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Abstract

:

An aggregate analysis shows that undertaking fewer work and leisure trips during the pandemic had negative effects on mental health, but reducing trips to grocery shops, pharmacies and parks had the opposite effect, but there is a lack of studies on the effects of behaviour change on mental health using a disaggregate analysis. Beside mental health, a lockdown is assumed to cause social isolation, which is hypothesised to also deteriorate social health due to reducing one’s time spent socialising. This study fills these research gaps and examines the effects of behaviour change on social and mental health during the pandemic. Travel restraints have been relaxed and tightened several times, but no study has investigated the behaviour changes and discrepancies in social and mental health between Malaysia’s strict and relaxed periods. Around 438 respondents reported their behaviour changes during two different travel restraint periods and before the pandemic. This study confirms that the relaxation period caused a significant increase in the number of discretionary trips in Malaysia; however, the increase in discretionary trips did not have any significant effects in improving mental and social health. A disaggregate analysis showed that grocery shopping and socialising trips had negative effects on mental health, as opposed to previous studies using an aggregate analysis. Socialising trips, however, helped to improve the social health conditions.
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1. Introduction


Social distancing has been applied as a measure in many countries to inhibit the spread of COVID-19 cases. The ‘lockdowns’ or travel restraints were derived from the social distancing policy, as part of the fight against the virus. The government of Malaysia imposed a full lockdown policy, defined as a Movement Control Order (MCO), on 18 March 2020, and this was followed by the implementation of many new standards to support the MCO [1,2]. The MCO was prolonged, and eased over in stages in 2020 and 2021, including through the Conditional MCO (CMCO) and Recovery MCO (RMCO).



The lockdowns and travel restrictions caused behaviour changes, as indicated by many researchers (e.g., [3,4,5]). People were not permitted to visit usually crowded places or meeting hubs such as the city centre, offices, universities, schools or shopping malls, to reduce the virus transmission. People were forced to undertake various activities at home (including working and schooling), and to use online platforms for these activities. Some offline activities needed to change to online activities, such as online meetings for work or social purposes, online gaming, streaming films instead of going to the cinema, food delivery orders instead of dining out, online grocery shopping instead of grocery shopping in stores, and increased online shopping instead of going to the mall. Online teaching and online libraries were introduced in the education system, to continue teaching, learning, and research without sacrificing the social distance protocols [6,7]. The travel restrictions undermined the social rhythm by depriving individuals of their coping mechanisms for stress [8], because daily trips, especially for socialising and discretionary trips, were limited during the pandemic.



Certain activities are considered to be more pleasurable, including socialising, and recreation or leisure activities, and are deemed to have a positive effect on people’s everyday well-being [9,10]. Eliminating these activities and imposing the repetitive use of a place for a substantial period might, therefore, correlate with negative social health (SH) and mental health (MH) effects [11,12]. Studies have reported that the cases of depression, loneliness and boredom were double, triple or even quintuple of those from before the pandemic [13]. Less social contact and limitations to out-of-home activities or trips might correlate with negative effects on SH and MH, resulting in depression and anxiety [14,15]. The activation of unpleasant feelings such as worry/fear, annoyance, frustration and irritation could also be overwhelming, and heighten psychological distress [8,16]. Meanwhile, chronic social isolation due to social distancing, restrictions on social activities or limited opportunities for physical social engagements could also significantly correlate with low SH [17,18].



Regulations restricting travel for a relatively long duration required the closure of various business activities—particularly in the tourism, travel and hospitality sectors—and led to a loss of employment status for many people in Malaysia [8]. Income insecurity and uncertainty resulted in more depression and social isolation. Nanath et al. [19] found that reducing the working and recreation trips during the pandemic was negatively correlated with MH, whereas decreasing trips to grocery stores, pharmacies and parks had the opposite effect on MH; however, their study used aggregate data to measure the effects of various trip purposes on MH. To the best of our knowledge, the effects of reducing some trip purposes and out-of-home activities using a disaggregate model have not yet been explored, and this study aims to fill this research gap. The study by [19] also did not include SH measurements. Expanding the effects of behaviour change on the deterioration of SH is, therefore, also the gap that will be answered in this study.



Hartwig et al. [5] considered the reduction in activity time for travelling, working, schooling, physical shopping and personal activities, and also highlighted the increased time spent eating and in leisure activities using a disaggregate analysis in Austria; however, they did not measure the effects of behaviour change on SH and MH. Using a disaggregate analysis, more walking and cycling were hypothesised to improve people’s SH and MH, and some online activities were hypothesised to ease people’s daily activities during the pandemic, which might correlate to a better SH and MH; however, a long time spent working or studying from home was hypothesised to correlate with a low SH and MH.



Travel restrictions have been lifted and tightened multiple times in many countries. The MCO in Malaysia initially ran from 18 March to 3 May 2020. The MCO was lifted and replaced by a CMCO due to the decreasing number of COVID-19 cases; this led to the partial reopening of economic activities and allowed movement across districts within a state, without permitting inter-state travel [1]. The CMCO was active from 4 May to 9 June 2020, and then a further relaxation was promoted under the RMCO, which ran from 10 June 2020 to 31 March 2021. Inter-state movement was allowed under the RMCO, which reopened almost all economic sectors [2]. To the authors’ knowledge, there has been limited or no investigation of the effects of this relaxation on increasing the number of trips for various purposes and out-of-home activities and on SH and MH. It was hypothesised that relaxing the control of movement improved people’s SH and MH in Malaysia due to the increased number of trips and participation in out-of-home activities. A statistical analysis should be conducted, however, to measure whether the improved MH is statistically different from that under the MCO; this is the second research gap investigated in this study.



This study used a disaggregate analysis to investigate whether reducing trips for various out-of-home activities and performing activities online for a long period during the two different lockdown periods (the MCO/CMCO and RMCO) was significantly correlated with SH and MH. The authors assumed that people had similar activity-travel patterns during the MCO and CMCO, both of which disallowed the operation of numerous business activities in Malaysia. On the other hand, the RMCO was assumed to have encouraged more trips, particularly inter-state and recreation trips, which were barred in the two earlier stages. It was, therefore, hypothesised that there should have been a SH and MH improvement in the RMCO in Malaysia between March and April 2021, which means the data collection was performed between the end of the RMCO period and the beginning of the state-based MCO (from 1 April to 31 May 2021). The state-based MCO was implemented due to the increasing number of cases of the Delta variant in several states in Malaysia. This was then continued as a total lockdown, or MCO, in all states from 1 June to 8 November 2021. The data in the present study include the perceived discrepancy in the trips undertaken for various discretionary activities and online activities between the two travel restriction periods in Malaysia, as well as compared to before the pandemic. The built environment conditions of home locations, including their districts and states, were also captured. The dataset also recorded the SH and MH, and the affective well-being of the respondents during the two different stages of travel restrictions.




