Title Page
Title (English)
Predictors of compliance with COVID-19 contagion preventive instructions
Keywords: COVID-19, Adherence to instructions, anxiety, need for cognition, quantile regression 
Abstract
Objective: In the present study, the predictability of Adherence to Instructions (ATI) for preventing COVID-19 contagion from the Need for Cognition and/or anxiety, among other variables, was established. Method: A cross-sectional study was through an online survey, in which the Adherence to Instructions (ATI) test, the Beck Anxiety Inventory, and the Necessity for Cognition test were applied to university students, and quantile regression models were used to establish linear correlations. Results: It was found that the influence of the Need for Cognition and anxiety on ATI is significant only in the 1st quantile of both tests. Finally, in the multiple quantile regression, it was observed that the interaction of anxiety scores and the Need for Cognition have an impact on ATI only in the 1st quantile. Conclusions: With these results, we can determine that the predictor variables have different influences on ATI and this could be reflecting different underlying cognitive mechanisms.
Título (español)
Predictores del cumplimiento de las instrucciones preventivas de contagio de COVID-19
Resumen
Objetivo: En el presente estudio se estableció la predictibilidad de la Adherencia a Instrucciones (AI) para prevenir el contagio de COVID-19 a partir de la Necesidad de Cognición y/o la ansiedad, entre otras variables. Método: Este fue un estudio transversal en el que, a través de una encuesta en línea, se aplicó la prueba de Adherencia a las Instrucciones (AI), el Inventario de Ansiedad de Beck y la prueba de Necesidad de Cognición a estudiantes universitarios y se utilizaron modelos de regresión por cuantiles para establecer correlaciones lineales. Resultados: Se encontró que la influencia de la Necesidad de Cognición y la ansiedad en AI es significativa solo en el 1er cuantil de ambas pruebas. Finalmente, en la regresión cuantil múltiple, se observó que la interacción de los puntajes de ansiedad y la Necesidad de Cognición tienen impacto en AI solo en el 1er cuantil. Conclusiones: Con estos resultados, podemos determinar que las variables predictoras tienen diferentes influencias en AI y esto podría estar reflejando diferentes mecanismos cognitivos subyacentes.
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Introduction
Adaptability to new and stressful situations is essential to everyone. We face this type of scenario when we travel, we change workplace or when we change place of living, and following instructions in those situations is essential for the best adaptation we could have. Some of them are more stressful than others however, each of them shares a common feature: they demand a cognitive effort for our success. 
Cognitive demanding situations, like the one that we faced in the early days of the COVID-19 strike, require that we put effort into our mental process every day, but this might depend on our personality. For example, as for the cognitive bases of compliance with instructions for preventing COVID contagion, one of the personality traits that could have an important impact is the need for cognition (NFC). This construct is defined as the personal preference for thinking deeply about situations through the structuring of relevant information (Cacioppo & Petty, 1982). This personality trait increases the likelihood that the individual will organize, elaborate or evaluate information to which he or she is exposed (Cohen, 1957). The potential relation between the need for cognition and the following of instructions lies in the fact that NFC is a cognitive style that invests effort in acquisition, reasoning, and problem-solving to face a diverse variety of predicaments (Cacioppo, 1996), which in turn facilitates psychosocial adaptation through careful thinking (Oh, 2007).
The relationship between anxiety and following instructions has been evaluated previously. Some findings stand for the idea that anxiety facilitates following norms (Aparicio-García, et.al., 2018) and others have found that has a negative correlation with adherence to antiretroviral therapy among people who had been recently diagnosed (Yu, et. al., 2018). There are some reports about the correlation between anxiety and following instructions related to COVID-19 and have not found a relation (Shiloh, Peleg, & Nudelman, 2021), however, perhaps different levels of anxiety will yield different findings.  
Based on these antecedents, this research study had the objective to establish the predictability of compliance with instructions established by the authorities during based on two independent variables: anxiety and the need for cognition, among other variables. 
Method
Participants and study design
This was a non-probabilistic and cross-sectional study, and the sample was a convenient one. This study involved 405 voluntary participants from different semesters and different schools (psychology, engineering, design, etc) at the Universidad Anahuac Mayab. After the elimination of useless inputs, the final sample was 344 participants. Of these, 174 were men and 170 were women (mean = 21.28, standard error = 0.22). Only 28 students were located outside Mexico (El Salvador, Nicaragua, Honduras, United States, etc). The inclusion criteria were: university alumni of the Universidad Anahuac Mayab, from 19 to 25 years old, that answered the tests while researchers were in the online meeting. Exclusion criteria were non-respondent participants, lack of complete answers, and excess time beyond execution time. 
This study was performed during the beginning of the COVID-19 pandemic strike therefore information was obtained via online. The first step was to agree with the University research department, and then with the directors of each school, obtaining permission to enter the classes being held through video calls (zoom, Teams, Meet, etc.): because of the health emergency, face-to-face classes were not yet possible at the university at that time. More details about data collection are available un supplemental material. 
This study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. Data collection took place during the early phase of the COVID-19 pandemic, under conditions of institutional closure and public health restrictions that limited access to formal ethics review procedures. For this reason, the study protocol was not submitted to an institutional ethics committee.
However, all participants were adult university students who voluntarily agreed to take part in the study. Written informed consent was obtained from each participant prior to survey completion. The consent form included clear information about the study’s purpose, procedures, and the voluntary nature of participation. No identifying personal information was collected, and participants were assured of the anonymity and confidentiality of their responses. The study involved no deception, no physical or psychological risk, and no form of compensation or coercion.

