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Abstract

:

Sustainable products and their marketing have played a crucial role in developing more sustainable consumption patterns and solutions for socio-ecological problems. They have been demonstrated to significantly decrease social consumption problems. Neuromarketing has recently gained considerable popularity and helped companies generate deeper insights into consumer behavior. It has provided new ways of conceptualizing consumer behavior and decision making. Thus, this research aims to investigate the factors influencing managers’ decisions to adopt neuromarketing techniques in sustainable product marketing using the fuzzy analytic hierarchy process (AHP) approach. Symmetric triangular fuzzy numbers were used to indicate the relative strength of the elements in the hierarchy. Data were collected from the marketing managers of several companies who have experience with sustainable product marketing through online shopping platforms. The results revealed that the accuracy and bias of neuromarketing techniques have been the main critical factors for managers to select neuromarketing in their business for advertising and branding purposes. This research provides important results on the use of neuromarketing techniques for sustainable product marketing, as well as their limitations and implications, and it also presents useful information on the factors impacting business managers’ decision making in adopting neuroscience techniques for sustainable product development and marketing.
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1. Introduction


Given the growing competitiveness of today’s economy, innovation in products helps economic growth [1,2], encourages differentiation, and creates sustainable competitive advantages for companies [2]. Marketing for sustainability, also known as green marketing, is a marketing technique in which a business targets social and environmental resources [3]. Sustainable products and their marketing have played a crucial role for developing more sustainable consumption patterns and solutions to socio-ecological problems [4]. They have demonstrated to be significantly important in decreasing the societies’ consumption problems [2]. Studies in marketing have demonstrated that nowadays, consumers are more interested in buying sustainable products [2] and willing to pay for sustainable products because of their benefits in alleviating socio-ecological problems [5].



Consumer neuroscience is a newly developed burgeoning area consisting of academic studies at the intersection of marketing, neuroscience, economics, decision theory, and psychology [6]. As an interdisciplinary and broad field of research, neuromarketing is defined as an innovative tool that combines neuroscience and physiological techniques in order to gain insights in customer behavior for the effective prediction of customer preferences in the decision-making process [7]. Neuroscience can be used in marketing and consumer behavior research to refine existing marketing theories [8,9]. Neuromarketing is one of the new fields of marketing that uses brain-imaging techniques to study brain responses to marketing stimuli. Researchers employ brain imaging to reveal why and how customers decide on triggers and what parts of their brains stimulate them to take action. According to Chavaglia, Filipe [10], neuromarketing is explained by the union of neuroscience and marketing to find how consumers really make their buying decisions in online shopping.



Neuromarketing is seen as a new innovation in marketing as it involves the use of neuroscience in marketing research, in a way that examines which stimuli lead to a specific type of performance among customers. Neuromarketing tries to take the decision-making information from triggers to achieve the desired result for the marketing aims. Neuromarketing helps business to facilitate product development and marketing/advertising by understanding more about the mind of customers by the use of advances in neuroscience. Accordingly, nowadays, many companies have started around the world to provide some form of commercial neuromarketing service [11].



Neuromarketing techniques have been effective in marketing research; however, fully understating the complex cognitive processes at the individual neuronal level needs robust and advanced methods of investigation. In the last few years, many projects have been conducted to fill current gaps in methodological aspects of data analysis in fundamental and consumer neuroscience research. Although neuromarketing has added value to the current consumer research in many ways, still, marketers are not using neuroscience in sustainable product marketing to fully take advantage of the neuromarketing techniques. Neuromarketing can contribute significantly to sustainability in different ways, such as sustainable use, awareness of the solutions for environmental management, green technology adoption, and green product marketing [12]. According to [12], the development/improvement of more sustainable products, awareness regarding sustainable consumption, and effective marketing strategies for sustainable products can be the main contributions of the neuromarketing techniques in sustainability. However, few studies have investigated these issues in marketing and identified the aims of using neuromarketing techniques from the perspectives of sustainable product suppliers.



This study fills this gap by investigating the role of neuromarketing in sustainable product marketing. In addition, this paper investigates the adoption of neuromarketing techniques in sustainable product marketing from business managers’ perspectives. In this regard, firstly, a review of the existing research on neuromarketing is conducted in order to identify the neuromarketing advantages that can significantly influence the adoption of this technique in marketing. Meanwhile, the contributions of neuromarketing in marketing research are classified based on the available literature. In addition, a new decision-making approach through several adoption factors is developed. To find the importance level of these neuromarketing adoption factors for sustainable product marketing, a questionnaire survey is conducted according to the employed method procedure. The data collection is performed from the sustainable product suppliers who are involved in such product marketing through online shopping websites. Fuzzy analytic hierarchy process (AHP) is performed on collected data to develop a new decision-making model for neuromarketing in a marketing context.



The rest of the paper is organized as follows. In Section 2, neuromarketing in marketing is discussed. In Section 3, we provide the proposed decision-making model. In Section 4, we provide the data collection and analysis. In Section 5, we provide our discussion on the findings of this research. Finally, the conclusion and future work are presented in Section 6.




