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Abstract 
 

Approximately 40% of all food wastage in Europe occurs at the consumers' side. Contemporary date 

labelling systems are one of the causes of food wastage at the consumer level, as they cause 

confusion at the consumers' side and often contain considerable margins in the shelf life date. 

Dynamic shelf life indicators, which are a form of intelligent packaging might be able to reduce food 

wastage, as they offer real-time information about the quality of food products. 

The aim of this study is to explore consumer acceptance of directly visible and digital dynamic shelf 

life indicators and to determine in which institution (the government, food manufacturers or food 

retailers) consumer trust is highest in relation to the development and regulation of dynamic shelf life 

indicators. A computer-based consumer questionnaire was used to determine the consumer 

acceptance of dynamic shelf life indicators and the consumer trust in institutions. The results show a 

higher consumer acceptance in directly visible dynamic shelf life indicators compared to digital 

dynamic shelf life indicators. Moreover, consumer trust in food manufacturers is higher than consumer 

trust in the government and food retailers. Therefore, it can be concluded that consumer acceptance 

of dynamic shelf life indicators is highest when the dynamic shelf life indicators are represented 

directly visible on labels and introduced by food manufacturers.  
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1 Introduction 

 
Globally, about 1.3 billion tons of the food produced for human consumption is lost or wasted each 

year. This corresponds to roughly 1/3 of all food that is produced. This huge amount of food wastage 

means that the resources that were used for the food production were used in vain and that 

greenhouse gas emissions due to food production were also emitted in vain (Food and Agricultural 

Organisation, 2011). Moreover, food wastage increases the carbon footprint, blue water footprint and 

causes unnecessary occupation of land (Food and Agricultural Organisation, 2013). Since 

sustainability is a large global issue nowadays, it is desired to reduce food wastage as much as 

possible.  

In Europe, approximately 40% of the food wastage occurs at the consumer level (European 

Commission, 2010). There are various causes for food wastage at the consumer level. Research 

suggests that decreased pricing for large units and price promotions for multi-item offers encourage 

the purchase of larger and more units, thus potentially contributing to over-purchasing and 

subsequently contributing to food waste. Moreover, lack of information on correct storage and bad 

product and package design in terms of portioning and storage are also causes of food waste 

(Aschemann-Witzel et al., 2016). 

 

Previous research has also shown that food waste occurs due to date label confusion at the 

consumers' side, 20% of consumer food waste occurs because of date label confusion (Leib et al., 

2016). Also, the THT labelling date often contains considerable margins to capture deviations from 

optimal handling in the food supply chain (Schut, 2013) and sometimes it is even done intentionally by 

food manufacturers to give the product a fresher impression (Soethoudt et al., 2012). Research has 

shown that 84% of consumers occasionally throw away food products after the THT date, even though 

the food products might still be of acceptable quality (Leib et al., 2016). Also, when buying products in 

stores, consumers often choose the product with the longest freshness date, causing the food 

products with the shortest shelf life dates to remain on the shelves and at a later stage to be discarded 

(Soethoudt et al., 2012; Tsiros & Heilman, 2005). 

 

Less than half of the consumers understand the definition of the THT and TGT date (respectively 47% 

and 40%). This results in misunderstandings at the consumers' side, which might lead to uninformed 

decisions and potential risks that come with a lack of information or a lack of clarity (Hall-Phillips & 

Shah, 2017). Previous research has shown that confusion is linked to several adverse effects, such as 

dissatisfaction (Foxall, 1993), negative word of mouth (Turnbull et al., 2000) and reduced loyalty and 

trust (Foxman et al., 1990; Foxman et al., 1992).  

Another issue with the current freshness labelling system is that the THT and TGT dates are static 

indicators, causing the freshness indication not to be accurate anymore if changes occur in 

environmental conditions in the supply chain. 
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Dynamic shelf life indicators, which are a form of intelligent packaging, might be a solution for these 

issues. Intelligent packaging materials are able to monitor the condition of a packaged food product or 

the environment surrounding the food product (European Commission, 2004). 

