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Abstract

:

This case study examined the feasibility, reach, and potential impact of using Wikipedia as a tool for hearing health promotion. Activities involved editing existing Portuguese-language Wikipedia hearing health articles, as well as translating English-language hearing health articles to Portuguese during the Wiki4WorldHearingDay2019 and Wiki4YearOfSound2020 online campaigns. The Wikipedia efforts that took place in Brazil were carried out by 10 volunteer undergraduate students in Speech-Language Pathology and Audiology at the Federal University of Santa Catarina, in Brazil. Among new and existing Wikipedia articles, the group edited 37 articles, which attracted more than 220,000 views during the set tracking period. Students were responsible for 60% of the Portuguese-language edits during the Wiki4WorldHearingDay2019 campaign and more than 90% of the Portuguese-language edits during the first half of the Wiki4YearOfSound2020 campaign. Moreover, the quality indexes for pages either created or edited were improved in all situations by registering an increase rate ranging from 33% to 100%. Wikipedia-centered activities expanded the availability of quality scientific content, written in plain language, to the public. Students worked together in order to select topics, assess existing information, validate it, create new content, and share information—steps that contributed to the mission of health promotion and knowledge dissemination for the benefit of society.
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1. Introduction


The lack of quality information about health conditions and existent health services is considered an obstacle to promoting public health. This challenge is demonstrated with hearing health [1], considering the several year gap between the first signs of hearing difficulties and the subsequent search for healthcare [2,3,4,5,6]. New technologies, expanded access to telehealth, and open communication are needed to change this scenario [7]. Information available in simple and accessible language can help people understand and implement health information into their daily lives. Access to free information is recognized by the Centers for Disease Control and Prevention as a necessary step in promoting health in general [8].



We selected Wikipedia as the platform to explore new science communication efforts. Wikipedia is seen as a significant digital platform for sharing information because of its open access mission and inclusive and democratic policies and practices [9]. Wikipedia.com holds seventh place among the most visited websites around the world, with 400 million unique visitors in 2018, accounting for 7.8 million pageviews per month [10]. In 2013, a survey showed that Wikipedia’s medical content consisted of more than 155,000 articles and one billion bytes of text in over 255 languages, and the number of views that year reached an impressive number of 4.9 billion. As a result, Wikipedia can be considered the most viewed medical resource worldwide [11], and its academic studies are quickly proliferating [12].



The largest Wikipedia is the English Wikipedia. In September 2021, it had more than 6 million articles and 42 million registered users, with about 123,000 of those being regularly active in the platform [13]. The Portuguese Wikipedia had just over one million pages of encyclopedic content and more than two million registered users, of which about nine thousand are active [14]. In 2021, among the different language versions of Wikipedia, it ranked 15th in the number of articles created [15]. Health-related content is the most visited on the platform in Portuguese, ranking prominently in Google’s search results [16].



Scientific content in Wikipedia is unevenly developed. Thus, the Wikimedia Foundation (WMF), which is the nonprofit organization that hosts Wikipedia and its sister projects, has partnered with scientific academic institutions and public health agencies to expand and improve the coverage of scientific topics [17]. The National Institute for Occupational Safety and Health (NIOSH) is one of the research agencies engaged in this effort. NIOSH developed and now manages WikiProject Occupational Safety and Health, which is a WikiProject that improves occupational safety and health content on Wikipedia. NIOSH also participates in classroom programs aimed at broadening and improving Wikipedia occupational health content and health promotion campaign organization [17,18].



Expanding aspects of scientific practice, such as the transparency, productivity, and reproducibility of scientific research, is crucial to provide relevant information to assist the public in making informed health decisions. This is in addition to having a favorable impact on the community and science-based policies [19,20]. In this sense, Wikipedia activities address two important scenarios: health promotion and scientific dissemination. Its activities promote new and dynamic processes for sharing information. In addition, Wikipedia publishes topics of interest in certain areas, develops and/or improves scientific communication skills, and improves digital literacy, which is a person’s ability to locate, assess, and articulate information via digital media. These activities can be measured in different ways, including the number of times a Wikipedia page is visited and interacted with by other editors on the platform [21,22].



This study was conceptualized from the experiences and accomplishments of leading health organizations such as Cochrane, the World Health Organization, Cancer Research UK, and NIOSH. Each institution developed customized strategies to integrate content into Wikipedia. The Participatory Action Research [23] approach inspired some of the methods used in this case study and involved the active participation of the students of Speech-Language Pathology and Audiology in health education (Audiology Study Group). Evidence suggests that expanding health content in Wikimedia’s public digital knowledge archives can increase and expedite its reach to the general public [11,16].



This study aimed to examine the feasibility, reach, and impact of a specific strategy for hearing health promotion within a formal education setting in coordination with global awareness-raising campaigns on Wikipedia and used a set of specific metric tools.




2. Materials and Methods


2.1. Feasibility of the Proposed Model: Training of the Student Participants


In our study, undergraduate students became coauthors in a collective production of knowledge. They learned how to edit encyclopedia pages and then put into practice their new knowledge by editing Wikipedia. Their participation was voluntary, as well as their choice of Wikipedia account names. They were informed of the public and transparent nature of the assignment and the plans to analyze the experience in a feasibility/case study.



A formal training process was developed and implemented. As participation was voluntary and did not have any formal grading or other performance evaluation, the main indicator of feasibility was retention. Attention, participation, and effort were also indicators of the viability of the approach. The project was publicized among the students through virtual channels, and interested parties signed up. Participants were eligible to participate if they could dedicate a minimum of two hours a week, which included participating in project meetings.



Ten undergraduate students volunteered to participate in the first proposed activity, which was part of the Wiki4WorldHearingDay2019 campaign. They were invited to contribute to a second campaign, Wiki4YearOfSound2020, and eight accepted. These two campaigns were selected because of the prominence of the organizing institutions and their common objectives to expand outreach and increase awareness among the widest possible audience. We noted that the campaigns also give students not only the motivation but also the opportunity to exercise new technical skills to expand the scientific content in hearing health while being able to measure the impact of their activities with objective metrics.