2. Neuroscience in Marketing


At present, enormous pressure is applied on the managers for uncovering the parameters motivating the attitudes and behaviors of customers. Sad to say, conventional techniques possess popular restrictions and have been fixed significantly since their introduction decades ago. Consequently, researchers have been greatly considered brain-based approaches, which can empower managers through the direct measurement of the customers’ basic ideas, emotions, and intentions [13]. There are different definitions of neuromarketing, but all of them are about the study of the operation of the brain in making decisions about a product/service or how the brain reacts to incentives. The appearance of neuromarketing has meaningfully advanced predictable marketing research, revealing in what way unconscious answers and feelings influence customers’ perceptions and decision-making procedures [14]. Neuromarketing practices a mixture of marketing and neuroscience methods with the aim of observing the nervous and mental procedures that control a person’s choices and actions. Therefore, examining these procedures would be helpful to clarify customers’ reactions to marketing incentives. Adding neuroscientific approaches can help the scholars detect stronger understandings of marketing, including customer behavior [15]. Neuromarketing can involve various detectable subjects. Daugherty and Hoffman [16] introduced a reorganized and updated taxonomy, including six different classifications to frame the current studies about the intended marketing results. The categories are consumer attention/arousal, brand extensions, product/brand appraisals, purchase behaviors, memory, and product/brand preferences. Table 1 provides the introduced taxonomy.



There are two major reasons for the marketers’ enthusiasm. Firstly, marketers expect that neuroimaging would present an interaction with higher efficiency between cost and benefit. The basis of the expectation is the assumptions that individuals are not capable of completely articulating their priorities as they are demanded for expressing those preferences in an explicit manner, and that the brain of consumers contains invisible information regarding their real priorities. This concealed information might theoretically be applied for influencing their buying behaviors, so that the costs of doing research on the neuroimaging might be outweighed by the benefits of the promoted product design and enhanced sale. Theoretically, not less than brain imaging might highlight what people want and what they would purchase.



The second reason for the marketers’ enthusiasm for the brain imaging is that they expect that such an imaging provides a precise marketing research technique, which could be performed even prior to the existence of a product. It is assumed that neuroimaging information would provide a more precise indicator of the basic priorities compared to the information obtained from standard market research studies and would be insensitive to types of bias, which are frequently a criterion of subjective strategies to valuation. If the above case is true, the product concepts might be experimented quickly, and unhopeful concepts would be removed at the initial processes. Such a situation would lead to a more effective assignment of resources for developing potential products.



Moreover, it is possible to illustrate numerous benefits of neuroimaging due to its clear attractions for utilization in consumer studies. Notably, neuroscientific techniques may be able to detect basic procedures involved in the intended behaviors, because the same behaviors may be caused by various psychological procedures. Particularly, neuroscience can assist in the understanding of the contribution of internal emotional responses that can contribute importantly to the economic decision-making procedure [17]. Therefore, neuroscientific methods present objective physiological information because topics cannot affect or have a very little effect on such measurements [15], which is contrary to the self-reporting respondents who cannot precisely evaluate their decisions and priorities [18], as these may be caused, for instance, by the orientation for providing socially admitted responses [19]. Additionally, neuroimaging empowers the simultaneous tracking of the consumers’ neural responses when the desired marketing stimuli are processed. Hence, it eliminates the danger of recall bias, which is usually related to the self-reporting measure.



The customers’ decisions that are affected by the unconscious mind include mental procedures that are unreachable, but they influence decisions, emotional states, or human behavior [20]. On the other hand, usually, the customers do not prefer or do not know how to explain their selections and decision-making process. The majority of thoughts and emotions occur “below the level of awareness”. Therefore, the study of the mind can disclose a person’s state of mind through this method more than from vocal communication. The initial arrival of the term “neuromarketing” in the academic journals can be found in the middle of 2007 [21]. Neuromarketing is developing as a part of neuroscience research and has an application in marketing that endeavors to better understand the customers’ behavior through the cognitive process.



Neuromarketing involves observing the customers’ mind in purchasing decisions to discover the marketing strategies that are facilitators and energizers to attract potential customers. This novel tendency has had an excessive influence on the improvement of businesses and brands worldwide, not only facilitating the exploration of the different market segments. Furthermore, neuromarketing can help develop a suitable marketing strategy, including a marketing mix and four comprehensive stages of a marketing plan including price, product, promotion, and place to satisfy different groups of customers. Deductively, it is possible to state that in the minds of the customers, the emotions act as an entity motivator and activator of memorable experiences (positive and negative) around the brand and all the points of contact that surround it. By the use of neuromarketing, businesses could have a deeper and evidence-based knowledge of different behavior measurements and/or stimuli, which will allow in a certain way obtaining behavior patterns versus different contexts of purchase or consumption established by customers.



Understanding customers’ decision-making procedures is one of the most significant objectives of scholars and experts in marketing. Today, marketplaces are overloaded by many similar and different products/services, so it is essential for businesses to continually modernize and distinguish products/services that satisfy customers requests as much as probable [22]. This result delivered by neuromarketing investigation seems very encouraging because of the significance of meeting clients’ requirements. Furthermore, earlier, it was not attainable to examine the hidden psychological procedures that occur while customers’ choices are made [9,23]. The old-style approaches (e.g., questionnaires and interviews) used in market research are often insufficient to accurately observe and determine customers’ behavior. In addition, these approaches only investigate the insincere or mindful features of customers’ insights that can result in a product being unsuccessful up to 80% of the time within its first years on the marketplace, which specifies that there is a need for a comprehensive arrangement among new goods and real customer requests. In fact, the high disappointment rate displays an inadequacy of data or information offered by the old-style customer behavior approaches for proficient marketing plans [13,24]. On the other hand, neuromarketing studies provide extra understanding into customers’ thoughts and behavior rather than old-style data collection alone. Neuromarketing can help managers understand and predict consumer responses to marketing materials and have consistently identified brain areas related to the processing of marketing-related stimuli [6,25,26]



In addition, neuromarketing techniques are widely used in product development. For example, neuromarketing applications of functional magnetic resonance imaging (fMRI) can be used in two parts of the product development process [27]. At the first stage, fMRI can be employed as a section of the design procedure. At this point, neural replies could be applied to improve the product earlier than when it is released. Indeed, the most favorable application of fMRI to neuromarketing comes before a product is even released. At the second stage, fMRI can be applied when the product is completely formed, at which point it is usually used to assess neural replies as a section of an advertising operation to boost sales [27].



