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Abstract
Background
The increasing production of un-recycled waste is a great threat to public health. Therefore, assessment and measurement of people’s beliefs and perceptions with regard to these threats can contribute to the development of suitable educational messages promoting waste separation behaviors. This study aimed to carry out the scale development and psychometric evaluation of behaviors and beliefs associated with waste separation among female students.

Method
This methodological research was performed in 2019. The primary questionnaire was developed based on the assessment of waste separation beliefs and behaviors based on the extended parallel process model. Afterwards, to confirm the content and face validity of the research tool, the opinions of 14 faculty members and certain students were asked for, respectively. In order to assess the construct validity of the questionnaire, exploratory factor analysis was performed based on the data collected from 386 female students in Isfahan University of Medical Sciences, Iran. The internal and external reliability of the tool was determined through estimating Cronbach’s alpha and test-retest based on intraclass correlation (ICC) index, respectively.

Results
The mean age and academic semester of the students were 22 ± 1.9 years and 5.58 ± 2.6, respectively. The primary version of the questionnaire was designed with 65 items; one item was omitted during the content validity process. Construct validity with factor analysis technique yielded nine dimensions including 64 items with a factor loading above 0.3. The overall reliability of the research tool was confirmed at Cronbach’s alpha of 0.87. Furthermore, the ICC of the entire questionnaire was 0.89.

Conclusion
According to the results of the study, the final 64-item questionnaire could be used by various researchers to assess waste separation beliefs and behaviors considering suitable psychometric features.
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Introduction
During the recent decades, the growing production of solid wastes has led to serious environmental problems threatening the public health [1]. Waste production has risen tenfold in the past century [2]. Currently, billion metric tons of municipal solid waste (MSW) are annually produced. This value is expected to be doubled in the next decade even without population growth [3, 4]. In most developing countries, the increasing production of urban solid wastes has led to a phenomenon known as “waste siege” [5]. In Iran, there are concerns regarding the risk of diseases caused by the environmental ramifications associated with unhealthy dumping of solid wastes in open spaces around cities [6]. Poor waste management causes environmental degradation, soil and water contamination, different types of infectious or chronic diseases, and reduced quality of life [7, 8].
Widespread public participation in adopting waste separation at source is among the most important strategies in waste management and a key to success in this area [9, 10]. As such, the determinants of which must be identified [3]. For instance, previous studies have introduced age, gender, social norms, economic incentives, access to facilities, attitude, social support, self-efficacy, and perceived effectiveness as factors related to adopting waste separation behaviors [10–13]. It has further been reported that informing the public and different types of visual messages affect the separation intention [14] and promotion of waste separation behavior, respectively [15].
Health education theories and models such as health belief model (HBM) and theory of planned behavior (TPB) have been applied in some studies to specify the factors affecting waste separation behaviors [3, 7, 8, 16, 17]. According to HBM, understanding people’s perceptions regarding the dangers of non-segregated waste is critical for studying its associated behavior. In a study based on HBM, perceptions such as perceived severity, self-efficacy, perceived benefits, perceived susceptibility, perceived barriers, and knowledge affected a sanitary disposal of waste [17]. Other factors might further be involved in adopting this behavior. A frequent criticism of the TPB is related to its reliance on rational reasoning for the determinants of behavior while overlooking other such factors as subconscious effects and emotions. In general, waste separation-related behaviors may not ensue from rational deliberation [3].
Different factors are possibly involved in the formation of effective waste separation behavior. Therefore, a more comprehensive framework to fathom these behaviors is highly required [3]. In this regard, the extended parallel process model (EPPM) can be a more applicable and suitable framework since it not only considers the role of perception raised in HBM, but also deals with the role of attitude and intention raised in TPB in the formation of behavior. This method further takes into account the role of emotions and the response to these emotions (Fig. 1) [18].
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Fig. 1The extended parallel process model (EPPM)




This model is also able to measure the impact of received messages and people’s reactions in this regard. According to EPPM, recognizing the endangerment to health by a serious threat following educational messages, being ensured of the effectiveness of solutions in dealing with this threat, and the ability to employ preventive behaviors and ensure their positive impacts would more possibly alter the attitude, intention, and health beliefs of people with regard to danger control. On the other hand, high perception of threat and low self-efficacy create the undesirable feeling of fear, where the main response is to deal with the fear and not the danger. In this case, danger-related messages are either avoided or deemed worthless [18, 19]. Therefore, it is necessary to provide appropriate tools for measuring each of these factors or evaluating the outcomes of educational messages in different groups of society.
Despite all the good and remarkable features of waste separation and recycling, this behavior has not been fully institutionalized in people’s lives [20]. As the most important strategy for separating recyclables, public participation can in fact guarantee the successful implementation of recycling [7]. Some groups are more influential among people, even serving as a reference for others. Young people, especially students, are more likely to accept new behaviors. Other groups in society become more influenced by the behaviors of this group [9, 21]. Therefore, by recognizing the factors leading to behavior and conducting educational interventions to promote health behaviors in youth, particularly students, one can promote health-related behaviors in the community.
Moreover, some experts hold that women are more concerned about environment than men, and in Iranian societies specifically, they have a stronger connection with environment [22]. Moreover, women in the family might be willing to perform waste management in the home and kitchen [23, 24]. According to the above descriptions, in the future, female students probably play a greater role in promoting waste segregation principles in the family.
All in all, students in general and female students in particular are an influential group in the society; however, the assessment of factors affecting waste separation using a valid and reliable measure in students has not been well fathomed [25, 26]. Therefore, the present study was carried out for the development and psychometric evaluation of waste separation beliefs and behaviors in female students in Isfahan University of Medical Sciences, Iran, using EPPM.

