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Abstract

:

Understanding households’ food waste drivers is crucial for forming a coherent policy to meet the sustainable development goals. However, current studies have documented mixed evidence regarding food waste determinants. Most studies have relied on self-reports, assuming they reflect actual behaviors. This study applies a structural equation model that evaluates both self-reported and measured food wastage, and how they are affected by different households’ attributes, attitudes, and behaviors. As such, it also provides a test for the underlying logic that self-reports are a proxy for actual food waste. Results show that measured food wastage is, at best, weakly correlated with self-reports. Moreover, drivers affecting self-reported and measured food wastage are not necessarily the same. Household size affects only measured food wastage. Source separation behavior negatively affects self-reported and measured food wastage, while environmental attitudes have a negative effect only on self-reports. Meal planning, unplanned shopping, and food purchased have no impact on self-reported and measured food wastage. The relation between self-reported and actual food waste and their drivers are even less understood than we thought. The distinction between self-reports and actual waste is crucial for follow-up research on this subject as well as assessing policy measures.
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1. Introduction


Food waste reduction efforts are motivated by concerns over resource depletion, food security, economic costs, and greenhouse gas mitigation [1,2,3]. Therefore, one of the key elements of the sustainable development goals (SDG) is targeting the food waste challenge. According to SDG 12, by 2030, per capita global food waste among consumers and retailers should be cut in half, while efforts should be put into reducing upstream food losses [4]. Reducing food waste is also a prominent measure of emissions mitigation, as part of SDG 13, which calls to combat climate change [5]. Moreover, cutting food waste will contribute to reducing the adverse environmental impact of waste management within cities as part of SDG 11 [4]. However, achieving these ambitious goals requires improving our knowledge on reasons behind food waste, especially among households, which are the main contributors to food wastage [6]. Acquiring a good understanding of what drives food waste will help policy makers, scholars, and practitioners to design and share good prevention practices [6,7]. However, though essential for designing prevention measures [8], evidence on why food waste occurs is still very limited [9].



Current studies present mixed and rather contrasting evidence regarding food waste determinants [1,9,10]. They also rarely provide quantitative measures to indicate the effectiveness of different interventions and those that do, report only a 5% to 20% reduction in food waste generation [11,12]. These rather low performances also question our understanding of what drives households to waste food. Therefore, more evidence-based research is needed [13,14].



A major barrier toward a comprehensive understanding of food waste drivers is the fact that most studies rely on self-reports, which are difficult to verify [15,16]. More specifically, the relationship between different behaviors, attitudes, and food waste quantities has been almost exclusively explored by questionnaires [8], of which validity has been recently questioned [8,17,18,19,20]. The underlying assumptions of self-reporting is that respondents (1) are able to recall specific waste events; (2) provide a proper generalization about the total produced amount; and (3) are aware of all food waste generated by other household members [21,22,23,24]. However, some degree of divergence between the behaviors and attitudes of different household members exist, and therefore responses of one person may not fully reflect the household as a whole [25,26,27]. Another critique on the use of questionnaires is that they are strongly affected by the ‘social desirability bias’, i.e., participants are prone to report on what they believe is the socially desirable behavior/attitude [28], which leads to biased waste estimates [8,9,20]. Biased assessments might also be affected by a ‘self-serving bias’, the tendency to perceive oneself in a favorable manner, which leads individuals to deny responsibility for negative environmental behaviors [29,30,31].



Another limit of self-reports is that there is no common practice to assess food waste behaviors, hence, cross-study comparisons are practically unfeasible [24,32,33]. For example, participants in Stefan et al. [34] and Stancu et al. [35] were asked to assess the relative amount of food waste of the total food purchases, i.e., ‘food waste proportion’, while in other studies ‘discarding frequencies’ were recorded and respondents were asked to indicate how often food is disposed (e.g., daily, weekly, never, most mealtimes) [36,37]. Another common practice is reporting ‘food waste amounts’, expressed by different measures (e.g., weight, cooking units, Likert scale) [38,39,40]. Other researchers chose to focus on ‘food practices’ (e.g., to what extent prevention measures are taken) [41,42,43].



The concern about biased reports has led researchers to call for field work involving objective measurements [14,16,17,18,19,37,44]. However, to the best of our knowledge, so far, only two studies exploring the relation between food waste and its proposed drivers have used an alternative approach that does not rely merely on self-reports.