Study activities involving Wikipedia began in January 2019 and included the following: (1) locating and evaluating specific content on the intersection of audiology and environmental and occupational health; (2) discussing scientific evidence in these topic areas; (3) engaging in the health education process; and (4) introducing students to a public-directed scientific writing experience. In a partnership with researchers from NIOSH, the agency overseeing the two Wikipedia global online campaigns, the group focused on topics related to the promotion of hearing health.



Students took an 8 h training course offered by experienced Wikipedia writers and editors, called Wikipedians, from the Federal University of Santa Catarina. They used educational materials and tutorials developed by the Wiki Movement Brazil User Group (WMB) [24], the Wikipedia Education Program [25], and other collaborators. Participants learned about tools that are available for translating from Wikipedia: Translation [26] and from the training library of Wiki Education. This Wikipedia training covered the theoretical framework of the platform while hands-on experience demonstrated the processes for editing, translating, and developing content [27]. In addition, the Wikipedia Crowdsourcing Group from the University of Sao Paulo held online workshops and technical support training sessions throughout the effort. The main objective of the training was to show the students how to locate and evaluate sources for their verifiability, to discover associated content gaps in Wikipedia gaps, and to improve the content on the platform.



After the training was completed, students individually carried out writing assignments, which were tracked as part of the Wiki4WorldHearingDay2019 campaign. The campaign platform (available in 17 languages) had guidance on how to identify topics and improve or translate existing Wikipedia articles. This campaign was cohosted by the World Health Organization (WHO) and several professional organizations. A project coordinator provided online weekly guidance to students.




2.2. Analysis Methods for Reach and Quality of Student Contributions


The number of pageviews before these activities began, as well as changes in pageview trends afterward, was tracked by a set of online tools developed, maintained, and hosted by the Wikimedia Cloud Services team and volunteers [28]. The tracking tools used were Outreach Dashboard, Pageviews Analysis [29], and xTools [30]. The tools, which were hosted at Wikimedia Toolforge Services, performed analytics, administered bots, and ran specific web services, as well as created other tools [31]. The “number of views” metric provided information on the interest from Wikipedia readers on a specific subtopic [11,32].



The Outreach Dashboard was used to track students’ activities and determine the amount of content both in kilobytes (kB) and in number of words added to each page during the campaigns. The dashboard also provided the number of articles created and edited, along with the number of citations and other media files added. The Pageviews Analysis tool and xTools were both applied to the precise number of pageviews in a given period: 30 days before activities began and 30 days after they ended.



Beyond the quantitative analysis of pageviews, an evaluation criterion for both improved and translated contents was provided. An online tool that uses semantic data tracked the evolution of content through article quality assessments based on Objective Revision Evaluation Service (ORES) technology [33], developed and maintained by the Wikimedia Machine Learning team (shown in Figure 1). Essentially, it is an artificial intelligence service that runs on the backend and aims to provide machine learning features for an ecosystem of tools available on Wikimedia projects [34]. These tools make it possible to automate critical and time-consuming work in the context of Wikimedia projects [35]. Their most common applications include counter-vandalism tasks and quality predictions of new edits and articles. For the latter, ORES adopts a combination of open data and open-source machine learning algorithms to train models and create scores, which may vary depending on the Wikipedia project and its respective quality grading scheme. ORES scores help predict the quality of edits as they are made to the pages, as well as the quality of an article based on each given history revision (RevID).



On English Wikipedia, the quality assessments are made using a grading scheme aimed to determine the distribution quality of an article on a particular topic within a WikiProject, which is defined as the Wikipedia 1.0 Project. Usually, these quality assessments are carried out by editors who manually tag pages of articles. Then these tags are automatically collected by a bot that generates logs and statistics in the form of matrices of quality or relevance [36,37]. On the Portuguese Wikipedia, an equivalent grading scheme is composed of six indexes (ranging from 1 to 6), with the highest being the best quality rating [38,39,40,41,42,43,44,45].



For an article to be indexed as quality, the algorithm takes into account the semantic structures that indicate quality criteria and possible syntax or editing issues, both conditions affecting the final score [38]. Other criteria such as verifiability and the number of reliable sources determine the outcome [46]. Overall, verifiability, neutral point of view, compliance to the manual of style, presence of sections and images, and completeness are positively rated by the algorithm. The absence of reliable sources, internal or external links, a lack of neutrality (or a disrespect of other content core policies, such as those related to verifiability and original research), and a poor layout negatively affect the final score [46].



Thus, the articlequality model of the ORES UI tool was applied in two circumstances on each page:




	1.

	
To compare the index of quality after the last history revision prior to student activities to the last history revision after the student interventions to find the improved quality.




	2.

	
To obtain the index of quality after the last history revision, conducted right after the end of student activities (for the created/translated content).









In the case of translated pages, only the revision history was used to obtain the quality index. Then comparisons regarding the evolution of the indexes between the two forms of activities (content creation/translation vs. content improvement) were carried out to determine the effectiveness of each approach and its impact.





3. Results


3.1. Global Online Campaigns


Activities from the Wiki4WorldHearingDay2019 campaign were tracked from 21 January 2019 through 31 March 2019. Overall, the results indicated that 74,000 words were contributed to 90 existing and 7 new Wikipedia articles, and 21 images were donated to the open access repository WikiCommons. These expanded (edited) and new articles received more than 2.8 million views during the 2-month tracking period. The most accessed English-language pages during the entire Wiki4WorldHearingDay2019 campaign were hearing loss, tinnitus, otitis media, and noise-induced hearing loss. The Portuguese-language articles with the highest number of views were hearing and speech therapy, effects of noise pollution on health, solvents, noise-induced hearing loss, and occupational hearing loss. Four of these Portuguese-language articles were edited by study participants.



Since the beginning of the subsequent Wiki4YearOfSound2020 campaign on 4 November 2019, overall, more than 1000 articles were created or expanded in several languages, including English, Portuguese, Spanish, Italian, Chinese, and French, in a 12-month period. At the end of 2020, the entire campaign had achieved more than 131 million views for those 1000+ articles. One must note, however, that because pages had been individually edited at different times throughout the campaign, the duration of the tracking period varied with the date of the edit (i.e., articles tracked early in the campaign have longer tracking periods).