Methods
This methodological research was performed on 386 female students residing in the dormitories of Isfahan University of Medical Sciences, Iran, during June to August 2019.
Scale development process
The primary version of the questionnaire was developed in a preliminary study in EPPM framework (Fig. 1), based on the review of scientific texts [13, 18, 19, 27–30] obtained by extended search in Google Scholar, Cochrane Library, PsychInfo, Scopus, PubMed, Magiran, SID, and Science Direct.
In this regard, the authors prepared item pool to measure the EPPM perceptual and behavioral variables and perceived barriers. For this purpose, the authors asked for oral opinions of six experts in the fields of health education (N = 4), environmental health (N = 1), and biostatistics (N = 1). The process culminated in designing a scale containing 65 items in 12 constructs.
The first five dimensions of the questionnaire for assessing perceptions included “perceived sensitivity” (eight items), “perceived severity” (ten items), “response efficiency” (four items), “self-efficacy” (seven items), and “perceived barriers” (five items). These items were scored with alternatives of “strongly agree,” “agree,” “undecided,” “disagree,” and “strongly disagree.”
The sixth dimension of the questionnaire, “fear” induced by the news related to waste risks, was assessed based on mood adjectives, including frightened, tense, nervous, anxious, uncomfortable, and nauseous with six items, using alternatives of “extremely,” “very,” “moderately,” “not at all,” and “never.”
The seventh to ninth dimensions were used to assess three responses of individuals in terms of fear control processes. The measurement items of these responses were prepared in three sections, namely “message minimization” (three items) and “feeling manipulated” (four items), with alternatives of “extremely,” “very,” “moderately,” “not at all,” and “never,” and “defensive avoidance” (three items), with alternatives of “always,” “very often,” “sometimes,” “rarely,” and “never.”
The 10th–12th dimensions assessed the three responses of individuals regarding risk control, meaning adaptive responses [18]. The dimensions included “attitude” (four items), with alternatives of “extremely,” “very,” “moderately,” “rarely,” and “never”; “intention” (four items), with alternatives of “since now,” “over the next 2 weeks,” “over the next month,” “over the next 6 months,” and “over the next year”; and “behavior” (six items), with alternatives of “always,” “very often,” “sometimes,” “rarely,” and “never.”
The selected alternatives were scored from 1 to 5, with higher scores indicative of positive beliefs and behaviors in line with waste separation.

Validity
Content, face, and construct validity methods were used to determine the validity of the questionnaire.
Content validity assessment
For quantitative assessment of content validity, 14 experts in the fields of health education (N = 9), environmental health (N = 4), and statistics (N = 1) were asked to select one of the alternatives of “essential,” “useful but not essential,” and “not necessary” for each item of the questionnaire and estimate the content validity ratio (CVR) based on their responses. Afterwards, items receiving a CVR above 0.51 based on Lawshe’s table were maintained (P < 0.06) [31]. In the next stage, the opinions of the same experts were asked for regarding the questionnaire items in a 4-point Likert scale in terms of (1) relevance, (2) simplicity, and (3) clarity. Subsequently, content validity index (CVI) was measured for each item [32]. In this respect, items that received a CVI above 0.79 were considered acceptable [33].

Face validity assessment
Face validity was quantitatively determined by asking for opinions of 20 students regarding the importance level of each item and its alternatives in a 5-point Likert scale from “not important at all” (score = 1) to “very important” (score = 5). Afterwards, the impact score of each item was specified by estimating the result of multiplying the importance coefficient by relative frequency; items scored ≥ 1.5 were kept in the questionnaire.

Construct validity assessment
The factor structure of the questionnaire was explored using the exploratory factor analysis (orthogonal varimax rotation procedure) among 386 students. Factors were remained for further analysis based on their interpretation and eigenvalues on the scree plot. In this study, we retained factors with eigenvalues > 1.5 as cutoff and factor-item loading values higher than 0.3, which could result in more interpretable factors and explain sufficient amounts of overall variation. The data suitability for factor analysis was guided through the Kaiser-Meyer-Olkin (KMO) measure of sample adequacy (values > 0.7) and Bartlett’s test of sphericity (P < 0.05). The final extracted factors were labeled based on the loaded items in each factor. The factor score for each subscale (factors) was computed through summing up the items multiplied by related loading and assigned to each participant [34].


Reliability assessment
To assess the reliability, a test-retest was carried out on a group of 30 students. The questionnaires were completed by students over two stages with a 1-week interval; ICC was estimated to evaluate external reliability. Cronbach’s alpha was estimated in order to determine the internal consistency and reliability of the questionnaire [35].
To evaluate test-retest reliability, we computed the intraclass correlation (ICC) coefficient using two-way mixed model along with 95% confidence interval. A coefficient of more than 0.70 was considered as excellent stability [36]. Internal consistency was assessed using Cronbach’s α coefficient. The values between 0.70 and 0.95 were conventionally considered as satisfactory internal consistency [36].

