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At the start of the COVID-19 pandemic, multiple institutions mobilized to create recommendations that maximize indoor environmental quality to keep building occupants as safe as possible. Many of those recommendations were implemented in buildings across the world even before the presence of field data validated their effectiveness. However, as the pandemic raised awareness of the risks present in the air quality of everyday built environments, little is known about how occupants perceive these interventions or how they will perceive buildings when activities resume with an in-person requirement. This paper presents results from an online survey, conducted from April 23rd to May 8th, 2021, and offers a window into the perceptions of university students on a variety of physical intervention strategies that have been promoted for the return to classrooms. Our analysis explores differences in these perceptions between students from Colombia and the United States, where the vaccination rates of the population as of May 2021 differed substantially. An anonymous online survey was disseminated to students of higher academic institutions using images portraying 3D models of classrooms and written prompts to assess perceptions. Health risk and health promotion perceptions were evaluated using four categories: visual connection to the outdoors, occupant density, additional furnishings, ventilation system type, and number of operable windows. While the effectiveness of these strategies from an epidemiological standpoint was not considered, this survey aimed to measure the perceived effectiveness of these strategies as students prepare to return to in-person education in the classroom. Our analysis found a significant effect of different degrees of “connection to the outdoors” and “occupant density” on both perceived health risk and health promotion in both countries. Respondents ranked strategies like mask-wearing and natural ventilation as important interventions when considering a return to the classroom. Perceptions of health risk and health promotion between students taking classes in the United States and Colombia were significantly different regarding the presence of additional furnishings, and ventilation systems and number of windows in a classroom. The results presented here may shed light on how aspects of the built environment help shape perceptions of healthy environments during the pandemic.
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INTRODUCTION
People living in the United States spend over 90% of their time inside buildings (Klepeis et al., 2001), which is similar to what happens in other cities around the world. Buildings mediate access to the outdoors and can have profound impacts on human health. The COVID-19 pandemic created a unique set of circumstances that raised public awareness about the importance of creating healthy indoor environments to prevent the transmission of disease. While past research has explored the impact of buildings on human physiology (stress, arousal, and circadian health), the concept of health goes beyond physical wellbeing. Health has been defined by the World Health Organization as the as “a state of complete physical, mental and social wellbeing” (World Health Organization, 2006), which includes social and psychological aspects that complete the human experience.
In the built environment, Indoor Environmental Quality (IEQ) describes the quality of environmental variables that can drive the health and wellbeing of building occupants (Centers for Disease Control and The National Institute for Occupational Safety and Health, 2013). IEQ includes many aspects of the indoor environment, such as light, acoustics, thermal comfort, indoor air quality, interior design, water quality, spatial configuration, and their social and psychological impacts (Awada et al., 2021). Until recently, research on health in the built environment generally focused on limiting exposure risk, by studying the impact of building form on Sick Building Syndrome (SBS) or discomfort. More recent approaches strive to create conditions that measure the promotion of wellbeing, considering building performance, perception, and occupant behavior to provide opportunities for positive health outcomes (Amundadottir et al., 2017; Altomonte et al., 2020; Danell et al., 2020).
During the COVID-19 pandemic, building scientists have been especially concerned with providing suitable physical conditions to create safe spaces for people (Megahed and Ghoneim, 2020). Experts have placed most of their attention on ventilation systems and how they affect transmission. Improving building HVAC operation can reduce the potential spread of SARS-CoV-2 by increasing outdoor air exchange rates but can also result in unintended consequences, like higher energy consumption and more frequent maintenance. Inadequate management of an HVAC system could even increase disease transmission potentials through air recirculation, and other considerations like ventilation sources, natural ventilation, air distribution, daylight and electric lighting, the effects of air distribution and lighting on viruses and microbial communities, as well as spatial strategies to promote social distancing should be included as well (Dietz et al., 2020).
At the time of our survey (April/May 2021), it had been over a year since the start of the COVID-19 pandemic. In many places around the world, the increase in vaccination rates had encouraged governments, businesses, and schools to explore the potential for returning to in-person activities. Professional organizations and academic institutions had issued guidelines for systems and spaces during the pandemic. The United States Center for Disease Control (CDC) used the Hierarchy of Controls (National Institute for Occupational Safety and Health National Institute for Occupational Safety and Health, 2015) to reduce health hazards in school settings. This framework allows for the prioritization of protective measures against environmental hazards in five levels, from most effective to least effective. These measures are Elimination, Substitution, Engineering controls, Administrative controls, and Personal protective equipment (PPE) (National Institute for Occupational Safety and Health National Institute for Occupational Safety and Health, 2015). Efforts related to the operation and use of buildings fall in the three lower categories (National Academies of Sciences Engineering and Medicine, 2020). Regarding engineering controls, detailed guidelines for the operation of HVAC systems to reduce concentrations of infectious aerosols were developed by organizations like ASHRAE (ASHRAE, 2020).