3.2. Outcomes by the Brazilian Students’ Efforts as an Extension Activity: Quantitative Assessment


The student participants were responsible for 60% of the Portuguese-language edits for Wiki4WorldHearingDay2019 campaign and more than 90% of the Portuguese-language edits for the Wiki4YearOfSound2020 campaign. The Audiology Study Group participants’ contributions are presented next for each of the global campaigns. The selection of topics and subsequent literature searches were conducted by the students and their project coordinator, focusing on topics that could contribute to the promotion of hearing health. The group expanded preexisting Portuguese-language articles in Wikipedia and translated articles that had been published on the English Wikipedia (see Table 1).



The timeframe for comparing the two versions was 30 days before activities began and 30 days after they ended. Newly created articles were accessed either 30 days after their creation or when they were uploaded to the website (for those who worked on user test pages).



In addition to the contributions shown in Table 1, study participants also performed minor edits, such as adding categories to existing pages. Those edits are important because Wikipedia uses categories to align pages by thematic groups. This enables readers to browse pages related to the same topic, thus consolidating the contents on the platform while broadening users’ reading and knowledge scope. For example, the category “audiology” was added to 26 pages, increasing the number of pages with this category by about 33% [47].
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Table 1. Details of the Brazilian students’ contributions: Wikipedia articles edited, number of words added, and/or translated * into Portuguese by the Audiology Study Group for the Wiki4WorldHearingDay2019 and Wiki4YearOfSound2020 campaigns.






Table 1. Details of the Brazilian students’ contributions: Wikipedia articles edited, number of words added, and/or translated * into Portuguese by the Audiology Study Group for the Wiki4WorldHearingDay2019 and Wiki4YearOfSound2020 campaigns.





	Linked Wikipedia Pages (Portuguese Titles Translated to English)
	Number of Words Added
	Number of Views 30 Days before the First Edit
	Date of the First Edit on the Page
	Number of Views 30 Days after the Last Edit
	Date of the Last Edit on the Page





	Individual protection equipment
	347
	4476
	11/08/2019
	3590
	07/02/2020



	Disturbance of peace
	389
	3683
	01/27/2020
	5007
	04/06/2020



	Decibel
	20
	5370
	12/20/2019
	2799
	12/20/2019



	Ménière’s disease
	31
	1634
	11/08/2019
	1612
	11/08/2019



	Hearing test
	159
	1220
	11/04/2019
	2516
	11/28/2019



	Tinnitus
	8734
	1503
	05/14/2020
	1488
	11/17/2020



	Cochlea
	573
	2006
	11/06/2019
	1253
	12/02/2019



	Noise
	3
	2139
	12/20/2019
	944
	12/20/2019



	Cerumen
	14
	995
	11/08/2019
	1139
	11/12/2019



	Organ of Corti
	403
	986
	11/08/2019
	970
	04/08/2020



	Hyperacusis
	595
	445
	11/08/2019
	599
	04/20/2020



	Conductive hearing loss
	627
	453
	11/04/2019
	531
	08/20/2020



	Ear canal
	176
	454
	11/26/2019
	600
	03/05/2020



	Presbycusis
	654
	432
	11/06/2019
	346
	03/05/2020



	External ear
	647
	1013
	11/08/2019
	370
	12/16/2019



	Pain threshold *
	1272
	-
	12/20/2019
	111
	12/20/2019



	Psychoacoustics
	1870
	336
	12/20/2019
	238
	12/20/2019



	Effects of noise pollution on health
	15
	386
	02/12/2019
	1382
	11/01/2019



	Noise-induced hearing loss *
	17,666
	-
	02/19/2019
	343
	11/29/2019



	Occupational exposure limit
	915
	217
	11/06/2019
	162
	12/06/2019



	Ear plug
	8263
	535
	05/18/2020
	770
	07/02/2020



	Acoustic trauma
	2812
	143
	11/04/2019
	145
	11/04/2019



	Lip reading
	1072
	271
	03/10/2020
	485
	03/30/2020



	Hearing and speech therapist
	790
	220
	11/21/2019
	244
	12/09/2019



	Occupational hearing loss
	99
	132
	03/08/2019
	174
	03/08/2019



	Hair cells *
	26,822
	-
	05/07/2020
	121
	05/07/2020



	Speech banana *
	333
	-
	11/25/2019
	31
	12/02/2019



	Hearing protection *
	11,862
	-
	05/16/2020
	110
	05/16/2020



	Sensorineural hearing loss
	506
	310
	11/07/2019
	192
	12/02/2019



	P300 *
	3068
	-
	12/20/2019
	63
	12/20/2019



	Diplacusis *
	10,031
	-
	05/05/2020
	50
	05/16/2020



	World Hearing Day *
	1178
	-
	11/08/2019
	19
	12/09/2019



	Occupational risks in dentistry *
	36,162
	-
	05/14/2020
	37
	05/18/2020



	Noise control *
	9744
	-
	02/20/2019
	120
	02/20/2019



	Audiometer *
	827
	-
	02/14/2019
	52
	02/14/2019



	Noise dosimeter *
	2120
	-
	03/08/2019
	49
	03/08/2019







Source: Outreach Dashboard and Pageview Analysis [29,48,49]; * Pages translated from English into Portuguese.











The impact of hearing health edits made by the undergraduate students of the Audiology Study Group is small (Table 1) when compared to the numbers of views of global campaigns (Table 2 and Table 3). However, the study group was responsible for 60% of the edits during the Wiki4WorldHearingDay2019 campaign and more than 90% of the edits during the Wiki4YearOfSound2020 campaign on the Portuguese Wikipedia.




3.3. Outcomes by the Brazilian Students’ Efforts as an Extension Activity: Qualitative Assessment


Table 4, Table 5 and Table 6 present an overview of the Wiki4YearOfSound2019 and Wiki4YearOfSound2020 campaigns based on the ORES scores for the articles on Portuguese Wikipedia within the contributions of the Audiology Study Group.