Given the observational, anonymous, and minimal-risk nature of the research, and the exceptional circumstances of the pandemic, the study met the fundamental ethical requirements for research involving human participants.
Dependent variable
To evaluate adherence to instructions (ATI), items from Pollack, (Pollack, Shoham, Dayan, Gabieli-Seri & Berger, 2021) were used, where adherence to instructions given by health authorities was evaluated. This survey determines the adherence or non-adherence of the participants to 12 preventive measures. More details about this dependent variable, are available in the supplemental material. 
Predictor independent variables
For this study, two metrics were used that assess possible predictors of adherence to instructions. The first was the Beck Anxiety Inventory (BAI). The BAI is a self-assessment of anxiety symptoms, initially developed to differentiate between anxiety and depression. The BAI has demonstrated a stable internal structure when applied to the Mexican population (Padrós, et. al., 2020). It consists of 21 items rated on a 4-point Likert scale from 0 (Not at all) to 3 (Severely).
Regarding the second predictor, the need for cognition (NFC) test was considered. NFC is defined as the need to structure relevant situations in an integrated and meaningful way. In few words, these people find it “fun to think” (Cacioppo & Petty, 1982). This test was validated in Spanish by Falces et al. (Falces, Briñol & Sierra, 2001) and contains items that ask participants how well certain personal characteristics describe them, for example: “I am more attracted to very complex problems than simple ones”, or “I really like tasks that require finding new solutions to problems”, or "I prefer intellectual, difficult and important tasks, rather than those that do not require much thought, whether or not they are important." Participants had to use a 5-point Likert scale from 1 (“Not characteristic of me at all”) to 5 (“Very characteristic of me”).
Covariates
Among the covariates that were evaluated were age; gender, the number of times that participants searched for information related to COVID-19 and behavior associated with quarantine, using the questions: " Are you in quarantine? (Quarantine1), "How many days is it since you last left home?" (Quarantine2) and “How many times have you left your house (using any means of transport), in the last week?” (Quarantine3). Mire information about covariates are detailed in the Supplemental Material document. 
All the procedures of the present investigation, being non-invasive, did not imply a risk to the physical, emotional, or moral integrity of the participants. Therefore, it corresponded to "research with minimal risk" in accordance with Article 17 of the Regulations of the General Health Law on Research for Health. In addition, the guidelines specified by the criteria of the Declaration of Helsinki of 1975 and its amendments were followed, as well as the current international codes and standards for good practices in research with humans, as well as the Official Mexican Standard NOM-012SSA3-2012. which establishes the criteria for the execution of research projects for health in human beings

