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Abstract 

Background

The triple planetary crisis of climate change, environmental pollution, 
and biodiversity loss is increasingly driving poor health outcomes 
worldwide. Healthcare systems and services are often not 
environmentally sustainable and compound the problem, while 
healthcare professionals are also recognised as key leaders in 
advancing sustainable healthcare. To adopt this leadership position, 
healthcare professionals’ knowledge, attitudes, and practices 
regarding environmental sustainability in healthcare must be 
established. This article reports the development and validation of a 
new instrument for this purpose that corresponds to the specificities 
of the Southern African context.

Methods

Questionnaire development followed a seven-stage process. 
Information was obtained from a 2021 study titled ‘South African 
Healthcare Professionals’ Knowledge, Attitudes, and Practices 
Regarding Environmental Sustainability in Healthcare: A Mixed-

Open Peer Review

Approval Status    

1 2 3

version 2

(revision)
26 Mar 2025

view

version 1
31 Oct 2024 view view view

Ebenezer Akore Yeboah, Coventry 

University, Coventry, UK

1. 

Paolo Lauriola, International Society Doctors 

for the Environment (ISDE), Rete Italiana 

Medici Sentinella per l'Ambiente (RIMSA), 

Arezzo, Italy

2. 

Jonathan Dixon, School of Clinical Dentistry, 

University of Sheffield, Sheffield, UK

3. 

Any reports and responses or comments on the 

article can be found at the end of the article.

 
Page 1 of 24

F1000Research 2025, 13:1308 Last updated: 27 MAR 2025

https://f1000research.com/articles/13-1308/v2
https://f1000research.com/articles/13-1308/v2
https://f1000research.com/articles/13-1308/v2
https://f1000research.com/articles/13-1308/v2
https://orcid.org/0000-0002-6118-9041
https://orcid.org/0000-0002-1265-6205
https://doi.org/10.12688/f1000research.157487.1
https://doi.org/10.12688/f1000research.157487.2
https://f1000research.com/articles/13-1308/v2
https://f1000research.com/articles/13-1308/v2#referee-response-373261
https://f1000research.com/articles/13-1308/v1
https://f1000research.com/articles/13-1308/v2#referee-response-355678
https://f1000research.com/articles/13-1308/v2#referee-response-363887
https://f1000research.com/articles/13-1308/v2#referee-response-363888
http://crossmark.crossref.org/dialog/?doi=10.12688/f1000research.157487.2&domain=pdf&date_stamp=2025-03-26


Methods Study’ to develop the instrument. Information was also 
sourced from the literature regarding environmental sustainability 
and healthcare to generate the first questionnaire with 29 items. The 
following stages included two rounds of expert input, separated by a 
pilot study with the target population to receive feedback regarding 
the instrument’s structure, relevance, and length. Content validity was 
determined through statistical analysis.

Results

Feedback was received from nine experts in stage two and 13 pilot-
study participants in stage four and incorporated to improve the 
questionnaire. In stage six, the questionnaire was rated by seven 
experts. The content validity index of the questionnaire was calculated 
at two different stages, after which the indices were compared. 
Following a final edit, the questionnaire has 24 questionnaire items. 
The closing analysis calculated the scale content validity index average 
(S-CVI/Ave) of 0,922; this indicates that the final questionnaire has 
excellent content validity.

Conclusion

A questionnaire that assesses the knowledge, attitudes and practices 
of healthcare professionals regarding environmental sustainability in 
Southern Africa has been developed and validated. This questionnaire 
can now be used for further studies in Southern Africa.

Keywords 
Content validity, knowledge attitudes and practices, healthcare, 
environmental sustainability, Southern Africa, questionnaire 
development
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Introduction
Global environmental degradation includes increasing global warming, freshwater shortages, loss of biodiversity, and
exhaustion of natural resources, amongst others. The effects of global environmental degradation are becoming
increasingly evident.1–4 Noncommunicable diseases account for 38 million deaths annually, and many of the risk factors
of these are thought to have an environmental origin.5 Despite substantial and alarming evidence that the triple planetary
crisis of biodiversity loss and climate change are inextricably linked to poor health outcomes, globally, many people are
unaware of these far-reaching implications (https://unfccc.int/news/what-is-the-triple-planetary-crisis). A 2018 literature
review demonstrated that most healthcare professionals realise that global environmental degradation is occurring, and
they are aware of its detrimental effects on people’s health; yet, many healthcare professionals also recognise that they
have inadequate knowledge on the topic.6

The World Health Organisation defines the healthcare sector as “all organisations, institutions and resources that are
devoted to producing health actions”.7 Health actions have the chief purpose of improving health and are rooted in the
ethical principle of “do no harm”.8 Ironically, many actions and practices in healthcare compound the effects of global
environmental change and its associated health risks through their environmental footprint.9 In 2016, healthcare
professionals were identified as key leaders in combatting the effects of global environmental degradation.10 Several
ways in which healthcare professionals can take action have been highlighted, including raising awareness of environ-
mental change as a universal health matter, advocating for mitigation strategies and sustainable solutions in the health
sector and surrounding environments, and advocating for vulnerable groups who experience health inequity related to
global environmental degradation.10,11

Global surveys have been conducted to determine the perspective of healthcare professionals regarding global environ-
mental degradation as a health concern.6 Survey participants understood that global environmental degradation is
happening and recognised that humans are its main driver. Participants felt responsible for educating the public and
policymakers about the problem but identified personal, professional and societal barriers as preventing them from
doing so.10 Various other factors preventing healthcare professionals from adopting sustainable practices are: a lack of
knowledge, time constraints, the perception that their efforts would not make a worthwhile difference, limited finances
and inadequate infrastructure.1,6,10,12,13 Limited or non-existent policies, subsequent lack of implementation, and
conflicts between environmental policies and policies focusing on economic development also affect the attainability
of environmental sustainability.14

Notably, African countries are usually poorly represented in such surveys with South Africa often providing the largest
representation amongAfrican countries.6 Southern African countries are particularly susceptible to global environmental
degradation as they have interconnected social and environmental vulnerabilities. These include, for example, severe
environmental degradation, high levels of inequality and poverty, an abundance of weather-sensitive diseases, limited
infrastructure and limited financial means to effectively prepare for extreme weather events.15–17 Southern Africa thus
faces extensive and compounding challenges related to global environmental degradation and its health impacts and
needs better representation in relevant studies.