2. Literature Review


2.1. Activity—Travel Behaviour Change during the COVID–19 Pandemic


It is acknowledged that the pandemic has reshaped daily routines into new behavioural patterns. A number of studies have found, as a part of life course analysis, that the change in life events has changed people’s activity-travel behaviour [20,21,22,23,24,25,26,27]. Because social distancing was implemented as the main policy for cutting the chain of viral transmission, reductions in people’s mobility of 20–40% were found to reduce the COVID-19 cases [28]. Many places saw a decline in trips by more than 50% compared to normal, including Switzerland [29,30], the US [31], Germany [32], the Netherlands [33], Indonesia [34], Australia [35,36], Taiwan [37] and Sweden [38]. Almost all people implemented preventive and avoidant behaviour in Singapore, including using online shopping more often and avoiding public transport and public spaces [39]. Digital technology was found to replace activities such as online shopping and streaming films [40,41,42] and to move business functions to a digital platform [43,44].



The most significant trip reduction was found in public transport [37,45,46]. The reduction of trips using public transport was 90% in Switzerland [46], and 70% in Zurich alone [45], particularly in the first two months of the lockdown between March and April 2020. The number of public transport users declined to almost 50% of normal in Taipei, Taiwan [37]. The effects of COVID-19 were more significant at the weekends compared to weekdays in Taipei [37]. An analysis of the daily ridership in metro stations located near leisure and entertainment areas, suggests that there was a decrease in recreational leisure trips for both weekends and weekdays, due to factors perceived by the population, who intended to reduce their recreational leisure trips in response to the fear of infection [37].



A study investigating the activity-travel behaviour changes due to COVID-19 in Australia found that the outbreak distorted the respondents’ out-of-home activities, such as shopping, social activities and dining trips, by 76%, 80% and 76%, respectively [35]. In a study examining the change in activities and associated travel during the beginning of the COVID-19 pandemic in Indonesia, around 71.28% and 15.82% of the respondents reported that their out-of-home activities were “very significantly” and “significantly” reduced, respectively. When focusing on socialising and discretionary trips, the data analysis showed that sightseeing and dining trips also decreased, from at least three times to once a week during the pandemic [34]. Generally, unperformed work, retail and recreation activities also appear to be negatively associated with low MH [19], while changes in activity-travel behaviour from offline to online are expected to have a longer-term impact because people experience the benefits of online tools for communications (e.g., Skype, Zoom, Microsoft Teams, Webex and Google Meet) and teleworking [4]. The pandemic has shifted customer behaviour to the use of digital technology [47] due to the effects of social norms and word of mouth [41], both in personal and business communications [48,49] and a better knowledge of COVID-19 and consistency to implement social distancing were found to positively correlate with attitudes toward social media use, and in turn, using social media more often [49]. The habits created during the pandemic seems to have continued, thus, creating new habits [41].




2.2. Connection between Travel Behaviour and Social and Mental Health


In the time–space prism, the travel and activity participation of individuals is shaped by the interaction of needs, constraints and resources. Activities are undertaken to fulfil needs and desires, and each activity has been found to have a different level of enjoyability [9], activity well-being [50,51] and daily experience [52]. Each activity corresponds with a specific need, such as a basic need or a need for material resources (e.g., working, schooling, extracting foods from nature and grocery shopping); a love or immaterial need (e.g., socialising, dating and family engagements); and self-actualisation needs (e.g., climbing Mount Everest, representing a country in a competition or receiving an award). People need to engage in activities more often in order to fulfil their love and/or self-actualisation needs such as recreation and socialising activities, and most would like to spend less time on activities to satisfy their basic needs, or obligation activities such as out-of-home maintenance activities (e.g., grocery shopping, errands, health care and shopping for other things), particularly in developed countries [53]. Socialising and recreation were found to have a higher rate of enjoyability [9], a better sense of activity well-being [50,51] and to correlate with a better daily experience [52] and global subjective well-being [10], whereas working, studying and travelling have the opposite effect. Participation in activities with a low rate of enjoyability, low activity well-being or correlating with worse daily experience might be necessary to fulfil basic needs, whereas undertaking more enjoyable activities might have the objective of fulfilling higher-level needs such as love/psychological and self-actualisation needs [53,54,55,56].



From a time–space prism perspective, activities with a low rate of enjoyability, such as working, studying and dropping off or picking up children, are seen as high-level constraints or commitments. It tends to be difficult to reschedule activities with high-level constraints as they have a higher temporal or spatial fixity [57,58,59,60]. Difficulties in rescheduling such activities make them an anchor and dictate other activities that are easier to reschedule, such as maintenance and leisure activities, or activities with a higher or lower rate of enjoyability [61,62,63]. People in developing countries were, therefore, found to prioritise working and grocery shopping, but categorised leisure and socialising activities as impulsive activities, or activities that can be performed when people have spare time [64]. People in developed countries, however, saw socialising as a more fixed activity than working and grocery shopping [65]. The activity location, including the built environment conditions (e.g., land use shape and the road and public transport networks) and other related conditions (e.g., income and the availability of private vehicles as defined by [23,27]), also determine the opportunities for, or barriers to, engaging in various types of out-of-home activities, otherwise called resources. The examples above indicate the interrelationships between activities with high and low rates of enjoyability, which includes people’s daily situations and reveal the interactions between constraints, needs and resources.



Well-being can be a proxy for SH and MH [66,67]. An experience of performing an activity or trip that is enjoyable might correlate with positive SH and MH and this can be reflected in satisfaction with engaging in the activities and trips, or the time allocated to do so. Some studies have suggested that well-being or an experience to perform a specific activity might mediate the effects of activity-travel patterns on SH and MH [10,52,66,68]. Other studies, however, have suggested that the effects of the activity-travel patterns are directly correlated to SH and MH [69,70,71].



Participation in some out-of-home activities has been hypothesised to correlate with better SH and MH, while performing more trips for a particular purpose has also been hypothesised to correlate with SH and MH. Before the pandemic, individuals with a balanced life (i.e., with enough time for active leisure/travel, leisure activities, work/school and sleep) were shown to have better physical, mental and social health [60,72]. This shows that, theoretically, individuals need to have more regular leisure and social engagements associated with a longer amount of time spent on, and a higher frequency of, activities and trips in order to improve their SH and MH. More time at home or limiting out-of-home activities—particularly activities for fulfilling higher level needs (e.g., love or immaterial needs and self-actualisation needs)—is hypothesised to significantly correlate with worse SH and MH. Activities for fulfilling higher-level needs have been limited during the pandemic. Understanding people’s behaviour has been found to be a significant factor in improving an organisation’s performance [73], which has also been found to be significantly associated with social and mental health performance [67,68,69]. Built environments and policies only stimulate behaviour, whereas people might perform an opposite behaviour from a policy [73], for satisfying their well-being or health conditions; therefore, for avoiding a counter-productive policy, the suggested policy to maintain SH and MH in a future pandemic should be proposed from an empirical study of the previous pandemics. This is the focus of the present study: investigating the effects of the reduced time spent on various trips, and the increased time spent on online activities, as a replacement for out-of-home activities in the previous COVID-19 pandemic, on SH and MH.