4. Discussion


Health promotion has been identified as a strategy to increase reach and service delivery as well as to trigger social engagement [51]. Its goal is to strengthen individuals and communities, increasing their autonomy as users of health services [52]. Wikipedia is considered an important resource for healthcare information in different contexts, one that is able to reach the public, patients, students, and professionals looking for health-related information online. Wikipedia has the mechanisms to respond to highly dynamic situations, to assess the reliability of resources, to invite collaboration, and to leverage expertise; consequently, it is becoming an important platform for health promotion [22,53,54]. Its tools and metrics make it possible to publish content that could promote the uptake of hearing health services, allowing health professionals and the public to evaluate its reach, public interest, and the potential impact of these actions within the community.



4.1. Analysis of Reach/Pageviews of the Global Campaigns and the Contributions from Brazilian Students


An objective of the Wikipedia campaigns described in this study was to help the general public in understanding acoustics subtopics such as environmental noise, noise control, hearing and psychoacoustics, speech, and vibration. Another objective was to increase their understanding of the importance of controlling environmental and occupational noise [55].



Undergraduate students of the Speech-Language Pathology and Audiology Program were responsible for 60% of the edits on the platforms during the Wiki4WorldHearingDay2019 campaign and more than 90% of the edits during the Wiki4YearOfSound2020 campaign. Their focused and ongoing participation could motivate other research groups, including Wikipedians who are interested in this topic, and possibly inspire the creation of a WikiProject in Audiology within Portuguese Wikipedia, following the guidelines of other WikiProjects [56,57,58].




4.2. Analysis of the Article Quality Assessment of the Brazilian Students’ Contributions as an Extension Activity


The number of article visualizations was impressive, indicating both the student’s interest in a topic as well as the interest from others who use Wikipedia. This information is valuable to researchers and health and science communicators as it allows them to plan and prioritize their communication efforts. To assess the impact of the activities, an analysis of the quality of the articles (either created or expanded) was carried out. These analyses revealed measurable improvement in the existing articles and good quality in the newly created articles.



The mean metric for the articlequality model for the edited articles (Table 4) rose from 1.83 to 2.5, an increase of more than 36%. The mode value rose from 1 to 2 while the median remained unchanged, suggesting variability among articles. In the articles created or translated through the online campaigns (Table 5), the mean, median, and mode values registered were 3.3, 3.5, and 4, respectively. These scores account for increased rates of 33.2%, 75%, and 100% when compared with those on the other group (Table 6).



Regarding the articles that existed before the current study (Table 4), the lower the previous quality index, the higher the increase registered. While no articles with a previous ORES quality index (articlequality method) of 3 or above had a change in rating after the interventions, most articles with a previous index of 2 registered a 1 point increase, and all articles with a previous score of 1 registered a 1 or 2 points increase. The pages “Tinnitus,” “Psychoacoustics,” and “Effects of noise pollution on health” had the most progress (+2) in this category. Of the 24 articles from this group, 14 evolved in terms of quality index, although 10 did not register any progress. As for pages that were created or translated from English into Portuguese (Table 5), a mode of 4 was observed. The “Hair cells” and “Hearing protection” pages achieved the highest indexes (of 5), which is equivalent to other pages retaining the “good article” status.



Although article length is often a measure to assess the quality of an article, the results demonstrated that this variable may have little influence on the article quality model predicted by ORES algorithms [59]. Other variables that impact internal quality include the quality of the text’s semantics; reliability of references; amount of inner, external, and broken links; existence of multimedia files, and more. These aspects may receive considerably more attention when an article is new [60] (pp. 101–113).




4.3. Feasibility of Educational Activities Involving Student Participation in Wikipedia Campaigns


While the approach described in this study is applicable to any field, it seems particularly relevant to the promotion of hearing care, as delay in seeking treatment is seen in several countries, regardless of the differences in availability of healthcare services. This delay is likely to limit the success of many interventions [1,2,3,4,5,6]. While numerous factors can explain why it takes individuals a long time to seek help, researchers argue that many of these factors are influenced by access to information regarding health conditions and the possibilities of care [1,2,3,4,5,6].



In the current study, undergraduate students were able to meaningfully contribute to the efforts of the Wikipedia component of two global health awareness campaigns. Whereas prior studies have used Wikipedia editing in the classroom as a required assignment [61,62], the current experience did not involve credit or grades [63]. Overall, the experience of student editing is described as having a positive impact [62,63].




4.4. Study Limitations


This study extended prior findings, but there were limitations inherent in the approach taken. Although students’ participation was not factored into grades, students may have felt that their participation would be viewed favorably by the instructor. There are many complexities involved in participatory action research, and we were unable to include them in the present study. This exploratory study, however, revealed several alternatives for follow-up work. The current study was limited in narrowly focusing on Wikipedia platforms rather than broader level technology skills. Future research should examine if this activity has a measurable impact on information literacy, such as if the skills learned through Wikipedia editing carry over to other online environments or influence other online writing, such as blogs and/or discussion forums. In addition, this approach offers opportunities for the role of collaboration in the learning process to be evaluated. Future research could (1) compare individual student work with collaborative editing to determine the effectiveness of each method, (2) strive to collect anonymous data for student feedback, and (3) allow researchers to examine whether Wikipedia activities enhance or limit student learning. An option for large classes would be to assign group work where article feedback would be given to groups rather than individual students. Regarding learning outcomes, we recommend future studies to explore the content of students’ edits to determine if the quality of their contributions improved over time.





5. Conclusions


Technology offers new ways for interacting and acquiring knowledge, which are extremely relevant in the health education field. Currently, skill- and knowledge-based crowdsourcing strategies are important in the promotion of public health. Awareness campaigns, such as those promoted by WHO and Wikipedia, are unique opportunities to improve hearing-related content on a referenced, plain language, open access source, thus providing quality information to the public.



The quality and the amount of coverage of science topics in Wikipedia articles are influenced by the degree in which experts in the field are involved. The expansion and improvement in articles from one subject area usually lead to an increase in pageviews [11,64]. Both approaches—translating content and improving preexistent articles—proved to be equally effective in improving the overall quality of the selected articles. These actions could contribute to the hearing health of the population by providing more freely available online articles containing reliable references as a primary source of information. Furthermore, access to plain language information about a health condition, including its possible diagnosis and treatment, is considered an important tool in increasing the use of health recommendations and services [8].



