [14]. Many cities in 

Africa are experiencing a deterioration in air quality standards [14]. Although some African countries have 

regulations in place to control air pollution and institutions for monitoring the air quality, those institutions are not 

yet efficient enough to yield the reduction in air pollution level as recommended by the WHO [18,19]. 

The health and environmental implications of air pollution in Africa is not fully understood due to limited data on air 

pollution [8]. Rapid population growth has increased utilisation of motor vehicles, while rapid industrialisation has 

been associated with an increase in air pollution levels in SSA. Globally, the largest particulate matter (PM) 

proportion in air was recorded in SSA [7,14]. In Namibia, air pollution has not been not considered to be a major 

problem because the population is small, vehicle density is low; and other sources of indoor air pollution in rural 

villages are considered insignificant, despite the fact that the effects of air pollution were observed to have increased 

from 10% to 15 % [15,16]. Due to the potentially high level of air pollution in many African cities, the burden of the 

disease linked to air pollution might be underestimated and this area remains understudied [16].  

A study investigating the knowledge, attitude and practices (KAP) of tertiary students in regard to air pollution in 

Namibia could be used for the development of air pollution interventions in the City of Windhoek (CoW).   

Methods  

A quantitative research methodology approach with a descriptive cross-sectional study design was used. A validated 

questionnaire used was adopted from a study on environmental concerns [20]. The questionnaire tool was adjusted 

based on the study population and settings, and it was subjected to pre-testing prior to data collection. The 

respondents for the pilot study were students from two tertiary institutions, and they were excluded from the study 

sample. A total of twenty (20) questionnaires were distributed during the pilot study. The tool was then refined 

based on the recommendations and observations from the pre-testing.  

The data collection tool consisted of 23 questions that required approximately 10-15 minutes to complete. The 

questions were divided into three sections. Section A was about respondent’s general information (question 1-6), 

section B was the general environmental concerns (question 7-20), and section C was the perceptions and attitude 
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towards air pollution (question 21-23). The questionnaire consisted of questions that assessed knowledge of air 

pollution, perceptions, and attitude towards air pollution. In order to assess knowledge, questions related to 

knowledge were identified and for each correctly answered question, a score of 1 was allocated. A score of 5 out of 

10 was considered an acceptable level of knowledge of air pollution in Namibia.  

Selection of students was based on the following criteria; 18 years old and above who were registered for a full-time 

diploma or degree at any tertiary institution in Windhoek. Students who met the above criteria were randomly 

invited to participate in the study and were informed of the date and venue for information sharing. During the 

recruitment process, a convenient sampling approach was used to select the study participants [21]. All students who 

turned up to the information sharing session and were willing to take part in the study were given a questionnaire to 

complete. According to Muindi et al, the prevalence of community perceptions of air pollution and related health 

risks in Nairobi slums was 20% [22]. This information was used to estimate the p that was used to calculate the 

sample size. The q= 1-p= 1-0.2= 0.8. The desired margin of error for this study was 5%. 

Margin of error (ME) = 1.96*(p*q)/n 

Therefore n = (1.96)^2 (0.2*0.8)/(ME)^2 = 244,2, n= 245. Response rate estimated at 80% or 0.8. The effective 

sample size is therefore 245/0.8 = 307.   

The inclusion criterion for selection of institutions was that they had to be accredited by the Namibia Qualification 

Authority (NQA) to offer an undergraduate diploma or degree courses full-time. At the time of the study, ten (10) 

tertiary institutions in Windhoek were offering accredited diploma or degree courses on a full-time basis [23]. 

Institutions were approached for permission to conduct this study with their students, and data collection was only 

done with students from those institutions which permitted this study. The number of student per institution was 

determined as follows; sample size divided by the number of institutions which granted permission to participate in 

the study.  

Data was initially captured in Epi Data Entry by the assistant researcher, and then double entry verification was done 

by the researcher. Data verification step was taken if there was any information mismatch when comparing it with 

the responses from the original questionnaire. The data in the double-entry file was used as final, which was then 

exported to Microsoft Excel, and Stata version 15. Frequency and a corresponding percentage were reported for 

categorical data, whereas the association between knowledge of air pollution and perceptions was evaluated using 

the Chi-square test. Kruskal Wallis rank test was used to assess the statistical difference in knowledge, attitudes and 

practices. Data analysis was performed using STATA 15 and evaluated at a 5% level of significance. 

 

 

 

 

 

 

Results 

Demographic characteristics of the study participants 
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The study collected data from a total of 321 respondents, a 100% response rate was obtained from respondents 

from five different tertiary institutions. A total of 176 (54.8%) of the sample were female, 234 (72.9%) were between 

the age of 18-23 years old, and a total of 10 (3.1%) were over the age of 34 years old. The majority (128, 39.9%) were 

in their first year of study, with a total of 69 (21.6%) respondents enrolled in the health field (Table 1). 