Extracting the knowledge from the human brain is one of the important tasks in conducting company-specific market research. Several neuromarketing data collection tools are available to get the behavioral information from the customers, which are Facial Recognition/Facial Coding System (FACS), Heart Rate (HR), electroencephalography (EEG), Galvanic Skin Response (GSR), Eye Tracking (ET), Positron Emission Tomography (PET), magnetoencephalography (MEG), and fMRI. According to Kable [28], 60%–70% of empirical neuroscience research have applied only one technique, fMRI, to collect the data from the customers. Neuromarketing techniques are currently used effectively to improve marketing activities.




3. Proposed Decision-Making Model


Several advantages for neuromarketing techniques have been cited in the literature. Table 2 summarizes the most important and repeated advantages and their explanations. Meanwhile, employing neuromarketing methods resulted in different advancements in marketing [22,29]. These marketing advancements can be divided into six general themes according to the literature (see Table 3).



This research aims to develop a new decision-making model for neuromarketing in a business context. As shown in Figure 1, the decision-making model is presented in three main stages: A goal level, criteria level, and alternative level. At the goal level, the decision to adopt the neuromarketing option is located. At the second level, the hierarchical structure includes neuromarketing advantages such as the cost, accuracy, usefulness, time saving, quality of information, biasness, and deep probing of memory and emotions. At the third level, the alternative level, the hierarchical structure includes neuromarketing contributions in marketing research such as advertising, product development, pricing, branding, product design, and decision making, which are evaluated through the criteria presented in the second level. We use fuzzy AHP to evaluate the decision-making model. In fact, the priority weights of criteria and alternatives are obtained through fuzzy AHP.



Fuzzy AHP


Multi-Criteria Decision Making (MCDM) techniques have been widely used in the previous literature for decision-making problems [79,80,81,82,83]. Fuzzy AHP is one of the most well-known MCDM methods that manages uncertainty and vagueness in criteria and decision-making problems, and it can be flexible and easy to utilize [84,85]. Fuzzy AHP is extremely efficient and applicable in real-world conditions where uneven pairwise comparison is quite common [86,87]. Using fuzzy AHP, any complex problem is decomposed into dissimilar hierarchical levels of criteria, and a sequence of pairwise judgments are performed to uncover the rank of criteria [88]. This method is able to utilize qualitative parameters in assessing and ranking diverse decisional alternatives, and for this reason, it has been widely used in the literature of sustainability decision-making [89]. Govindan, Kaliyan [90] used Fuzzy AHP to identify and rank the barriers of green supply chain management in Indian industries. In the same study, Mathiyazhagan, Govindan [91] focused on pressure analysis using AHP in green supply chain management in Indian industries. By using AHP, Srdjevic, Kolarov [92] developed a new group decision-making framework for sustainability appraisal in development projects in Serbia. Larimian, Zarabadi [93] proposed a model based on fuzzy AHP to explore environmental sustainability from a Secured by Design (SBD) point of view. Kumar, Rahman [94] used a model of fuzzy multi-objective linear programming and fuzzy AHP for the purpose of allocating orders in a sustainable supply chain. Fuzzy AHP is useful in the condition in which decision makers face problems to rank factors and alternatives with respect to an upper-level goal (as in our case). Therefore, this study performed Fuzzy AHP to investigate the factors influencing the managers’ decision to adopt neuromarketing technique in the sustainable product marketing. The procedure of the Fuzzy AHP technique includes following steps.




	Step 1:

	
In this step, factors for the adoption of digital forensic by MEA were identified from the literature.




	Step 2:

	
In this step, the hierarchical tree, which includes the criteria and goal of the decision making, is designed.




	Step 3:

	
The data are collected from the experts, and pairwise comparison matrices are constructed with the aid of triangular fuzzy numbers,     t ˜   i j   =  (   a  i j   ,    b  i j   ,    c  i j    )   .




	Step 4:

	
In this step, the arithmetic mean of all pairwise comparisons are calculated.


   A ˜  =  [       (  1 , 1 , 1  )          a ˜   21            ⋮        a ˜   n 1                 a ˜   12          (  1 , 1 , 1  )           ⋮        a ˜   n 2                 a ˜   1 n           a ˜   2 n            ⋮       (  1 , 1 , 1  )           ]  ,     a ˜   i j   =     ∑   k = 1    p  i j      a  i j k      p  i j     ,       i , j = 1 , 2 , … , n  



(1)








	Step 5:

	
The sum of the elements in each row is calculated.




	Step 6:

	
In this step, the sum of each row is normalized by the following equation as:


    M ˜  i  =   s ˜  i  ⊗    [    ∑   i = 1  n    s ˜  i   ]    − 1     i = 1 , 2 , … , n .  



(2)







In this step, considering     s ˜  i    as (li, mi, ui), the above equation for normalization is presented as:


    M ˜  i  =  (     l i      ∑   i = 1  n   u i    ,    m i      ∑   i = 1  n   m i    ,    u i      ∑   i = 1  n   l i     )  .  