This educational and health promotion process involved study participants using new strategies to expand the delivery and implementation of scientific content. Reflecting on the study results, which indicated an average improvement of about 36% in the quality scale for the articles, incorporating activities to expand and improve scientific content in Wikipedia are justified both as a hearing health promotion educational experience and as a strategy for knowledge dissemination [65]. Clearly, Wikipedia activities provide a meaningful instructional assignment that can also benefit society.







Author Contributions


A.A.P.M.: Conceptualization; methodology design and selection criteria; software—selection and use of computational tools; formal analysis; investigation; data curation; writing—original draft; writing—analysis and editing; participation in the discussion of results. T.C.M.: conceptualization; methodology design; validation; investigation; resources; writing—original draft; writing—analysis and editing; participation in the discussion of results. D.Á.F.: Formal analysis; investigation; data curation; participation in the discussion of results. M.A.A.M.M.: Validation; resources. F.A.M.: Validation; resources. F.Z.: Conceptualization; methodology design; data curation; investigation; project administration; supervision; writing—original draft; writing—analysis and editing. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors. Authors conducted this study as part of their employment duties. No other funding was provided.




Institutional Review Board Statement


Ethical review and approval were waived for this study because student class assignments, as a rule, are not systematic data collection efforts intended to develop or contribute to generalizable knowledge and thus do not meet the federal regulatory definition of research [66]. Therefore, as a rule, student class assignments do not fall under the jurisdiction of the Institutional Review Board (IRB) and do not require IRB application, approval, or oversight. Most student class assignments pose little or no risk to students or others. The instructors ensured that students understood any potential for harm and took all possible steps to eliminate the risks to students or individuals outside the class involved in the assignment. Furthermore, in Brazil, studies with these characteristics that rely on data in the public domain are not required to seek approval by an Human Studies and Ethicals Review Board (article 1, sole paragraph, items III and VIII, of the Resolution N. 510, of 7 April 2016 of the National Health Council) [67]. All data and logs are available publicly in Wikimedia sites and can be searched via non-proprietary software maintained by WMF. In addition, according to the Wikimedia Privacy Policy, users are not required to disclose any personal information while registering their accounts on the platform [68], including their own usernames, which do not need to reflect their real names.




Informed Consent Statement


Not applicable.




Data Availability Statement


Only publicly available datasets were analyzed in this study. All data and logs are available publicly in Wikimedia sites and can be searched via non-proprietary software. This data can be found here: https://outreachdashboard.wmflabs.org/courses/International_Society_of_Audiology/Edit-a-Thon_for_World_Hearing_Day_2019 (accessed on 6 April 2023) and https://outreachdashboard.wmflabs.org/courses/National_Institute_for_Occupational_Safety_and_Health/Wiki4YearofSound2020 (accessed on 6 April 2023).




Conflicts of Interest


The authors declare no conflict of interest. The findings and conclusions in this report are those of the author(s) and do not necessarily represent the official position of the National Institute for Occupational Safety and Health, Centers for Disease Control and Prevention.




References


	



Ratanjee-Vanmali, H.; Swanepoel, D.W.; Laplante-Lévesque, A. Characteristics, behaviours and readiness of persons seeking hearing healthcare online. Int. J. Audiol. 2019, 58, 107–115. [Google Scholar] [CrossRef]

	



Meyer, C.; Hickson, L.; Lovelock, K.; Lampert, M.; Khan, A. An investigation of factors that influence help-seeking for hearing impairment in older adults. Int. J. Audiol. 2014, 53 (Suppl. S1), S3–S17. [Google Scholar] [CrossRef]

	



Hickson, L.; Meyer, C.; Lovelock, K.; Lampert, M.; Khan, A. Factors associated with success with hearing aids in older adults. Int. J. Audiol. 2014, 53 (Suppl. S1), S18–S27. [Google Scholar] [CrossRef] [PubMed]

	



Ramma, L.; Sebothoma, B. Exploring factors associated with a higher likelihood of seeking audiology services by individuals with hearing impairment in Cape Town, South Africa. JSM Commun. Disord. 2017, 1, 1001. [Google Scholar]

	



Mulwafu, W.; Ensink, R.; Kuper, H.; Fagan, J. Survey of ENT services in sub-Saharan Africa: Little progress between 2009 and 2015. Glob. Health Action 2017, 10, 1289736. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, B.S.; Tucci, D.L.; Merson, M.H.; O’Donoghue, G.M. Global hearing health care: New findings and perspectives. Lancet 2017, 390, 2503–2515. [Google Scholar] [CrossRef]

	



Henshaw, H.; Clark, D.P.A.; Kang, S.; Ferguson, M.A. Computer skills and internet use in adults aged 50–74 years: Influence of hearing difficulties. J. Med. Internet Res. 2012, 14, e113. [Google Scholar] [CrossRef]

	



Plain Language Materials & Resources. Centers for Disease Control and Prevention. Available online: https://www.cdc.gov/healthliteracy/developmaterials/plainlanguage.html (accessed on 25 October 2022).

	



Vetter, M.A. Teaching Wikipedia: Appalachian rhetoric and the encyclopedic politics of representation. Coll. Engl. 2018, 80, 397–422. [Google Scholar]

	



Lum, M.; Morata, T.C.; Hare, J.; Sadowski, J.P. Expanding and Improving Occupational Safety and Health Content in Wikipedia. It Matters. National Institute for Occupational Safety and Health (NIOSH) Science Blog. 2018. Available online: https://blogs.cdc.gov/niosh-science-blog/2018/07/23/osh-wikipedia/ (accessed on 6 April 2023).

	



Heilman, J.M.; West, A.G. Wikipedia and medicine: Quantifying readership, editors, and the significance of natural language. J. Med. Internet Res. 2015, 17, e62. [Google Scholar] [CrossRef]

	



Wikipedia: Academic Studies of Health Information on Wikipedia. Available online: https://en.wikipedia.org/wiki/Wikipedia:Academic_studies_of_health_information_on_Wikipedia (accessed on 26 October 2022).

	



Statistics. English Wikipedia. 2022. Available online: https://en.wikipedia.org/wiki/Special:Statistics (accessed on 4 January 2022).