To unlock and increase the potential of Southern African healthcare professionals contributing to the improvement of
environmental sustainability, a greater understanding of the current knowledge, attitude and practice (KAP) of healthcare
professionals regarding environmental sustainability in healthcare is imperative. KAP studies are particularly useful in
unfamiliar areas of research and are frequently used in healthcare as they can serve to combine both qualitative and
quantitative data.18–20 In our research, studying KAP focused on gaining insight into Knowledge: what healthcare
professionals know about environmental sustainability, Attitude: healthcare professionals’ feelings and opinions about
environmental sustainability and Practice: what healthcare professionals do regarding environmental sustainability in
practice.

REVISED Amendments from Version 1

The new version contains minor amendments in the introduction, discussion and recommendations to emphasise the
potential benefits of using the kind of questionnaire validated in the present study. A few more details were added to the
section on 'Developing questionnaire and item clarity'. One limitation was additionally highlighted at the end of the
respective section.

Any further responses from the reviewers can be found at the end of the article
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In 2021, a study titled ‘South African Healthcare Professionals’ Knowledge, Attitudes, and Practices Regarding
Environmental Sustainability in Healthcare: A Mixed-Methods Study’ was conducted at the University of Pretoria in
the Health Sciences Faculty.21 The study participants included registered South African audiologists, occupational
therapists, physiotherapists, and speech-language pathologists. A convergent mixed-methods design was utilised with
data collection in parallel quantitative and qualitative phases. A questionnaire was used in the quantitative phase to
obtain information regarding the KAP of environmental sustainability in healthcare, while focus group discussions
using open-ended questions were employed in the qualitative phase, followed by deductive thematic analysis of the
discussion transcripts.21 Although this study provides useful insights into the topic, the context was limited to the nation
of South Africa.21 To make the instrument applicable to the broader Southern African context encompassing Namibia,
Zimbabwe, Angola, Eswatini, Lesotho, Zambia, and Mozambique, it is necessary to develop and validate a new KAP
questionnaire that can serve as an accurate measure of the KAP of healthcare professionals in this unique geographic
region.

This article’s research built on the results of our previous study to develop and validate an instrument for assessing the
KAP of healthcare professionals on environmental sustainability in healthcare in Southern Africa. The purpose of this
questionnaire is to provide researchers and policymakers insights into knowledge gaps, current practices, and healthcare
professionals’ attitudes and willingness to take environmental responsibility and action, such that future research efforts
and policy development can be targeted accordingly. The inclusion of barriers and education sections in the questionnaire
will additionally assist in addressing challenges and implementing sustainable healthcare education to advance envi-
ronmental sustainability in Southern Africa.6

Methods
Study design and setting
The study made use of a descriptive research design to develop and validate a KAP questionnaire as an instrument to
collect quantitative and qualitative data on the KAP of healthcare professionals regarding environmental sustainability in
healthcare in Southern Africa.

Stages of the study and development of the questionnaire
The development and validation of the KAP questionnaire consisted of a six-stage process:

• Stage one: A mixed-methods study from 2021, together with updated literature, served as a starting point to
generate the items used in the initial design of the first version of the questionnaire.

• Stage two: An expert panel evaluated the questionnaire

• Stage three: The expert feedback was analysed, and changes were incorporated into the questionnaire
accordingly.

• Stage four: The pilot-study participants, consisting of the target population, completed the questionnaire and
provided feedback to further improve the questionnaire.

• Stage five: Similar to the expert feedback, the feedback from the pilot study was analysed, and changes were
incorporated into the questionnaire accordingly.

• Stage six: A final expert panel evaluated the questionnaire.

• Stage seven: The item ratings from the experts were used to validate the overall questionnaire. Following this,
item removal took place, and a final validation of the questionnaire was performed.

Study population and sampling
While developing and validating the instrument, the researchers recruited experts to participate in stage two (n=9) and
stage six (n=7) of the study. These numbers were recommended by multiple comparable studies as a requirement
for the expert panel to establish content validity.22–24 Non-probability purposive- and snowball samplingwere used in the
selection to identify and select experts appropriately based on the study’s inclusion criteria.25,26 The experts were
recruited through social networking, using LinkedIn or ResearchGate, where both were identified as professional or
academic social media platforms. To be considered as an expert, participants had to demonstrate expertise in their
respective fields where sufficient expertise was defined through one or more of the following: holding academic
qualifications at master, doctoral or higher level; being a researcher in a relevant subject field; having relevant
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publications and/or clinical experience. Here, relevant fields included: KAP studies/instrument development/validation
studies, environmental sustainability, the Southern African context and healthcare from either of the following pro-
fessions: physiotherapy, occupational therapy, speech-language pathology, audiology, human nutrition and dietetics, or
nursing. Unlike the mixed-methods study of 2021,21 the profession of human nutrition and dietetics was included in this
study as this is a prevalent profession in delivering healthcare.