In the first study, Grainger et al. [15] analyzed the Waste and Resources Action Program database [45]. This database included statistics regarding objective amount of avoidable household food waste (the terms ‘avoidable food waste’, ‘food waste’, and ‘food wastage’ are being used alternately throughout the paper to describe edible, avoidable food discarded by households) (kg per household; measured through a physical waste survey), sociodemographic factors (gender, household age structure, household size, household composition, home ownership status, type of residence, local authority, presence of children, employment status, and socioeconomic status), and behavioral variables (meal preplanning, pre-shopping cupboard checking, preparing a shopping list, using leftovers, food storage practices, type and frequency of shopping trips, and presence of fussy eaters). Household size, the presence of fussy eaters, employment status, home ownership status, and the local authority were all identified as main drivers of food waste [15]. Grainger et al. [15] found no significant effect of any of the behavioral factors on measured amount of food waste.



The second study, conducted by Giordano et al. [8], tested the extent to which selected sociodemographic variables (household size, presence of children, geographical location, income type), as well as behavioral variables (preparation of a shopping list and how it was used, place and frequency of purchase, purchasing discounted products, and eating out) determine food waste (kg per capita; measured through a diary survey). According to their findings, household size, geographical location, and presence of children have the main role in predicting avoidable food waste amount. Groceries shopping behaviors (i.e., making a shopping list, assessing the pantry and fridge prior to shopping) were not found to significantly affect food waste quantities.



To conclude, current research of the drivers to waste food are still insufficient, fragmented, and hardly comparable [46,47]. They present conflicting evidence that may undermine efforts to design effective policy and targeted interventions to reduce food waste, and, thus, meet the ambitious goals set by the United Nations (UN). The complexity results from studying a multidimensional phenomenon, the discrepancies documented in the literature, along with the shortage of studies that are based on objective measurements, stress the need for more comprehensive evidence of the relationship between different drivers, self-reported, and measured food wastage [13,36,37,41,48].



This paper aimed at addressing those knowledge gaps and enhancing our understanding regarding drivers to waste food. To the best of our knowledge, this is the first study to measure and compare drivers of food waste using both self-reports and measurements of actual households’ food wastage. As suggested by Grainger et al. [15], the use of measured amounts of avoidable food waste as a dependent variable has the potential of reducing the ‘social desirability bias’. The comparison between the two measurements provides us a unique opportunity to explore the relations of factors that were suggested as food waste drivers with both self-reported and measured food wastage. It also provides an opportunity to test, for the first time, the underlying logic of methods that have used self-reports as proxy for food waste, namely that self-reported and measured food wastage are highly correlated. In addition, we introduced the amount of purchased food as possible determinate of food waste. To this end, this paper used structural equation modeling (SEM), which has been applied before to assess drivers on self-reported food waste, but not on measured household food wastage.




2. Material and Methods


2.1. Study Design


The study employed three measures—a physical waste survey coupled with a food purchases survey, which was followed by a questionnaire (via Qualtrics software). The questionnaire mostly consisted of questions designed to map behaviors and attitudes. Questions regarding behaviors and attitudes were inspired by the Waste and Resources Action Program’s and the OECD’s questionnaires [49,50]. The study was conducted in three neighborhoods within Neve Sha’anan district in Haifa Municipality, Israel. Fieldwork took place between March and August 2016.




2.2. The Sample


Participants were recruited through various channels, e.g., advertisements, leaflets, and Facebook pages. They were invited to take part in a study exploring general waste discarding patterns among Israeli households. That is, they were not informed about the real purpose of the survey (i.e., food waste behaviors).



Potential participants were asked to fill in a short contact form or to send their contacts details via e-mail. Then, a short telephone interview was conducted to ensure adequacy with the primary inclusion criterion, i.e., (a) geographical area, (b) household composition (single occupancy and roommates were excluded), and (c) religiosity level (orthodox households were excluded). Responsibility for at least one of three of the household’s food chores, i.e., buying food, making a shopping list, and preparing meals, was defined as a secondary inclusion criterion.



Our sample was assembled from one hundred and eighty-seven (187) households, however due to the fact that ten percent (10%) of participants refused to answer the income question, our final dataset comprised one hundred and sixty-nine (169) observations. All participants gave their informed consent for inclusion before they participated in the study. The study was approved for ethical compliance by the Ethics Committee of the University of Haifa (Approval no. 058/16).



Overall, our sample comprised more women than men, more young people than older people, more academic degree holders than other education levels, and more secular people than religiously observant. When compared to the general population, our sample comprised more young, educated, and secular people, with an average household size that is quite similar to the average Israeli household. Sixty-five percent (65%) of the participating households reported a monthly income that was lower than the average income in the general population (See Table 1). The large proportion of women in our sample (75%) is probably associated with the inclusion criterion, since the main responsibility for housework, and particularly cooking, remains with women [51]. A similar bias was also documented in other studies [40,44,52,53].