	



Estatísticas. Portuguese Wikipedia. 2022. Available online: https://pt.wikipedia.org/wiki/Especial:Estat%C3%ADsticas (accessed on 4 January 2022).

	



List of Wikipedias. Wikimedia Meta-Wiki. 2022. Available online: https://meta.wikimedia.org/wiki/List_of_Wikipedias (accessed on 5 January 2022).

	



Smith, D.A. Situating Wikipedia as a health information resource in various contexts: A scoping review. PLoS ONE 2020, 15, e0228786. [Google Scholar] [CrossRef]

	



Morata, T.C.; Lum, M. 1682f Partnerships to expand occupational safety and health content in Wikipedia. Occup. Environ. Med. 2018, 75, A71–A72. [Google Scholar] [CrossRef]

	



Morata, T.C.; Lum, M.; Hare, J.; Fuks, L. Don’t cite it, write it. Raising awareness of acoustics through Wikipedia. J. Acoust. Soc. Am. 2017, 141, 3555. [Google Scholar] [CrossRef]

	



Elliott, K.C.; Resnik, D.B. Making open science work for science and society. Environ. Health Perspect. 2019, 127, 075002. [Google Scholar] [CrossRef] [PubMed]

	



Pelley, J.L. It takes a conscious effort: Helping society benefit from the open science movement. Environ. Health Perspect. 2020, 128, 54001. [Google Scholar] [CrossRef]

	



Morata, T.C.; Sadowski, J.P.; Kardous, C.; Dawson, J.; Eichwald, J.; Keith, R.W.; Hunter, L. The Power of Crowdsourcing Knowledge through Wikipedia—The Wiki4WorldHearingDay2019 Experience. National Institute for Occupational Safety and Health (NIOSH) Science Blog. 2019. Available online: https://blogs.cdc.gov/niosh-science-blog/2019/04/19/wiki4worldhearingday2019/ (accessed on 6 April 2023).

	



Ceballos, D.; Morata, T.; Sadowski, J. NIOSH, Wiki Education Foundation, and Harvard University Work Together to Make Occupational Safety and Health Content Accessible to All. National Institute for Occupational Safety and Health (NIOSH) Science Blog. 2019. Available online: https://blogs.cdc.gov/niosh-science-blog/2019/01/24/wiki4/ (accessed on 6 April 2023).

	



Kemmis, S.; McTaggart, R. Participatory action research: Communicative action and the public sphere. In The Sage Handbook of Qualitative Research; Sage Publications: Thousand Oaks, CA, USA, 2005; pp. 559–603. [Google Scholar]

	



Grupos de Usuários Wiki Movimento Brasil. Wikimedia Brasil. 2020. Available online: https://br.wikimedia.org/wiki/P%C3%A1gina_principal (accessed on 14 September 2021).

	



Education. Wikimedia Outreach. English Wikipedia. 2021. Available online: https://outreach.wikimedia.org/wiki/Education (accessed on 14 September 2021).

	



Wikipedia: Translation. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:Translation (accessed on 26 October 2022).

	



Wikipedia Education Program. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:Education_program (accessed on 14 September 2021).

	



Wikimedia Cloud Services Team. MediaWiki Wiki. 2021. Available online: https://www.mediawiki.org/wiki/Wikimedia_Cloud_Services_team (accessed on 19 September 2021).

	



Kaldari, M.A.; Forns, M.R. Pageviews Analysis. Wikimedia Foundation. 2021. Available online: https://pageviews.toolforge.org/ (accessed on 6 April 2023).

	



MusikAnimal. xTools. Wikimedia Foundation. 2021. Available online: https://xtools.wmflabs.org/ (accessed on 21 September 2021).

	



Portal: Toolforge. Wikitech. 2021. Available online: https://wikitech.wikimedia.org/wiki/Portal:Toolforge (accessed on 20 September 2021).

	



Vital, S. Writing to Be Read, Not Just to Be Graded. Wiki Edu Blog. Available online: https://wikiedu.org/blog/2017/06/27/writing-to-be-read-not-just-to-be-graded/ (accessed on 27 June 2017).

	



MediaWiki: ORES. 2021. Available online: https://www.mediawiki.org/wiki/ORES (accessed on 8 September 2021).

	



Halfaker, A.; Taraborelli, D. Artificial Intelligence Service “ORES” Gives Wikipedians X-ray Specs to See through Bad Edits. Available online: https://diff.wikimedia.org/2015/11/30/artificial-intelligence-x-ray-specs/ (accessed on 15 November 2015).

	



WikiProject List as of 1 September 2021. Wikimedia Foundation. 2021. Jan. Available online: https://bambots.brucemyers.com/drb/WikiProjectList.html (accessed on 9 September 2021).

	



Wikipedia: Metadata Gadget. English Wikipedia. Available online: https://en.wikipedia.org/wiki/Wikipedia:Metadata_gadget (accessed on 15 September 2021).

	



Wikipedia: Version 1.0 Editorial Team. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:Version_1.0_Editorial_Team (accessed on 17 September 2021).

	



Wikipedia: Content Assessment. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:Content_assessment (accessed on 15 September 2021).

	



Wikipedia: Featured Article Candidates. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:Featured_article_candidates (accessed on 19 September 2021).

	



Wikipédia: Escolha do Artigo em Destaque. Portuguese Wikipedia. 2021. Available online: https://pt.wikipedia.org/wiki/Wikip%C3%A9dia:Escolha_do_artigo_em_destaque (accessed on 19 September 2021).

	



Wikipedia: Good Articles. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:Good_articles (accessed on 19 September 2021).

	



Wikipédia: Artigos Bons. Portuguese Wikipedia. 2021. Available online: https://pt.wikipedia.org/wiki/Wikip%C3%A9dia:Artigos_bons (accessed on 17 September 2021).

	



Wikipedia: Good Article Nominations. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:Good_article_nominations (accessed on 17 September 2021).

	



Wikipédia: O Que é Um Artigo Bom? Portuguese Wikipedia. 2021. Available online: https://pt.wikipedia.org/wiki/Wikip%C3%A9dia:O_que_%C3%A9_um_artigo_bom%3F (accessed on 17 September 2021).