2.3. Travel Restrictions in Malaysia


Social distancing was the standard approach to stopping the transmission of COVID-19 outbreaks across the world. Many countries applied social quarantines—popularly called lockdowns—to support social distancing. Malaysia adopted travel restrictions or lockdowns (i.e., the MCO; [1,2]) after two outbreaks at the beginning of 2020, which increased the number in COVID-19 cases. The MCO was intended to last for eight weeks, from 18 March to 12 May 2020, but on 4 May the MCO was changed to a CMCO, which included the partial opening of some economic sectors [2]. Due to the decrease in COVID-19 cases, the Prime Minister announced a relaxation of the MCO/CMCO (i.e., the RMCO), and the reactivation of economic, education, religious, hospitality and tourism sectors, including meetings, conventions and exhibitions, with a strict standard operating procedure. On 1 April 2021, Malaysia returned to a state-based MCO due to an increase in the spread of the Delta variant, and the entire country then returned to a general MCO (for all states) on 1 June 2021.



Inter-district movements were relaxed during the CMCO, but inter-state travel was still prohibited. During the RMCO, however, the inter-state travel restrictions were relaxed. In this study, the authors assumed that there were no significant activity-travel pattern differences between the MCO and CMCO periods. Due to the reopening of almost all activities and all travel options, however, the authors assumed that there was a huge difference in the activity-travel patterns between the MCO/CMCO and RMCO periods. The assumptions about the discrepancy in activity-travel patterns between the MCO/CMCO and RMCO periods were, therefore, investigated. The different activity-travel patterns during the two different travel restriction periods mean it was also hypothesised that the SH and MH would be significantly different, and this was investigated as well.





3. Data Collection


3.1. Data Collection Process


Travel behaviour research relies on observing people’s activity-travel behaviour in a specific context, such as the travel time, number of trips, number of trip chains, intention to participate in a particular activity, and behaviour change. A self-reported survey is usually used to observe people’s behaviour, even though other methods such as a non-self-reported survey or observation by a secondary party can also be used. Since a statistical analysis is used for the analysis, which requires data adequation, a self-reported survey is a more appropriate choice for practical reasons.



The traditional data collection method is via face-to-face meetings and paper and pencil. Interaction between the surveyors and respondents is important, particularly in developing countries, for ensuring that the information provided meets expectations [61]. A face-to-face meeting also aims to secure the expected sample size or to reach the minimum amount of data. It was impossible to undertake face-to-face meeting data collection during the COVID-19 pandemic, considering the uncertainty of the pandemic situation. The emerging new variants and unacceptable vaccination rate meant that the government authorities still applied a full health protocol and direct social contact was avoided, even though the policy was relaxed several times. During such a highly uncertain situation, face-to-face meetings and paper and pencil were also too risky for both the surveyors and the respondents. Online data collection was, therefore, proposed.



The 2021 COVID-19 Malaysia dataset was collected during the pandemic from March to May 2021. The data collection was conducted on the cusp between the RMCO stage and another full lockdown, or the MCO phase, in April 2021. An online format was chosen due to uncertain situations. The dataset contained several sections. The first section collected socio-demographic information, including the state of the residential location. The second section asked about the perceived change in trip frequency for various purposes and travel use by various modes during (MCO/CMCO and RMCO) and before the pandemic, and the third section was intended to determine people’s activity-travel patterns, the perceived change in various online activity patterns during and before the pandemic; and to make a comparison of the perceived frequency of using social media, gadgets and computers during and before the pandemic; thus, the affective well-being. The fourth, final, section collected information about SH and MH conditions during the MCO/CMCO and RMCO.



The socio-demographic information included personal and household information such as gender, age, employment status, number of households, income, and number of accessed cars and motorcycles. The state of the residential areas was examined to differentiate the SH and MH patterns in different states.



In order to determine the perceived changes in trip frequency and online activity patterns, the respondents were asked questions such as: “Do you perceive that your performed trips for working/grocery shopping/dining/socialising/sports/healthcare on weekdays or weekends were more frequent during MCO/CMCO and RMCO than before the pandemic?”, “Do you perceive that your number of trips on weekdays or weekends was higher during MCO/CMCO and RMCO than before the pandemic?” and “Do you perceive that your online activities (work/school from home [WFH/SFH], e-grocery, e-shopping, e-meeting, food-delivery and movie streaming) were more frequent during MCO/CMCO and RMCO than before the pandemic?” The items were rated on 7-point Likert scales, ranging from strongly disagree to strongly agree. If the respondents undertook trips or online activities more often for a specific purpose during the MCO/CMCO and RMCO than before the pandemic, they responded “agree or “strongly agree”; however, if they performed such trips or online activities less often during the pandemic period than before the pandemic, they answered “strongly disagree” or “disagree”. Finally, if they perceived that the number of performed trips was similar during and before the pandemic, they answered in the middle range, “neutral”.



After the screening process, a total of 438 respondents completed the survey. A lunch or dinner voucher was offered as a token of appreciation for those who completed the survey. The survey was conducted in urban areas in Malaysia. A convenient sampling method was applied, within a population of around 15,795,200 in eight urban areas in the Malaya Peninsula, Malaysia [74]. The survey covered 0.003% of the population in those eight urban areas; the areas represented in this survey were the Kuala Lumpur Metropolitan Area (KLMA, including Kuala Lumpur and six districts in the State of Selangor, Gombak, Petaling, Klang, Sepang, Hulu Langat and Kuala Langat, as defined by [75]; the Penang Metropolitan Area (PMA); the Johor Bahru Metropolitan Area (JBMA); the Ipoh Urban Area (IUA), the Alor Setar Urban Area (ASUA); the Kota Bharu Urban Area (KBUA); the Kuantan Urban Area (KUA); and the Kuala Trengganu Urban Area (KTUA). Some small urban areas were combined to simplify the analysis. The IUA and ASUA were combined to represent metropolitan areas in the northern region, and the KBUA, KUA and KTUA were combined to represent metropolitan areas in the east coastal region. Because they covered a population of more than 1.5 million, the KLMA, PMA and JBMA were left to stand alone.



Table 1 shows the sample descriptions. The northern region and JBMA were oversampled at 27.63% and 23.29%, respectively, whereas the proportions of the population compared to all eight urban areas were only 14.44% and 15.27%, respectively. The KLMA, PMA and the east coastal region were under-sampled at 33.56%, 7.76% and 7.76% in comparison to their population shares of 45.05%, 10.37% and 14.86%, respectively, among the eight urban areas. Performing the survey during the pandemic might explain why the sample was lower than 0.01%, and why the proportions for each region in the sample did not match their relative populations.



The respondents were skewed to more females (66.50%) and fewer males (33.50%). Around 40.40% of the respondents were from Gen Z (below 25 years old), and around 55% were from Gen Y. Only 4.60% of the respondents were not Millennials, or not from Gen Z and Y. Persons from low-income households only accounted for 20.30% of the respondents, and the rest were from middle-high income households. Most of the respondents were educated or at least had a diploma degree, and 6.60% only had a high school degree. People from low-income households did not seem to be under-represented, but the respondents were generally more educated people compared to the population as a whole [74]. In addition, 93% of the respondents had a fixed commitment such as being students or workers, and only 6.60% were non-workers.