(3)








	Step 7:

	
In this step, the degree of possibility of    μ 1  =  (   l 1  ,  m 1  ,  u 1   )  ≤  μ 1  =  (   l 2  ,  m 2  ,  u 2   )    is defined as:


  V  (   M 2  >  M 1   )  = S u  b  x ≥ y    [  min  (   μ   M 1     ( x )  ,  μ   M 2     ( y )   )   ]   



(4)




which also can be defined as:


   (  M 2    ≥  M 1  = h g t  (   M 1  ∩  M 2   )  =  μ   M 2     ( d )  =  {     1   i f    m 2  ≥  m 1      0   i f    l 1  ≥  u 2         l 1  −  u 2    (  m 1  −  u 2  ) − (  m 1  −  l 1  )   ,   o t h e r w i s e        



(5)




where  d  indicates the ordinate of the highest intersection point  D  between    M 1    and    M 2   . For comparing    M 1    and    M 2   , it is needed to calculate both  V (   M 1    ≥    M 2   ) and  V (   M 2    ≥    M 1   ). The degree of possibility for a convex fuzzy number to be greater than   k   convex fuzzy numbers    M i    are defined by:


     d ′   ( M )    = V  (  M   ≥   M 1 , M 2 , … , M k  )  = V  [   (  M ≥ M 1  )  ,    (  M   ≥   M 2  )  ,   …   ,    (  M   ≥   M k  )   ]        = m i n   V  (  M   ≥   M i  )  ,   i   =   1 , 2 , … , k .    



(6)








	Step 8:

	
To normalize the weight vectors, the following equation is used to obtain the normalized weights. These values obtained by this equation are non-fuzzy weights.


  w =    [     d ′   (   A 1   )      ∑   i = 1  n   d ′   (   A i   )    ,    d ′   (   A 2   )      ∑   i = 1  n   d ′   (   A i   )    , … ,    d ′   (   A n   )      ∑   i = 1  n   d ′   (   A n   )     ]   T   



(7)








	Step 9:

	
We obtain the final weights by combing the weights of criteria.


     U i   ˜  =   ∑   j = 1  n    w ˜  i    r ˜   i j    



(8)















4. Data Collection and Results


Using purposive sampling, a list of sustainable product suppliers who were involved in such product marketing was obtained through the Internet and websites. In purposive sampling, researchers depend on their own judgment and purposefully choose participants. A set of 28 emails was sent to the suppliers with more than five years’ experience in product marketing through online shopping websites. We focused on Amazon.com, which is a comprehensive online shopping website for product marketing. This study was conducted between March and June 2019. An introduction to the research, its aim, and scope along with the questionnaire were provided for participants in the emails. The questionnaire was based on pairwise comparisons of criteria on a nine-point scale (Appendix A). In order to enhance the participation rate, two reminders in four weeks were sent to the participants. Finally, 18 complete responses were received, and 15 of them were suitable for analysis. It is worth noting that there are no specific rules for deciding on the number of respondents in MCDM methods. AHP is not an exception. A small number of participants is required to make a decision in AHP, as it is not a statistically based technique [95,96]. Meanwhile, AHP is technically effective and valid and does not require a large number of participants [97]. Additionally, many studies considered a small sample size for implementing MCDM techniques such as AHP [98,99]. Therefore, a sample size of 15 valid respondents is adequate for data collection in this study.



The fuzzy AHP technique was performed to obtain the weights of the criteria and alternatives through pairwise comparisons based on experts’ opinions using symmetric triangular fuzzy numbers. Then, the fuzzy numbers in the group judgment matrix were obtained. The results are shown in Table 4, Table 5, Table 6, Table 7, Table 8, Table 9, Table 10 and Table 11. Note that the inconsistency ratio of fuzzy pairwise comparisons was obtained by [100]. The final weights for the criteria and alternatives are provided in Figure 2 and Figure 3. The results show that the most important factors from the experts’ point of view were accuracy and biasness. In addition, the assessment of alternatives shows that advertising (weight = 0.61000) and branding (weight = 0.27100) are ranked as two neuromarketing contributions that make business managers more motivated to use neuromarketing techniques.




5. Discussion


According to the results, accuracy and bias are two important factors that have a significant influence on sustainable product marketers in utilizing neuromarketing more specifically for advertising and branding purposes. The goal of commercial advertising is to affect the customers’ behavior in a way that one product/service is preferred over another [39]. As a result of the proliferation of new media and extensive competition in market places, advertising has been increasingly recognized as an essential tool for raising the awareness of customers for products/services [101]. Therefore, the power of gaining the attention of consumers is one of the main factors of advertising effectiveness. Neuroimaging techniques show different levels of potential for exploring how the brain responds to advertisements [102]. By the use of neuromarketing techniques, marketers are able to discover which parts of the brain are involved when case products from specific brands are presented as well as predict the impacts of brands on the decision-making process in general. From the managers’ view point, consumer neuroscience causes a significant influence on the way brands are introduced, conceptualized, and marketed [103]. Therefore, Roth [22] recommended increasing the utilization of neuromarketing techniques for branding purposes to enhance the brands‘ representation. So far, many studies have highlighted the significant role of neuromarketing in improving the effectiveness of advertising messages [38,39,104] and branding [43,59,60,61] around the world. It is believed that advertising pretesting is flawed by the cognitive processes of respondents activated during the usage of traditional techniques. It means that respondents’ preferences and most of the critical insights that may assist the decision makers are normally not accessible through using traditional techniques. Meanwhile, it may be difficult for many of the customers to properly express their feelings and emotions about a product/service. Meanwhile, users normally cannot report the reason for their certain reactions. Even sometimes respondents are not interested in giving true information, as they are looking for social acceptance [105]. Moreover, traditional research techniques have been shown to have a great negative impact on what the customers remember and on the subjective experience of it [38]. Neuromarketing offers the opportunity to manage these limitations as customers do not have control over the collection of information [106]. Hence, it is not surprising that this study ranked accuracy and biasness as two important characteristics of neuromarketing techniques for advertising and branding purposes for sustainable product marketing.