Ethical considerations
The research was approved by the Ethics Committee of Isfahan University of Medical Sciences with the code of IR.MUI.RESEARCH.REC.1398.165. Notably, the subjects were ensured of the confidentiality terms regarding their personal information, and a written informed consent was obtained prior to the research.


Results
The mean age of the students was 22.01 (1.945) years, and the mean academic semester was 5.58 (2.600).
The CVI and CVR were above 0.79 and 0.51, respectively, confirming the content validity of the questionnaire. However, item 24 was eliminated from the “Perceived barriers” section although there was no need for modifying the item to remain in the questionnaire due to the presence of a similar item (Additional file 1).
Construct validity
Construct validity was assessed through the use of exploratory factor analysis (EFA) with varimax rotation extracting nine factors from the scale, namely “perceived threat,” “efficiency,” “fear control: reacting against the communicator or message,” “behavior,” “intention,” “attitude,” “fear,” “fear control: defensive avoidance,” and “perceived” accounting for 16.72%, 9.04%, 7.70%, 6.02%, 5.95%, 4.91%, 4.65%, 3.84%, and 3.58% of total variance, respectively. A KMO value of 0.878 and P < 0.05 for Bartlett’s test confirmed the data viability for factorability. Table 1 provides the factor loadings of the nine factors extracted from EFA on the 64 items of the measure.
Table 1Factor analysis and reliability results for discovery of main factors of questionnaire for evaluation of waste segregation beliefs and behaviors


	Abbreviation
	Rotated component matrix

	Item
	Component

	Perceived threat
	Efficacy
	Reacting against the communicator or message
	Behavior
	Intention
	Attitude
	Fear
	Defensive avoidance
	Perceived barriers