Various reports on reopening schools from 2020 enumerated a series of recommendations to achieve indoor environmental quality (J. Allen et al., 2020; ASHRAE, 2020; Centers for Disease Control, 2020; Jones et al., 2020; National Academies of Sciences Engineering and Medicine, 2020). Among these strategies were ventilation, air filtration, additional air purifiers, temperature and symptom screening, use of masks, frequent hand washing and respiratory etiquette, using transparent screens between desks, maximizing physical distancing, eliminating large gatherings, disinfecting objects after each use, and contact tracing in combination with isolation and quarantine (Centers for Disease Control, 2020; Healthy Buildings and Harvard T.H Chan School of Public Health, 2020; Jones et al., 2020; National Academies of Sciences Engineering and Medicine, 2020). Despite these guidelines, enforcement of the recommended measures varies in schools across the country, as the pandemic and our understanding of transmission risk continues to evolve.
Most schools that have returned to in-person education have implemented a combination of these general recommendations. A survey from 41 school districts in the United States asked respondents to rate 6 Indoor Air Quality (IAQ) approaches to help reduce COVID-19 transmission. The strategies were higher grade MERV filters, air cleaners with EPA filters, increase outdoor air supply via HVAC system, open windows, fan in doors & windows to increase exhaust, and pre/post occupancy flushing. They found that mechanical ventilation strategies geared towards increasing fresh air intake were the most highly prioritized, followed by air filtration strategies, while operable windows were the least prioritized strategies (The Center for Green Schools and ASHRAE, 2021).
Despite the lowered risk of transmission in the vaccinated age groups, people may still feel that a return to in-person activities in schools and universities is not completely safe. A survey with 2,000 undergraduates from 120 colleges from March 2021 found that about half of the respondents were anxious to return to in-person classes (Ezarik, 2021). Similarly, partial results of a parent survey of the same month by Los Angeles Unified Students found that about half the students would not be returning to campus. Students in communities with high death rates from the virus still felt wary of going back to the classroom (Blume, 2021).
Contextual differences such as vaccination rates, local daily cases, building ventilation practices and systems, and implementation of virus mitigation strategies might influence variations in perceptions of risk in the built environment. This paper aims at studying these differences by looking at student perceptions in the United States and Colombia. According to data published by the World Coronavirus Vaccine Database, by May 13, 2021, 46.23% of people in the United States had received at least one dose of the COVID-19 vaccine, while in Colombia, only 8.55% of the population had received it (Ritchie et al., 2021). In addition, the two countries have different norms for the use of mechanical ventilation. In the United States, air conditioning systems have been widespread for decades and are well established in the building stock (International Energy Agency, 2018), while in Colombia air conditioning is still a growing market (International Energy Agency, 2017; JRAIA, 2019). Compared to the seasonal climate that happens in the United States, Colombia is a tropical country that does not experience seasons, so most buildings are naturally ventilated.
The COVID-19 pandemic raised awareness about the risks of poor indoor air quality in everyday built environments. Risk perception is shaped by the risk environment to which an individual is exposed (Han et al., 2021). Reducing perceptions of unnecessary risk may mitigate emotional distress (Han et al., 2021), which could, in turn, contribute to better mental and social wellbeing. Different frameworks have been developed to perform risks and benefits analysis in other fields. Using the psychometric paradigm, these frameworks have looked at perceived risks, acceptable risks, and perceived benefits using questionnaire techniques (Fischhoff et al., 1978). This approach might be useful to assess perceptions of health risks and health promotion in the built environment for the post-pandemic world. However, as universities plan to reopen, little is known on how students will perceive classrooms when activities resume to an in-person format.
This paper acts as a snapshot in time between April 23rd to May 8th, 2021, and explores university student’s perceptions of different physical intervention strategies that have been promoted for the return to classrooms. The paper considers the perceptions of health risks, health promotion and importance from students in the United States and Colombia and explores their differences within and between countries. While the effectiveness of these strategies from an epidemiological standpoint was not considered, this survey aimed to measure the perceived effectiveness of these strategies as students prepare to return to in-person education in the classroom.
METHODS
This pilot study is based on an online survey that gathered responses from students taking classes in the United States and Colombia. The survey was translated to both English and Spanish and disseminated to students in higher education institutions of the United States and Colombia, through email, listserve, and social media. Responses were received between April 23rd to May 8th, 2021.
The survey was comprised of 20 sets of questions. The first ten questions were demographic and aimed at characterizing the participants regarding age, sex, type of student (Full-time, part-time, less than part time, other), degree program, type of degree program (undergraduate, graduate, PhD, other), country of origin, field of study, current location, country where they were taking classes, and whether they had returned to in-person activities or not. The following eight questions were organized to assess student’s perceptions on health risks and health promotion, given a range of physical intervention strategies for healthy buildings issued during the pandemic. A last set of questions assessed students’ perceived importance of eight given intervention strategies. Finally, an open-ended question asked participants to leave additional commentaries for the development of the survey.
To assess health risks and health promotion perceptions, a series of plain rendered images were used to portray 3D models of classroom scenarios containing different physical features that were grouped by category. Considering a selection of strategies recommended for in-person classrooms during the pandemic, four categories of intervention were defined: 1) Visual connection to the outdoors, 2) Reduced occupancy, 3) Additional furnishings, and 4) Ventilation type and number of windows. For each category in the survey, an image depicted a particular situation, followed by a sentence that explained the strategy depicted in the image to clarify any confusion about the difference between images (Figure 1).