2.3. Measures


2.3.1. Food Planning and Shopping Behaviors


Food planning and shopping behaviors were measured through a set of four designated questions (Table 2): (1) Food inventories—participants were asked to indicate whether they check different food inventories (pantry, fridge, and freezer) before grocery shopping. This question was later converted into a dichotomous variable, when checking any kind of food inventory was coded as “1”, or “0” if otherwise. (2) Shopping list—participants were asked to select a statement that best described their shopping list structure. A dichotomous variable was defined as follows: making any kind of shopping list was coded as “1”, or “0” if otherwise. (3) Meal planning—participants were asked whether they plan ahead what they will cook during weekdays. Positive answers were coded as “1”, or “0” if otherwise. (4) Unplanned shopping—participants were asked to assess the amount of unplanned food items bought in their last grocery shop (from “1”— ‘I bought only what I had planned’ to “5”—‘I bought more than 15 products than planned’). These questions were inspired by WRAP [49].




2.3.2. Source Separation of Waste


Waste source separation behavior was measured via a single question, in which participants were asked to report whether they separate any kind of waste streams (coded as “1”) or not (coded as “0”).




2.3.3. Environmental Attitudes


Environmental attitudes were assessed by a set of seven statements. These statements covered a variety of topics, such as, the role of technological innovation in solving environmental problems, willingness to change lifestyle for the benefit of the environment, and skepticism regarding environmental issues. For each question, participants were asked to rate their level of agreement on a 5-point Likert scale, ranging from ‘strongly disagree’ to ‘strongly agree’. An aggregated environmental attitudes index was generated as follows: a score was produced for each of the agreement levels, with “+2” being the score associated with ‘strongly agree’, “+1” with ‘agree’, “0” with ‘neutral’, “−1” with ‘disagree’, and “−2” with ‘strongly disagree’. The environmental attitudes index was calculated as the mean score of these seven statements. Responses were normalized to give a scale from “−2” to “+2”, with higher values indicating more ‘proenvironmental’ attitudes. To assess the internal consistency of the environmental attitudes index, we calculated the reliability coefficient with Cronbach’s alpha (α). The generally agreed upon lower limit for Cronbach’s alpha is 0.70, while in exploratory research it may decrease to 0.60 [56]. The statements, as well as the index calculation method, were adopted from OECD [50].




2.3.4. Sociodemographic Variables


The model includes two sociodemographic variables—(1) household size, measured as the number of family members; (2) net monthly household income, measured by nine income brackets (for convenience reasons, Table 1 presents only grouped income categories; the analysis itself refers to the original income categories).




2.3.5. The Amount of Purchased Food


A food purchases survey was carried out during two weeks in which receipts of grocery shops were collected. These receipts were later analyzed to calculate the average amount of household food purchases during the course of the study (Kg per household per week) [this process is described in detail by Elimelech et al. [18] (pp. 263–264)].




2.3.6. Self-Reported Food Wastage


The questionnaire was distributed at the end of the physical waste survey and referred to food waste in the past week (i.e., the week in which the physical waste survey took place). Food waste amount was assessed by asking: “Over the last week, how much of the following foods (e.g., vegetables, fruit, meat, poultry, and fish) have you thrown away?”. Participants indicated whether they discarded small or large amounts (“0” = none, “1” = small amount, “5” = large amount) and could also report that they do not consume a certain food category. Self-reports of avoidable food waste were calculated as the average score of all eight food categories, where higher scores represented high levels of food wastage. Participants were instructed not to refer to inedible food parts, such as peels, apple cores, etc., which are characterized as nonavoidable food waste. To gain some control on possible side flows of waste materials, participants were asked to indicate whether they own a yard composter, a garbage shredder, or a pet (participants that reported to own a composter, were instructed not to use it during the study period).




2.3.7. Measured Food Wastage


We conducted a physical waste survey to measure the average amount of household avoidable food waste (kg per household per week). Participants were instructed to keep their waste routines and to deposit their waste bags on their apartment’s doorstep every morning. Since waste bags were not collected from waste bins, they had minimal exposure to weather conditions, which helped in preserving the sample’s physical and chemical properties and therefore minimized possible seasonal effects.



As no separate collection scheme for organic waste was in place, waste bags generally contained mixed household waste or source separated recyclables, e.g., paper, plastic bottles, and packages. Samples were collected through seven consecutive days and transported to a designated area for sorting. Each waste sample was weighed and documented on a household level. Classification was made according to ‘avoidability’ (avoidable and nonavoidable food waste), which was determined according to the theoretical prevention potential, as suggested by Lebersorger and Schneider [32]. Any preparation residues, e.g., vegetables pilling, bones, and other nonedible food parts were classified as nonavoidable food waste [for detailed sampling and classification procedures see Elimelech et al. [57] (pp. 74–75)].