3.2. The Proposed Analysis Method


Bivariate and multivariate analyses were proposed in the analysis. A bivariate analysis with a one-way ANOVA was applied. An ANOVA was chosen because almost all the behaviour change data tended to be normally distributed. The bivariate analysis applying the statistical difference of the mean role was the preliminary analysis used to investigate the statistical difference between activity-travel patterns during the MCO/CMCO and RMCO stages. The bivariate analysis with the one-way ANOVA also measured whether people’s SH and MH in two different stages of the MCO resulted in SH and MH results that were also different or the same. This analysis answers the second objective of this study.



The bivariate analysis with the one-way ANOVA was also extended to provide preliminary results regarding whether those who reduced their trips for various purposes during the two different stages in Malaysia statistically tended to have lower SH and MH, as hypothesised, than those who had a similar trip number, or more trips, for various purposes during those two stages. This second bivariate analysis objective fulfils the first objective of this study.



The preliminary bivariate analysis was used as an indication of the effects of the declining trips for various purposes during the pandemic on the SH and MH, and to determine whether the SH and MH were similar or different in the two different stages. A multivariate analysis was applied to further investigate the first and second objectives using a more advanced statistical model. A multilevel regression model was applied for these purposes. The multilevel regression had objectives in which the activity-travel patterns had significant effects on worsening and improving the SH and MH. The multilevel effects also account for whether the variance of the activity-travel patterns performed during the two different stages, namely, the MCO/CMCO and RMCO, did have or did not have a significant effect on the SH and MH. The multilevel effect confirms whether or not the variances in the performed activity-travel pattern had nearly zero effects (or had very limited effects), or had high values (or had significant effects) in explaining the error term. The general equation of the multilevel modelling is shown in Equation (1). Since this study focuses on investigating whether there were variability effects of behaviour change during two different COVID-19 stages on SH and MH, this study only includes the time effects (t) as suggested by other health studies [76,77]. However, geographical variances were not included in this study as opposing other health studies [76,77].


   Y  i t   =  β ′   X  i t   +   α +  u i    +  ϵ  i t     i = 1 ,   2 ,   … ,   N ,   t   = MCO / CMCO ,   RMCO  



(1)




where:



   Y  i t     = social and mental health,



   X  i t     = vectors of explanatory variables,



  β ′   = estimated coefficient representing each explanatory variable,



 α  = intercept,



ui = individual i specific error term due to having different activity-travel patterns and SH and MH conditions in different COVID-19 stages (or defined as a different COVID-19 lockdown phase error term),



   ϵ  i t     = independent random error term.




3.3. The Perceived Change in Trip Frequency and Online Activities during and before the Pandemic


As shown in Table 2, the results, on average, were below four, which means that, as expected, the respondents tended to take fewer trips for all purposes during the MCO or full-lockdown period, on both weekdays and weekends, compared to before the pandemic as also found in developed [29,30,31,32,33,38] and developing countries [34,37]. The respondents tended to take work and socialisation trips less often than other trips, and grocery shopping tended to be undertaken on weekdays rather than on weekends. Going grocery shopping more often on weekdays might have been intended to replace work trips. People might have tried to manage their boredom and maintain their SH and MH by undertaking grocery shopping on weekdays, as people cannot stay in the same place for long periods [11,12].



The one-way ANOVA showed that the number of trips undertaken for various purposes during the RMCO was statistically different from during the MCO. Against the hypothesis, people performed significantly more trips, both on weekdays and weekends, during relaxation period (i.e., during the RMCO period) than during the MCO; however, their perceived total number of trips during the RMCO was found to be no different from the MCO, as similar to the hypothesis. Under the RMCO, people might still have maintained the same number of trips as in the MCO period, but they might have distributed those trips across more purposes than during the MCO. People seemed to spread their trips out during the RMCO, including not only for grocery shopping but also for dining out and socialising on both weekdays and weekends. The respondents tended to shift their sports activities to the weekends rather than weekdays, and health trips were taken on weekdays rather than at the weekend.



In general, people took fewer trips compared to before the pandemic as also found in developed [45,46] and developing countries [37]. People were also found to take fewer trips using any travel mode, both during the MCO and RMCO, than before the pandemic; however, people tended to take private vehicles more often than other modes in both stages, and public transport was taken less often than other modes as also found in developed countries. Although people were found to take more trips during the RMCO than in the MCO/CMCO, no significant differences were observed.



Looking at the emerging online activities during the pandemic, as expected, people spent more time on social media, computers and gadgets, including online activities such as WFH/SFH, e-grocery shopping, e-shopping, food delivery using ride-sourcing and movie streaming, at the beginning of the pandemic compared to before the pandemic. People seemed to undertake e-grocery shopping less often than other online activities because they might as well performed physical grocery shopping to manage their boredom at home, and to maintain their MH. People maintained the habits they had developed during the MCO/CMCO during the relaxation of the lockdown, and continued to engage in more online activities, although a significant increase in trips for various purposes was also observed. The disruptions to people’s activity-travel behaviour could, thus, be permanent, as has also been found by [78] in developed countries. It appears that people were balancing their new online activity behaviour and out-of-home activities during the RMCO.



Figure 1 and Figure 2 present the trip and online activity changes during the MCO/CMCO and RMCO, broken down into the state locations for a respondent’s residency. People from the PMA and KLMA tended to perform fewer trips for various purposes at the beginning of the pandemic than people from other urban areas. This might be because the number of COVID-19 cases in the PMA and KLMA tended to be higher than in other areas. An increase in the perceived number of trips for various purposes in all areas was observable during the relaxation; however, people in the JBMA and urban areas in the northern and east coast region metro areas seemed to have more perceived trips for various purposes than people in the KLMA. People in the east coast region metro area tended to have a similar perceived number of trips for work and grocery shopping as before the pandemic. The relaxation period might have led people in the PMA area to undertake more grocery shopping and dining trips during the RMCO than people in the KLMA; however, people from the PMA tended to limit their trips for socialising, work and sports purposes during the relaxation compared to people in the KLMA.



The respondents from the PMA tended to undertake WFH/SFH, e-grocery, e-shopping, food delivery and movie streaming more often at the beginning of the pandemic than people from other urban areas. It seems that trips during the MCO had been exchanged for undertaking more online activities. During the relaxation period, people from the PMA tended to continue to engage in WFH/SFH, e-grocery and e-shopping more often than people from the other areas. The PMA respondents tended to have more exposure to online platforms such as social media, computers and gadgets than the respondents from the other areas, and the KLMA respondents tended to have the least exposure to all online platforms.