	Seve25
	1
	.810
	 	 	 	 	 	 	 	 
	Seve26
	2
	.802
	 	 	 	 	 	 	 	 
	Seve21
	3
	.771
	 	 	 	 	 	 	 	 
	Susc18
	4
	.764
	 	 	 	 	 	 	 	 
	Susc16
	5
	.762
	 	 	 	 	 	 	 	 
	Seve24
	6
	.760
	 	 	 	 	 	 	 	 
	Seve28
	7
	.743
	 	 	 	 	 	 	 	 
	Susc15
	8
	.742
	 	 	 	 	 	 	 	 
	Susc20
	9
	.741
	 	 	 	 	 	 	 	 
	Susc19
	10
	.731
	 	 	 	 	 	 	 	 
	Seve23
	11
	.726
	 	 	 	 	 	 	 	 
	Susc17
	12
	.706
	 	 	 	 	 	 	 	 
	Seve29
	13
	.699
	 	 	 	 	 	 	 	 
	Seve22
	14
	.687
	 	 	 	 	 	 	 	 
	Susc14
	15
	.672
	 	 	 	 	 	 	 	 
	Seve27
	16
	.639
	 	 	 	 	 	 	 	 
	Susc13
	17
	.619
	 	 	 	 	 	 	 	 
	Seve30
	18
	.388
	 	 	 	 	 	 	 	 
	Eff43
	19
	 	.839
	 	 	 	 	 	 	 
	Eff44
	20
	 	.813
	 	 	 	 	 	 	 
	Eff41
	21
	 	.797
	 	 	 	 	 	 	 
	Eff42
	22
	 	.786
	 	 	 	 	 	 	 
	Eff45
	23
	 	.659
	 	 	 	 	 	 	 
	Eff46
	24
	 	.601
	 	 	 	 	 	 	 
	ResEff39
	25
	 	.555
	 	 	 	 	 	 	 
	ResEff40
	26
	 	.532
	 	 	 	 	 	 	 
	ResEff37
	27
	 	.472
	 	 	 	 	 	 	 
	Eff47
	28
	 	.459
	 	 	 	 	 	 	 
	ResEff38
	29
	 	.360
	 	 	 	 	 	 	 
	FCR56
	30
	 	 	.797
	 	 	 	 	 	 
	FCR55
	31
	 	 	.778
	 	 	 	 	 	 
	FCR54
	32
	 	 	.766
	 	 	 	 	 	 
	FCD57
	33
	 	 	.763
	 	 	 	 	 	 
	FCD58
	34
	 	 	.750
	 	 	 	 	 	 
	FCD59
	35
	 	 	.727
	 	 	 	 	 	 
	FCD60
	36
	 	 	.644
	 	 	 	 	 	 
	PRA69
	37
	 	 	 	.792
	 	 	 	 	 
	PRA70
	38
	 	 	 	.761
	 	 	 	 	 
	PRA73
	39
	 	 	 	.742
	 	 	 	 	 
	PRA71
	40
	 	 	 	.716
	 	 	 	 	 
	PRA68
	41
	 	 	 	.638
	 	 	 	 	 
	PRA72
	42
	 	 	 	.464
	 	 	 	 	 
	INT77
	43
	 	 	 	 	.877
	 	 	 	 
	INT74
	44
	 	 	 	 	.841
	 	 	 	 
	INT76
	45
	 	 	 	 	.829
	 	 	 	 
	INT75
	46
	 	 	 	 	.823
	 	 	 	 
	ATT61
	47
	 	 	 	 	 	.690
	 	 	 
	ATT63
	48
	 	 	 	 	 	.634
	 	 	 
	ATT64
	49
	 	 	 	 	 	.623
	 	 	 
	ATT62
	50
	 	 	 	 	 	.617
	 	 	 
	fear51
	51
	 	 	 	 	 	 	.767
	 	 
	fear52
	52
	 	 	 	 	 	 	.746
	 	 
	fear50
	53
	 	 	 	 	 	 	.660
	 	 
	fear53
	54
	 	 	 	 	 	 	.651
	 	 
	fear49
	55
	 	 	 	 	 	 	.511
	 	 
	fear48
	56
	 	 	 	 	 	 	.469
	 	 
	FED66
	57
	 	 	 	 	 	 	 	.835
	 
	FED67
	58
	 	 	 	 	 	 	 	.790
	 
	FED65
	59
	 	 	 	 	 	 	 	.685
	 
	barr32
	60
	 	 	 	 	 	 	 	 	.647

	barr31
	61
	 	 	 	 	 	 	 	 	.539

	barr34
	62
	 	 	 	 	 	 	 	 	.467

	barr35
	63
	 	 	 	 	 	 	 	 	.436

	barr33
	64
	 	 	 	 	 	 	 	 	.370

	 	Eigenvalue
	14.434
	6.960
	5.493
	3.706
	2.216
	2.012
	1.858
	1.693
	1.570

	 	Variance %
	22.553
	10.875
	8.582
	5.790
	3.463
	3.144
	2.903
	2.645
	2.453

	 	Variance cumulative %
	16.722
	25.760
	33.462
	39.484
	45.431
	50.337
	54.985
	58.827
	62.408

	 	 	Extraction method: principal component analysis
Rotation method: varimax with Kaiser normalization

	 	 	a. Rotation converged in 9 iterations





Internal and external reliability assessment results
The reliability was confirmed for the whole questionnaire and each factor after performing factor analysis through Cronbach’s alpha. In this regard, Cronbach’s alphas of the first, second, third, fourth, fifth, sixth, seventh, eighth, and ninth factors were estimated at 0.942, 0.791, 0.897, 0.709, 0.896, 0.733, 0.853, 0.850, and 0.879, respectively. Cronbach’s alpha of the entire tool was further calculated at 0.876, thereby confirming the internal reliability of the tool. On the other hand, the ICC was estimated at 0.675, 0.816, 0.975, 0.608, 0.721, 0.736, 0.566, 0.858, 0.753, and 0.889 for the first, second, third, fourth, fifth, sixth, seventh, eighth, and ninth factors, and the entire tool, respectively. This confirmed the external reliability of the tool (Table 2). Table 2 also shows the distributions and the main results based on the instrument among participants.
Table 2The distributions and the main results based on the instrument among participants


	 	The number of items
	Possible range
	Mean score (SD)
	Cronbach’s α
	ICC (95% CI)
	95% confidence interval

	Lower bound
	Upper bound

	Perceived threat
	18
	18–90
	79.00 (9.30)
	0.942
	0.675
	0.421
	0.831

	Efficacy
	11
	11–55
	47.00 (5.92)
	0.791
	0.816
	0.648
	0.908

	Reacting against the communicator or message
	7
	7–35
	14.00 (6.02)
	0.897
	0.975
	0.949
	0.988

	Behavior
	6
	6–30
	18.00 (5.63)
	0.709
	0.608
	0.323
	0.792

	Intention
	4
	4–20
	12.00 (6.24)
	0.896
	0.721
	0.492
	0.857

	Attitude
	4
	4–20
	19.00 (2.77)
	0.733
	0.736
	0.515
	0.865

	Fear
	6
	6–30
	18.00 (5.15)
	0.853
	0.566
	0.264
	0.767

	Defensive avoidance
	3
	3–15
	12.00 (2.59)
	0.850
	0.858
	0.724
	0.930

	Perceived barriers
	5
	5–25
	17.00 (3.31)
	0.879
	0.753
	0.543
	0.874






Discussion
The first step in designing an intervention to change any behavior is to prepare the proper tools for assessing the behavior and former perception level of individuals [18, 37]. The primary goal of this research was the development and psychometric evaluation of tools used to evaluate the perception towards the risk of waste accumulation in environmental and public health. Another objective of the novel tool was to assess the feeling and reaction of individuals when exposed to educational messages and their manner of adopting waste separation behaviors. Therefore, we performed our study in EPPM framework. A list of 65 relevant items was prepared following the targeted evaluation of valid texts, related articles, and questionnaires. Estimation of CVR and CVI showed that 64 items were approved. Only one item acquired an insufficient level of necessity (barr36) by the panel of experts.
Exploratory factor analysis was carried out in order to assess the construct validity. To be more conservative and not delete an item by merely asking the expert panel, all 65 items were entered at this stage. Factor analysis was run with a number of different factors (between 8 and 13 factors), and the adequacy of each was further evaluated. Finally, a 9-factor model was considered as the final model through deleting the item number barr36 due to the low factor loading (0.186). As such, this model was identified as the most interpretable model with 64 items and 9 factors.
Perceived threat
The first exploratory factor was “perceived threat,” which included 18 items of perceived sensitivity and perceived severity associated with waste risks. It is often difficult to separate the items in measuring the perceived sensitivity and perceived severity. The integration of these two constructs has been formerly reported [38]. According to previous studies and based on EPPM, people have to perceive the severe risk of accumulation and lack of waste separation [39]. Measuring the perception of risk severity and level of vulnerability can help anticipate and justify preventive behaviors [37]. In addition, the assessment of information and risk associated with environmental behaviors has been proposed as an environmental health literacy construct [40]. As such, appropriate tools must exist to measure this variable in several studies and assess preventive behaviors and risk control, including waste separation [41, 42].