2.4. Data Analysis


Food wastage is a multidimensional and complex behavior, influenced by interrelated factors [1,9,12,46,58,59]. Therefore, a proper analysis should consider this complexity and explore mediated relationships that might shed light on food waste drivers. SEM is a statistical technique that allows complete and simultaneous tests of all the direct and indirect relations between one (or more) independent variables, and one (or more) dependent variables. Moreover, it enables researchers to test theoretical propositions regarding how different variables are theoretically linked and the directionality of significant relationships, and hence, it is considered fit for exploring hypotheses of complex social sciences phenomena [60,61,62]. This technique was implemented in several food waste studies [34,35,36,37,38,39,40,41,42,43], all relied on self-reports.



We developed a conceptual model that combined seven exogenous variables—checking food inventory, making a shopping list, meal planning, environmental attitudes, source separation of waste, household size, and income—and four endogenous variables—unplanned shopping, the amount of purchased food, self-reported, and measured food wastage.



The model is described in Figure 1 and was tested using the CALIS procedure in SAS software version 9.4.



Estimating a successful model requires the appropriate handling of missing data [62]. We implemented a listwise deletion technique (complete case analysis) to remove all data for a case that had one or more missing values. Hence, our final dataset comprised 169 observations.




2.5. The Conceptual Model


An important contribution of our research is exploring the relationship between self-reported and measured food wastage. The implicit basis of self-report studies is that self-reported and measured food wastage are highly correlated, and if this is not the case, then there is no justification for treating self-reports as a proxy for actual measurements. Therefore, we hypothesized that when asked to report on food waste amount, the participant would form an educated guess based on actual amounts of household food waste. In other words, participants’ self-reports are affected by actual food wastage.



Hypothesis 1 (H1). 

Measured food wastage has a positive effect on self-reported food wastage.





Food planning and shopping routines have been discussed extensively in the food waste literature [3,12,24,58,59,63]. According to Stefan et al. [34], planning routines, expressed by the tendency to check inventory before food shopping, making a shopping list, and planning meals in advance, have a direct and negative effect on food waste. On the other hand, Aktas et al. [37] demonstrated that planning routines (expressed by similar measures as Stefan et al. [34]) helps reduce food surplus (measured as serving and buying too much food), and thus, only indirectly affects food wastage. Ponis et al. [39] did not find evidence for a direct effect of shopping habits (measured as the use of a shopping list and the tendency to purchase promotional offers) on food wastage and concluded that it was fully mediated by food management practices and food portioning. Stancu et al. [35] suggested that planning routines (planning of shopping trips and meals ahead) were only indirectly contributing to food waste through unplanned shopping, i.e., purchasing larger amounts of food than planned. Stefan et al. [34] demonstrated that unplanned shopping is directly associated with larger amounts of food waste. According to Visschers et al. [64], household planning habits (i.e., meal planning and unplanned shopping) only correlate with consumers’ intention to avoid food waste.



To sum, as demonstrated above, not only did each study use different definitions and measures of planning and shopping routines, but confusing findings were reported regarding the explicit associations between those factors and food wastage (e.g., whether a connection exists and if it is direct or indirect). In this study we offer a new perspective on the association between planning and shopping routines, and food wastage: (1) We distinguished pre-shopping routines—checking food inventories and making a shopping list from meal planning. This distinction represents “the course of events”, since the latter occurs after shopping has been done and is more related to food portioning. We hypothesized that pre-shopping routines are negatively correlated with unplanned shopping. (2) One of our contributions to the literature is exploring the association between the amount of purchased food and food wastage. We suggest that the effect of unplanned shopping on food wastage is mediated by the amount of purchased food. That is, the tendency to purchase larger amounts of unintended food items results in a larger food basket (i.e., increased overstocking), which leads to food spoilage and increased food wastage. Thus, we hypothesized that unplanned shopping leads to high amounts of purchased food, and the latter is expected to have a positive effect on both self-reported and measured food wastage. As explained above, it is assumed that food portioning is a post-shopping activity, and hence has no impact on the amount of purchased food.



Since unplanned cooking might result in large amounts of food leftovers, which have a limited shelf-life, we also hypothesized that meal planning has a direct and negative effect on food wastage.



Hypothesis 2 (H2). 

Checking food inventories before food shopping has a negative effect on unplanned shopping.





Hypothesis 3 (H3). 

Making a shopping list has a negative effect on unplanned shopping.





Hypothesis 4 (H4). 

Unplanned shopping has a positive effect on the amount of purchased food.





Hypothesis 5 (H5). 

Meal planning has a negative effect on both self-reported and measured food wastage.





Hypothesis 6 (H6). 

The amount of purchased food has a positive effect on both self-reported and measured food wastage.