3.4. Social and Mental Health


The health variables used in this study were inspired by [79] and derived from Short Form-36 (SF-36) questions. These included broader aspects than the absence of disease and infirmity but excluded the physical, social and mental well-being or the social dimensions of health [66,79] or health-related quality of life [80]. Physical, social and mental problems due to health issues such as obesity, diabetes, asthma, heart and respiratory diseases are included in these health definitions. Previously, [79] has defined eight parameters in the SF-36, including the physical functioning (PF), limitations on role function according to physical health (RP), general health (GH) and bodily pain (BP) as observed variables of physical health. The RP, social functioning (SF) and limitations on role functioning due to emotional problems (RE) define SH, and mental health is explained by BP, SF, GH, vitality (VT) and mental health (MH). This study only used the SH and mental health (MH) parameters and omitted physical health.



A confirmatory factor analysis (CFA) was used to define the factor loading of the observed variables on the SH and MH. The factor loadings of each observed health variable are shown in Table 3. As suggested by [81], the factor scores were estimated to create a composite value for the subsequent analysis that reflected the relative contributions of each observed variable to the latent variable as a result of the CFA. The factor score is a standardised value arranging the score metric with a mean of zero and a value ranging from −3 to 3 across a sample [81,82]. Equation (1) shows how to find the factor score value (     F i   ^   ) as a product of the factor loading matrix (   Λ ′  )   as a result of a CFA, the inverse of the covariance matrix (Σ−1), and the observed variables (yi). The results of the factor score estimation (including the mean, standard deviations, and maximum and minimum values) are shown in Table 3. As also shown in Table 3, the factor loadings show different weights, and the factor scores are better at representing health variables in a regression analysis than summated scales (e.g., ‘average’ or ‘mean’ values). The Kaiser–Meyer–Olkin (KMO) measurement of sampling adequacy for the MH and SH resulted in values of 0.80 and 0.73, respectively. The KMO measurement for the MH was adequate, and that for the SH was acceptable. Each health variable in the regression analysis was represented by the factor score estimations.


     F i   ^  =  Λ ′    ∑    − 1    y i   



(2)







Figure 3 presents the overall SH and MH during the outbreak, and specifically during the MCO/CMCO and RMCO timeline. Individuals with high SH and MH had scores greater than zero (>0), while a low SH and MH referred to those with scores equal to or less than zero (<0). It appears that a positive and negative SH and MH tended to be slightly higher or better during the RMCO than at the beginning of the outbreak. The relaxation period, which allowed social engagement, might have improved the SH conditions. No statistical differences were found for the SH and MH between the MCO/CMCO and RMCO, however.



Figure 4 and Figure 5 present the SH and MH broken down by trip change behaviour during the MCO/CMCO and RMCO, respectively, compared to trip behaviour before the outbreak. The figures indicate that the SH and MH conditions could be distinguished by changes in the respondents’ trip behaviours.



Figure 4, in general, shows that undertaking fewer and similar trips during the MCO/CMCO than before the pandemic was significantly correlated with negative MH and SH. Undertaking a similar number of discretionary trips during the MCO/CMCO as before the pandemic showed the lowest SH and MH compared to undertaking discretionary trips less often than before the pandemic. Those who undertook fewer trips for work and sports at out-of-home locations during the MCO/CMCO than from before the pandemic, however, had the lowest SH, but better MH, than those who engaged in similar work and sports trips before the pandemic. Losing social rhythm [8], chronic social isolation [17,18], and no opportunities to perform out-of-home activities with a high rate of enjoyability [9,52], might be why fewer trips for various reasons compared to before the pandemic were significantly correlated with negative SH and MH. People might have felt worried, fearful, frustrated and irritated with the virus, thus, undertaking a similar number of discretionary trips as before the pandemic, and such people showed the lowest MH effects, which is in line with the findings of (16, 8).



Positive SH and MH were significant for those who performed more trips for various purposes, particularly for grocery shopping, health care and buying food in person. Undertaking more work and sports trips were found to significantly correlate with positive SH and MH, but the magnitudes tended to be lower than the effects for grocery shopping, buying food in person and health care trips. The MH of people who performed more socialising trips was significantly lower than those who undertook more trips for grocery shopping, buying food and health care. At the beginning of the pandemic, people might have perceived more socialising as being risky for transmitting the virus, but they also perceived that less out-of-home socialising significantly corresponded with much worse MH, as seen in Figure 4. People tended to shift their trips from socialising and working to grocery shopping during the MCO/CMCO to manage good MH and SH; indeed, people might have met members of their social networks during those grocery shopping activities.



During the relaxation period, it seemed that people were offered more choices to perform out-of-home discretionary activities. Taking grocery shopping trips more often tended to show a lower magnitude of SH and MH than undertaking more trips for work and out-of-home discretionary activities. Interestingly, those undertaking grocery shopping trips in a similar way to before the outbreak had significantly positive SH, unlike the results from during the MCO/CMCO. Opportunities for more trips to dine out, access health care services and engage in out-of-home socialising during the RMCO had the highest effects on SH and MH.



Figure 6 and Figure 7 illustrate the SH and MH of respondents broken down by different online activity patterns during the two different phases compared to before the pandemic. Although different changes in online activity behaviour were hypothesised to have significant effects on the MH and SH, only changes to food delivery behaviour showed significant effects on MH. Undertaking online activity patterns more or less often during the pandemic than before the pandemic were found not to improve MH and SH. Less WFH/SFH and more e-grocery shopping during the lockdown relaxation had positive effects on MH. Continuing to undertake more e-meetings, buying food online and streaming films during the RMCO were found to improve people’s MH and SH. E-meetings and buying food online might have provided more opportunities for individuals to perform other activities that fulfil their love needs (e.g., socialising and recreation), as was found in developed countries [83]. Streaming films might be seen as helping to reduce boredom during the long at-home activity period.





4. Regression Analysis


A regression analysis was used to provide a more advanced model of the effects of activity-travel behaviour change on SH and MH, with two models each for the MH and SH (Table 4). The first models only included the effects of activity and travel patterns, and the mode choice during the pandemic compared with the activity-travel patterns before the pandemic on MH and SH. The first model also included the state of residence. In addition to the activity-travel patterns during and before the pandemic, the second model also incorporated socio-demographic and other health variables. The second model showed better model parameters than the first (i.e., a better AIC, BIC and log-likelihood). It seems that the effects of the socio-demographic and other health aspects may have been more relevant than activity-travel patterns in explaining the SH and MH. The effects of the life stage and employment status had higher magnitudes than activity-travel pattern variables in both the MH and SH models. SH had the highest magnitude for MH, and MH had the strongest effects on SH. As also indicated in the bivariate analysis, the different phases during the pandemic did not appear to have a significant effect on any of the models, because the different phase error terms showed zero effects in all models. The relaxation introduced in the RMCO period did not have significant effects in improving MH and SH, or in changing activity-travel behaviour compared to the beginning of the pandemic.



The state of residence in the MH model did not show significant effects on MH. In the SH model, the residents of KLMA had the highest effects on SH compared to those who lived in the other urban areas. In both the MH and SH models, WFH/SFH and e-shopping/e-commerce were negatively associated with SH and MH, and e-meetings and e-grocery shopping had positive effects on SH and MH. These variables had insignificant effects in the second model.