Perceived efficacy
The second extracted factor was “efficiency” with 11 items. This factor was obtained by integrating the items of two dimensions in the primary questionnaire, including the efficiency of waste separation behavior in reducing hazards and self-efficacy, which is understanding one’s own ability to separate all wastes. In addition to assessing the perceived threat in the EPPM framework, it is crucial to estimate efficiency [43] in order to determine its role in predicting such healthy behaviors as waste separation. The next step after perceiving threat is to improve perceived self-efficacy, which is effective in preventive behaviors [43, 44]. A study showed that individuals performed waste separation behavior if they believed that separating waste increased the recycling of valuable products, protected recyclable materials against pollution, and increased their reuse [45]. According to EPPM, it seems that the change in attitude, intention, and behaviors such as waste separation is higher in terms of perceiving the related threat and positively assessing the efficacy of recommended behaviors. In this regard, it is extremely crucial to have standard tools to confirm or reject such type of hypothesis [43, 46].

Fear
A construct discovered in this study was “fear,” encompassing six items. Fear of negative consequences motivates people to change unwanted behavior patterns. Behaviors can be successfully changed by use of different techniques of fear-based messages [46]. In a study, some families pointed out the significant benefits obtained from recycling metal objects; however, they did not separate plastic bottles due to the fear of negative consequences associated with their reuse [41]. According to Witte, ineffective fear can prevent behavior change and the promotion of healthy behaviors. Therefore, evaluation of fear and its determinants based on EPPM can contribute to the promotion of effective behaviors [18, 37, 47].

Reacting against the communicator or message
The fourth extracted construct was “reacting against the communicator or message” because this 17-item part of the questionnaire assessed the reactions of students to waste warning messages. According to Witte, individuals make such reactions to control fear [18]. This part of the questionnaire was obtained from integrating the items related to measuring two reactions proposed by Witte, including “message minimization” and “feeling manipulated,” which showed a type of maladaptive reaction to risk messages or the communicator. To control their fear, individuals tend to make the risk messages seem worthless and exaggerated [19, 37, 48]. Cismaru asserted that people react against warning messages when they perceive a high level of threat but believe in their lack of ability to reduce the associated risks [47]. On the other hand, if there is a high perception of threat and low perception of efficacy, they only engage in fear control instead of adopting the correct behavior and reducing risk. Therefore, there must be a balance between threat and efficacy in order to promote behaviors such as waste separation. In this respect, designing tools and measuring such variables can guide efficacy enhancing interventions.

Defensive avoidance
Another construct was “defensive avoidance” which, similar to the fourth factor, is a maladaptive reaction of people to control fear, not danger. However, this construct is different in that people who perceive fear but believe in their inefficient behaviors avoid warning messages in any way possible [19, 37, 48]. In the present research, the developed tools assessed the reaction of students to avoiding the reception of messages associated with the risk of wastes and their separation. As previously reported, people often react in a way to reduce their fear (avoiding reading, listening, or talking about the subject) as a consequence of risk messages. According to EPPM, via suitable tools, we can more focus on the prevention of unfavorable impacts of messages on the audience and engaging them in fear control process and lack of behavioral changes [47].

Attitude
The sixth extracted factor was “attitude” comprising four items. To design a successful program for recycling, we must improve the attitude of people towards environmental issues to promote proper behaviors in this respect [28]. Fabian pointed out that a positive attitude is one of the strongest constructs that more efficiently explains the intention to conduct recycling behaviors [49]. This scholar further posited that the attitude of students towards proper waste recycling behavior was improved by education, which can affect the behavior of families with regard to intergenerational influences [50]. The first step in designing educational programs on waste recycling is to consider the public attitude [41, 51]. The adaptive threat control reactions of individuals can be assessed through the use of suitable tools in order to measure their attitude, intention, and behavior [18, 43].

Intention
In the present tool, one of the extracted constructs was “intention,” comprised of four items. Evaluation of intention can show the success or failure of using EPPM [18, 19, 37, 43, 48] and indicate the threat control reaction in individuals. Moreover, it can properly anticipate the actual behaviors of people [52, 53]. Instead of measuring intention, Saphores et al. evaluated and compared the variable of willingness to recycle electronic waste and reported its association with behavior [54]. On the other hand, Wang et al. measured intention and reported its correlation with waste recycling behavior [16]. Another research showed the necessity of identifying the attitude and intention to conduct tourism promotion behaviors in the environment [55]. In a research, Echegaray and Hansstein observed that recognition and perception of complications associated with electronic waste on environment play a significant role in intention [49]. Nonetheless, the direct association between perceiving threat and intention of conducting a behavior has been formerly hypothesized [19]. Accordingly, it seems crucial to design a proper tool for measuring intention and its determinants and related behaviors.