6. Conclusions


Considering the rapid advancement in neuromarketing techniques, there has been a rising interest in exposing the responses of brain to marketing stimuli caused by the introduction of consumer neuroscience in the neuroeconomics fields. However, marketing professionals are still doubtful about the adoption of neuroscience techniques as they are not sure about the ability of collected data to offer meaningful findings related to consumer behavior and psychology [35]. In addition, according to previous research on neuromarketing in sustainability development, neuromarketing techniques can contribute to the increased accuracy in sustainable product development, as well as improved ergonomics, decision-making, and sustainability processes. However, these issues are rarely investigated from the suppliers’ perspectives regarding why they intended to adopt neuromarketing techniques in their business. Therefore, this research investigated the adoption of neuromarketing techniques in sustainable product marketing from the suppliers’ point on view. In this regard, firstly, a review on the existing research on neuromarketing is conducted and the cost, accuracy, usefulness, time-saving, quality of information, bias, and deep probing of memory and emotions are identified as neuromarketing advantages that can significantly influence the adoption of this technique in business. Meanwhile, the contributions of neuromarketing in marketing research are classified into advertising, product development, pricing, branding, product design, and decision making. Next, a set of questionnaires is designed, and data were collected from green product suppliers who do the marketing of such products through online shopping websites. Fuzzy AHP is performed on the collected data to develop a new decision-making model for neuromarketing in the business context. The results show that accuracy and bias are two important factors that have a significant influence on green product suppliers in utilizing neuromarketing more specifically for advertising and branding purposes.



It is hoped that this research provides useful information about the neuromarketing techniques and their applications in sustainable product marketing. These findings can assist companies that provide eco-friendly products to select their advertisements or modify them to consider factors that help the brand be more clearly remembered or keep the attention of consumers. Meanwhile, the findings of this research can also be intensely used to regulate the most effective branding strategies for green products.



This study can be used as a starting point for increasing advertising effectiveness in green products marketing. For example, the existence of individuals considered physically attractive or celebrities in advertisements activates a part of the brain that is involved in the process of creation and recognition of trust. So, attractive or famous people impact the preferences of green consumers, which affects the decision to purchase [105]. However, it is recommended that the purpose of advertising campaigns be carefully considered. If the aim is to form an attitude, choosing a celebrity as the advertising spokesperson is suggested; however, if the aim is to raise the brand awareness, choosing a non-celebrity spokesperson is more beneficial [104].



Limitations and Future Research Directions


Since fMRI, EEG, and MEG are known as most attracted neuromarketing techniques, future similar studies are recommended to explore the relation between these techniques, neuromarketing factors, and neuromarketing contributions in the adoption of neuromarketing techniques in green product marketing. Accuracy and bias have been recognized as “triggers” for utilizing neuromarketing techniques among the green products suppliers; however, more in-depth studies are recommended to be conduct on how to improve these factors in certain situations. This study employed fuzzy AHP to analyze the data, while future similar studies can use other MCDM methods in order to make a comparison between the outcomes of different techniques. This study was conducted among suppliers with more than five years’ experience in product marketing through online shopping websites. Further investigations are recommended to extend the research by selecting a larger number of respondents. Meanwhile, future studies are recommended to select participants from other groups such as neurologists or business professionals.
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Appendix A. An Example of an AHP Questionnaire


In this survey, each section includes number of questions. Each question in a question set requires you to make comparison between two factors simultaneously considering a third factor.



Read the provided questions and put check marks where applicable in the related cells. If a factor on the left is more important than the one on the right, put your check mark to the left of the importance “Equally important” by selecting your preferred importance level. If an attribute on the left is less important than the one on the right, put your check mark to the right of the importance “Equally important” by selecting your preferred importance level.



Section 1: Pairwise comparison with respect to Goal




	
Q1: How important is cost when it is compared with accuracy?



	
Q2: How important is advertising when it is compared with usefulness?



	
Q3: How important is advertising when it is compared with probing memory and emotions?



	
Q4: How important is advertising when it is compared with quality of information?



	
Q5: How important is advertising when it is compared with time-saving?



	
Q6: How important is advertising when it is compared with biasness?























	
	Absolutely more important
	Very strongly more important
	Strongly more important
	Weakly more important
	Equally important
	Weakly more important
	Strongly more important
	Very strongly more important
	Absolutely more important



	Q1
	
	
	
	
	
	
	
	
	



	Q2
	
	
	
	
	
	
	
	
	



	Q3
	
	
	
	
	
	
	
	
	



	Q4
	
	
	
	
	
	
	
	
	



	Q5
	
	
	
	
	
	
	
	
	



	Q6
	
	
	
	
	
	
	
	
	








Section 2: Alternative pairwise comparisons with respect to Probing Memory and Emotions




	
Q7: How important is advertising when it is compared with product development?



	
Q8: How important is advertising when it is compared with pricing?



	
Q9: How important is advertising when it is compared with branding?



	
Q10: How important is advertising when it is compared with product design?



	
Q11: How important is advertising when it is compared with customer decision making?



	
Q12: How important is product development when it is compared with pricing?



	
Q13: How important is product development when it is compared with branding?



	
Q14: How important is product development when it is compared with product design?



	
Q15: How important is product development when it is compared with customer decision making?



	
Q16: How important is pricing when it is compared with branding?



	
Q17: How important is pricing when it is compared with product design?



	
Q18: How important is pricing when it is compared with customer decision making?



	
Q19: How important is branding when it is compared with product design?



	
Q20: How important is branding when it is compared with customer decision making?



	
Q21: How important is product design when it is compared with customer decision making?