A dynamic shelf life indicator offers real-time information on the quality of the food product by 

monitoring and communicating certain compounds or environmental conditions. This enables accurate 

shelf life indications and might reduce confusion amongst consumers (Silvestre et al., 2011), reduce 

date margins and thereby reduce food waste. Using a dynamic shelf life indicator is a trade-off 

between the potential in waste reduction and the food safety of the product (Soethoudt et al., 2012). 

Moreover, dynamic shelf life indicators can give consumers an increased feeling of empowerment, in 

the sense of consumers feeling more confident and satisfied in making their own decisions regarding 

the shelf life of food products (Kickbusch & Nutbeam, 1998). 

 

1.1 Problem definition 
 

Research has shown that 65% of consumers believe that scepticism of consumers towards solutions 

such as intelligent packaging might be a reason for discouraging consumers' choice for intelligent 

packaging (Barska & Wyrwa, 2016). This issue of scepticism of dynamic shelf life indicators could be 

dealt with by taking into account the consumers' viewpoint regarding dynamic shelf life indicators. 

 

Previous research has shown that receiving information from dynamic shelf life indicators by a digital 

device, such as a mobile phone, is overall less wanted by consumers than dynamic shelf life indicators 

which directly communicate to consumers. However, this research also shows that consumers felt that 

a digital dynamic shelf life indicator offered more advantages compared to the directly visible dynamic 

shelf life indicator (Köster, 2017). 

This previous study was only exploratory and qualitative in nature and focused on overall consumer 

perception of intelligent packaging. To our knowledge, no quantitative research that focuses 

specifically on consumer acceptance of directly visible and digital dynamic shelf life indicators has 

been done. By obtaining quantitative information on whether dynamic shelf life indicators should be 

directly visible on labels or digitally represented, an optimal version of a dynamic shelf life indicator 

from the consumers' viewpoint can be developed. This in turn might decrease consumer scepticism 

and increases the chance for successful implementation of dynamic shelf life indicators. 

 

Previous research has also shown that consumers feel that dynamic shelf life indicators should be 

initiated and supported by a well-known and reliable institution (Köster, 2017). Consumer trust enables 

more favourable expectations of outcomes and thereby a more positive attitude (Saba & Messina, 

2003). Therefore, in order for dynamic shelf life indicators to be successful it is also important to 

determine in which institution (the government, food manufacturers or food retailers) consumer trust is 

highest regarding the development and regulation of dynamic shelf life indicators, as the institution 

with the highest consumer trust should be the one introducing the dynamic shelf life indicators.  
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1.2 Aim of this research 
 
The aim of this research is to explore the consumer acceptance of directly visible and digital dynamic 

shelf life indicators and to explore whether the consumer acceptance is different between the two 

types of representations. Moreover, the aim of the research is to determine in which of the following 

institutions (the government, food manufacturers or food retailers) consumer trust is highest regarding 

the development and regulation of dynamic shelf life indicators. This is approached by answering the 

following main research question and five sub research questions. 

 

Main research question:  

What is the consumer acceptance of directly visible and digital dynamic shelf life indicators? 

 

Sub research questions: 

1. Which variables influence the consumer acceptance of dynamic shelf life indicators?  

2. What is the consumer acceptance of directly visible dynamic shelf life indicators? 

3. What is the consumer acceptance of digital dynamic shelf life indicators? 

4. Which variables influence the consumer trust in an institution regarding the development and 

regulation of dynamic shelf life indicators? 

5. What is the level of consumer trust in the government, food manufacturers and food retailers 

regarding the development and regulation of dynamic shelf life indicators, and in which 

institution is consumer trust the highest?  
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2 Theoretical background  
 

2.1 Date labelling as a cause of food waste 
 
In the Netherlands, two different freshness labelling systems are used for pre-packed food products, 

which are the "ten minste houdbaar tot" (THT) labelling system and the "te gebruiken tot" (TGT) 

labelling system. The THT date is the date until which the manufacturer or seller guarantees the 

optimal quality of the food product and gives an indication about the quality of the food product 