Behavior
The eighth six-item construct extracted in the tool was “behavior.” According to Witte in EPPM, risk control-related behaviors indicate one’s adaptive responses [18]. Therefore, waste separation behavior in the present research was an adaptive response to controlling the threat of actual risks caused by lack of management. In other words, the key objective is to specify whether the threat and efficiency components in educational messages have been effective or not. According to this model, educational intervention improves the behaviors of people if risk-decreasing methods and behaviors are emphasized in educational messages as far as fear is concerned [56]. The pro-environmental behavior (PEB) has been deployed as a solution to promoting eco-friendly model through measuring, promoting, and teaching waste separation behaviors [57]. A correct waste separation behavior in youth can be created through increasing their perception and concerns regarding waste topic and simple and practical solutions [24]. However, valid tools are required to assess such behaviors.

Perceived barriers
The ninth construct was “perceived barriers” with five items. This construct was added to the default model following the suggestion of the team of authors and approval of the expert panel. This construct measures barriers to waste separation from the perspective of students. Given the time-consuming nature of the recycling process, this behavior is less employed by manufacturers due to barriers such as weak infrastructures and compulsory rules for regulating long-term programs [49]. According to Echegaray and Hansstein, perceived barriers could prevent behaviors as an independent variable despite the increase in perceived threats and efficiency in a study [49]. Other preventive factors affecting environment-related behaviors include lack of sufficient space in different places [41] and paucity of suitable conditions to recycle paper [52]. In a study, 47.8% of the subjects were eager to conduct waste separation behaviors if such barriers were removed and separate containers were available for waste recycling [41]. Therefore, it is recommended that this item be measured in addition to the model’s construct when using EPPM.

Research limitations

	A major drawback of the present study was the psychometric evaluation of this questionnaire which was conducted only on a group of young individuals. Other age groups (adults and children) should be considered in future studies. Moreover, it is suggested that confirmatory factor analysis be carried out for more validity.

	Not distributing the questionnaire among male students and community residents was also a limitation of the current study.

	Not to do confirmatory factor analysis is a limitation that should be assessed in future results.

	A randomized controlled trial is further recommended to assess the responsiveness to the change in the questionnaire.

	According to the EPPM, the external stimuli, message processing, and outcomes are determinants of a given behavior or a recommended response [18]. As such, the questionnaire is not applicable for measuring the external stimuli. However, it can assess the following: (1) message processing (appraisals), which includes “perceived threat,” “perceived efficacy,” and “fear”; (2) outcomes that are (i) “danger control” that could be investigated by 3 parts of the current questionnaire consisting of “attitudes,” “intention,” and “behaviors” and (ii) “fear control” that are assessable by those items relating to “defensive avoidance” and “reacting against the communicator or message.”







Conclusion
According to the results of the present study, various researchers can employ the final questionnaire with 64 items and nine factors to identify waste separation behaviors and beliefs and evaluate the impact of educational intervention owing to its suitable psychometric properties.

Supplementary information
Supplementary information accompanies this paper at https://​doi.​org/​10.​1186/​s12199-020-00849-6.

Acknowledgements
We would like to express our gratitude to all the mothers who participated in this study.

Authors’ contributions
The authors’ responsibilities were as follows: FZ was the supervisor of the study, AA conducted the study, MA was the advisor of the study, MA helped with the data collection, and ZH conducted the data analysis. All authors assisted in the preparation of the final version of the manuscript and read and approved the final manuscript.

Funding
No financial support was received for this research.

Availability of data and materials
All data will be available without restriction upon reasonable request.

Ethics approval and consent to participate
This study was conducted in line with the preparation of the tools for a master’s thesis on health education and promotion, approved with the code of 328949 and code of ethics of IR.MUI.RESEARCH.REC.1398.165. Informed written consent was obtained from the participants.

Consent for publication
NA

Competing interests
None to declare.


[image: Creative Commons]Open AccessThis article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

References
1.
Wang S, Wang J, Zhao S, Yang S. Information publicity and resident’s waste separation behavior: an empirical study based on the norm activation model. Waste management. 2019;87:33–42.PubMed

2.
Minelgaitė A, Liobikienė G. The problem of not waste sorting behaviour, comparison of waste sorters and non-sorters in European Union: cross-cultural analysis. Sci Total Environ. 2019;672:174–82.PubMed

3.
Sorkun MF. How do social norms influence recycling behavior in a collectivistic society? A case study from Turkey. Waste Management. 2018;80:359–70.PubMed

4.
Yukalang N, Clarke B, Ross K. Solid waste management solutions for a rapidly urbanizing area in thailand: recommendations based on stakeholder input. Int J Environ Res Public Health. 2018;15(7):23.

5.
Li X, Bi F, Han Z, Qin Y, Wang H, Wu W. Garbage source classification performance, impact factor, and management strategy in rural areas of China: a case study in Hangzhou. Waste Management. 2019;89:313–21.PubMed

6.
Pirsaheb M, Khosravi T, Sharafi K. Domestic scale vermicomposting for solid waste management. Int J Recycling Organic Waste Agriculture. 2013;2(1):1–5.