Data analysis
For statistical analysis, the normality of the distribution of the ATI responses was first determined. For the characterization of the sample, the differences between genders were determined using the Wilcox rank test. On the other hand, as can be seen in Figure 1, the ATI responses do not present a normal distribution, and therefore quantile regression was used to establish the prediction of ATI using anxiety and NFC scores.
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Figure 1. Nonparametric distribution of adherence to instructions responses
The quantile method is the most widely used to evaluate this type of test and was developed by Koenker and Bassett (Koenker y Bassett, 1978). This method allowed us to investigate predictors at different intervals across all ATI distributions. More details regarding the statistical method and the different models of analysis are highlighted in the Supplemental Material. 
Results
Descriptive results
Through a Student's t-test, it was observed that the average age of the participants was 21.28 and no differences were found in age between the two groups (women = 21.01, men = 21.55, p = 0.236). Given the non-normal distribution, through the Wilcox rank test it was found that between men and women, no significant differences existed in scores of adherence to instructions (women = 46.66, men = 45.22, p = 0.267), although there were differences in NFC scores (women = 51.65, men = 52.72, p = 0.0498) and anxiety scores (women = 17.51, men = 13.43, p = 0.00092).
Simple quantile regression results
Table 1 shows the relationship that exists between different predictor variables and adherence to instructions. As can be seen, the need for cognition is positively correlated with ATI in the 1st quantile (0.333), but not in the 2nd or 3rd quantiles. These results suggest that the influence of NFC on ATI is significant only when there are low scores on both tests, but not high scores. Regarding the anxiety scores, there are significant positive correlations in the 1st quantile (0.19) and in the 2nd quantile (0.07) but not in the 3rd quantile, thus reflecting a different connection to gradual changes in AI scores. 
Concerning gender, in the same way, a positive correlation was found, although this time only in the 3rd quantile (2.0) and in the same way the relevance of age to ATI was manifested only in the 1st quantile (0.3), where each increase in age, there is an increase of 3 points in the AI questions.
Table 1. 
Simple regressions (dependent variable: adherence to instructions)

	
	OLS
	25th
	50th
	75th

	BAI + NFC
	0.09047**
	0.17073**
	0.07143
	0.02985



Note: OLS: Ordinal Linear Regression
Regarding the number of times during the day that information is sought regarding the pandemic, no significant correlation was found, and for question 1 on quarantine, a negative correlation was found with ATI. However, this correlation is quite obvious, given the nature of the question. The rest of the questions related to quarantine did not present any significant relationship with AI.
[image: ]In Figure 2, we can see the variations in the slope, according to the quantiles of the ATI test, compared to the ordinary method of least squares (OLS). That is, each predictor acts differently in each quantile of the dependent variable.
Figure 2. Quantile regression between adherence to instructions and A) Need for cognition, B) Anxiety, C) Age, D) Gender.

Quantile Multiple Regression Results
It can be observed from the results of Table 2 that the interaction of anxiety scores and the need for cognition have an impact on ATI only in low scores (Q25) (0.17). That is, with each increase in anxiety and NFC scores, there is a .17 increase in AI scores.
Table 2. Multiple regression (dependent variable: adherence to instructions) Notes: BAI = Beck Anxiety Inventory. NFC = Need For Cognition