In stage four, stratified and snowball sampling were used to select the pilot-study participants.27 They were sourced
through the researchers’ networks, social media, special interest groups in healthcare, regional professional organisations
and requested to suggest other potential participants. The pilot-study participants had to be healthcare professionals in
Southern Africa, working in any speciality of their profession, including physiotherapy, occupational therapy, speech-
language pathology, audiology, human nutrition and dietetics, and nursing; practising for at least six months or working
in academia. Emphasis was placed on recruiting participants from all the above-mentioned professions as well as all
Southern African countries were represented among the included pilot-study participants.

The research team initially aimed to source 18 healthcare professionals as pilot-study participants, specifically two from
each Southern African country. After distributing 34 ‘request to participate’ emails and sending numerous ‘follow-up’
emails, the research team received responses from 21 healthcare professionals who were willing to participate. The pilot-
study participants were requested to complete the questionnaire and provide feedback. Despite sending reminders via
email, only 13 pilot-study participants followed through with this.

Developing questionnaire and item clarity
During the initial expert evaluation (stage two) and the pilot study (stage four), participants were requested to evaluate the
entire instrument in terms of layout, instructions, length and/or time taken to complete the questionnaire. The experts were
also requested to indicate whether they used a cellphone/mobile phone or laptop/computer to complete the questionnaire
such that the research team could identify problems in completing the questionnaire on different common devices. The
pilot study participants were divided in half, whereby seven of the pilot-study participants were requested to complete the
questionnaire on their laptop/computer and the remaining six were requested to complete the questionnaire on their cell
phone/mobile phone. This was done to ensure the accessibility of the questionnaire through various devices. Addition-
ally, the experts also had the opportunity to provide any additional input regarding the content and the format. The pilot
study participants were requested to provide overall feedback on the clarity and formulation of the questions.

During stages two and six, the experts followed a four-point satisfactory scale in terms of how satisfactory they
considered each questionnaire item to be in measuring the construct and/or purpose of the research study: 1) unsatis-
factory; 2) somewhat satisfactory, 3) quite satisfactory and 4) highly satisfactory. Additionally, they were requested to
provide input as to how each item could be improved or rephrased if they provided a rating of one to three. This feedback
was, however, only incorporated during stage three of the study and not in stage six. Reasons being, in stage six, the
suggestions were stylistic and grammatical in nature; and other suggestions were only provided by one or two experts and
thus not congruent across experts. Since the final version was used to calculate the content validity, it was important that
no further changesweremade to the questionnaire. This data is still available for further questionnaire development, in the
event that researchers from other regions wishing to validate the questionnaire for their region, would like to incorporate
these changes before the validation process.

The questionnaire was uploaded onto Qualtrics, a web-based tool, for data collection that allows for the creation of
questionnaires and the analysis of their results.28 This provided a link sent to participants to enable them to complete the
questionnaire.

To receive feedback from the participants in the different stages, the researchers usedMicrosoftWord andGoogle Forms.
During stage two, the information was electronically completed in Microsoft Word and tabulated into a Microsoft Excel
document in stage three to ensure that the data could be easily accessed and compared. During stages four and six,
feedback was requested on Google Forms, which automatically allowed the results to be analysed in Microsoft Excel.

Evaluating content validity
The pilot study participants provided feedback regarding the clarity and formulation of the questions and the overall
content of the questionnaire. The questionnaire was rated by the experts in both stage two and stage six. The item content
validity index (I-CVI) refers to the average expert ratings of each questionnaire item. I-CVI ranges from zero to one and
expresses a portion of agreement on the relevancy of each item.29 The scale content validity index (S-CVI) was calculated
using the average S/CVI (S-CVI/Ave) method, where the sum of all I-CVI scores is divided by the total number of
questionnaire items.
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In stage six, the final questionnaire was returned to the experts for a second and final round of feedback. Unfortunately,
only seven out of the nine experts were available. In stage seven, following the calculation of both I-CVI and S-CVI/Ave,
five questionnaire itemswere removed as theywere ratedwith an I-CVI of lower than 0,79. One questionnaire itemwhich
received a rating of 0,714 was retained following researcher discussions, due to its relevance. The remainder of the
questionnaire items all received an I-CVI greater than 0.79 (> 0.79). The final S-SCI/Avewas greater than 0.9 and ensured
excellent content validity.29

Data analysis
Data analysis occurred in stages three, five and six of the questionnaire development. In stage three, the first round of
expert feedback relating to each questionnaire item and the questionnaire as awhole was carefully analysed and discussed
by the research teambeforemaking changes. In stage five, a similar approachwas used in incorporating the feedback from
the pilot study. In stage six, the experts rated the questionnaire items according to a four-point satisfactory scale; these
ratings were used to determine the questionnaire’s content validity.

Results
In this section, we present our findings according to each stage of the study. Figure 1 provides an overview of the seven
stages of the questionnaire development and validation, together with a summary of each stage’s process.

Stage one: Item generation and questionnaire design
In this stage, the research team evaluated and reviewed the results of the South African mixed-methods study.21 The
KAP questionnaire used in this study consisted of 14 close-ended and 11 open-ended questionnaire items. A total of
203 participants started the questionnaire, but only 100 participants completed the questionnaire, indicating a somewhat
poor response rate.21 In hindsight, this was considered as being a potential result of overly difficult knowledge-based
questions and having too many open-ended questions. Next to sourcing additional and updated literature, the research
team used the questionnaire items from the previous study as a basis for developing their pool of questionnaire items.
The qualitative data was used to identify prevalent themes and categories. After this process, 109 potential questionnaire
items were availed. To reduce this number and ensure relevance, the research team evaluated each questionnaire item
individually. This iterative evaluation process was continued until agreement was reached on the final 29 questionnaire
items, excluding the demographic section at the beginning of the questionnaire. Section one consisted of 13 knowledge-
based questionnaire items, section two consisted of five attitudinal questionnaire items, and section three included six
questionnaire items pertaining to environmental sustainability practices. The barrier and educational sections contained
three and two questionnaire items, respectively.