7.
Pakpour AH, Zeidi IM, Emamjomeh MM, Asefzadeh S, Pearson H. Household waste behaviours among a community sample in Iran: an application of the theory of planned behaviour. Waste management. 2014;34(6):980–6.PubMed

8.
Ogiri IA, Sidique SF, Talib MA, Abdul-Rahim AS, Radam A. Encouraging recycling among households in Malaysia: does deterrence matter? Waste Management & Research. 2019;37(7):755–62.

9.
Liao C, Li H. Environmental education, knowledge, and high school students’ intention toward separation of solid waste on campus. Int J Environ Res Public Health. 2019;16(9):1659.PubMedCentral

10.
Xu L, Ling M, Wu Y. Economic incentive and social influence to overcome household waste separation dilemma: a field intervention study. Waste management. 2018;77:522–31.PubMed

11.
Liao C, Zhao D, Zhang S, Chen L. Determinants and the moderating effect of perceived policy effectiveness on residents’ separation intention for rural household solid waste. Int J Environ Res Public Health. 2018;15(4):726.PubMedCentral

12.
Bernstad A. Household food waste separation behavior and the importance of convenience. Waste management. 2014;34(7):1317–23.PubMed

13.
Azimi Jibril JD, Sipan IB, Sapri M, Shika SA, Isa M, Abdullah S. 3R s critical success factor in solid waste management system for higher educational institutions. Procedia-Social Behavioral Sciences. 2012;65(3):626–31.

14.
Wang Z, Dong X, Yin J. Antecedents of urban residents’ separate collection intentions for household solid waste and their willingness to pay: evidence from China. J Cleaner Prod. 2018;173:256–64.

15.
Leeabai N, Suzuki S, Jiang Q, Dilixiati D, Takahashi F. The effects of setting conditions of trash bins on waste collection performance and waste separation behaviors; distance from walking path, separated setting, and arrangements. Waste Management. 2019;94:58–67.PubMed

16.
Wang Z, Guo D, Wang X, Zhang B, Wang B. How does information publicity influence residents’ behaviour intentions around e-waste recycling? Resources, Conservation and Recycling. 2018;133:1–9.

17.
Nejaei A, Babaiy S, Zareipour M. Factors related to behavior disposal of garbage in health staff based on health belief model. 2018;14(12):312-320.

18.
Witte K. Fear control and danger control: a test of the extended parallel process model (EPPM). Communications Monographs. 1994;61(2):113–34.

19.
Ooms J, Jansen C, Hoeks J. The EPPM put to the test: evaluating four basic propositions. Dutch J Applied Linguistics. 2015;4(2):241–56.

20.
Omrani GAN, N. Solid wastes (recycling) Vol.2, 1st edition, Tehran. 2016.

21.
Kuwahara A, Nishino Y, Ohkubo T, Tsuji I, Hisamichi S, Hosokawa T. Reliability and validity of the multidimensional health locus of control scale in Japan: relationship with demographic factors and health-related behavior. The Tohoku journal of experimental medicine. 2004;203(1):37–45.PubMed

22.
Lahijanian A, Vaskoei N. Investigation of empowerment of rural women in environmental protection. J Environ Sci Technol. 2017;18(4):163–75.

23.
Barry J. Environment and social theory: Routledge; 2007.

24.
Moh Y. Solid waste management transformation and future challenges of source separation and recycling practice in Malaysia. Resources, Conservation and Recycling. 2017;116:1–14.

25.
Árnadóttir ÁD, Kok G, Van Gils S, Ten Hoor GA. Waste separation in cafeterias: a study among university students in the Netherlands. Int J Environ Res Public Health. 2019;16(1):93.

26.
Arnadottir AD, Kok G, van Gils S, Ten Hoor GA. Waste separation in cafeterias: a study among university students in the Netherlands. Int J Environ Res Public Health. 2018;16(1):1–10.

27.
Taghdisi MH, Gholami M, Hosseini F. Impact of education on the empowerment of elementary school students to perform source recycling. Iranian J Health Educ Health Promotion. 2016;3(4):319–27.

28.
Safdari M, Mirzaei Alavijeh M, Ehrampoush M, Qhaneyan M, Morowatisharifabad M. Knowledge, attitude and performance students of shahid sadoughi university of medical sciences-yazd about recycling solid material: a short report. J Rafsanjan University of Medical Sciences. 2013;12(2):157–64.

29.
Otitoju T. Individual attitude toward recycling of municipal solid waste in Lagos. Nigeria. American Journal of Engineering Research. 2014;3(7):78–88.

30.
Mehdinejad M-H, Rajaei G, Aryaie M, Ahmadi M, Saeedinia R-M. Awareness and performance of people of the cities of Gorgan, Gonbad, and Aliabad Katool (Iran) regarding management of municipal solid waste materials. Journal of Mazandaran University of Medical Sciences. 2013;23(106):148–53.