The next set of hypotheses explore the extent to which food waste is affected by separation behavior and environmental attitudes. Studies have linked environmental awareness, in general, and waste prevention behavior, in particular, with food waste minimization [38,41,65,66]. On the other hand, Principato [67] concluded that in itself, awareness to the food wastage phenomenon is not sufficient for reducing food waste, confirming early findings of Quested et al. [58] that food waste behavior is not motivated by a concern for the environment. While waste recycling was found to have a strong contribution to food waste behaviors by both Abdelradi et al. [38] and Giordano et al. [8], no significant relation was found by Diaz-Ruiz et al. [41]. Both Abdelradi et al. [38] and Diaz-Ruiz et al. [41] found a nonsignificant effect of environmental concern on self-reported food waste, but the latter study demonstrated that environmental concern had a significant indirect effect towards food waste through prevention behaviors. Hebrok and Boks [12] suggested that food waste is practically invisible for most consumers and therefore perceived as inevitable. Following this line of research, we argued that participants expressing high environmental attitudes and engaged in source separation of waste will be generally more aware of the amount of waste they produce, and hence, produce smaller amounts of food waste.



Hypothesis 7 (H7). 

Environmental attitudes have a negative effect on both self-reported and measured food wastage.





Hypothesis 8 (H8). 

Source separation of waste has a negative effect on both self-reported and measured food wastage.





The relationship between “environmental attitudes” and “source separation of waste” (a binary variable) was not included in the SEM model for technical reasons. The conventional SEM assumes a linear measurement structure, where endogenous variables are assumed to have continuous distribution [68,69]. While new strategies have been suggested to handle binary variables in SEM, their performances are still in debate [61,70]. Nevertheless, we also tested a version of the model that includes the link between environmental attitudes and source separation of waste, and the correlation between the two was indeed significant, while all other results did not change. Yet, our results do suggest that the two are significantly correlated (see Table 3).



Finally, we assessed the role of sociodemographic factors in explaining food waste behaviors. Interestingly, in some studies, sociodemographic characteristics served only as background variables [36,38,39], while in others they were removed from the model due to relatively low coefficients of correlation [34,35]. Family size plays a fundamental role in self-reported food wastage [40,52,59,71], as well as in measured food wastage [8,15].



Since our measurement unit is the single household, we chose to focus only on sociodemographic variables that reflect the family as a whole. For this reason, we excluded individual traits like age and gender. Education and religious levels were also excluded since they do not necessarily equally represent all household members. Since household size is almost perfectly correlated with the number of children in household (rp = 0.92, p < 0.01), the latter was also omitted. Accordingly, we hypothesized that household size is positively correlated with food wastage, as well as with the amount of purchased food, since both food intake and waste production are relative to the number of family members.



Hypothesis 9 (H9). 

Household size has a positive effect on the amount of purchased food.





Hypothesis 10 (H10). 

Household size has a positive effect on both self-reported and measured food wastage.





The scientific literature presents a somewhat obscure picture regarding the exact relationship between income and household food waste. There is evidence that low-income households waste less food [44,72,73,74], which might be explained by resource scarcity [10]. However, Setti [75] demonstrated that mid-to-low-income consumers wasted more food compared to low- and high-income consumers. In contrast to previous studies, we hypothesized that income is only indirectly contributing to food waste through unplanned shopping. We assumed that low income households have a tight food budget, and hence, keep a more planned shopping routine (i.e., they are less likely to purchase unintended food items).



Hypothesis 11 (H11). 

Income has a positive effect on unplanned shopping.







3. Results


3.1. Descriptive Results


Table 2 presents the descriptive statistics of self-reported households’ behaviors and attitudes.



3.1.1. Food Planning and Shopping Behaviors


Results show that the vast majority of participants (93%) do check their food inventories before grocery shopping. They further demonstrate that 76% of the participants bought up to five more food items than planned, while only 9.5% report that they do not make a shopping list. We also found that about two-thirds do not plan what they will cook during weekdays. These findings describe relatively planned behaviors regarding food shopping, but rather unplanned meals routines.



The relatively planned nature of participants’ pre-shopping routines (i.e., checking food inventory, making a shopping list) is in line with Janssen et al.’s [76] report using Dutch households, Setti et al. [75] with Italian households, and Neff et al. [77] with American consumers.




3.1.2. Source Separation of Waste


About half of the households reported that they source separate one or more waste streams. This finding is in line with a recent national report indicating that 52% of Israeli households separate at least one waste stream [78].




3.1.3. Environmental Attitudes


Results show that Cronbach’s alpha of the environmental attitudes index was 0.59, which is close enough to the lower acceptable limit in exploratory studies (i.e., 0.6 [56]).



The mean value of the environmental attitudes index was 0.772 (SD = 0.490), indicating a moderate level of agreement with environmental statements. These results are in line with OECD’s [50] findings regarding the Israeli population (M = 0.699, SD = 0.581).