[image: Figure 1]FIGURE 1 | Renderings presented to the participants in the survey to assess risk perception and health promotion in classrooms. Scenarios (A–C) portray variations of visual connections to the outdoors. Scenarios (D–F) portray variations of reduced occupancy. Scenarios (G–I) portray variations of additional furnishings. Scenarios (J–M) portray variations of ventilation type and number of windows.
For the visual connection to the outdoors category, respondents were presented with three classroom scenarios using mechanical ventilation and filtration but with a different number of fixed windows. The scenarios were named as follows: (A) two fixed windows, (B) one fixed window, (C) no windows. For the reduced occupancy category, participants were presented with three images displaying a classroom occupied to (D) 1/2 of its capacity, (E) 1/3 of its capacity, and (F) 1/4 of its capacity. For the additional furnishings category, respondents were presented with three classrooms where an additional piece of furniture related to the safety measures that emerged during the pandemic was added to the room. In scenario (G), a hand sanitizer station was placed in front of the classroom, scenario (H) featured an additional air purifier, and scenario (I) presented transparent screens on each desk. For both reduced occupancy and additional furnishings all classrooms featured the same mechanical ventilation strategies and two windows but did not specify the type of ventilation. Finally, for the ventilation type and number of windows category, respondents were presented with scenarios where the number of windows and ventilation types changed. Scenario (J) presented a classroom with natural ventilation (NV) and one operable window (OW) opened to the outdoors. Scenario (K) featured a classroom with one operable window but added visible features of mechanical ventilation (MV). Scenarios (L) and (M) both presented two windows opened to the outdoors and different types of ventilation. Scenario (L) featured natural ventilation, while scenario (M) showed additional features of mechanical ventilation. As in the previous categories, all images had a prompt next to them clearly explaining the differences between each scenario.
Following the images, respondents were presented with 2 five-point Likert scale questions that evaluated their perceptions of health risk and health promotion in each classroom scenario. For health risk perceptions, the scale ranged from: very high, high, neutral, low, and very low, and was coded (−2, −1, 0, 1, 2), following the same order for the analysis. For health promotion, the scale ranged from: definitely not, probably not, neutral, probably, and definitely, and was coded (−2, −1, 0, 1, 2), following the same order. In both cases, negative scores represent undesirable situations, and positive scores represent desirable situations.
To assess the importance respondents placed on each strategy, a five-point Likert scale was used to rate a set of eight hazard mitigation strategies related to classrooms’ physical features. For this last set of questions, respondents were not presented with an image. Nonetheless, the strategies were closely related to the previous four scenarios and were defined as follows: 1) robust mechanical ventilation, 2) windows opened to the outdoors, 3) additional air purifiers, 4) presence of hand sanitizer, 5) transparent screens on each desk, 6) clean surfaces, 7) people wearing masks, and 8) reduced occupancy. Like the previous questions, the scale rated the strategies from “Not so important” to “Very important,” but in this case, answers were coded (1, 2, 3, 4, 5), with five being the highest importance score and one being the lowest. The structure of the survey is synthesized in Figure 2.
[image: Figure 2]FIGURE 2 | Structure of the survey.
The data from the Spanish and English surveys was coded and collapsed into a single database to develop the statistical analysis. The data was analyzed within each country separately, as well as contrasting both countries using SPSS Statistics 26. All questions were analyzed using similar procedures. First, Friedman tests were used to assess the differences between the scenarios of each category independently for each country. Further pairwise comparisons adjusted with Bonferroni corrections revealed where these differences were occurring. Later, the scores of each scenario were compared between countries using Mann-Whitney tests to find differences in perceptions of specific strategies.
RESULTS
A total of 91 questionnaires were collected for the survey. Questionnaires that weren’t filled by the target population or left blank were discarded. Questionnaires where most questions were answered were kept, but the analysis was adjusted in the questions that were left blank. A final sample of 81 responses from Colombia (63%) and the United States (37%) was considered for the study. Regarding country of origin, 64% of the respondents were originally from Colombia, 25% came from the United States, and 11% from other countries.
From this population, 83% of respondents were full-time students, 14% were part-time students, and the remaining 3% had a different status. The sample was balanced by sex, with 44% of the respondents being female and 56% being male. Undergraduate students accounted for 72% of the sample, Master students accounted for 12% and Ph.D. students for 12%. At the time of this survey, 4% of students in the sample were enrolled in a different kind of program. Most students were younger than 25 years old (74%), while fewer were 25–30 years old (12%) and above 30 years old (14%). Respondents came mainly from schools of architecture (52%), medicine (17%), and other fields (31%). Only 15% of the respondents reported taking classes with some in-person activities. All the characteristics of the sample are detailed in Figure 3.
[image: Figure 3]FIGURE 3 | Characteristics of the sample: (A) Country of origin, (B) Country of school, (C) Type of student, (D) Type of program, (E) Field of study, (F) Age, (G) Taking in-person classes, (H) Sex.
Health Risk and Health Promotion Perceptions Within Each Country
The differences in perceptions between scenarios in each category were assessed using Friedman tests, followed by pairwise comparisons using the Bonferroni correction. All significant differences in risk perceptions within the scenarios in each category for each country are presented in Figure 4. Similarly, differences on health promotion perceptions are presented in Figure 5. All significant differences in both figures are noted with a single or double asterisk. Median ranks for the United States and Colombia are presented in Table 1.