	
	Absolutely more important
	Very strongly more important
	Strongly more important
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Figure 1. The proposed model for adoption of neuromarketing for sustainable product marketing. 
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Figure 2. Final weights of alternatives for sustainable product marketing using neuromarketing. 
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Figure 3. Final weights of criteria for sustainable product marketing using neuromarketing. 
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Table 1. Neuromarketing Taxonomy [16].
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	Category
	Research Focus





	Attention/arousal
	Features stimuli eliciting attention and emotional arousal



	Product/brand appraisal
	Neurological correlates of various marketing-based judgments



	Product/brand preference
	Differences between preferred and non-preferred brands



	Purchase behavior
	External and internal influences on consumer behavioral and intentions



	Memory
	Factors contributing to the future recall and recognition of marketing stimuli



	Brand extension
	Neural indicators of successful and non-successful brand extensions
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Table 2. Neuromarketing research advantages.






Table 2. Neuromarketing research advantages.





	Criteria
	Author
	Explanation





	Cost
	[30,31,32,33,34]
	Neuromarketing is reported to be more expensive than traditional marketing research due to requiring specialized equipment [30,32]. However, providing new equipment and technologies require massive investment in early stage, the cost of equipment becomes less when it becomes available.



	Accuracy
	[30,35]
	Neuromarketing assists businesses with accurately understanding customers’ preferences and desires. The traditional marketing approaches (such as observational, questionnaire-based, and focus groups studies) are criticized for pushing consumers in circumstances in which they are not intend to express their actual opinions and desires [30].



	Usefulness
	[30,35,36]
	Neuroimaging is a powerful technique in delivering useful findings related to the users’ behavioral psychology [35].



	Time-saving
	[31]
	The simultaneity of information collection and speed are other benefits of neuromarketing. Some neuromarketing methods can evaluate the consumer responses at the same time at which they are subjected to the marketing stimuli [31,33].



	Quality of information
	[30,31,33]
	Neuromarketing techniques are able to collect and evaluate emotional processes. These techniques offer less biased and richer marketing information compared to the other traditional research techniques. A higher quality of information is available through neuromarketing techniques as they collect sensitive information beyond the level of human consciousness [31].



	Biasness
	[30,31,33,35]
	Neuroimaging is able to concurrently record and assess the neural responses of consumers at the same time that the marketing stimulus of awareness is occurred, therefore decreasing the risk of recall bias normally linked to the self-report instruments [31,35].



	Probing memory and emotions
	[22,30,37]
	Neuroimaging can deeply explore brain activities to collect and measure sensory experience [37].
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Table 3. The contributions of neuromarketing in marketing research.






Table 3. The contributions of neuromarketing in marketing research.





	Category
	Author





	Advertising
	[7,38,39,40,41,42,43,44,45,46,47,48,49]



	Product Development
	[50,51,52,53,54,55]



	Pricing
	[56,57,58]



	Branding
	[43,59,60,61,62,63,64,65,66,67,68,69,70]



	Product Design
	[71,72,73,74]



	Customer Decision Making
	[75,76,77,78]
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Table 4. Pairwise comparison with respect to goal.






Table 4. Pairwise comparison with respect to goal.





	Criteria
	Probing Memory
	Cost
	Accuracy
	Usefulness
	Information Quality
	Time-Saving
	Biasness





	C1
	(1.000, 1.000, 1.000)
	(0.167, 0.200, 0.250)
	(0.125, 0.143, 0.167)
	(0.250, 0.333, 0.500)
	(0.250, 0.333, 0.500)
	(0.250, 0.333, 0.500)
	(0.333, 0.500, 1.000)



	C2
	(4.000, 5.000, 5.988)
	(1.000, 1.000, 1.000)
	(0.333, 0.500, 1.000)
	(1.000, 2.000, 3.000)
	(1.000, 2.000, 3.000)
	(1.000, 2.000, 3.000)
	(2.000, 3.000, 4.000)



	C3
	(5.988, 6.993, 8.000)
	(1.000, 2.000, 3.003)
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(3.000, 4.000, 5.000)
	(2.000, 3.000, 4.000)
	(5.000, 6.000, 7.000)



	C4
	(2.000, 3.003, 4.000)
	(0.333, 0.500, 1.000)
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(1.000, 2.000, 3.000)
	(2.000, 3.000, 4.000)



	C5
	(2.000, 3.003, 4.000)
	(0.333, 0.500, 1.000)
	(0.200, 0.250, 0.333)
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(0.333, 0.500, 1.000)
	(1.000, 2.000, 3.000)



	C6
	(2.000, 3.003, 4.000)
	(0.333, 0.500, 1.000)
	(0.250, 0.333, 0.500)
	(0.333, 0.500, 1.000)
	(1.000, 2.000, 3.003)
	(1.000, 1.000, 1.000)
	(2.000, 3.000, 4.000)



	C7
	(1.000, 2.000, 3.003)
	(0.250, 0.333, 0.500)
	(0.143, 0.167, 0.200)
	(0.250, 0.333, 0.500)
	(0.333, 0.500, 1.000)
	(0.250, 0.333, 0.500)
	(1.000, 1.000, 1.000)







Note: Inconsistency ratio, CRm:0.022, CRg:0.041 (Consistent matrix).
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Table 5. Alternative pairwise comparisons with respect to probing memory and emotions.






Table 5. Alternative pairwise comparisons with respect to probing memory and emotions.