(NVWA, 2017). The TGT date indicates the latest date at which a food product can still be consumed 

safely and is used for highly perishable foods, like fresh meat, fish, poultry and fresh-cut vegetables 

(NVWA, 2017). After the TGT date a food product is considered unsafe for human consumption. It is 

often believed that "unsafe" for human consumption means that it is bad for human health. This is 

however not always the case. Article 4 of regulation (EU) 1169/2011, Article 14 EU regulation 

178/2002 states that a product can also be considered "unsafe" if it is unsuitable for human 

consumption, for example due to microbial spoilage or physiological quality loss (ageing). This is the 

case for fresh-cut vegetables, as the TGT date for this product is closer to a quality than a safety 

indicator. The manufacturer of the food product decides which type of freshness labelling system to 

use and what date to put on the freshness label (Soethoudt et al., 2012). 

 

Previous research has shown that in Europe, 40% of the food waste occurs at the consumer level 

(European commission, 2010), out of which 20% of the consumer food waste occurs because of date 

label confusion (Leib et al., 2016). Food waste due to date labelling may be caused by various 

reasons. One reason is that the THT labelling date often contains considerable margins to capture 

deviations from optimal handling in the food supply chain (Schut, 2013) and sometimes it is even done 

intentionally by food manufacturers to give the product a fresher impression (Soethoudt et al., 2012). 

Previous research has also shown that 84% of consumers occasionally throw away food products 

after the THT date, even though the food product might still be of acceptable quality (Leib et al., 2016). 

Also, when buying products in stores, consumers often choose food products with the longest 

freshness date, causing the food products with the shortest shelf-life dates to remain on the shelves 

and at a later stage be discarded (Soethoudt et al., 2012; Tsiros & Heilman, 2005).  

 

2.2 Intelligent packaging and dynamic shelf life indicators 
 
Intelligent packaging is "a packaging system that is capable of carrying out intelligent functions (like 

detecting, sensing, recording, tracing, communicating and applying scientific logic) to facilitate 

decision-making, to extend shelf life, enhance safety, improve quality, provide information and warn 

about possible problems" (Yam et al., 2005, p2). 

There are two different types of intelligent packaging which are used to monitor the quality of food 

products. The first type is called an indirect measurer and it measures environmental conditions, which 

influence the rate of reactions of the quality attributes in a food product. To use this type of measurer, 

it is important that the initial quality of the food product is constant and known. The second type is 
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called a direct measurer and measures quality attributes or quality indicator compounds of the food 

product itself. This type of measurement is more complex, as the compound(s) determining the final 

quality of the food product have to be determined first. Direct measures are used for food products of 

which the initial quality is unknown or highly variable (Heising et al., 2014). 

 

Intelligent packaging has many benefits. First of all, it makes it possible to estimate quality attributes 

which are difficult to estimate for consumers or retailers (Dainelli et al., 2008). Therefore, it is possible 

to offer real-time information about the quality of food products to all actors in the food supply chain, 

such as wholesalers, retailers and consumers. It also offers the possibility to take logistic actions 

which are based on the shelf life that is indicated dynamically, making it possible to reduce food waste 

this way (Heising et al., 2014).  

 

Intelligent packaging is profitable for food companies when the income from increased sales or 

reduced wastage of food products is higher than the increased cost of the package. So, the price and 

the expected shelf-life of a food product are the most important criteria for applying intelligent 

packaging. The food products that take the most advantage from intelligent packaging are foods that 

are expensive and highly perishable (Heising et al., 2014). To be successful on the market it is 

important that it is shown to the consumer how intelligent packaging can extend the time that a food 

product is still of good quality. This can be done by raising awareness about how intelligent packaging 

works or by conducting an intensive promotion via different channels of the media (Barska & Wyrwa, 

2016).  