Some discretionary trips had conflicting effects on the MH and SH. Grocery shopping trips were found to significantly correlate with better MH, but worse SH. Grocery shopping might be better for reducing boredom, but taking these trips was seen to limit the socialising time either physically or as e-socialising. Buying food in person and a limited socialising trip might seem able to provide an avenue for socialisation during the lockdown period. Although socialising trips created anxiety about becoming infected with the virus, such trips could fulfil people’s needs to meet with others. Streaming films were seen to reduce people’s boredom and depression caused by staying indoors for a long time during the lockdown period, as also seen in the bivariate analysis. Streaming films, however, might reduce people’s time for buying food offline and/or engaging in socialising trips. Those who ordered food deliveries online might have experienced more depression or anxiety effects during the pandemic, but ordering food delivery online might have offered more time to engage in socialising trips or to visit a workplace.



Senior citizens and baby boomers had the least MH effects, but the highest effects on SH. Gen Z experienced the best effects on MH, but the worst effects on SH. Full-time workers had the highest MH effects, but the lowest SH effects. High-income households were positively correlated with SH, but no significant effects were found for MH. Car and motorcycle ownership had no significant effects on MH and SH, and income only had effects on SH.




5. Discussion and Conclusions


This study confirms that the relaxation period provided a significant increase in discretionary trips in Malaysia; however, the increase in discretionary trips did not have any significant effects in improving MH and SH. The increase in online activities at the beginning of the COVID-19 pandemic was found to have become a new habit during the relaxation period, even though the government authority had allowed more discretionary trips to be undertaken. People living in different urban areas showed no significant difference in their MH, but people in the KL Metropolitan Area had significantly better SH. Those who had better SH were those with better MH and vice versa. Incorporating the employment status and life stage in the analysis improved the model fit.



This study explains that having no employment due to losing a job or being a homemaker contributed more to explaining negative MH than activity-travel behaviour change. Homemakers might have experienced more negative effects during the lockdown period, including the closure of daycare centres, and the need for increased SFH activities for children. On the other hand, for full- and part-time workers who still had jobs during the pandemic, there was a positive correlation with MH. Full-time workers suffered from the lowest SH due to fewer engagements with their peers than before the outbreak. Students, however, suffered the most during the pandemic. Students reported low MH and SH, particularly students from Gen Z. The pandemic tended to take a toll on student life due to a lack of engagement with peers and exhaustion from online classes, both of which worsened their SH. Workers from Gen Z—both full- or part-time—perceived better MH during the pandemic. This might be due to experiencing the least negative effects if they became infected by the virus. Full-time workers from Gen Z suffered, however, due to a lack of engagement with their peers.



This study used a disaggregate analysis and a time–space prism perspective to confirm that limited discretionary trips reduced boredom and allowed social contacts to be maintained with others during the lockdown period, which was significantly correlated with better MH and SH. Grocery shopping trips were found to help people to reduce their boredom and psychological distress through a more varied activity-travel pattern, in turn affecting MH, contrary to studies using aggregate analysis as shown by [19]. Contrary to [19], undertaking socialising trips during the two different travel restraint periods was here found to have a significantly negative effect on MH. This study reports that engaging in trips for buying food and socialising during the two different lockdown periods had positive effects on SH, while grocery shopping showed the opposite effects. Grocery shopping was seen to limit socialising time during both travel restraint periods, due to physically buying food or undertaking physical socialising or e-socialising. Grocery shopping is good for reducing boredom, however, which in turn improves MH. From a time–space prism and transport psychology perspective, food delivery services using ride-sourcing were categorised as basic needs or necessary activities to obtain food. Because buying food online had positive effects on SH, such activities might help people as a trade-off for other activities, such as socialising trips, e-socialising or movie streaming, as was also found by [83] in a developed country before the pandemic. Undertaking discretionary trips too frequently, however, could risk virus transmission. Combining online activities and one type of discretionary trip is suggested as a policy during epidemic outbreaks, to maintain MH and SH.



This study verifies that spending a long period engaging in WFH/SFH is not recommended. To maintain a more balanced life, as found in developed countries (e.g., [72]) and developing countries (e.g., [60]), by undertaking more trips or avoiding staying in one place for a longer time [11,12], the authorities should allow work from an office with a limited number of employees during epidemic outbreaks without sacrificing strict standard operating procedures. E-meetings were found to provide a good channel for socialising during the outbreak, and this correlates with better MH and SH. Regulation that is too stringent during pandemics will not help to improve people’s MH and SH, as was also found in previous studies using aggregate analysis [19]. Ridesharing more often with other household members, however, was the behaviour change variables with the highest effects on MH. Taking ridesharing more often with other household members might ensure social distancing with other people during a small break at weekends after a long engagement in an online activity on weekdays. This could have possible policy implications if facing another pandemic in the future.



Since the employment status and life stage have greater effects than behaviour change on social and mental health, this study suggests that people’s perceptions and attitudes during the pandemic, and perceived emotions during the pandemic, might better explain the effects on social and mental health. Attitudes and perceptions can differentiate people in the same socio-demographic groups [82]. This is a possible future research direction. The results also highlighted a significant geographical effect on social health; therefore, this raises another possible research direction which is to include geographical variance, particularly on social health, in the analysis. Each urban area might have different geographical conditions, such as better or worse internet connections and being close to or far from parks and other public amenities (e.g., restaurants and grocery stores), which may or may not help individuals to maintain social health during a pandemic. There is also a possibility that levels of online activity are now similar compared to those at the beginning of the pandemic. The pandemic might have increased online activity to a high level, which created a new habit that continues even now. Investigating whether the current online activity level is similar to the level seen during the pandemic might be a future direction for study.
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Figure 1. Trip changes during the MCO and RMCO compared to before the pandemic. 
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Figure 2. Online activity changes during MCO and RMCO compared to before the pandemic. 
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Figure 3. Overall social and mental health during the COVID-19 outbreak. * and ** indicate significant differences at <0.05 and <0.1 between health conditions during the MCO/CMCO and RMCO, respectively; no asterisk means that no significant differences were found. 
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Figure 4. Social and mental health broken down by trip change behaviour during the MCO/CMCO. * and ** indicate significant differences at <0.05 and <0.1 between health conditions during different behaviour change patterns, respectively; no asterisk means no significant difference. 
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Figure 5. Social and mental health broken down by trip change behaviour during the RMCO. * and ** indicate significant differences at <0.05 and <0.1 between health conditions during different behaviour change patterns, respectively; no asterisk means no significant difference. 






Figure 5. Social and mental health broken down by trip change behaviour during the RMCO. * and ** indicate significant differences at <0.05 and <0.1 between health conditions during different behaviour change patterns, respectively; no asterisk means no significant difference.



[image: Sustainability 14 13776 g005]







[image: Sustainability 14 13776 g006 550] 





Figure 6. Social and mental health, broken down by online activity patterns during the MCO/CMCO. * and ** indicate significant differences at <0.05 and <0.1 between health conditions during different behaviour change patterns, respectively; no asterisk means no significant difference. 