	Alternative
	Advertising
	Product Development
	Pricing
	Branding
	Product Design
	Decision Making





	D1
	(1.000, 1.000, 1.000)
	(4.000, 5.000, 6.000)
	(7.000, 8.000, 9.000)
	(1.000, 2.000, 3.000)
	(3.000, 4.000, 5.000)
	(6.000, 7.000, 8.000)



	D2
	(0.167, 0.200, 0.250)
	(1.000, 1.000, 1.000)
	(3.000, 4.000, 5.000)
	(0.333, 0.500, 1.000)
	(0.333, 0.500, 1.000)
	(2.000, 3.000, 4.000)



	D3
	(0.111, 0.125, 0.143)
	(0.200, 0.250, 0.333)
	(1.000, 1.000, 1.000)
	(0.143, 0.167, 0.200)
	(0.200, 0.250, 0.333)
	(0.333, 0.500, 1.000)



	D4
	(0.333, 0.500, 1.000)
	(1.000, 2.000, 3.003)
	(5.000, 5.988, 6.993)
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(4.000, 5.000, 6.000)



	D5
	(0.200, 0.250, 0.333)
	(1.000, 2.000, 3.003)
	(3.003, 4.000, 5.000)
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(3.000, 4.000, 5.000)



	D6
	(0.125, 0.143, 0.167)
	(0.250, 0.333, 0.500)
	(1.000, 2.000, 3.003)
	(0.167, 0.200, 0.250)
	(0.200, 0.250, 0.333)
	(1.000, 1.000, 1.000)







Note: Inconsistency ratio, CRm:0.028, CRg:0.062 (Consistent matrix).
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Table 6. Alternative pairwise comparisons with respect to cost.






Table 6. Alternative pairwise comparisons with respect to cost.





	Alternative
	Advertising
	Product Development
	Pricing
	Branding
	Product Design
	Decision Making





	D1
	(1.000, 1.000, 1.000)
	(4.000, 5.000, 6.000)
	(6.000, 7.000, 8.000)
	(1.000, 2.000, 3.000)
	(4.000, 5.000, 6.000)
	(7.000, 8.000, 9.000)



	D2
	(0.167, 0.200, 0.250)
	(1.000, 1.000, 1.000)
	(3.000, 4.000, 5.000)
	(0.333, 0.500, 1.000)
	(0.333, 0.500, 1.000)
	(2.000, 3.000, 4.000)



	D3
	(0.125, 0.143, 0.167)
	(0.200, 0.250, 0.333)
	(1.000, 1.000, 1.000)
	(0.167, 0.200, 0.250)
	(0.167, 0.200, 0.250)
	(0.333, 0.500, 1.000)



	D4
	(0.333, 0.500, 1.000)
	(1.000, 2.000, 3.003)
	(4.000, 5.000, 5.988)
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(4.000, 5.000, 6.000)



	D5
	(0.167, 0.200, 0.250)
	(1.000, 2.000, 3.003)
	(4.000, 5.000, 5.988)
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(3.000, 4.000, 5.000)



	D6
	(0.111, 0.125, 0.143)
	(0.250, 0.333, 0.500)
	(1.000, 2.000, 3.003)
	(0.167, 0.200, 0.250)
	(0.200, 0.250, 0.333)
	(1.000, 1.000, 1.000)







Note: Inconsistency ratio, CRm:0.039, CRg:0.095 (Consistent matrix).
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Table 7. Alternative pairwise comparisons with respect to accuracy.






Table 7. Alternative pairwise comparisons with respect to accuracy.





	Alternative
	Advertising
	Product Development
	Pricing
	Branding
	Product Design
	Decision Making





	D1
	(1.000, 1.000, 1.000)
	(4.000, 5.000, 6.000)
	(6.000, 7.000, 8.000)
	(1.000, 2.000, 3.000)
	(4.000, 5.000, 6.000)
	(7.000, 8.000, 9.000)



	D2
	(0.167, 0.200, 0.250)
	(1.000, 1.000, 1.000)
	(3.000, 4.000, 5.000)
	(0.333, 0.500, 1.000)
	(0.333, 0.500, 1.000)
	(2.000, 3.000, 4.000)



	D3
	(0.125, 0.143, 0.167)
	(0.200, 0.250, 0.333)
	(1.000, 1.000, 1.000)
	(0.167, 0.200, 0.250)
	(0.167, 0.200, 0.250)
	(0.333, 0.500, 1.000)



	D4
	(0.333, 0.500, 1.000)
	(1.000, 2.000, 3.003)
	(4.000, 5.000, 5.988)
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(4.000, 5.000, 6.000)



	D5
	(0.167, 0.200, 0.250)
	(1.000, 2.000, 3.003)
	(4.000, 5.000, 5.988)
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(3.000, 4.000, 5.000)



	D6
	(0.111, 0.125, 0.143)
	(0.250, 0.333, 0.500)
	(1.000, 2.000, 3.003)
	(0.167, 0.200, 0.250)
	(0.200, 0.250, 0.333)
	(1.000, 1.000, 1.000)







Note: Inconsistency ratio, CRm:0.041, CRg:0.094 (Consistent matrix).
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Table 8. Alternative pairwise comparisons with respect to usefulness.






Table 8. Alternative pairwise comparisons with respect to usefulness.





	Alternative
	Advertising
	Product Development
	Pricing
	Branding
	Product Design
	Decision Making





	D1
	(1.000, 1.000, 1.000)
	(3.000, 4.000, 5.000)
	(7.000, 8.000, 9.000)
	(3.000, 4.000, 5.000)
	(2.000, 3.000, 4.000)
	(9.000, 9.000, 9.000)



	D2
	(0.200, 0.250, 0.333)
	(1.000, 1.000, 1.000)
	(4.000, 5.000, 6.000)
	(0.333, 0.500, 1.000)
	(0.333, 0.500, 1.000)
	(2.000, 3.000, 4.000)



	D3
	(0.111, 0.125, 0.143)
	(0.167, 0.200, 0.250)
	(1.000, 1.000, 1.000)
	(0.111, 0.125, 0.143)
	(0.200, 0.250, 0.333)
	(0.333, 0.500, 1.000)



	D4
	(0.200, 0.250, 0.333)
	(1.000, 2.000, 3.003)
	(6.993, 8.000, 9.009)
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(5.000, 6.000, 7.000)



	D5
	(0.250, 0.333, 0.500)
	(1.000, 2.000, 3.003)
	(3.003, 4.000, 5.000)
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(3.000, 4.000, 5.000)



	D6
	(0.111, 0.111, 0.111)
	(0.250, 0.333, 0.500)
	(1.000, 2.000, 3.003)
	(0.143, 0.167, 0.200)
	(0.200, 0.250, 0.333)
	(1.000, 1.000, 1.000)







Note: Inconsistency ratio, CRm:0.041, CRg:0.099 (Consistent matrix).
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Table 9. Alternative pairwise comparisons with respect to information quality.