 

Dynamic shelf life indicators are a form of intelligent packaging and can be represented in two different 

ways. The first way is by representing the dynamic shelf life indicators directly visible on labels, so that 

they are directly visible at food packages without the need of another device. The other possibility is to 

represent the dynamic shelf life indicators digitally, meaning that a QR-code is to be found at food 

packages, which should be scanned with a device and then the shelf life of the food product is present 

on the screen of the device. As compared to dynamic shelf life indicators which are represented 

directly visible on labels, the digitally represented shelf life indicators contain much more benefits and 

application possibilities (Köster, 2017). When using a digital dynamic shelf life indicator, it is possible 

to communicate the shelf life in precise numbers which also adjusts to changing environmental 

conditions. This is not possible for the dynamic shelf life indicators directly visible on labels, as only a 

colour change is then possible. Another benefit is that the shelf life information of the food products is 

always available for the consumer, as long as the consumer carries the device. For example, when 

consumers go grocery shopping, it is possible for them to look up the shelf life of food products stored 

in their home, as the device is able to save all information about the shelf life of the food products. 

Also, there is a possibility for the consumer to receive additional information regarding a food product. 

For example, additional information regarding the microbial profile, temperature profile and storage 

conditions of a food product.  
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2.3 The provision of good quality information 
 

Previous research has shown that consumers perceive a higher quality and a higher acceptance of 

food products when dynamic shelf life indicators are used compared to static shelf life indicators 

(Schut, 2013). Moreover, research has shown that consumers are willing to pay more for extra quality 

information on food products (Fortin et al., 2009; Latvala & Kola, 2004). As most quality properties of 

food products are considered to be credence characteristics, since consumers are not able to infer 

their quality before purchase and sometimes not even after purchase (Caswell & Mojduszka, 1996; 

Darby & Karni, 1973), dynamic shelf life indicators could be seen as a method of providing additional 

information not only by a shelf life date, but also by informing the consumers about the real-time 

product quality. The information provided by dynamic shelf life indicators should however not be 

amplified, biased, factual or proven wrong, as this destroys trust (Frewer et al., 1996) and the 

information provided by the dynamic shelf life indicators should meet the needs of the consumers. 

 

It is often assumed that individuals are fully aware of all the options open to them, and that individuals 

are capable of weighting all the pros and cons of all the information they come into contact with. This 

is however not the case as it is impossible for individuals to collect, save and process all the 

information that is available (Simon, 1979), because individuals have limited cognitive capabilities. 

Some of the information provided to a consumer is of no interest for him or her because it does not 

correspond to the needs of the consumer. The other downfall of the unwanted type of information is 

that consumers have to spend more energy and time shifting through all available information in order 

to find the desired information. Over-information thus is a cost for consumers and therefore the 

dynamic shelf life indicator should communicate good quality information (Césare & Salaün, 1995; 

Salaün & Flores, 2001). 

 

2.4 Consumer acceptance of the two types of dynamic shelf life 
indicators 
 

The consumer acceptance of the two different types of dynamic shelf life indicators was investigated 

using an extended version of the Technology Acceptance Model of Davis (1985). The original 

Technology Acceptance Model is shown in figure 1. The Technology Acceptance Model states that 

there are two major determinants influencing the attitude towards using the proposed technology, 

which in our case are dynamic shelf life indicators. These two major determinants are perceived 

usefulness and perceived ease of use. Perceived usefulness is defined as "the degree to which an 

individual believes that using a particular system would enhance his or her performance of a certain 

job" (Davis, 1985, p26). Perceived ease of use is defined as "the degree to which an individual 

believes that using a particular system would be free of physical or mental effort" (Davis, 1985, p26). 

The research shows that perceived ease of use has a significant effect on the perceived usefulness, 

as a technology system which is perceived as easier to use will result in increased performance (for 

example greater usefulness) for the individual (Davis, 1985). 
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Figure 1 The Technology Acceptance Model (Source: Davis, 1985). 

 
Previous research consistently showed that there is a high correlation between intention of use and 

actual system use (Szajna, 1996) and that the intention to behave is the main factor determining 

actual behaviour (Van der Heijden, 2003). 

So, perceived usefulness and perceived ease of use both influence the attitude towards usage of the 

proposed technology, which in turn influences the behavioural intention to use and the actual use of 

the proposed technology by consumers. In this thesis, consumer acceptance is defined as the 

intention of actual system use of the proposed technology (behavioural intention to use), so that 

consumers have the intention to buy and use products containing the dynamic shelf life indicators 

when offered in stores. 