 

Table 1: Demographic characteristics of the study participants (N=321) 

 

Variable and Groups Frequency Percentage (%) 

Sex   

   Male 145 45.17 

   Female 176 54.83 

Age   

   18 – 23 

   24-28 

   29-33 

   >=34 

234 

56  

21  

10 

72.90 

17.45 

6.54 

3.12 

Year of study   

   1st year 128 39.88      

   2nd  year 116 36.14       

   3rd year 62 19.31       

   4th year 15 4.67      

Field of study   

   Science 44 13.75      

   Health 69 21.56       

   Economics 32 10.00 

   Education 43 13.44 

   Information Technology 42 13.13        

   Business 38 11.88       

   Engineering 6 1.88      

   Art 46         1.38     

Table 1. Sample structure (n=321) 

 

The general level of Knowledge 

Air pollution (208, 69%), litter (139, 43%), and traffic (108, 34%) have been cited as the top three most 

environmental concern in Windhoek (Figure 1). 
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Figure 1. Common environmental concern among tertiary students in Windhoek 

 

 Table 2 presents the measure of association between demographic characteristics and knowledge of air 

pollution. Over 80% of participants had knowledge of air pollution. There was no statistically significant of an 

association between gender, year of study and stream of the study with knowledge of air pollution (p > 0.05). 

 

Table 2. Knowledge of air pollution by demographic factors 

 

 

Demographic 

          Knowledge [n (%)] 

Yes [274 (85.4%)]      No [47 (14.6%)]                  

 

*P-Value 

   Male 118 (43.1) 27 (57.5) 0.07 

   Female 156 (56.9) 20 (42.5)   

Year of Study 
 

 
 

   First 105 (38.2) 23 (48.9) 
 

   Second 103 (37.6) 13 (27.7) 0.15 

   Third 51 (18.6) 11 (23.4) 
 

   Fourth 15 (5.5)  0   

Stream of study 
 

 
 

   Science 35 (12.8) 9 (19.2) 
 

   Health 62 (22.7) 7 (14.9) 
 

   Economics 26 (9.5) 6 (12.8) 
 

   Education 39 (14.3) 4 (8.5) 0.55 

   IT 36 (13.2) 6 (12.8) 
 

   Business 31 (11.4) 7 (14.9) 
 

   Engineering 4 (1.5) 2 (4.3) 
 

   Other 40 (14.7) 6 (12.8)   

*Note: P-value of the χ2 test of association 
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Table 3 below presents the relationship between knowledge and perceived health-related issues among 

participants. About 60% of participants who are aware of air pollution believe that it is a major problem in the CoW. 

Of the 274 participants who had knowledge of pollution, 162 (59.1%) indicated that their health had been affected by 

air pollution in the past. From a total of 274 knowledgeable participants, 83.8% perceived that air pollution affected 

their visibility, 91.1% their outdoor activities, 91.6% make them do more to stay healthy and 93.1% perceived that air 

pollution has led them into depression, while less than 50% think breathing and eye irritation are less affected by air 

pollution. There was no statistically significant of an association between perceived health problems with the 

knowledge of air pollution (p > 0.05). 

 

Table 3: Knowledge of air pollution and perceived health-related problems  

 

 

Perception 

Knowledge 

Yes [274 (85.4%)] 

   [n (%)] 

No [47 (14.6%)] 

*P-Value 

Major Problem    

   Yes 167 (61.2) 23 (48.9)  

   No 85 (31.1) 20 (42.6) 0.27 

   Don't Know 21 (7.7) 4 (8.5)  

Ever been affected by air pollution     

   Yes 162 (59.1) 29 (61.2)  

   No 89 (32.5) 15 (31.9) 0.88 

   Don't Know 23 (8.4) 3 (6.38)  

Health Factors    

   Visibility    

   Yes 171 (83.8) 22 (75.9) 0.29 

   No 33 (16.2) 7 (24.1)  

Breathing    

   Yes 90 (44.1) 15 (51.7) 0.44 

   No 114 (55.9) 14 (48.3)  

Outdoor activities    

   Yes 185 (91.1) 15 (51.7) 0.18 

   No 18 (8.9) 14 (48.3)  

Doing more to stay healthy    

   Yes 186 (91.6) 29 (100) 0.14 

   No 17 (8.4) 0  

Depression    

   Yes 190 (93.1) 25 (86.2) 0.25 

   No 14 (6.9) 4 (13.8)  

Irritation    

   Yes 92 (45.1) 16 (55.2) 0.31 

   No 112 (54.9) 13 (44.8)  

 *Note: P-value of the χ2 test of association 

 