Stage two: Evaluation by an expert panel
The nine experts recruited fulfilled various combinations of the expert inclusion criteria. For instance, one of the experts
demonstrated expertise in environmental sustainability, the Southern African context and as a healthcare professional.
Of the nine experts, seven were healthcare professionals, two demonstrated expertise in KAP study/instrument
development/validation studies, four demonstrated expertise in environmental sustainability, and two demonstrated
expertise in the Southern African context. Regarding the demographics of the experts, six were female, and three were
male, all ranging between the ages of 33 and 61.

The research team interpreted and analysed the expert ratings and the feedback that was provided. This process was
methodical in that each questionnaire item, along with the expert feedback, was discussed individually. Before making
the changes to the questionnaire items, the research team reached a consensus for amendments, removal or other measure
to be taken for each questionnaire item.

Stage three: Validation and incorporation of changes from the expert panel
During this stage, the I-CVI and S-CVI were calculated on the first draft of the questionnaire to determine a baseline for
later comparison. As seen in Table 1, unfortunately, two questions were not evaluated by one of the experts. The S-CVI
for section one was calculated at 0.749; for section two at 0.978 for section three at 0.924, section four at 0.963 and
section five at 0.944. The S-CVI/ave for the whole questionnaire was 0.860.

Following this, the feedback was analysed and then used to change the questionnaire. Regarding the formulation of the
instructions, one expert suggested that the phrase ‘based on your own knowledge’ be added to the instructions of the true
or false questionnaire items in the knowledge section so that the participants understand that they are not expected to
research their responses from a reference source, but to rather use their current knowledge.
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Multiple experts noted that questionnaire items 1.1b, 1.1c, 1.1f and 2.1a contained too many theoretical constructs or
different terminology, which may conflict with each other and therefore argued that this could confuse participants
regarding what aspect of the questionnaire item they should refer to in answering it. For example, questionnaire item
1.1b originally read: ‘The impacts and risks of climate change on mental health are rapidly accelerating’. The expert

Figure 1. Line diagram of 7-stage process of KAP questionnaire development.
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Table 1. I-CVI and S-CVI calculations of questionnaire items after the first round of expert (n=9) feedback.

Question number I-CVI (Item-Content Validity index)

Knowledge

1.1 a 0.667

b 0.778

c 0.444

d 0.889

e 0.667

f 0.778

g 0.625

h 0.889

i 1

1.2 a 0.889

b 0.778

c 0.667

1.3 0.667

Average Scale CVI for knowledge section: 0.749

Attitudes

2.1 a 0.889

b 1

c 1

d 1

e 1

Average Scale CVI for attitudes section: 0.978

Practices

3.1 0.889

3.2 1

3.3 1

3.4 0.778

3.5 1

3.6 0.875

Average Scale CVI for practices section: 0.924

Barriers

4.1 0.889

4.2 1

4.3 1

Average Scale CVI for barriers section: 0.963

Education

5.1 0.889

5.2 1

Average Scale CVI for education section: 0.944

Average Scale CVI for the whole questionnaire*: 0.86

Note: 1.1g was only rated by 8 experts, not 9.
*Sum of all questions’ I-CVI divided by the total amount of questions.
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argued that ‘impacts and risks (are) not necessarily the same thing’. In response to this, the research team confined the
questionnaire items listed above to one construct as far as possible, with for this question, the final item reading ‘Climate
change has an impact on mental health’.

One expert indicated that it could not be assumed that all participants completing the questionnaire believe that
climate change has man-made origins with catastrophic effects. At the same time, participants can have certain beliefs
whilst still being advocates of environmental sustainability. Therefore, the research team added an option to select ‘non-
applicable’ in response to certain questionnaire items. Experts suggested that the option of ‘other’ be included for the
questionnaire item ‘Climate change has a direct negative impact on human health, through which of the following?’
because some experts recognised additional negative human health impacts of climate change. Another expert noticed
that two questionnaire items in the practice section, namely Q3.2 ‘Regardless of whether your place of work has a policy
or not, which of the following strategies to improve environmental sustainability in healthcare have been implemented at
your place of work?’ and Q3.5 ‘Which of the following environmentally sustainable measures for your place of work
would you support?’ each listed different answering options for selection. The expert suggested that the same list of
options be provided for both questionnaire items as this would create more flow. Therefore, the options were combined
and edited so that they were applicable to both questionnaire items.

For the questionnaire item ‘What would be your preferred method of being educated on this topic as a practising
professional?’ it was suggested to provide the option of ‘Continuous professional development (CPD) activities’ as this
could be a means of gaining knowledge on the topic.

The expert panel further suggested that certain questionnaire items should be rephrased for greater clarity. For instance,
it was suggested that the statement ‘environmental sustainability practices should be incorporated into healthcare’ was
not specific enough, so the researchers amended this questionnaire item by specifying ‘into healthcare services’. It was
also suggested by multiple experts that ‘in your practice’ should be changed to ‘place of work’ to avoid ambiguity of the
term ‘practice’, which is often related to ‘private practice’ and thus not applicable for those working in academia or a
hospital. Some experts also suggested that a section should be created at the beginning of the questionnaire where
definitions for key terms such as climate change and environmental sustainability are provided. The research team
decided against this as it would indirectly disclose the answers for the knowledge section in advance and, consequently,
participants’ knowledge would be inaccurately represented.