	



Wikipedia: Good Article Criteria. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:Good_article_criteria (accessed on 17 September 2021).

	



Wikipédia: Versão 1.0/Avaliação. Portuguese Wikipedia. 2021. Available online: https://pt.wikipedia.org/wiki/Wikip%C3%A9dia:Vers%C3%A3o_1.0/Avalia%C3%A7%C3%A3o (accessed on 19 September 2021).

	



Categoria: Audiologia. Wikipédia em Português. 2020. Available online: https://pt.wikipedia.org/wiki/Categoria:Audiologia (accessed on 4 September 2021).

	



Edit-a-Thon for World Hearing Day 2019. Outreach Dashboard. 2019. Available online: https://outreachdashboard.wmflabs.org/courses/International_Society_of_Audiology/Edit-a-Thon_for_World_Hearing_Day_2019 (accessed on 14 September 2021).

	



Wiki4YearofSound2020. Outreach Dashboard. 2020. Available online: https://outreachdashboard.wmflabs.org/courses/National_Institute_for_Occupational_Safety_and_Health/Wiki4YearofSound2020/home (accessed on 14 September 2021).

	



ORES, U.I. Wikimedia Foundation. 2021. Available online: https://ores.wikimedia.org/ui/ (accessed on 14 September 2021).

	



Verdi, M.; Caponi, S. Reflexões sobre a promoção da saúde numa perspectiva bioética [Reflections on health promotion from a bioethical perspective]. Texto Contexto—Enferm. 2005, 14, 82–88. [Google Scholar] [CrossRef]

	



Mendes, R.; Fernandez, J.C.A.; Sacardo, D.P. Promoção da saúde e participação: Abordagens e indagações [Health promotion and participation: Approaches and questions]. Saúde Em Debate. 2016, 40, 190–203. [Google Scholar] [CrossRef]

	



Morata, T.C.; Chadha, S. Make quality hearing health information available to all. Hear. J. 2019, 72, 6. [Google Scholar] [CrossRef]

	



Morata, T.C.; Murphy, W.J.; Montilha, A.A.P. Getting some attention for the International Year of Sound 2020: Millions of readers. NHCA Spectrum. 2020, 37, 16–19. [Google Scholar]

	



Murphy, W.J.; Morata, T.C.; Montilha, A.A.P.; Sadowski, J.P. Using Wikipedia to promote acoustics knowledge for the International Year of Sound 2020. In Proceedings of the 178th Meeting of the Acoustical Society of America, San Diego, CA, USA, 2–6 December 2019; Acoustical Society of America: New York, NY, USA, 2020; Volume 39, p. 25001. [Google Scholar] [CrossRef]

	



Wikipedia: WikiProject. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:WikiProject (accessed on 14 September 2021).

	



Wikipedia: WikiProject Council. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:WikiProject_Council (accessed on 14 September 2021).

	



Wikipedia: WikiProject Council/Directory/Science. English Wikipedia. 2021. Available online: https://en.wikipedia.org/wiki/Wikipedia:WikiProject_Council/Directory/Science (accessed on 14 September 2021).

	



Couto, L.; Lopes, C.T. Assessing the quality of health-related Wikipedia articles with generic and specific metrics. In Companion Proceedings of the Web Conference 2021; ACM: Ljubljana, Slovenia, 2021; pp. 640–647. [Google Scholar] [CrossRef]

	



Stvilia, B.; Twidale, M.B.; Gasser, L.; Smith, L.C. Information quality in a community-based encyclopedia. In Knowledge Management; World Scientific: Hackensack, NJ, USA, 2005. [Google Scholar] [CrossRef]

	



Apollonio, D.E.; Broyde, K.; Azzam, A.; De Guia, M.; Heilman, J.; Brock, T. Pharmacy students can improve access to quality medicines information by editing Wikipedia articles. BMC Med. Educ. 2018, 18, 265. [Google Scholar] [CrossRef]

	



Ceballos, D.M.; Herrick, R.F.; Carreón, T.; Nguyen, V.T.; Chu, M.T.; Sadowski, J.P.; Blumenthal, H.; Morata, T.C. Expanding reach of occupational health knowledge: Contributing subject-matter expertise to Wikipedia as a class assignment. Inq. J. Health Care Organ. Provis. Financ. 2021, 58, 4695802110357. [Google Scholar] [CrossRef]

	



Cummings, R.E. Writing knowledge: Wikipedia, public review, and peer review. Stud. High. Educ. 2020, 45, 950–962. [Google Scholar] [CrossRef]

	



Shafee, T.; Masukume, G.; Kipersztok, L.; Diptanshu, D.; Häggström, M.; Heilman, J.M. Evolution of Wikipedia’s medical content: Past, present and future. J. Epidemiol. Community Health 2017, 71, 1122–1129. [Google Scholar] [CrossRef] [PubMed]

	



Bizzo, M.L.G. Difusão científica, comunicação e saúde [Diffusion of science, communication, and health]. Cad Saúde Pública. 2002, 18, 307–314. [Google Scholar] [CrossRef] [PubMed]

	



Subpart A of 45 CFR Part 46: Basic HHS Policy for Protection of Human Subjects. US Department of Health and Human. Services. 2018. Available online: https://www.hhs.gov/ohrp/sites/default/files/revised-common-rule-reg-text-unofficial-2018-requirements.pdf (accessed on 12 December 2021).

	



RESOLUÇÃO N° 510, DE 07 DE ABRIL DE 2016. Sect. 1, 510, pp. 44–46. Available online: http://conselho.saude.gov.br/resolucoes/2016/Reso510.pdf (accessed on 24 May 2016).

	



Wikimedia Foundation. Privacy Policy. 2021. Available online: https://foundation.wikimedia.org/wiki/Privacy_policy (accessed on 23 December 2021).








[image: Healthcare 11 01572 g001 550] 





Figure 1. The ORES User Interface (UI) tool and the articlequality model. The tool is hosted at https://ores.wikimedia.org/ui/ (accessed on 6 April 2023). 






Figure 1. The ORES User Interface (UI) tool and the articlequality model. The tool is hosted at https://ores.wikimedia.org/ui/ (accessed on 6 April 2023).