Table 4 presents the measure of statistically significant difference between mean knowledge score, attitude, and 

behaviour toward air pollution. There was a statistically significant difference between mean knowledge, attitude and 

behaviour (p < 0.05) except for taking actions out of concern of air pollution (p > 0.09). 
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Table 4: Mean knowledge score by behavior and attitude among tertiary students (N=321) 

 

Behaviour and Attitude 

Mean knowledge 

score 95% CI  *P-value 

Have you ever taken action out of concern of air 

pollution      

yes 4.86 4.56; 5.16  

no 4.91 4.74; 5.08 0.09 

Don't Know 4.11 3.32; 4.90   

We can all do our part to reduce air pollution      

Agree 4.97 4.82; 5.11  

Neutral 4.08 3.42; 4.74 0.04 

Disagree 4.78 3.81; 5.75   

There is no point taking action because no one else is 

doing it      

Agree 4.34 3.92; 4.76  

Neutral 3.89 3.34; 4.42 <0.01 

Disagree 5.11 4.97. 5.26   

Will take action if I knew how to prevent air pollution      

Agree 5.03 4.90; 5.17  

Neutral 4.14 3.40; 4.87 <0.01 

Disagree 3.6 2.81; 4.39   

I don’t believe pollution is a problem      

Agree 4.42 3.81; 5.02  

Neutral 3.83 2.93; 4.73 <0.01 

Disagree 5.02 4.88; 5.16   

*Note: P-value of Kruskal Wallis rank test 

 

3.1. Perceptions and attitudes toward air pollution 

 Respondent's perception and attitude towards air pollution were also analysed in this study.  Respondents were asked 

to what extent they believe that air pollution is inevitable due to the modern way of living? A total of 225 (73.3%) 

thought air pollution is inevitable (85 Strongly agree, 140 Agree), and more than 80% acknowledged air pollution as 

a real problem. Although they said, air pollution is inevitable, participants have positive attitudes toward its control as 

the majority (65.1%, and 28.3%) think that reduction in the effects of air pollution is a collective responsibility (Figure 

2). About 80% of respondents admitted that they would take action if they knew better ways of reducing air pollution. 

On controlling air pollution, a total of 189 (60.6%) participants agreed that there is a need to penalise all polluting 

companies, as well as put a strict regulation to monitor car emissions more frequently to ensure that pollution from 

motor vehicles is minimised. 
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Figure 2. Reducing the effects of air pollution is a collective responsibility 

 

 
 

Participants identified that the most reliable source of air pollution information is from the researchers/scientists (237, 

76.9%), the government (140, 45.5%), media (165, 53.7%), family or friends (113, 36.5%), Tertiary institutions (142, 

47.2%), and environmental organizations (200, 65.2%). 

 

Discussion 

The aim of this study was to investigate the knowledge, attitude, and practices of students regarding air pollution in 

order to suggest air pollution interventions in the CoW. Air pollution, littering and traffic/congestion was identified 

as the most common environmental concern in the CoW. This is similar to the global and national call for air 

pollution and climate change to be considered among the priority list of common environmental problems that need 

to be addressed as a matter of urgency [8,16, 24]. However, according to the official information from the 

Government Republic of Namibia (GRN), air pollution is considered not among the most pressing environmental 

problem in Namibia [15]. 

Participants perceived air pollution as a major problem and that it had affected them or their family negatively. Their 

attitude towards air pollution prevention is positive as the majority indicated that they would be willing to contribute 

to air pollution control measures and also urged the government to take an active role in promoting a healthy 

environment. There was no statistically significant association between knowledge of air pollution and age, year of 

study or stream. 

Regarding air pollution knowledge, respondents had some basic information and understanding of air pollution. The 

majority understood that there was an association between air pollution and health problems, with about 60% 

perceiving that air pollution had affected them in different ways such as having difficulty in breathing, irritation of 

the eyes; and poor visibility. The effects of air pollution on humans can be short or long term. The short term effects 

of air pollution can include an allergic reaction, irritation of the eyes and skin; and difficulty in breathing. Whereas 

the long term effects can be chronic diseases such as asthma, heart diseases, lung cancer, and non-communicable 

diseases [25-27]. 

65.08%

28.25%
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1.59%

1.27%
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Neither
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Information from research institutions, organisations and media was the most common way of passing on 

information and interventions pertaining to air pollution and health. Among respondents who were knowledgeable 

about an association between air pollution and health problems, few regularly took action out of concern to reduce 

air pollution. This study did not obtain further investigate factors leading to lack of air pollution prevention activities 

among respondents. However, it has been observed globally that lack of information may lead to poor action 

[28,29]. This study found that there was a statistical significant association between the knowledge, behaviour, and 

attitudes regarding air pollution (P-values >0.05). Increased air pollution awareness among community members can 

lead to early acceptance of air pollution policies, and interventions as well as a willingness to take protective 

measures [30,31]. 