Table 9. Alternative pairwise comparisons with respect to information quality.





	Alternative
	Advertising
	Product Development
	Pricing
	Branding
	Product Design
	Decision Making





	D1
	(1.000, 1.000, 1.000)
	(4.000, 5.000, 6.000)
	(7.000, 8.000, 9.000)
	(2.000, 3.000, 4.000)
	(3.000, 4.000, 5.000)
	(7.000, 8.000, 9.000)



	D2
	(0.167, 0.200, 0.250)
	(1.000, 1.000, 1.000)
	(3.000, 4.000, 5.000)
	(0.333, 0.500, 1.000)
	(0.333, 0.500, 1.000)
	(2.000, 3.000, 4.000)



	D3
	(0.111, 0.125, 0.143)
	(0.200, 0.250, 0.333)
	(1.000, 1.000, 1.000)
	(0.143, 0.167, 0.200)
	(0.167, 0.200, 0.250)
	(0.333, 0.500, 1.000)



	D4
	(0.250, 0.333, 0.500)
	(1.000, 2.000, 3.003)
	(5.000, 5.988, 6.993)
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(2.000, 3.000, 4.000)



	D5
	(0.200, 0.250, 0.333)
	(1.000, 2.000, 3.003)
	(4.000, 5.000, 5.988)
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(4.000, 5.000, 6.000)



	D6
	(0.111, 0.125, 0.143)
	(0.250, 0.333, 0.500)
	(1.000, 2.000, 3.003)
	(0.250, 0.333, 0.500)
	(0.167, 0.200, 0.250)
	(1.000, 1.000, 1.000)







Note: Inconsistency ratio, CRm:0.039, CRg:0.09 (Consistent matrix).
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Table 10. Alternative pairwise comparisons with respect to time-saving.






Table 10. Alternative pairwise comparisons with respect to time-saving.





	Alternative
	Advertising
	Product Development
	Pricing
	Branding
	Product Design
	Decision Making





	D1
	(1.000, 1.000, 1.000)
	(4.000, 5.000, 6.000)
	(6.000, 7.000, 8.000)
	(1.000, 2.000, 3.000)
	(3.000, 4.000, 5.000)
	(7.000, 8.000, 9.000)



	D2
	(0.167, 0.200, 0.250)
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(0.333, 0.500, 1.000)
	(0.333, 0.500, 1.000)
	(2.000, 3.000, 4.000)



	D3
	(0.125, 0.143, 0.167)
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(0.167, 0.200, 0.250)
	(0.167, 0.200, 0.250)
	(0.333, 0.500, 1.000)



	D4
	(0.333, 0.500, 1.000)
	(1.000, 2.000, 3.003)
	(4.000, 5.000, 5.988)
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(4.000, 5.000, 6.000)



	D5
	(0.200, 0.250, 0.333)
	(1.000, 2.000, 3.003)
	(4.000, 5.000, 5.988)
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(3.000, 4.000, 5.000)



	D6
	(0.111, 0.125, 0.143)
	(0.250, 0.333, 0.500)
	(1.000, 2.000, 3.003)
	(0.167, 0.200, 0.250)
	(0.200, 0.250, 0.333)
	(1.000, 1.000, 1.000)







Note: Inconsistency ratio, CRm:0.032, CRg:0.08 (Consistent matrix).
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Table 11. Alternative pairwise comparisons with respect to biasness.






Table 11. Alternative pairwise comparisons with respect to biasness.





	Alternative
	Advertising
	Product Development
	Pricing
	Branding
	Product Design
	Decision Making





	D1
	(4.000, 5.000, 6.000)
	(7.000, 8.000, 9.000)
	(1.000, 2.000, 3.000)
	(3.000, 4.000, 5.000)
	(7.000, 8.000, 9.000)
	(4.000, 5.000, 6.000)



	D2
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(0.333, 0.500, 1.000)
	(0.333, 0.500, 1.000)
	(2.000, 3.000, 4.000)
	(1.000, 1.000, 1.000)



	D3
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(0.143, 0.167, 0.200)
	(0.143, 0.167, 0.200)
	(0.333, 0.500, 1.000)
	(0.333, 0.500, 1.000)



	D4
	(1.000, 2.000, 3.003)
	(5.000, 5.988, 6.993)
	(1.000, 1.000, 1.000)
	(1.000, 2.000, 3.000)
	(4.000, 5.000, 6.000)
	(1.000, 2.000, 3.003)



	D5
	(1.000, 2.000, 3.003)
	(5.000, 5.988, 6.993)
	(0.333, 0.500, 1.000)
	(1.000, 1.000, 1.000)
	(2.000, 3.000, 4.000)
	(1.000, 2.000, 3.003)



	D6
	(0.250, 0.333, 0.500)
	(1.000, 2.000, 3.003)
	(0.167, 0.200, 0.250)
	(0.250, 0.333, 0.500)
	(1.000, 1.000, 1.000)
	(0.250, 0.333, 0.500)







Note: Inconsistency ratio, CRm:0.029, CRg:0.08 (Consistent matrix).
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