[image: Figure 4]FIGURE 4 | Significant differences between scenarios in each category in the United States. Significant differences noted with brackets within each graphic. ** represents p < 0.01, * represents p < 0.05. NV = Natural Ventilation, MV = Mechanical Ventilation, OW = Operable Windows.
[image: Figure 5]FIGURE 5 | Significant differences between scenarios in each category in Colombia. Significant differences noted with brackets within each graphic. ** represents p < 0.01, * represents p < 0.05. NV = Natural Ventilation, MV = Mechanical Ventilation, OW = Operable windows.
TABLE 1 | Median Ranks of each scenario for health risks and health promotion perceptions in the United States and Colombia.
[image: Table 1]Regarding the scenarios assessing different degrees visual connection to the outdoors, there were significant differences in risk perceptions for the students attending school in the United States χ2 (2) = 35.8, p < 0.01. Significant differences were found between scenarios (C) No windows and (A) two fixed windows (p < 0.01); as well as between scenarios with (B) one fixed window and (A) Two fixed windows (p < 0.05). For Health promotion perceptions, there were significant differences between the three scenarios as well, χ2 (2) = 21.6, p < 0.01. The pairwise comparisons showed significant differences between scenarios (C) no windows and (A) two fixed windows (p < 0.01). In the case of students attending school in Colombia, significant differences in risk perceptions were also found regarding the three scenarios presented χ2 (2) = 66.9, p < 0.01. The following pairwise comparisons revealed significant differences between all scenarios; (C) no windows, (B) one fixed window, or two fixed windows (p < 0.01), with scenario (A) two fixed windows resulting in the lowest risk ranking. For health promotion perceptions, there were also significant differences between all the scenarios presented, χ2 (2) = 63.64, p < 0.001. All pairwise comparisons rendered a significance of p < 0.01.
For reduced occupancy, in the case of students in the United States, there were significant differences in the three scenarios regarding risk perception χ2 (2) = 32.8, p < 0.01. Following pairwise comparisons with the Bonferroni correction revealed significant differences only between scenarios showing the largest and smallest classroom occupancy (D) 1/2 of its capacity and (F) 1/4 of its capacity (p < 0.01). Significant differences also occurred for health promotion perceptions (χ2 (2) = 20.7, p < 0.01) in the same two scenarios. For respondents attending school in Colombia, there were also significant differences in risk perceptions χ2 (2) = 61.7, p < 0.01, for the three occupancy scenarios. Further pairwise comparisons revealed significant differences between all classroom occupancy scenarios; scenario (D) 1/2 of its capacity, (E) 1/3 of its capacity, and (F) 1/4 of its capacity (p < 0.01), with scenario (D) 1/2 of its capacity rendering the highest risk perceptions. For health promotion perceptions, the test also rendered significant differences χ2 (2) = 32.6, p < 0.01. Following pairwise comparisons showed significant differences between scenario (D) 1/2 of its capacity and (F) 1/4 of its capacity (p < 0.01), as well as (E) 1/3 of its capacity and (F) 1/4 of its capacity (p < 0.05).
In the scenarios with added furnishings, for students in the United States, significant differences were found between the scenarios χ2 (2) = 15.75, p < 0.01 for risk perceptions. Pairwise comparisons revealed that these differences were present between scenarios (G) hand sanitizer and (I) transparent screens (p < 0.05), as well as between (G) hand sanitizer and (H) air purifier (p < 0.01). Significant differences were also found regarding health promotion perceptions χ2 (2) = 12.29, p < 0.05, between scenarios (G) hand sanitizer and (H) air purifier. For students in Colombia, significant differences were found for health risk perceptions χ2 (2) = 18.28, p < 0.01, only occurred between scenarios (G) hand sanitizer and (I) transparent screens (p < 0.01). No significant differences were found for health promotion perceptions.
Finally, for ventilation types and number of windows, there were significant differences between the scenarios presented for risk perceptions of participants studying in the United States χ2 (3) = 54.10, p < 0.01. Pairwise comparisons revealed that these differences were located between scenarios with a different number of windows (p < 0.01), in all cases but between scenarios (K) MV + 1OW and (L) NV+ 2OW. For Health promotion perceptions, there were also significant differences between scenarios χ2 (3) = 27.95, p < 0.01. These differences only occurred between scenarios (J) NV+ 1 OW and (M) MV + 2 OW (p < 0.01), and (J) NV+ 1 OW and (L) NV+ 2 OW (p < 0.05). For scenarios with the same number of windows, those with MV + OW rendered lower risk perceptions than those with NV + OW, both for health promotion and risk perceptions. For participants taking classes in Colombia, significant differences for risk perceptions scenarios χ2 (3) = 28.00, p < 0.01 were found. Following pairwise comparisons revealed that these differences occurred between scenarios with different numbers of windows, regardless of the ventilation system (p < 0.01). For health promotion perceptions, there were also significant differences χ2 (3) = 56.36, p < 0.01, which followed the same pattern. Similar to the United States, the scenarios that showed the additional features of MV had higher median rankings, only when comparing scenarios with the same number of windows.