Figure 6. Social and mental health, broken down by online activity patterns during the MCO/CMCO. * and ** indicate significant differences at <0.05 and <0.1 between health conditions during different behaviour change patterns, respectively; no asterisk means no significant difference.
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Figure 7. Social and mental health broken down by online activity patterns during the RMCO. * and ** indicate significant differences at <0.05 and <0.1 between health conditions during different behaviour change patterns, respectively; no asterisk means no significant difference. 
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Table 1. Respondent socio-demographic and location characteristics, n = 438.
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Variables

	
Percentage

	
Mean (Standard Deviation)






	
Gender

	

	




	

	
Male

	
33.5%

	




	

	
Female

	
66.4%

	




	
Age (years old)

	

	
30.0 (8.1)




	

	
>25 years old

	
40.4%

	




	

	
26–45 years old

	
55.0%

	




	

	
46–60 years old

	
3.9%

	




	

	
>60

	
0.7%

	




	
Education

	

	




	
High school or below

	
6.6%

	




	
Diploma/Degree

	
63.9%

	




	
Postgraduate

	
29.4%

	




	
Occupation

	

	




	

	
Non-workers

	
6.6%

	




	

	
Students

	
30.6%

	




	

	
Workers

	
62.7%

	




	
Number of households

	

	
4.8 (2.0)




	

	
Single

	
6.8%

	




	

	
Couple

	
6.4%

	




	

	
3–5 members in the household

	
53.7%

	




	

	
>5 members in the household

	
33.1%

	




	
Income

	

	




	

	
Low income (<MYR 3000)

	
20.3%

	




	

	
Middle income (MYR 3000–10,000)

	
54.0%

	




	

	
High income (>10,000)

	
25.7%

	




	
Number of cars in the household

	

	




	

	
No car available

	
5.5%

	




	

	
1–2 cars

	
66.0%

	




	

	
>2 cars

	
28.5%

	




	
Number of motorcycles in the household

	

	




	

	
No motorcycle is available

	
32.0%

	




	

	
1–2 motorcycles

	
56.4%

	




	

	
>2

	
11.6%

	




	
Residential location

	

	




	

	
KL metropolitan area

	
33.6%

	




	

	
Penang metropolitan area

	
7.8%

	




	

	
Johor Bahru metropolitan area

	
23.3%

	




	

	
Metropolitan areas in the Northern area (or defined as Northern Region)

	
27.6%

	




	

	
Metropolitan areas in the East Coastal area (or defined as East Coast Region)

	
7.8%

	











[image: Table] 





Table 2. Behaviour changes in trips and online activities before and during the pandemic.
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Variables

	
MCO/CMCO

	
RMCO




	
On weekdays

	
Mean

	
Standard Deviation

	
Mean

	
Standard Deviation






	

	
More trips for working

	
2.9

	
1.9

	
3.2 *

	
1.9




	

	
More trips for grocery shopping

	
3.5

	
1.8

	
3.7 **

	
1.8




	

	
More trips for dining

	
3.1

	
1.8

	
3.4 *

	
1.7




	

	
More trips for socialising

	
2.9

	
1.7

	
3.3 *

	
1.7




	

	
More trips for sports

	
3.1

	
1.7

	
3.3

	
1.7




	

	
More trips for health purposes

	
3.2

	
1.5

	
3.4 *

	
1.6




	

	
More total number of trips

	
3.0

	
1.7

	
3.2

	
1.7




	
On weekends

	

	

	

	




	

	
More trips for working

	
3.2

	
1.8

	
3.2

	
1.7




	

	
More trips for grocery shopping

	
3.3

	
1.7

	
3.5 **

	
1.7




	

	
More trips for dining

	
3.1

	
1.7

	
3.3 *

	
1.7




	

	
More trips for socialising

	
3.0

	
1.7

	
3.3 *

	
1.7




	

	
More trips for sports

	
3.1

	
1.7

	
3.2 **

	
1.7




	

	
More trips for health purposes

	
3.4

	
1.5

	
3.4

	
1.6




	

	
More total number of trips

	
3.2

	
1.7

	
3.3

	
1.6




	
On weekdays

	

	

	

	




	

	
More private vehicles

	
3.8

	
2.0

	
3.8

	
1.9




	

	
More ridesharing

	
3.5

	
1.7

	
3.6

	
1.6




	

	
More public transport

	
3.2

	
1.6

	
3.3

	
1.5




	

	
More ride-sourcing

	
3.4

	
1.6

	
3.5

	
1.6




	

	
More walking/cycling

	
3.6

	
1.6

	
3.7

	
1.5




	
On weekends

	

	

	

	




	

	
More private vehicles

	
3.9

	
1.9

	
3.9

	
1.9




	

	
More ridesharing

	
3.5

	
1.6

	
3.6

	
1.6




	

	
More public transport

	
3.3

	
1.6

	
3.3

	
1.5




	

	
More ride-sourcing

	
3.5

	
1.5

	
3.5

	
1.6




	

	
More walking/cycling

	
3.6

	
1.5

	
3.7

	
1.6




	
Online activities

	

	

	

	




	

	
More work/school from home

	
5.2

	
1.8

	
5.3

	
1.7




	

	
More e-grocery shopping

	
5.0

	
1.6

	
5.0

	
1.6




	

	
More e-shopping

	
5.4

	
1.6

	
5.4

	
1.5




	

	
More e-meeting

	
5.3

	
1.8

	
5.3

	
1.7




	

	
More food delivery using ride-sourcing

	
5.2

	
1.7

	
5.2

	
1.6




	

	
More movie streaming

	
5.1

	
1.7

	
5.2

	
1.6




	

	
More use of social media

	
5.2

	
1.6

	
5.2

	
1.5




	

	
More use of computer

	
5.3

	
1.6

	
5.3

	
1.5




	

	
More use of gadgets

	
5.4

	
1.5

	
5.4

	
1.5








* and ** indicate significant differences at <0.05 and <0.1 between the observed behaviour changes during the MCO/CMCO and RMCO, respectively; no asterisk means no significant difference.
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Table 3. Loading factors of each observed variable and factor scores of the health variables.






Table 3. Loading factors of each observed variable and factor scores of the health variables.