An expert also noticed that one could not backtrack between the questionnaire items. This expert suggested that for easier
navigation and to allow participants to return to previous questionnaire items to provide the option to change their
answers, backtracking should be allowed. The research team agreed with this suggestion and activated the backtracking
function. A different expert recommended using larger text boxes where participants are allowed to type, such as in the
case of selecting the option of ‘other’ for open-ended additions. The questionnaire was adapted accordingly. Although
more than one expert proposed the use of Likert scales in more than just the attitudinal section, the research team decided
against this recommendation in favour of the aim to derive rich information from participants, which would be limited by
using a Likert scale. Minor spelling, numbering and punctuation errors were also highlighted and amended.

Several experts also suggested that the questionnaire items bemore specific to ensure that participants understand what is
being asked. Therefore, additional information was provided in brackets after certain questionnaire items and/or options.
As requested, all acronyms were discarded and replaced by full terms.

Finally, all overall feedback was discussed and used to adapt the instrument and make necessary changes to individual
questionnaire items. After the changes were incorporated, the questionnaire consisted of 11 knowledge, five attitudes,
eight practice, three barriers and two education questionnaire items with a total of 29 questionnaire items.

Stage four: Pilot study of the target population
Literature pertaining to the design and conduction of KAP questionnaires indicates that a small number of pilot-study
participants (five to ten) are recommended as volunteers from the target population.26 In this study, thirteen pilot-study
participants provided feedback. They consisted of two participants from Zimbabwe and Lesotho, respectively; three
participants from South Africa and Namibia, respectively; and one participant from Angola, Eswatini (Swaziland) and
Mozambique, respectively. The pilot-study participants consisted of healthcare professionals in various fields, namely
five nurses, four occupational therapists, one physiotherapist, one speech-language pathologist, one audiologist and one
professional from human nutrition and dietetics. Six males and seven females between the ages of 24 and 66 participated
in the study.
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Stage five: Incorporating feedback from the pilot study
In the feedback, all of the pilot-study participants stated that the questionnaire was easy to understand and clearly
formulated and that they understood what was expected of themwhen answering the questionnaire items. Of the 13 pilot-
study participants, 11 indicated that it did not take them longer than the approximate time stated, that being 15 to
20 minutes, to complete the questionnaire. Therefore, no changes were made to reduce the length of the questionnaire.
Four pilot-study participants raised concerns with regard to the terminology used and suggested that simpler words be
used to ensure understanding for those less proficient in the English language. Therefore, the research team examined the
entire questionnaire and made necessary adjustments to ensure comprehension.

At this stage, the research team realised that participants from countries that do not have English as an official language,
such as Angola and Mozambique, which both have Portuguese as their official language, would have difficulty
understanding the questionnaire. Therefore, questions were included in the demographic section, instructing the
participants to indicate their first (home) language as well as to rate their proficiency in English according to the provided
options of poor, fair, good or excellent. No changes were made to the number of questionnaire items in this stage.

Stage six: Final review by the expert panel
Final validation and review of the questionnaire was performed by the expert panel. Unfortunately, two experts from the
first round of feedback were unavailable for the final round of feedback due to other commitments. Therefore, the final
expert panel consisted of seven experts (n=7).

Stage seven: Validation, item removal and final validation of the questionnaire
A statistician used the final expert ratings to calculate the Item-Content Validity Index (I-CVI) and the Scale-Content
Validity Index (S-CVI). After the final evaluation by the expert panel, four questionnaire items from the knowledge
section and one from the practice section, with ratings below 0.79, were removed from the questionnaire. An additional
questionnaire item from the educational section also received a rating below 0.79. This questionnaire item required
participants to select all methods that they consider applicable: ‘What would be your preferred method of being educated
on this topic as a practising professional?’ The research team analysed this questionnaire item, and decided to retain it
based on the shared conclusion that it would provide important information which could be used for intervention
strategies in future studies.

As illustrated in Table two below, after calculating the S-CVI/Ave, the developed questionnaire has reached excellent
content validity with a rating of 0.922. The S-CVI/Ave for each section was also calculated; the only section with a rating
lower than 0.900 was the educational section with a rating of 0.857.

Notably, in the final expert feedback, some questionnaire items received lower S-CVI ratings than in the first round of
feedback. Despite this, it was determined by comparing the S-CVI/Ave ratings from the first round of expert feedback
(Table 1) to those from the final round of expert feedback (Table 2) that the validity of the questionnaire improved; with an
initial S-CVI rating of 0.86 and a final rating of 0.922.

Table 2. I-CVI calculations of the questionnaire items by the expert panel (n=7).

Question number I-CVI (Item-Content Validity index)

Knowledge

1.1 a 1

b 1

c 0.71

d 0.857

e 0.857

f 1

1.2 1

Average Scale CVI for knowledge section: 0.918
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Discussion
There is limited literature regarding the KAP of healthcare professionals relating to the health impacts of climate change
and environmental sustainability in healthcare, and healthcare professionals from the African continent are routinely not
included in relevant studies.6,21 In the present study, a 24-itemKAP questionnaire regarding environmental sustainability
was developed and validated. The S-CVI/avg for the final questionnaire was calculated to be 0,922. An S-CVI of 0,800 is
recommended as a minimum rating for a new instrument, and therefore, this study’s questionnaire exceeds the minimum
S-CVI standard.29

The research team could not draw comparisons from other studies because there is limited literature regarding the
development and validation of KAP questionnaires pertaining to this topic. Amethodologically similar study focussed on
developing a questionnaire investigating the KAP among student tuberculosis patients in China. In this study, the
questionnaire was distributed to an expert panel consisting of 12 experts who were expected to rate the questionnaire
items on a five-point scale (where 0 = very unimportant and 4 = very important). Additionally, a two-round expert
consultation was performed and CVI was used as a measure for content validity. This study also met the criteria for a
content-valid questionnaire (0.962).30 The similarities between the methodology employed in this and our study,
particularly the use of an expert panel and two rounds of expert feedback, were deemed meaningful in that they
demonstrated the successful use of the methodological approach.