Health Risk and Health Promotion Perception Contrast Between Countries
In order to understand the differences in perceived risk and health promotion between countries, independent samples Mann-Whitney tests were performed to each of the 12 scenarios using the country of school as a grouping variable. Incomplete answers were removed from the comparison. The results of these tests are summarized in Table 2.
TABLE 2 | Mann-Whitney tests comparing scenarios between the United States and Colombia. Significance of p < 0.05 is indicated with *.
[image: Table 2]In the category of visual connection to the outdoors, there were no significant differences in perceptions between students attending school in Colombia or in the United States. Regarding reduced occupancy, in health risk perceptions, scenario (D) displaying a classroom with 1/2 of its occupancy rendered significant differences between risk perceptions in the 2 countries (p < 0.05). The risk perception scores for the United States (mean rank = 47.92) were statistically significantly higher than for Colombia (mean rank = 36.93), p = 0.034. The calculated effect size of this differences was ƞ2 = 0.06, meaning that only 6% of the variance between the scores can be explained by the difference in country of school.
In the category of additional furnishings, perceptions of students in the two countries showed significant differences in scenario (H) air purifier for both perceptions of health risk, and perceptions of health promotion. For health risk perceptions, scores in the United States (mean rank = 46.43) were significantly higher than scores in Colombia (mean rank = 34.76), p = 0.021, ƞ 2 = 0.07. For health promotion perceptions, the United States had significantly higher scores (mean rank = 43.87) than Colombia (mean rank = 33.84), p = 0.042, ƞ 2 = 0.06. In this way, in the United States, perceptions of adding an air purifier in the classroom were significantly more positive regarding reduction of risk and promotion of health than in Colombia. Nonetheless, the effect size was small in both cases.
Finally, in the category of ventilation type and number of operable windows, risk perceptions were significantly different in scenarios (K) MV+ 1 OW and (M) MV + 2 OW. For scenario (K) p = 0.003, ƞ 2 = 0.11, and the scores in the United States (mean rank = 48.07) were significantly higher than scores in Colombia (mean rank = 33.82). For scenario (M), the tests rendered a p < 0.001, ƞ 2 = 0.2. Scores in the United States (mean rank = 52.43) were significantly higher than scores in Colombia (mean rank = 32.26). The effect sizes in both scenarios were small.
Health promotion was significantly different in scenarios (J) natural ventilation and one operable window, and (K) mechanical ventilation and one operable window. In scenario in scenario (J) health promotion perceptions ranked significantly higher in the United States (mean rank = 47.69) than in Colombia (mean rank = 36.41), p = 0.032, ƞ 2 = 0.06. Similarly, in scenario K), health promotion perceptions were also significantly higher in the United States (mean rank = 48.07) than in Colombia (mean rank = 33.82), p = 0.005, n2 = 0.10.
Importance Given to Physical Features to Mitigate Hazard Within Each Country
For the second part of the survey, participants were asked to rate the importance of 8 hazard mitigation strategies on a Likert-scale from 1 to 5. In this case, there were no graphic aids. The strategies given to the participants were mechanical ventilation, natural ventilation, air purifier, hand sanitizer, transparent screen, clean surfaces, masks, and reduced occupancy.
A Friedman test found significant differences between the strategies for students attending school in the United States χ2 (7) = 69.92, p < 0.01. Following pairwise comparisons using Bonferroni, revealed that these differences existed between transparent screens and mechanical ventilation, natural ventilation, clean surfaces, masks, and reduced occupancy; between natural ventilation and air purifier and hand sanitizer; and between masks and air purifier. All significant differences are summarized in Table 3.
TABLE 3 | * Pairwise comparisons adjusting significance with a Bonferroni correction for eight hazard mitigation strategies at the p < 0.05 level for students in the United States. Bold values are highlighted to indicate significance. 
[image: Table 3]A similar procedure was developed to assess differences between the eight strategies for students taking classes in Colombia. A Friedman test found that significant differences existed χ2 (7) = 92.72, p < 0.01. The following pairwise comparisons revealed that in Colombia, these differences were between transparent screens and natural ventilation, clean surfaces, masks, and reduced occupancy; between air purifier and clean surfaces, masks, natural ventilation and reduced occupancy; between natural ventilation and mechanical ventilation, air purifier and hand sanitizer; and finally, between masks and mechanical ventilation, air purifier and hand sanitizer. All significant differences are summarized in Table 4.
TABLE 4 | * Pairwise comparisons adjusting significance with a Bonferroni correction for eight hazard mitigation strategies at the p < 0.05 level for students in Colombia. Bold values are highlighted to indicate significance. 
[image: Table 4]Importance Given to Physical Features Contrast Between Countries
To understand the differences in the importance given to each strategy given by students in the United States and Colombia, independent samples Mann-Whitney tests were performed to each of the 8 strategies presented in the second set of questions. Significant differences were found between the importance given to transparent screens (p < 0.01, ƞ2 = 0.16). The scores for transparent screens in Colombia (mean rank = 47.94) were significantly higher than in the United States (mean rank = 29.20). Significant differences were also found in the perceived importance of cleanliness (p < 0.01, ƞ 2 = 0.10), where scores in Colombia (mean rank = 45.77) were significantly higher than in the United States (mean rank = 32.88). The results of these tests are summarized in Table 5.