	
Observed Variables

	
Loading Factors

	
Latent Variables (Mean, Standard Deviation, Maximum and Minimum Value of Factor Scores)






	
Limitations of role functioning because of physical health (RP)

	
0.436

	
Social health/SH

(0.00, 1.00, 1.79, −2.72)




	
Social functioning (SF)

	
0.326




	
Limitations of role functioning because of emotional problems (RE)

	
0.422




	
General health (GH)

	
0.296

	
Mental health/MH

(0.00, 1.00, 1.88, −3.25)




	
Bodily pain (BP)

	
0.254




	
Social functioning (SF)

	
0.263




	
Vitality (VT)

	
0.413




	
Mental health (MH)

	
0.432
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Table 4. The estimated results (using standardised coefficients and only significant variables with p-value < 0.1 are shown).
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Variables

	
MH

	
SH




	
Model 1

	
Model 2

	
Model 1

	
Model 2




	
Coeff

	
T-Stat

	
Coeff

	
T-Stat

	
Coeff

	
T-Stat

	
Coeff

	
T-Stat






	
Intercept

	
−0.324

	
−1.589

	
0.448

	
−2.067

	
−0.0481

	
−0.239

	
0.623

	
2.947




	
RMCO

	

	

	

	

	

	

	

	




	
MCO/CMCO

	
Ref

	
Ref

	

	

	
Ref

	
Ref




	
Penang metro area

	

	

	

	

	

	

	

	




	
Johor Bahru metro area

	

	

	

	

	
−0.120

	
−3.026

	
−0.045

	
−1.823




	
Northern region urban areas

	

	

	

	

	
−0.071

	
−1.775

	
−0.044

	
1.779




	
East coastal region urban areas

	

	

	
0.042

	
1.793

	
−0.063

	
−1.718

	
−0.055

	
−2.419




	
KL metro area

	
Ref

	
Ref

	
Ref

	
Ref

	
Ref

	
Ref

	
Ref

	
Ref




	
Performing working trips more often on weekdays during the pandemic compared to before the pandemic

	

	

	

	

	
0.144

	
−2.342

	

	




	
Performing grocery shopping trips more often on weekdays during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Performing dining trips more often on weekdays during the pandemic compared to before the pandemic

	

	

	

	

	

	

	
0.068

	
1.832




	
Performing socialising trips more often on weekdays during the pandemic compared to before the pandemic

	

	

	
−0.105

	
−2.451

	

	

	
0.077

	
1.835




	
Performing sports trips more often on weekdays during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Performing health care trips more often on weekdays during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Performing more trips per day on weekdays during the pandemic compared to before the pandemic

	

	

	

	

	
−0.163

	
−2.367

	
−0.081

	
−1.950




	
Performing working trips more often on weekends during the pandemic compared to before the pandemic

	

	

	

	

	
0.130

	
2.354

	
0.085

	
2.558




	
Performing grocery shopping trips more often on weekends during the pandemic compared to before the pandemic

	

	

	
0.063

	
1.774

	

	

	
−0.073

	
−2.095




	
Performing dining trips more often on weekends during the pandemic compared to before the pandemic

	

	

	

	

	

	

	
0.065

	
1.606




	
Performing socialising trips more often on weekends during the pandemic compared to before the pandemic

	

	

	
−0.079

	
−1.748

	

	

	
0.075

	
1.698




	
Performing sports trips more often on weekends during the pandemic compared to before the pandemic

	
0.112

	
1.681

	

	

	

	

	

	




	
Performing health care trips more often on weekends during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Performing more trips per day on weekends during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Performing work/study from home more often during the pandemic compared to before the pandemic

	
−0.113

	
−2.168

	

	

	
−0.083

	
−1.691

	

	




	
Performing e-grocery shopping more often during the pandemic compared to before the pandemic

	

	

	

	

	
0.096

	
1.818

	

	




	
Performing e-shopping/e-commerce more often during the pandemic compared to before the pandemic

	
−0.159

	
−2.775

	

	

	
−0.126

	
−2.222

	

	




	
Performing e-meetings for mandatory and leisure purposes more often during the pandemic compared to before the pandemic

	
0.100

	
1.684

	

	

	
0.117

	
1.995

	

	




	
Performing food delivery using ride-sourcing more often during the pandemic compared to before the pandemic

	

	

	
−0.058

	
−1.778

	

	

	
0.071

	
2.230




	
Performing movie streaming more often during the pandemic compared to before the pandemic

	
0.085

	
1.759

	
0.074

	
2.434

	

	

	
−0.050

	
−1.670




	
Using social media more often during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Using computers more often during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Using gadgets more often during the pandemic compared to before the pandemic

	
0.139

	
2.254

	
0.095

	
2.513

	

	

	

	




	
Taking private vehicles more often on weekdays during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Taking ridesharing more often on weekdays during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Taking public transport more often on weekdays during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Taking ride-sourcing more often on weekdays during the pandemic compared to before the pandemic

	

	

	
0.066

	
1.751

	

	

	

	




	
Taking walking and cycling more often on weekdays during the pandemic compared to before the pandemic

	

	

	

	

	

	

	
0.057

	
1.654




	
Taking private vehicles more often on weekends during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Taking ridesharing more often on weekends during the pandemic compared to before the pandemic

	

	

	
0.114

	
2.714

	

	

	

	




	
Taking public transport more often on weekends during the pandemic compared to before the pandemic

	

	

	
−0.077

	
−2.002

	

	

	

	




	
Taking ride-sourcing more often on weekends during the pandemic compared to before the pandemic

	

	

	

	

	

	

	
−0.112

	
−2.758




	
Taking walking and cycling more often on weekends during the pandemic compared to before the pandemic

	

	

	

	

	

	

	

	




	
Males

	

	

	

	

	

	

	

	




	
Females

	

	

	
Ref

	
Ref

	

	

	
Ref

	
Ref




	
Generation Z (<26 years old)

	

	

	
0.158

	
2.745

	

	

	
−0.159

	
−2.825




	
Generation Y and X (26–55 years old)

	

	

	
0.099

	
1.872

	

	

	
−0.119

	
−2.303




	
Baby boomers

	

	

	
Ref

	
Ref

	

	

	
Ref

	
Ref




	
Part-time workers

	

	

	
0.044

	
1.757

	

	

	
−0.068

	
−2.775




	
Full-time workers

	

	

	
0.105

	
2.378

	

	

	
−0.159

	
−3.708




	
Students

	

	

	

	

	

	

	
−0.090

	
−2.046




	
Non-workers

	

	

	
Ref

	
Ref

	

	

	
Ref

	
Ref




	
From high-income households

	

	

	

	

	

	

	
0.075

	
2.709




	
From middle-income households

	

	

	

	

	

	

	

	




	
From low-income households

	

	

	
Ref

	
Ref

	

	

	
Ref

	
Ref




	
Having more than 2 cars in the households

	

	

	

	

	

	

	

	




	
Having 1–2 car/s in the households

	

	

	

	

	

	

	

	




	
Having more than 2 motorcycles in the households

	

	

	

	

	

	

	

	




	
Having 1–2 motorcycle/s in the households

	

	

	

	

	

	

	

	




	
No car in the households

	

	

	
Ref

	
Ref

	

	

	
Ref

	
Ref




	
Social health

	

	

	
0.815

	
37.728

	

	

	

	




	
Mental health

	

	

	

	

	

	

	
0.780

	
37.728




	
Mean

	
0.000

	
0.000

	
0.000

	
0.000




	
SD

	
0.999

	
0.999

	
0.999

	
0.999




	
Different lockdown phase error term (ui)

	
0.000003

	
0.000002

	
0.000003

	
0.000002




	
    ϵ  i t     

	
0.959

	
0.572

	
0.947

	
0.560




	
AIC

	
2475.130

	
1606.535

	
2452.511

	
1568.171




	
BIC

	
2675.310

	
1873.442

	
2652.691

	
1835.077




	
Log-likelihood

	
−1195.565

	
−747.268

	
−1184.256

	
−728.085
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