Table 2. Continued

Question number I-CVI (Item-Content Validity index)

Attitudes

2.1 a 0.857

b 0.857

c 0.857

d 1

e 1

Average Scale CVI for attitudes section: 0.914

Practices

3.1 0.857

3.2 0.857

3.3 1

3.4 1

3.5 1

3.6 1

3.7 1

Average Scale CVI for practices section: 0.959

Barriers

4.1 0.857

4.2 0.857

4.3 1

Average Scale CVI for barriers section: 0.905

Education

5.1 1

5.2 0.714

Average Scale CVI for education section: 0.857

Average Scale CVI for the whole questionnaire*: 0.922

Note: Questions forwhich less than 6 experts allocated a rating of 3 or 4were removed, except for question 5.2 (which only 5 experts rated
as 3 or 4). Due to its relevance, this question remained in the questionnaire following researcher consultations.
*Sum of all questions’ I-CVI divided by the total amount of questions.
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The developed questionnaire positively contributes to the area of study as it addresses the recognised gap by availing a
validated instrument which measures the KAP of healthcare professionals on environmental sustainability in healthcare
in Southern Africa. By way of further contribution, the research team included questionnaire items that are not usually
indicated in KAP studies, such as those in the barriers and education sections. When the questionnaire is implemented
within further research studies, the results will provide details as to where significant challenges lie, and where the
concentrated efforts of local, regional, and national health organisations canmake themost difference. For example, if it is
determined that the knowledge of healthcare professionals is poor, then specific programmes aimed at increasing
knowledge (at both undergraduate training and in continuous professional development) will be a good starting point
to ensure that there is a general improved understanding of the need for sustainable healthcare. These programmes would
have a different focus, to those designed to create an attitudinal change (which would be evident from the responses to the
second section of the questionnaire), or those programmes which aim to reduce the barriers that healthcare professionals
face to increase the likelihood of implementation of practices advancing environmental sustainability.6 In addition, data
regarding healthcare professionals’ preferred methods of being educated on the topic can be obtained and inform future
studies on and thus inform methods of implementing of sustainable healthcare education.

Conclusion
An instrument to assess the KAP of healthcare professionals in environmental sustainability in Southern Africa was
developed and validated in this study. According to expert feedback and statistical calculations, it can be concluded that
the questionnaire has an excellent content validity of 0.922 S-CVI/Ave. The questionnaire can therefore be considered as
a valid instrument in measuring the KAP of healthcare professionals in environmental sustainability in Southern Africa.
The data obtained through questionnaire employment may additionally serve to indicate barriers that prevent healthcare
professionals from implementing sustainable practices and their views on sustainable healthcare education. Data
collected from this questionnaire can be interpreted and used to develop appropriate and context-specific strategies to
adopt more environmentally sustainable healthcare practices.

Limitations
Despite extensive recruitment, the research team could not obtain any pilot study participants for Botswana and Zambia.
Therefore, the questionnaire is not validated for these two Southern African countries. Additionally, two of the nine first
round of experts (stage 2) were unavailable to assist in completing the validation of the questionnaire during the second
round of expert feedback (stage 6). The research team also considered that some of the pilot-study participants did not
have English as their first language and that the comprehension and interpretation of answers could have been
misconstrued due to this language barrier. Finally, the questionnaire would have benefitted from undergoing face
validity. Even though the pilot study participants provided positive “additional feedback” regarding the content of the
questionnaire, for example indicating “the questions were in agreement with the study”, this was not a part of the formal
process.

Recommendations
It is recommended that the questionnaire be validated in other regions across the world, commencing with the remainder
of the countries in Sub-Saharan Africa, to determine its applicability across a wider geographical area. Together with this,
it will be important to translate the questionnaire into the respective languages of each target population.

It is hoped that the questionnaire will be used by researchers from the respective countries in Southern Africa to determine
a baseline of information from which various responses aimed at improving environmental sustainability in healthcare
can be developed. Further research and discussions amongst policymakers regarding how these findings can be
implemented across local, regional and national health organisations will be required. Environmental public health
would be an appropriate discipline to address these, ensuring intersectoral and interdisciplinary collaborations. Sugges-
tions on how this can be incorporated through education, training and capacity building have been made elsewhere and
should be reviewed when planning context-specific responses.31,32 The questionnaire can be a means through which to
facilitate the development of partnerships across SouthernAfrican countries - to share ideas, experiences, knowledge, and
policies and implement changes.

Ethical considerations
The study was conducted in accordance with the Declaration of Helsinki, and the research ethics committee of the
University of Pretoria, Faculty of Health Sciences, granted permission to conduct the study (698/2021) on the 7th of
February 2022. Informed consent was signed by all of the experts, while pilot-study participants clicked consent on the
qualtrics form before proceedingwith the questionnaire. Before doing so, both experts and participants had been provided
information about the purposes and processes of the study and informed that their personal data would be anonymised.
Anonymised data was used in the data analysis and interpretation of the findings. Ethical considerations were adhered to,
including upholding confidentiality and anonymity.
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Consent
Written informed consent for publication of the participants/patients’ details and/or their images was obtained from the
participants/patients/parents/guardians/relatives of the participant/patient.