TABLE 5 | Mann-Whitney tests comparing scenarios between the United States and Colombia. Significance of p < 0.05 is indicated with *. Bold values are highlighted to indicate significance. 
[image: Table 5]Since the open-ended question was optional, it was only used to gather additional information. A total of 13 respondents included comments, which are no included in the analysis but inform the discussion in the following section.
DISCUSSION
Perceived Health Risk & Health Promotion
A comparison between different degrees of visual connections to the outdoors revealed that an increase in the number of windows in a classroom generated lower perceptions of risk and increased those of health promotion. The three classroom scenarios in this category featured fixed windows and mechanical ventilation, so they would behave similarly regarding IAQ. This did not seem to be the factor determining students’ perceptions.
The differences in perceptions imply that a visual connection to the outdoors has an impact on students’ perception of a healthy space. Similar implications have been observed in experimental studies, where having a window has been found to improve psychological wellbeing by enhancing positive emotions and reducing negative ones (Ko et al., 2020). Windows are related to visual connections to nature (Ko et al., 2020), which can have a positive impact on attention restoration, stress reduction, and positive emotions (Capaldi et al., 2014; Lumber et al., 2017), as well as in health and wellbeing (Ko et al., 2020). It seems plausible that the visual connection to the outdoors is related to ideas of open spaces and ventilation, and therefore perceived as healthier during the pandemic. Nonetheless, this needs further investigation.
Regarding risk perceptions, in the United States, significant differences didn’t occur between the scenario with one fixed window and the scenario with no window. Nonetheless, the value was close to significance (p = 0.06). On the other hand, for students in Colombia, significant differences were present between all scenarios. Regarding health promotion perceptions, in the United States, significant differences only occurred between scenarios with 2 windows and no windows, while in Colombia differences occurred between all scenarios. It appears that for students in Colombia, an increased amount of visual connection to the outdoors produces more significantly different perceptions regarding health risk and health promotion than for students in the United States. Nonetheless, when assessing the differences of each scenario between the two countries, no significant differences were found.
Regarding reduced occupancy, the statistical differences in perceptions revealed that participants preferred classrooms with fewer students. After a year of taking classes online, the results showed an awareness of physical distancing guidelines to prevent the spread of viral transmission, which aligns with current recommendations (Bak et al., 2021). This finding may be interesting to educational institutions, as their students may feel safer working in classrooms with smaller groups or lower student densities. It also points to a change in behavior, and a transition in how building spaces are inhabited and used after returning to in-person activities that promote perceptions of health promotion and reduce risk in enclosed indoor spaces.
For students attending the university in the United States, risk perceptions rendered significant differences between 1/2 and 1/4 of the occupancy of the classrooms. For students in Colombia, significant differences occurred in all scenarios of risk perception. These results show that students in Colombia appeared to be more sensitive to occupancy changes in classrooms than students in the United States. Regarding health promotion, for students in the United States there were significant differences in perceptions only between the two extreme occupancy scenarios. In Colombia, these differences only failed to occur in the scenarios with 1/2 and 1/3 of occupancy. When looking at significant differences in the three scenarios between the 2 countries, there was a significant difference in scenario (D) for students in Colombia, meaning that these students perceived significantly higher risk in a classroom with half the occupancy, compared to students in the United States. This result supports the previous finding and reinforces the idea that for students in Colombia, differences in classroom occupancy were an important aspect driving positive perceptions related to health when the survey was administered.
For additional furnishings in classrooms, the statistical differences between the three furnishings assessed showed that hand sanitizer produced higher perceived risk and lower perceived health promotion compared to the other two strategies. No significant differences were found between health risk perceptions of transparent screens and the use of an additional air purifier in the United States or Colombia. This finding is interesting because transparent screens were dropped as a recommendation by the United States CDC in schools on March 19, 2021 (Centers for Disease Control, 2021a), while air purifiers can use high-efficiency filters to improve IAQ, and are still being promoted as an effective strategy.
The furnishing strategy that rendered lower risk perceptions varied by country. In Colombia, it was transparent screens, while in the United States, it was air purifiers. For students in the United States, significant differences in risk perceptions occurred between hand sanitizer and air purifiers, as well as between hand sanitizer and transparent screens. In Colombia, significant differences only occurred between hand sanitizer and transparent screens. It may be that the information recently provided by the CDC had an influence on perceptions in the United States, while in Colombia, students still preferred having physical barriers over adding air purifiers. In addition, in Colombia, mechanical ventilation and efficient air purifiers are not commonplace in every city, so it is possible that a lack of familiarity with this type of technology generated lower scores than in the United States.
Regarding health promotion perceptions, in Colombia, there were no significant differences between the three classroom scenarios. In the United States, there were only differences between hand sanitizer and air purifiers, with the scores for air purifiers being significantly higher. Therefore, it appears that the furnishings more associated with perceptions of health promotion in the United States were air purifiers. When looking at differences between countries in the three furnishing scenarios, significant differences were found in the scenario showing an air purifier. Perceptions of students in the U.S presented significantly higher scores for both risk and health promotion, meaning that they had significantly more positive perceptions in this scenario than students in Colombia.