3.1.4. The Amount of Purchased Food


Analysis of grocery shopping receipts revealed that, on average, weekly food purchases amounted to 24.5 kg (SD = 14.6 kg) per household (Elimelech et al. [57], adjusted for N = 169).




3.1.5. Self-Reported Food Wastage


Self-assessed food wastage ranged from 0 (no wastage) to 4.5 (high wastage), with a mean value of 1.317 (SD = 0.776), suggesting that, on average, participants’ self-reports tended to be low. Only two participants reported owning a composter, seventy-one participants reported owning a pet, but the vast majority (82%) stated that the pet is fed with a designated animal food rather than food leftovers. No household reported using a garbage shredder.




3.1.6. Measured Food Wastage


According to the physical waste measurements, the average generation rate of avoidable food waste was 3.012 kg (SD = 2.392 kg) per household per week (Elimelech et al. [57], adjusted for N = 169). This figure might represent an underestimation of measured food wastage, since liquid waste that is disposed via the sewer was not measured [79].





3.2. Overview of Analyses


The correlations among the endogenous and exogenous variables are shown in Table 3. It demonstrates that self-reported food wastage is positively correlated (rp = 0.18, p < 0.05) with measured food wastage, though according to Colton [80], any coefficient values lower than 0.25 should be interpreted as no correlation. Results also show a positive association between household size and measured food wastage, negative associations between waste separation and both self-reported and measured wastage, and between environmental attitudes and self-reported food wastage. A relatively weak negative relation between making a shopping list and self-reported food wastage was also observed. Moreover, a weak and positive relationship exists between the amount of purchased food and measured food wastage. No other direct relations between food wastage and the other variables were found.



These correlations, however, do not disentangle the hypothesized direct and indirect effects of the different drivers of food waste and self-reported and measured wastage, nor do they take into account the interconnections between the different variables. To this end, we conducted the SEM analysis, as reported in Section 3.4.




3.3. Goodness of Fit Indicators


Evaluating whether a conceptual model ‘fits’ the data is one of the most important stages in SEM [81]. Goodness-of-fit indicators signify how well a model predicts or explains what it is designed to predict or explain or, in other words, the predictive accuracy of the model in accounting for the outcomes [82]. In assessing the model’s goodness of fit we relied on three highly regarded data sources—Schreiber [62], Hooper et al. [81], and Kline [83]. The estimation of the fit indices shows that the structural model has a good fit—χ2(18) = 21.68, p = 0.246; RMSEA = 0.035; SRMR = 0.042; CFI = 0.973; GFI = 0.977.




3.4. Structural Model of Households’ Food Wastage


Table 4 presents each of the hypothesized paths in SEM.



The results show no evidence for the assumed correlation between self-reported and measured food wastage (H1). The results support hypothesis 2, i.e., checking food inventories negatively affect unplanned shopping (β = −0.176, p = 0.022). However, hypotheses 3, 4, and 5, were rejected, as we found no evidence that making a shopping list affects unplanned shopping (H3), that unplanned shopping impacts the amount of food purchased (H4), or that meal planning affects food wastage (H5). The hypothesis that the amount of purchased food influences food wastage was also rejected (H6). Interestingly, only three variables were found to affect food wastage. Environmental attitudes were found to have a negative effect on self-reported food wastage (β = −0.177, p = 0.019) (H7_S), but were not correlated with measured food wastage (H7_M). Source separation behavior was found to decrease both self-reported (β = −0.206, p = 0.007) and measured food wastage (β = −0.192, p = 0.01) (H8). Household size was found to increase measured food wastage (β = 0.280, p = 0.001) (H10_M), but not self-reported food wastage (H10_S). Hypothesis 9 was affirmed, thus indicating a positive relationship between household size and the amount of purchased food (β = 0.488, p < 0.0001). Nonsignificant results were found for the positive association between income and unplanned shopping (H11). A summary of the measurements and the structural model are presented in Figure 2.



To sum up, results show that household size is the most important variable in determining measured food wastage, followed by source separation of waste. On the other hand, the most important variable in determining self-reported food wastage is source separation of waste, followed by environmental attitudes.



Finally, the overall explanatory power (R2) of self-reported and measured food wastage in the model equals to 14% and 15%, respectively. Interestingly, while the predicting power of unplanned shopping is weak and equals to 3%, the amount of purchased food has a relatively strong explanatory power (R2), i.e., 24%.





4. Discussion


In light of SDG challenges, understanding households’ food waste drivers is crucial for forming a coherent policy. Therefore, the question of what drives households to waste food is of theoretical and practical importance, but, so far, studies have suggested only partial answers. Our research offers a unique approach to explore this question. A triangulation of findings from three different valuation techniques—a physical waste survey, a food purchases survey, and a questionnaire, all conducted within the same households, allowed us to evaluate both self-reported and measured food wastage and their drivers.