Data availability
Figshare: First Round Expert Feedback, Ratings and Question Feedback, 10.6084/m9.figshare.21220283.v2.

This project contains the following raw underlying data:

• First round expert feedback, ratings and question feedback (this dataset contains the ratings given by 9 experts
for every questionnaire item as well as feedback on how each questionnaire item can be improved.)33

Figshare: First Round Expert Feedback: General Feedback, 10.6084/m9.figshare.21220697.v2.

This project contains the following raw underlying data:

• First round expert feedback: General feedback (this dataset contains general information provided by the
experts about the layout, time taken to complete the questionnaire and additional feedback about the
questionnaire.)34

Figshare: First Round I-CVI and Average S-CVI, 10.6084/m9.figshare.21224900.v2.

This project contains the following raw underlying data:

• First round I-CVI and average S-CVI (this document shows the item content validity index (I-CVI), as well as
the average scale content validity index (S-CVI) calculated after the first round of expert feedback.)35

Figshare: Pilot Study Participant Feedback, 10.6084/m9.figshare.21224918.v2.

This project contains the following raw underlying data:

• Pilot study participant feedback (this dataset provides feedback from the pilot-study participants regarding
language, clarity of questions, length of the questionnaire and user-friendliness.)36

Figshare: Final Round Expert Feedback and Ratings, 10.6084/m9.figshare.21224954.v2.

This project contains the following raw underlying data:

• Final round expert feedback and ratings (this dataset provides the final ratings given by the experts for the
improved questionnaire items as well as additional feedback on how the questionnaire can be improved
further.)37

Figshare: Final Round Average I-CVI and S-CVI Calculation, 10.6084/m9.figshare.21224975.v2.

This project contains the following raw underlying data:

• Final round average I-CVI and S-CVI calculation (the item content validity index (I-CVI) of the questionnaire
items included in the final questionnaire as well as the average scale content validity index (S-CVI/Ave) of the
final questionnaire.)38

Data is available under the terms of the Creative Commons Zero “No rights reserved” data waiver (CC0).

Extended data
Final questionnaire on the knowledge, attitudes and practices of healthcare professionals on environmental sustainability
in Southern Africa, 10.6084/m9.figshare.21224993.v2
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This project contains the following raw underlying data:

• Final questionnaire on the knowledge, attitudes and practices of healthcare professionals on environmental
sustainability in Southern Africa (the final questionnaire of 24 questionnaire items with excellent content
validity.)39

Data is available under the terms of the Creative Commons Zero “No rights reserved” data waiver (CC0).
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expertise to confirm that it is of an acceptable scientific standard.

Version 1

Reviewer Report 06 March 2025
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© 2025 Dixon J. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Jonathan Dixon  
1 School of Clinical Dentistry, University of Sheffield, Sheffield, UK 
2 School of Clinical Dentistry, University of Sheffield, Sheffield, UK 

Thank you for the opportunity to review this interesting piece of research. The work is well 
presented and overall I am happy with the quality of the submission. A robust approach to 
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questionnaire validation has been applied. My main suggestion is to provide further detail in the 
introduction and discussion sections that justify the need for this research. I appreciate the need 
but I am a researcher with expertise in the area – it may not be so obvious for other readers. 
Additionally, further clarity regarding the participants involved in the pilot would be beneficial 
(demographics etc) 
 
Congratulations to the authors – this was an interesting read.
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Environmental sustainability in dentistry, Curriculum development

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Author Response 11 Mar 2025
Filip Maric 

Thank you for your kind review.  
 
Reviewer 2 also suggested that we provide further detail in the introduction and discussion 
sections that justify the need for this research. We have made resonant amendments in the 
introduction and discussion sections. 
 
We did not add additional demographic details because this is already provided under 
‘Stage four: Pilot study of the target population’ in the results section.  

Competing Interests: No competing interests were disclosed.
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© 2025 Lauriola P. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Paolo Lauriola  
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General Comments 
The intended use of the questionnaire remains unclear. It is crucial to explicitly state how the 
results will be utilized within local, national, and regional health organizations. Additionally, this 
article would benefit from a broader discussion on how the findings are expected to be 
implemented across these levels. 
Furthermore, the involvement of policymakers should be considered essential, as physicians play 
a critical role in raising public awareness regarding the importance of environmental 
sustainability. Engaging policymakers would enhance the questionnaire's impact, ensuring that its 
outcomes contribute effectively to knowledge enhancement, attitude shifts, and practical 
improvements in healthcare sustainability. 
By addressing these aspects, the questionnaire’s content could be more aligned with its ultimate 
objective of improving healthcare professionals' Knowledge, Attitudes, and Practices (KAP) 
regarding environmental sustainability. 
 
 
Specific Comments

Keywords: Please ensure that the keywords are distinct from those used in the title to 
enhance indexing and retrieval.

○

Introduction: The article should reference the Triple Planetary Crisis (climate change, 
environmental pollution, and biodiversity loss) as defined by the United Nations 
Environment Programme (UNEP). A suitable citation would be: UNEP - Triple Planetary Crisis
. (https://unfccc.int/news/what-is-the-triple-planetary-crisis)

○

 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
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No

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Environmental Epidemiology, Public Health

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 11 Mar 2025
Filip Maric 

Thank you for your feedback. 
 