Regarding the number of windows and ventilation types, the two scenarios with only one operable window (J and K) rendered the lower mean rank scores for risk and health promotion perceptions in the two countries. No significant differences were found between them in either assessment. Similarly, the two scenarios with two windows (L and M) showed no significant differences between them for risk or health promotion perceptions in either country. The scores of risk perceptions and health promotion were lower for the scenarios with natural ventilation in both countries. All significant differences in pairwise comparisons were found between scenarios with one window vs. scenarios with two windows. Similar to what happened in the first category, it appears that the number of windows in the classroom was driving the perceptions more than the type of ventilation.
For ventilation type and the number of windows in Colombia, the scenarios with one window showed significant differences when compared to the scenarios with two windows regarding risk perceptions, regardless of the ventilation system used. In Colombia, mechanical ventilation is not as common as it is in the United States. Therefore, the lack of influence of the ventilation type in students’ perceptions of health risk may be due to a lack of familiarity with the filtration capabilities of these systems. On the other hand, since most buildings in Colombia are naturally ventilated, students may associate the increase in operable windows with increased airflow, regardless of the ventilation system. In the United States significant differences occurred between scenarios with the same ventilation system and different numbers of windows, as well as between the scenario with 1 OW + NV and the scenario with 2 OW + MV. When comparing the 4 scenarios between the 2 countries for risk perception, significant differences occurred in the 2 scenarios with mechanical ventilation (K and M). In Colombia scores were significantly lower, meaning that students would feel significantly higher risk in classrooms with mechanical ventilation than students in the United States, which supports the previous finding. Future studies could further investigate the associations between the prevalent ventilation system and health risk perceptions in architectural spaces.
Regarding health promotion perceptions, in the United States, significant differences occurred between the scenarios with one operable window and natural ventilation, and the two scenarios with two windows, regardless of ventilation system. For Colombia, health promotion perceptions showed the same pattern as risk perceptions, where the differences occurred between scenarios with a different number of windows, regardless of the ventilation system. This aligns with the previous finding and reveals that at the time of the survey in Colombia, changes in the built environment produced wider changes in perceptions towards health than in the United States. Finally, when comparing the health promotion between the 2 countries, significant differences occurred in the 2 scenarios that showed only one window, where Colombia showed lower scores. Therefore, students in Colombia felt significantly less health promotion in the scenarios with a single window.
Perceived Importance of Different Hazard Mitigation Strategies
In Colombia, the proper use of masks obtained the highest mean rank, followed by natural ventilation. In the United States, natural ventilation obtained the highest score, followed by the proper use of masks. The middle range mean scores were strategies related to reduced occupancy, clean surfaces, and mechanical ventilation in both countries. Finally, at the bottom of the importance spectrum were hand sanitizer, air purifiers, and transparent screens.
The high importance given to natural ventilation and masks in the 2 countries may be because it is now widely accepted that COVID 19 is mainly transmitted through exposure to fluids that carry the virus. This transmission can happen through inhalation of fine droplets or aerosols, or the deposition of respiratory droplets in the mouth, nose or eyes after traveling through the air (Centers for Disease Control, 2021c). Also, the high importance given to masks reveals that even when PPE may not be the most effective control in the scale, it might provide a sense of security to students returning to in person classes.
The middle range strategies are more related to administrative controls. One interesting issue to note is that mechanical ventilation wasn’t highly ranked in importance despite its higher position in the hierarchy of controls. One of the comments left by a respondent of the survey may shed some light on why this occurred. The respondent explained that students were usually unaware of the maintenance of the ventilation system of the school; therefore, they could not trust that it was working properly. It appears that good communication of the improvements made to mechanical ventilation systems to the student population may increase the reliability that students have in them.
Finally, furnishing strategies appear to be less important for students’ perceptions of risk and health promotion when compared to occupancy reduction, and ventilation interventions. In Colombia, air purifiers received the lowest ranking, despite being a more effective strategy than transparent screens. This may be due to students being unfamiliar with the technology, which is not widespread in the country. Differently, in the United States transparent screens received the lowest scores, which aligns with the CDC mandates (Centers for Disease Control, 2021a).
When comparing student perceptions between the eight hazard mitigation strategies, the only major differences between the two countries were observed in the importance given to transparent screens and clean surfaces. Both strategies were ranked significantly higher in Colombia than in the United States. The differences in the importance of transparent screens align with the differences found on perceptions of health risk, where transparent screens in Colombia were highly valued in comparison with the other 2 furnishings presented.
LIMITATIONS
By assessing perceptions through an anonymous online survey, it was only possible to include visual and written cues for each risk mitigation strategy under consideration. In reality, the physical experience of a place has a multisensory character. Therefore, it is possible that other environmental parameters such as temperature, air quality, among others, modify health risk and health promotion perceptions. Repeating the survey in a field setting may result in different results or confounding factors.
Another limitation of the study has to do with the sample size and distribution. Students in the United States were mainly recruited from one higher education institution in the pacific northwest. In Colombia, students from two higher education institutions in the center and south of the country comprised most of the sample. Therefore, it is not possible to generalize the conclusions to a larger population. Nonetheless, the results are useful for higher education institutions returning to in-person activities as it offers an important snapshot in time of the end of the 2020–2021 school year. The results from this survey may also motivate additional research into risk and health promotion perceptions in a larger population.