[image: Healthcare 11 01572 g001]







[image: Table] 





Table 2. Results from the Wiki4WorldHearingDay2019 campaign showing Portuguese Wikipedia edits and the Audiology Study Group contributions.
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	Number of

Articles Created
	Number of

Articles Edited
	Number of

Words Added
	Number of

Article Views





	Global campaign *
	7
	90
	74,000
	2,800,000



	Portuguese Wikipedia (ptwiki)
	6
	4
	43,493
	13,018



	Audiology Study Group
	4
	2
	30,471
	3890







Source: Provided by Outreach Dashboard and Pageviews Analysis [29,48,49]. * Includes Wikipedia website in nine languages (enwiki, eswiki, zhwiki, ptwiki, itwiki, svwiki, frwiki, zuwiki, chwiki). It is noteworthy that of the 10 pages created and edited in Portuguese, 6 were contributed by study participants.
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Table 3. Results from the Wiki4YearOfSound2020 campaign, based on review of global actions, Portuguese Wikipedia edits, and the Audiology Study Group contributions.
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	Number of

Articles Created
	Number of

Articles Edited
	Number of

Words Added
	Number of

Articles Viewed





	Global campaign
	80
	1090
	235,000
	131,000,000



	Portuguese Wikipedia (ptwiki)
	4
	27
	26,217
	766,516



	Audiology Study Group
	4
	21
	26,116
	296,270







Source: Outreach Dashboard platform and Pageviews Analysis [29,48,49].
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Table 4. Wikipedia articles (on Portuguese Wikipedia) for which an increase in quality assessment was registered following the contributions by the Audiology Study Group during the Wiki4WorldHearingDay2019 and Wiki4YearOfSound2020 campaigns.
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	Linked Wikipedia Pages (Portuguese Titles Translated to English)
	Article Quality before the Interventions
	Article Quality after the Last Edit on the Page
	Article Quality Progress
	Date of the First Edit on the Page
	Date of the Last Edit on the Page





	Individual protection equipment
	2
	3
	+1
	11/08/2019
	07/02/2020



	Disturbance of peace
	1
	2
	+1
	01/27/2020
	04/06/2020



	Tinnitus
	2
	4
	+2
	05/14/2020
	11/17/2020



	Organ of Corti
	1
	2
	+1
	11/08/2019
	04/08/2020



	Hyperacusis
	1
	2
	+1
	11/08/2019
	04/20/2020



	External ear
	1
	2
	+1
	11/08/2019
	12/16/2019



	Psychoacoustics
	1
	3
	+2
	12/20/2019
	12/20/2019



	Effects of noise pollution on health
	1
	3
	+2
	02/12/2019
	11/01/2019



	Occupational exposure limit
	1
	2
	+1
	11/06/2019
	12/06/2019



	Ear plug
	2
	3
	+1
	05/18/2020
	07/02/2020



	Lip reading
	1
	2
	+1
	03/10/2020
	03/30/2020



	Hearing and speech therapist
	1
	2
	+1
	11/21/2019
	12/09/2019



	Sensorineural hearing loss
	1
	2
	+1
	11/07/2019
	12/02/2019







Source: Outreach Dashboard and ORES UI Toolkit [48,49,50]. Tool: ORES UI. Indexes higher than 4 should be considered as an indication of evolution and not actually representative of “good article” and/or “featured article” status, as these statuses are obtained through a community-based decision process.
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Table 5. Quality assessment for pages translated from English into Portuguese by the Audiology Study Group during the Wiki4WorldHearingDay2019 and Wiki4YearOfSound2020 campaigns.






Table 5. Quality assessment for pages translated from English into Portuguese by the Audiology Study Group during the Wiki4WorldHearingDay2019 and Wiki4YearOfSound2020 campaigns.





	Page Title/Link to Portuguese Wikipedia
	Article Quality after the Last Edit on the Page
	Date on Which the Translation Was Started
	Date of the Last Edit on the Page





	Pain threshold
	2
	12/20/2019
	12/20/2019



	Noise-induced hearing loss
	4
	02/19/2019
	11/29/2019



	Hair cells
	5
	05/07/2020
	05/16/2020



	Speech banana
	1
	11/25/2019
	12/02/2019



	Hearing protection
	5
	05/16/2020
	05/16/2020



	P300
	4
	12/20/2019
	12/20/2019



	Diplacusis
	4
	05/05/2020
	05/16/2020



	World Hearing Day
	3
	11/08/2019
	11/17/2020



	Occupational risks in dentistry
	4
	05/14/2020
	05/18/2020



	Noise control
	3
	02/20/2019
	02/20/2019



	Audiometer
	2
	02/14/2019
	02/15/2019



	Noise dosimeter
	3
	03/08/2019
	03/08/2019







Source: Outreach Dashboard and ORES UI Toolkit [48,49,50]. Tool: ORES UI.
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Table 6. Analysis of quality assessment as estimated by ORES for expanded (edited) and newly created articles contributed by the Audiology Study Group on the Portuguese Wikipedia.
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Articles improved (Group 1)—mean, median, and mode:




	

	
Before

	
After

	
Progress




	
Mean

	
1.83

	
2.5

	
+36.6%




	
Median

	
2

	
2

	
-




	
Mode

	
1

	
2

	
+100%




	
Based on Table 4.




	
Articles created/translated (Group 2)—mean, median and mode:




	
Mean

	
3.3




	
Median

	
3.5




	
Mode

	
4




	
Based on Table 5.




	
Articles created vs. articles improved:




	

	
Expanded Articles (Group’s Last Edits on the Page)

	
Created/Translated Articles

	
Index of Quality for Created Content over Improved Content

	
Ratio




	
Mean

	
2.5

	
3.3

	
0.8

	
+33.2%




	
Median

	
2

	
3.5

	
1.5

	
+75%




	
Mode

	
2

	
4

	
2

	
+100%








All scored metrics had relatively higher quality for translated/created articles when compared with preexisting pages. The most frequent ORES indexes (mode) within the articlequality method were 4 for created pages and 2 for preexistent pages. The mean and the median values were about 33% and 75% higher for the created articles compared with the expanded ones, respectively. Beyond that, an improvement was observed in the quality of 58% of the expanded articles.
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