Contrary to our predictions, and contrary to the implicit assumption embedded in studies that use self-reported food wastage as proxy for measured food wastage, measured food wastage was found to be only weakly correlated with self-reported food waste, and when other variables were taken into account in the structural model, this relation was no longer significant. This finding may be explained by the rather subjective nature of self-reports, which mostly rely on participants’ memory and might be driven by people’s tendency to underestimate behaviors that have a negative environmental impact [24,31]. Given the exploratory nature of the study, those findings, at the very least, suggest that the correlation between self-reported and measured food wastage should be further explored. In the case that these findings are found to be consistent over time, they might question the reliability of self-reports (as was suggested by e.g., [8,17,18,20,21]).



Results indicate that unplanned shopping had no effect on the amount of purchased food nor indirect effect on neither self-reported or measured food wastage. This finding suggests that unplanned shopping is not necessarily associated with discarding behavior. It might imply that unplanned shoppers may be actually more creative with their food products or manage their food inventories wisely. Another possible explanation is that the amount of purchased food might not reflect actual food consumption. Notably, this variable has also a very weak explanatory power (R2). These results contradict Stefan et al.’s [34] conclusions that shopping routines (measured as excess food shopping and buying unintended food items, i.e., similarly to the current study) are strongly and directly associated with self-reported food wastage. Results also show that checking food inventories has a negative effect on unplanned shopping, though no similar effect was detected for making a shopping list. Moreover, meal planning was not found to affect either self-reported or measured food wastage. Thus, Stancu et al.’s [35] findings that shopping routines (measured as excess food shopping) are explained, to some extent, by the variation in planning routines (measured as planning of shopping trips and planning meals ahead) were not supported. Thus, our findings question the contribution of food planning and shopping behaviors to food wastage, and contradict previous studies [34,35,37,41], which were all based on self-reports. However, our results are in line with Giordano et al. [8] and Grainger et al. [15], who demonstrated that food planning variables have, at most, only a limited association with measured food wastage.



Our findings emphasize the importance of source separation of waste in explaining both self-reported and measured food wastage. This finding may imply that an active engagement in proenvironmental behavior reduces food wastage as well. It is possible that the act of source separation itself makes individuals more aware to the amount of household waste produced in general, and food waste, in particular, which encourages food waste reduction at the source. This finding supports the results of Abdelradi et al. [38], Secondi et al. [48], and Giordano et al. [8], according to which individuals who separate waste tend to throw away smaller quantities of food. From a policy perspective, this finding is crucial, since it implies that educating citizens to source separation of waste produces is a win–win situation. On the one hand, reducing landfilling, and on the other hand, encouraging food waste prevention.



Unlike previous studies [38,41], our results show that possessing pro-environmental attitudes affects self-reported food wastage. This discrepancy might be a result of employing different measures to assess both environmental attitudes and self-reported food wastage. This relationship between environmental attitudes and self-reported wastage might reflect the ‘self-serving bias’, i.e., individuals that perceive themselves as pro-environmental also perceive themselves as low wasters. Another possible explanation is that individuals make poor estimations of food wastage [17,18,21,84,85]. Interestingly, there was no indication of an association between environmental attitudes and measured food wastage, confirming Giordano et al.’s [8] conclusion that being more environmentally sensitive does not equate to less food waste. A possible explanation is that food waste is perceived as an environmental issue, thus it affects self-reports, yet, it does not translate into reduced objective avoidable food waste. In other words, actual behavior is based on more factors than environmental awareness and knowledge, as was also suggested by Barr [65].



Another finding in our model is the positive contribution of household size to measured food wastage, confirming the results of Giordano et al. [8] and Grainger et al. [15]. The fact that household size appears to be a rather important variable in predicting actual food wastage had led Grainger et al. [15] to recommend that food waste campaigns should target large families. We also established a strong association between the number of family members and the amount of purchased food, which makes great sense.



Contrary to our preliminary assumptions, the model does not reveal any direct or indirect influence of the amount of purchased food on self-reported or measured food wastage. That is, the amount of purchased food is not a good proxy for food wastage. Possible explanations are that the amount of purchased food does not reflect actual food intake (which was not measured in the current study) or that it is not the amount that counts, but rather the types of food items that were bought (i.e., fresh and refrigerated food products with limited shelf-life vs. frozen and pantry food products with extended shelf-live).



Designing effective interventions to meet the SDG requires a good understanding of food waste drivers. The current study suggests that intervention programs would benefit from educating citizens to source separate waste. We also support Grainger et al.’s [15] recommendation to focus efforts on large families.



Finally, Langen et al. [10] argued that the choice of methodology to explore household food waste drivers dictates the quality of the findings. Our results support this claim by demonstrating how different measurement methods yield different results. Our finding that self-reported and measured food wastage are uncorrelated, reveals that the common assumption that self-reports reflect actual behavior is unwarranted. Therefore, we stress the need for a further investigation of food waste drivers, using direct measurement methods.