Although the majority of respondents thought that motor vehicles or bikes were the main cause of air pollution in the 

CoW, most indicated that they would like to buy a car once they started working. This might have a future 

implication on the density of motor vehicles within the city, as the increased use of motor vehicles is linked to 

ambient air pollution [17,32]. A study conducted in South Korea found that carbon monoxide (CO) emissions came 

from vehicles (35%) and industrial sites (30%), while PM10 was associated with the local automotive industry [32]. 

There was general agreement among respondents that the fight against air pollution should be a collective effort as 

they indicated that individuals, the CoW, and government have the overall responsibility in tackling air pollution. A 

modern lifestyle characterised by globalisation and industrialisation has led to an increased level of air pollution 

[7,32]. Respondent’s general knowledge of air pollution was good and that they had a positive attitude toward its 

control. Willingness to participate in air pollution interventions was shown by almost all respondedts (>90), who 

were willing to take action which could lead to a reduction in air pollution effects. The roles of an individual in the 

fight against air pollution were found to be crucial in China [31]. 

The study also investigated factors that could reduce air pollution in the CoW. The majority of the respondents 

suggested that all polluting companies should be penalised for polluting the environment. More than 90% agreed 

that car emissions should be checked and controlled more frequently as a measure to reduce air pollution in the city. 

Over 90% believed that the government needed to do more to promote and encourage a better environment.  

The fight for a better environment should, however not be limited to the government alone. Respondents believes 

that there was a need to involve all stakeholders such as family and friends, the media, environmental organisations, 

tertiary institutions and researchers. This is in line with other studies, which have emphasised the need for a 

collective effort in improving the air quality in the city [30].  

Limitations 

The lack of discussion and regulation on air pollution in the CoW may have a negative effect on resident’s 

knowledge and practices in regard to air pollution. The result of this study is therefore based on perceptions from 

respondents. The data collection tool was adopted from a survey study, the questions were adjusted to fit the study 

settings, and this could affect or change the theoretical guide used when designing each question, however this have 

no effects towards the outcome of the study, the tool was piloted and peer reviewed. Due to time constraint to 

complete this study as well as availability of resources, this study opted to use tertiary students. The results of this 

study therefore cannot be generalized to the entire CoW. 

Conclusions 

Understanding people’s knowledge of air pollution may help guide responses or communication of information related 
to air pollution. This paper represents the first study done in Windhoek looking at tertiary students’ knowledge, attitude 

and responses regarding air pollution. There is a need to raise awareness on air pollution among tertiary students, 

which is aimed at informing them on ways in which they can contribute individually and collectively towards reducing 

the effects of air pollution. The use of media would be the most effective way of passing information regarding air 
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pollution preventive measures. The government can no longer ignore air pollution on the basis of the small population 

and low car density, but rather put measures in place which are aimed at controlling air pollution. There is a need for 

further study to determine the level of air pollution in the city as well as the common pollutants in the city in order to 

inform specific interventions.  
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28. Kulözü, N. Youths' perception and knowledge towards environmental problems in a developing country: In the 

case of Atatürk University, Turkey. Environ Sci Pollut Res Int. 2016, 23, 1-10, https://doi.org/10.1007/s11356-

016-6693-2. 



12 

 

29. Liao, X.; Tu, H.; Maddock, J.E.; Fan, S.; Lan, G.; Wu, Y.; Yuan, Z.; Lu, Y. Residents’ perception of air quality, 
pollution sources, and air pollution control in Nanchang, China. Atmos Pollut Res. 2015, 6, 835-841, 

doi:10.5094/APR.2015.092. 

30. Liu, R.; Liu, X.; Pan, B.; Zhu, H.; Yuan, Z.; Lu, Y. Willingness to pay for improved air quality and influencing 

factors among manufacturing workers in Nanchang, China. Sustainability, 2018,10, 1613-1613, 

doi:10.3390/su1005161 

31. De Pretto, L.; Acreman, S.; Ashfold, M.J.; Mohankumar, S.K.; Campos-Arceiz, A. The Link between Knowledge, 

Attitudes and Practices in Relation to Atmospheric Haze Pollution in Peninsular Malaysia. PLoS ONE. 2015, 

10,1-18. doi:10.1371/journal.pone.0143655 

32. Hasunuma, H.; Ishimaru, Y.; Yoda, Y.; Shima, M. Decline of ambient air pollution levels due to measures to 

control automobile emissions and effects on the prevalence of respiratory and allergic disorders among children 

in Japan. Environ. Res. 2014, 131, 111-118. doi:10.1016/j. envres.2014.03.007. 

 

Additional file 1: Data collection tool. Self-administered questionnaire that was used to collect data from study 

participants. 

 



Figures

Figure 1

Common environmental concern among tertiary students in Windhoek



Figure 2

Reducing the effects of air pollution is a collective responsibility
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