Hopefully, once published, researchers and policy makers interested in this field, will use 
the questionnaire in order to establish a baseline of information which can form a 
foundation for further work to enhance environmental sustainability in healthcare in 
Southern Africa, which is a in a particularly vulnerable area, to the effects of environmental 
degradation and climate change. A clarifying phrase and closing sentence has been added 
to the last paragraph in the introduction. Additionally, further information has been added 
to the final paragraph in the discussion section, explaining how the results of the 
questionnaire can be used. Specific strategies on how to implement the findings, is beyond 
the scope of this article. The second paragraph in the recommendations has been expanded 
upon, encouraging additional research and discussion amongst policy makers regarding 
how these findings can be implemented. Suggestions that have been made elsewhere have 
been referenced. 
 
Regarding the 'triple planetary crisis, the abstract opening sentence has been amended and 
the concept and reference have been added to the corresponding introductory paragraph.  

Competing Interests: No competing interests were disclosed.
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Ebenezer Akore Yeboah  
1 Research Centre for Healthcare and Communities, Coventry University, Coventry, UK 
2 Research Centre for Healthcare and Communities, Coventry University, Coventry, UK 

Summary: Environmental sustainability in healthcare is quite a significant area needed to be 
explored to help protect and maintain the planet for all forms of life. Most commonly, research in 
this area is lacking in the global south especially Africa, hence it is significant to have seen and 
reviewed this paper on developing an instrument within African context.  
 
My Review & Questions 
Well done to the authors.  
1. Please check the third sentence in the third paragraph in the background for grammatical 
corrections. 
2. You indicated the medium of selection for the expert reviewers... Please what was the medium 
of participant selection for the pilot study? 
3. Under developing a questionnaire and item clarity in the methods section, you indicated below; 
"This feedback was, however, only incorporated during stage three of the study and not in stage 
six. This data is still available for further questionnaire development". Question; Were the 
feedback significant, if yes why not incorporated, if no why have you alluded to the need for that 
feedback in further development? 
4. At what stage of your process did you undertake a face validity of the instrument that is if it was 
performed, if no face validity why? 
5. In the questionnaire, 1a. climate change has a direct negative influence on human health 
1b. Climate change has an impact on mental health… 
Question: Is mental health not a subset of human health? Why have you emphasised mental 
health, or does 1a refer to human physical health? I would appreciate a response to this.  
6. The word ‘Poverty stricken countries’ is too harsh. A country's presence in the global south 
can make them vulnerable but they may not be poverty-stricken… Could you use a term like ‘low-
income countries’ or 'countries with low adaptation plans' or global south countries or any other 
term which is friendly?  
 
Thank you.
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Yes
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Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Nursing, Climate change, sustainability

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 11 Mar 2025
Filip Maric 

Thank you for your kind feedback. Here are our point-for-point responses (first part of the 
text are your points followed by our responses after hyphen series '---': 

Please check the third sentence in the third paragraph in the background for 
grammatical corrections. 
--- Thank you. The sentence has been edited. 
 

1. 

You indicated the medium of selection for the expert reviewers... Please what was the 
medium of participant selection for the pilot study? 
--- Thank you. The medium of selection has been added in the second sentence 
of the paragraph. 
 

2. 

Under developing a questionnaire and item clarity in the methods section, you 
indicated below; "This feedback was, however, only incorporated during stage three 
of the study and not in stage six. This data is still available for further questionnaire 
development". Question; Were the feedback significant, if yes why not incorporated, 
if no why have you alluded to the need for that feedback in further development? 
---  The feedback was not incorporated into the questionnaire for two reasons. 
Firstly, most of the suggestions were stylistic and grammatical in nature. 
Secondly, other suggestions were only provided by one or two experts, and thus 
not congruent across the experts. Since the final version was used to calculate 
the validity index, it was important that no further changes be made to the 
questionnaire. We decided to make the suggestions available for other 
researchers, so that these can be used if researchers from other regions want to 
validate the questionnaire for their region and wish to make further changes to 
it before the validation process. Explanatory sentences have been added to this 
section in the article. 
 

3. 

At what stage of your process did you undertake a face validity of the instrument that 
is if it was performed, if no face validity why? 
--- Thank you for highlighting this. In light of the thorough process undertaken 
to establish content validity, a detailed process of face validity was not 
conducted. However, the pilot study participants did provide positive 
“additional feedback” regarding the content of the questionnaire, for example 

4. 
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indicating “the questions were in agreement with the study”, however since this 
was not formally addressed as face validity, it has not been specifically included 
in the article. This is thus a limitation and has been added under the limitation 
section in the article. 
 
In the questionnaire, 1a. climate change has a direct negative influence on human 
health. 1b. Climate change has an impact on mental health… Question: Is mental 
health not a subset of human health? Why have you emphasised mental health, or 
does 1a refer to human physical health? I would appreciate a response to this. 
--- Thank you. In the Southern African context, for the general population, when 
speaking of health, it is understood as physical health. Since mental health is 
still largely underrepresented and not recognised well, we therefore made a 
specific separate question to address it and ensure that the respondents think 
about mental health. 
 

5. 

The word ‘Poverty stricken countries’ is too harsh. A country's presence in the global 
south can make them vulnerable but they may not be poverty-stricken… Could you 
use a term like ‘low-income countries’ or 'countries with low adaptation plans' or 
global south countries or any other term which is friendly? 
--- Thank you. Whilst we agree with you regarding this point, the terminology for 
the questions were derived, amongst others, from the literature searches. There 
is a lot of literature referring to “poverty-stricken countries” being most 
vulnerable to the effects of climate change. Additionally, this highlights, the 
contrast of “wealthy” countries producing the majority of carbon emissions, 
whilst “poverty-stricken  countries” are more disadvantaged by the effects of 
these carbon emissions. Since the questionnaire has now been validated, we are 
unable to make additional changes to the questions.

6. 

Kind regards, 
The authors  

Competing Interests: No competing interests were disclosed.
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