Local differences in air quality and climate may have influenced the responses. The Pacific Norwest has moderate four seasons, which creates the need for heating and cooling during the winter and summer months. Colombia on the other hand, doesn’t have seasons and cities have a steady climate during the whole year. Nonetheless, the two cities where sample came from are located at different altitudes, which makes their climates completely different, with averages of 13.3 and 27.7°C. This factor may change the perceptions on the need for ventilation and the connection to the outdoors. In addition, the survey didn’t ask for medical information of the respondents. Respiratory illness or allergies could affect users’ perceptions of the space. A recent article pointed out that families of children with asthma perceived going back in-person schooling as being very risky for their children, even when there was no evidence that they were at increased risk of COVID-19 morbidity or mortality (Abrams et al., 2021). Nonetheless, this topic didn’t arise in the additional comments.
Other variables that may modify perceptions of space were not included in the survey. For example, there was no mention of vaccination rates among the occupants of the classrooms presented in the images. A respondent commented that if the vaccination rate were 100%, all the classrooms presented would be perceived as safe. The authors plan on repeating this same survey in the future, after vaccination has become more widespread. The results are expected to differ over time, as our proximity to acute risk changes. For this reason, this research only represents a snapshot in time of students’ perceptions of classrooms before returning to in-person activities during the COVID-19 pandemic.
Another variable that was not included in the survey has to do with the duration of occupancy. The CDC guidelines for people who had contact with individuals known or suspected of having COVID-19 considered exposures of 15 min or more (Centers for Disease Control, 2021b). It is possible that by including a time variable, some of the responses may have changed. The use of masks was included in the importance question, but not in the health risk and health promotion perceptions questions. In these questions, all occupants of the classrooms were portrayed using masks. Since the recommendation for masks in interior spaces have keep changing with vaccination status and the appearance of new variants of the virus, a future survey could explore health risk and health promotion perceptions, including mask use or lack of use.
This study only dealt with students in classrooms of higher education institutions. Similar studies could be performed in primary and secondary schools or in office buildings, to assess the perceptions of different populations on the same issues before or during reoccupation. Current approaches towards healthy buildings recognize the existence of a challenge in how to define a healthy building, and how to determine the best metric to assess it. Frameworks such as the Health Performance Indicators, propose quantifiable measures that can be used to identify triggers of positive and negative impacts on human health (J. G. Allen et al., 2015). Assessing perceptions on environmental health risks and health promotion after the pandemic may become one of these measures.
CONCLUSION
This study presented survey results for student perceptions of environmental health in relation to a range of physical risk mitigation strategies in classrooms between students in the United States and Colombia. Through an online survey using rendered images of 3D modelled classrooms and written cues, four categories (visual connection to the outdoors, reduced occupancy, additional furnishings, and ventilation type and number of windows) were evaluated among college students regarding health risks and health promotion perceptions. The importance given to a set of hazard mitigation strategies related to physical features of classrooms was evaluated as well.
For the visual connection to the outdoors category, significant differences occurred in scenarios with a different number of windows. Significant differences in perceptions also happened with every decrease in occupant density. In Colombia, transparent screens were more positively perceived, while in the United States, this happened with air purifiers. Hand sanitizer produced significantly lower perceptions of safety than the other furnishings. Finally, for the ventilation type and number of windows category, significant differences occurred in the scenarios with different numbers of windows. Perceptions seemed to be more driven by the number of windows than by the ventilation system.
Students in the two countries presented different perceptions of health risks and health promotion regarding some of the categories under evaluation. Perceptions of students taking classes in Colombia were more sensitive to changes in physical features of classrooms. As the two countries were in different stages of the COVID-19 pandemic in May 2021, and traditionally use different ventilation strategies, it is possible that these differences have an influence in student’s perceptions. Repeating the study further in time may render some light on this issue.
Regarding the perceived importance of different physical features of the built environment to control hazards, natural ventilation and the use of masks presented the highest mean rankings. Mechanical ventilation did not present a high ranking, despite being one of the main strategies used to mitigate the virus in indoor environments. This may be explained by the fact that assessing the efficiency of the ventilation system of a classroom only through visual cues is not possible. It is necessary that building administrators inform students of their maintenance practices and educate them on the impacts, so that students can feel safe when returning to classrooms.
The results presented in this article shed light on aspects of the built environment that shaped perceptions of health risk and health promotion before the reoccupation of classrooms in the COVID-19 pandemic. The results presented here may help educational institutions structure their strategies to promote healthy classrooms for in-person classes. In addition, this study presented a unique snapshot of perceptions of the built environment for a moment in time during the pandemic in 2 countries. The differences found in the study portray how contextual differences may change the way building occupants perceive a given setting, even in a hypothetical situation. Future studies could further investigate the causes of these differences.
The study also unveiled existing issues in the way in which building occupants think of the mechanical systems in buildings. It appears that visual cues trigger assumptions about the degree of environmental health of a space. Therefore, providing information to the occupants on the upgrades made to the spaces and the capabilities of the systems to control the spread of the virus, especially during the pandemic, might help diminish the anxiety that health concerns might produce. After the pandemic, the reoccupation of buildings will have to go through a transition before normalizing again. It is important to include measures that will reinforce the physical, social, and mental wellbeing of students, by providing spaces that promote health and increase perceptions of safety in classrooms.
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