	
	OLS
	25th
	50th
	75th

	Need for cognition
	0.14436**
	0.33333**
	0.07692
	0.04167

	Anxiety
	0.08304*
	0.19355*
	0.07692
	0.0000

	Gender
	1.4390
	3.00000
	1.00000
	2.00000*

	Age
	0.1990
	0.30000*
	0.11429
	0.06667

	COVID-19 News media
	-0.3164
	-0.75000
	-0.50000
	0.00000

	Quarentine1
	-6.193***
	-8.00000***
	-7.00000***
	-5.00000***

	Quarentine 2
	0.2267
	0.33333
	0.50000
	0.00000

	Quarentine 3
	-0.5285
	-1.50000**
	-0.50000
	-0.33333



Discussion
This study evaluated the relationship between adherence to instructions aimed at preventing the spread of COVID-19 and personality traits such as the need for cognition and anxiety, and other variables such as age and gender. Among the most relevant results, we found that there is a positive correlation between adherence to instructions and the need for cognition and anxiety.
The correlation we discovered between adherence to instructions and the need for cognition could be analyzed by the theory that NFC facilitates psychosocial adaptation to contexts that require it (Oh, et. al., 2007). This could be reflected in a previous study that evaluated the link between NFC and increased consumption of fruits and vegetables (Williams-Piehota, et. al., 2006). This and other findings (Williams-Piehota, et. al., 2003; Capone & Wood, 2009) suggest that people with higher scores in NFC personality are more akin to investing more effort in integrating complex information that requires a more in-depth and detailed analysis. In this context, it is likely that the NFC pattern of our participants allows the integration of preventive measures based on logical arguments, such as those provided by the authorities, into people's daily lives and thus provides greater security against potential COVID-19 infections.
The link between anxiety and adherence to instructions could be explained through the evolutionary importance that anxiety has for the survival of the species. That is, the attention paid to a danger that can be triggered by functional anxiety levels could contribute to mitigating the damage, as long as the risk of an adverse effect can be controlled by the individual. This has been demonstrated through studies in which investigators evaluate how the attentional capacities associated with anxiety have a greater inclination towards stimuli associated with aversive stimuli, in conditions in which there was a probability that the appearance of these stimuli could be mitigated, compared to when they could not be mitigated (Notebaert, et. al., 2017, 2020). In this context, it is logical to consider that the anxiety in our participants could come from the knowledge of the potential risk of contagion and this could favor compliance with instructions in an attempt to mitigate or control the risk of the participants or their families contracting COVID-19. Although this argument may involve greater evolutionary complexity than the natural flight reaction that a wild organism might exhibit in nature, it could be reflecting a complex cognitive mechanism that allows people to be safe from potential risks.
During the writing of this paper, Mevorach, Cohen & Apter (2021) also found that anxiety was indirectly correlated with compliance with COVID-19 regulations, but this association was mediated by the level of uncertainty. Unlike our paper, this report did not establish correlations according to the level of anxiety. Correlation according to quantile intervals is important since this method can highlight different trends in the correlation between two variables.  
Regarding the positive relationship between anxiety scores and low scores on the adherence to instructions test (Q.25) but not high scores (Q.75), it is possible that the conclusions of Notabert et al. could also explain our results. In this study, low levels of anxiety allowed participants to feel that they had more power to mitigate aversive stimuli, compared to high levels of anxiety (Notebaert, et. al., 2017). It is possible that the anxiety scores obtained in our test were low enough to be associated with the feeling of control gained by complying with instructions that mitigate risk, and that this effect is lost as anxiety scores rise. In other words, it could be that a little anxiety helps us be alert, and too much anxiety interferes with our compliance with instructions. 
Behind these two points, we find a scenario in which the participants use two different cognitive mechanisms that are associated with following instructions: one associated with the willingness to integrate new information to structure an action plan linked to different preventive measures, and the other associated with a reaction to stress caused by the information coming from the environment.
The finding related to the interaction between NFC scores and anxiety as a predictor of ATI can be explained through the Easterbrook hypothesis (1959) on the use of environmental cues. According to this idea, there is a progressive restriction in the range of signals processed as the level of physiological arousal increases. Low indices of arousal facilitate the utilization of cues from the environment at a maximum level, while the heightened alert reaction originating from anxiety gradually decreases the use of available information. In other contexts, such as that of product consumption, high levels of need for cognition and low levels of anxiety make it easier for consumers to be open-minded about high product prices, and to take into account that apart from the cost of the product, there is other important information to be considered, such as the quality of the product (Rajneesh, Suri & Monroe, 2001). This could modify participants' attitudes enough to change their intentions towards a negative event, as happens in athletes when reading persuasive information about not consuming prohibited substances (Horcajo, et. al., 2019). In the context of our results, the anxiety scores are likely facilitating deep and detailed analysis by the participants and this could be reflecting a greater behavioral willingness to comply with instructions.
This finding is in line with other explanations regarding the efficiency of cognitive resources that are facilitated by anxiety (Gutierrez Calvo & González, 2003). They explained that during anxiety-driven conditions, like the threat of COVID-19 contagion, an efficient way of processing information is needed for individual adaptation. They argue that anxiety drives the mobility of cognitive resources that prioritizes the processing of important information related to adaptability (compliance with protective instructions) and try to compensate for the bias that is produced by non-adaptive information (a stressful environment). In the case of our behavioral results, perhaps anxiety interacts with the cognitive resources that people with high NDC have, to facilitate adaptability to stressful environments. If this is the case, more research is needed to see how anxiety can boost NDC abilities. 
Certainly, previous studies have found a negative relationship between anxiety and NDC scores, influencing success in activities that require a complex level of analysis, such as solving mathematical problems (Maloney & Retanal, 2020). However, the difference may lie in the fact that the analysis in this study has been done in different quantiles, which may reflect different patterns of correlation between variables, and that the significance of the dependent variable (compliance with instructions to prevent a life-threatening disease) in our work is greater than that of solving mathematical conflicts.
Conclusions
Some factors influence compliance with instructions to avoid the contagion of COVID-19, such as gender and age. Likewise, anxiety has a positive correlation with following instructions to avoid getting sick from COVID-19, probably increasing the level of attention paid to important information necessary for survival. On the other hand, the need for cognition also positively influences compliance with instructions, probably due to the inclination that the need for cognition produces toward detailed analysis of the information and a consideration of the context relevant to survival. Finally, the interaction of anxiety and the need for cognition influences compliance scores, reflecting a potential joint mechanism for following instructions.
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