31.
Lawshe CH. A quantitative approach to content validity 1. Personnel Psychology. 1975;28(4):563–75.

32.
Polit DF, Beck CT, Owen SV. Is the CVI an acceptable indicator of content validity? Appraisal and recommendations. Res Nurs Health. 2007;30(4):459–67.PubMed

33.
Ghazanfari Z, Niknami S, Ghofranipour F, Hajizadeh E, Montazeri A. Development and psychometric properties of a belief-based Physical Activity Questionnaire for Diabetic Patients (PAQ-DP). BMC Med Res Methodol. 2010;10(1):104.PubMedPubMedCentral

34.
Knapp TR, Brown JK. Ten measurement commandments that often should be broken. Res Nurs Health. 1995;18(5):465–9.PubMed

35.
Santos JRA. Cronbach’s alpha: a tool for assessing the reliability of scales. J Ext. 1999;37(2):1–5.

36.
Terwee CB, Bot SD, de Boer MR, van der Windt DA, Knol DL, Dekker J, et al. Quality criteria were proposed for measurement properties of health status questionnaires. Journal of clinical epidemiology. 2007;60(1):34–42.PubMed

37.
Wissinger CL, Stiegler Z. Using the extended parallel process model to frame e-professionalism instruction in healthcare education. Teach Learn Med. 2019;31(3):335–41.PubMed

38.
Basir L, Rasteh B, Montazeri A, Araban M. Four-level evaluation of health promotion intervention for preventing early childhood caries: a randomized controlled trial. BMC public health. 2017;17(1):767.PubMedPubMedCentral

39.
Kotowski MR, Smith SW, Johnstone PM, Pritt E. Using the extended parallel process model to create and evaluate the effectiveness of brochures to reduce the risk for noise-induced hearing loss in college students. Noise & health. 2011;13(53):261–71.

40.
Finn S, O’Fallon L. The emergence of environmental health literacy-from its roots to its future potential. Environ Health Perspect. 2017;125(4):495–501.PubMed

41.
Banga M. Household knowledge, attitudes and practices in solid waste segregation and recycling: the case of urban Kampala. Zambia Soc Sc J. 2011;2(1):26–39.

42.
Golden SD, McLeroy KR, Green LW, Earp JA, Lieberman LD. Upending the social ecological model to guide health promotion efforts toward policy and environmental change. Health Educ Behav. 2015;42(1 Suppl):8 s-14 s.

43.
Witte K. Fear as motivator, fear as inhibitor: using the extended parallel process model to explain fear appeal successes and failures: Elsevier; 1996. 423-50 p.

44.
Jasemzadeh M, Jaafarzadeh N, Khafaie MA, Malehi AS, Araban M. Predicator of pregnant women’s self-care behavior against air pollution: an explanation based on the extended parallel process model (EPPM). Electronic physician. 2016;8(9):2871–7.PubMedPubMedCentral

45.
Etengeneng D. Municipal solid waste management in Grahamstown, Republic of South Africa; 2012.

46.
Deline MB, Kahlor LA. Planned risk information avoidance: a proposed theoretical model. Communication Theory. 2019;29(3):360–82.

47.
Cismaru M. Using the extended parallel process model to understand texting while driving and guide communication campaigns against it. Social marketing quarterly. 2014;20(1):66–82.

48.
Shi J, Smith SW. The effects of fear appeal message repetition on perceived threat, perceived efficacy, and behavioral intention in the extended parallel process model. Health Commun. 2016;31(3):275–86.PubMed

49.
Echegaray F, Hansstein FV. Assessing the intention-behavior gap in electronic waste recycling: the case of Brazil. J Cleaner Prod. 2017;142:180–90.

50.
Gould RK, Ardoin NM, Biggar M, Cravens AE, Wojcik D. Environmental behavior’s dirty secret: the prevalence of waste management in discussions of environmental concern and action. Environ Manage. 2016;58(2):268–82.PubMed

51.
Adogu P, Uwakwe K, Egenti B, Okwuoha A, Nkwocha I. Assessment of waste management practices among residents of Owerri Municipal Imo State Nigeria. J Environ Prot. 2015;06:446–56.

52.
De Leeuw A, Valois P, Ajzen I, Schmidt P. Using the theory of planned behavior to identify key beliefs underlying pro-environmental behavior in high-school students: Implications for educational interventions. J Environ Psychol. 2015;42:128–38.

53.
Termeh Zonouzy V, Niknami S, Ghofranipour F, Montazeri A. An educational intervention based on the extended parallel process model to improve attitude, behavioral intention, and early breast cancer diagnosis: a randomized trial. Int J Womens Health. 2018;11:1–10.PubMedPubMedCentral

54.
Saphores J-DM, Nixon H, Ogunseitan OA, Shapiro AA. Household willingness to recycle electronic waste: an application to California. Environ Behav. 2006;38(2):183–208.

55.
Ardoin NM, Wheaton M, Bowers AW, Hunt CA, Durham WH. Nature-based tourism's impact on environmental knowledge, attitudes, and behavior: a review and analysis of the literature and potential future research. J Sustainable Tourism. 2015;23(6):838–58.

56.
Hamid A, Asghar S. Determination of present household solid waste generation rate, physical composition and existing SWM practices in selected areas of Lahore. Nature Environment & Pollution Technology. 2018;17(1).

57.
Larson LR, Stedman RC, Cooper CB, Decker DJ. Understanding the multi-dimensional structure of pro-environmental behavior. J Environ Psychol. 2015;43:112–24.



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





OEBPS/A12199_2020_849_Fig1_HTML.png
External
Stimulus

Message
Components:

1" and 2™ Appraisal

Perceived Threat
(susceptibility, severity)

Perceived Efficacy

(self-efficacy, response Efficacy)

MNo Threat
Perceived

MNo
Response

Outcome Process
Message Danger
Acceptance Control
Message
. - Fear
Rejection
) Control