Limitations and Future Research


The fact that we found no evidence for a connection between self-reported and measured food wastage raises an important theoretical and empirical question concerning how self-reports are formed. This question is specifically important when considering the clear benefits of questionnaires (i.e., they are less invasive, expensive, and time consuming [57]) over direct measurements methods. Hence, studying what self-reports are based on and how to control or lessen the presence of psychological biases (e.g., ‘social desirability bias’, ‘self-serving bias’) is an important research topic. Moreover, to achieve a better control, future research might consider measuring the effects of the ‘social desirability bias’ and the ‘self-serving bias’ on self-reports, using a designated scale [86,87]. This might assist in establishing a better indicator of self-reported food wastage, which might result in a better compatibility with measured food wastage.



As demonstrated, our model shows only partial overlap between parameters that affect self-reported food wastage and parameters that affect measured food wastage. It will be interesting to test whether this overlap will grow when other methods are used to measure perceived food wastage (e.g., assessing discarding frequencies or using more concrete units to assess food waste amounts—weight, volume, etc.) or when providing participants with objective criteria to define small/large amounts.



One limitation of our study is that it based on a moderate and a rather homogeneous sample size. Indeed, the number of observations in our model (169) meets the general consensus of 10 participants per estimated parameter (16) in SEM [62], but our sample size is fairly moderate, when compared to other studies that implemented direct measurement methods [8,15]. The relatively homogenic sociodemographic profile of our participants might explain why income and household size did not contribute to unplanned shopping and self-reported food wastage, respectively. Hence, a future study might benefit from a larger and more heterogeneous sample. Furthermore, it will be interesting to test our conceptual model within different segments of the population.



The selected exogenous variables were able to explain only 15% of measured food wastage variance, which is somewhat low compared to 30% reported by Giordano et al. [8]. However, such comparison is not really viable since different methodologies for measuring actual food wastage were used (i.e., physical waste survey vs. diaries in Giordano et al. [8]), as well as different modelling approaches (i.e., SEM vs. conditional inference random forests algorithm in Giordano et al. [8]), and different set of variables. Nevertheless, the relatively low explanatory power of measured food wastage in the current study implies that other, yet to be explored, variables might better predict actual food wastage. A more coherent picture might be achieved by expanding research to new arenas. For example, while most of current research revolved around planning routines, attitudes toward food waste and the environment, and psychological factors, there is a scarcity of studies that explore culture and religion aspects, and how they are reflected in everyday decisions regarding food management and food discarding habits [1,47,88].





5. Conclusion


The scientific literature regarding the predictors of household food waste presents contradictory findings. Furthermore, current studies of food waste drivers rely mostly on self-reports, under the inherent assumption that they reflect actual behavior. An assumption that has never been put to an empirical test. Our findings question the underlying logic of methods that have been using self-reports as proxy for food waste, by showing that self-reported and measured food wastage are uncorrelated. Moreover, drivers affecting self-reported and measured food wastage are not necessarily the same.
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Figure 1. The conceptual model. 
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Figure 2. Structural model of households’ self-reported and measured food wastage. 
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Table 1. Sociodemographic data of the sample 1.
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	Sociodemographic Category
	Statistics 2
	General Population 4





	Gender of participants, female (%)
	75%
	50.4%



	Age range of participants (%):
	
	



	     21–29
	34%
	13%



	     30–39
	35%
	13%



	     40–49
	15%
	12%



	     50+
	16%
	27%



	     Range
	21–83
	



	     Mean [SD]
	36.5 [11.5]
	



	Education level of participants (%):
	
	



	     Elementary School
	0%
	12%



	     Secondary school
	7%
	37%



	     Vocational training
	12%
	16%



	     Academic degree
	81%
	35%



	Religiosity level of participants (%):
	
	



	     Secular
	67%
	44%



	     Traditional
	12%
	34%



	     Religious
	21%
	12%



	     Ultra-Orthodox
	0%
	10%



	Households with children (0–18 years, %)
	60%
	41%



	Household size
	
	



	     2–3 family members
	60%
	54%



	     4–5 family members
	34%
	36%



	     6+ family members
	6%
	11%



	     Range
	2–10
	



	     Mean [SD]
	3.3 [1.3]
	3.1



	Monthly household’s net income (NIS) 3
	
	16,518



	     ≤9000
	33%
	



	     9001–14,000
	32%
	



	     >14,000
	35%
	







1 N = 169; 2 percentages are rounded and therefore do not always add up to 100%; 3 1 NIS = €3.8884/$3.5308 (September 2019); 4 source: [54,55]; all data, except income, refer to the Jewish population in Israel.
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