 

Design features have a direct influence on the perceived usefulness and perceived ease of use 

(Davis, 1985). The design features are external variables and do not directly influence consumer 

acceptance. They only affect consumer acceptance indirectly through the perceived usefulness and 

perceived ease of use (Davis, 1985). 

 

2.4.1 Conceptual model to study consumer acceptance 

 
In order to answer the main research question, a conceptual model was created to study the expected 

relationships between the variables that influence consumer acceptance. The conceptual model is an 

extended version of the Technology Acceptance Model of Davis (1985) from figure 1, with the 

variables perceived risk, perceived visual attractiveness and consumer trust included. These variables 

were included as previous research shows that next to design features, these other factors also play 

an important role in the consumer acceptance of a new technology (Pavlou, 2003; Van der Heijden, 

2003). The factors perceived visual attractiveness and consumer trust influence consumer acceptance 

indirectly, through the perceived usefulness and perceived ease of use. The perceived risk directly 

influences attitude towards use, and with that actual system use and consumer acceptance (Pavlou, 

2003; Van der Heijden, 2003). Moreover, three moderating effects are expected to have an influence 

on the consumer acceptance of dynamic shelf life indicators, which are previous knowledge, 

uncertainty avoidance and technophobia (Oglethorpe & Monroe, 1987; Ronteltap et al., 2007; Schut, 

2013). In figure 2 the conceptual model to study consumer acceptance is shown.  
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Figure 2: Conceptual model to study consumer acceptance, including design features, perceived visual attractiveness, 
consumer trust, perceived risk, perceived usefulness, perceived ease of use and the moderating effects, which all 
influence the attitude towards using, behavioural intention to use and with that actual system use of dynamic shelf life 
indicators. 

 

2.5 Perceived risk of dynamic shelf life indicators 
 

Perceived risk plays a central role in the perception of consumers in their evaluations, choices and 

behaviours (Dowling, 1999) and in the acceptance of new food technologies (Ronteltap et al., 2007; 

Siegrist, 2008). Perceived risk is often defined in terms of uncertainty and negative consequences. 

There is a positive relation between perceived risk and uncertainty, so that perceived risk increases 

with higher levels of uncertainty. The relation between perceived risk and negative consequences is 

also positive, as perceived risk increases with a higher chance of negative consequences (Oglethorpe 

& Monroe, 1987). Previous research has shown that perceived risk leads to wariness or risk aversion, 

which in turn lead to a variety of risk-handling activities (Bettman 1973; Dowling, 1999). Moreover, 

research has also found that perceived risk influences a variety of consumer behaviours, amongst 

others new product adoption (Erdem, 1998). Thus, perceived risk is expected to influence the 

consumer acceptance of dynamic shelf life indicators. 

 

Perceived risk can be driven by two different factors, it can be technology-driven or relational-driven. 

Technology-driven risk is derived from the underlying infrastructure of the technology and relational-

driven risk is a result from the organisational partner (Ring & Van de Ven, 1994). In this thesis, the 

technology-driven risk is considered and the relational-driven risk is not. The reason for this is that the 

relational aspect of the notion of trust, which in turn influences perceived risk (Pavlou, 2003), is 

already explored by studying consumer trust in the different organisational partners (the government, 

food manufacturers and food retailers), while this is not the case for the technology-driven aspect of 

risk.  
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2.6 Perceived visual attractiveness of dynamic shelf life indicators 
 

The perceived visual attractiveness is defined as the degree to which a person believes that 

something is aesthetically pleasing to the eye (Van der Heijden, 2003).  

Previous research has found that visual attractiveness plays an important role in new product 

development, marketing strategies and in the retail environment (Kotler & Rath, 1984; Russell & Pratt, 

1980; Whitney, 1988). Also, it was found that visual attractiveness has a positive influence on the 

preference of an industrial product by consumers (Yamamoto & Lambert, 1994) and that visually more 

attractive presentations of a food product increases the liking of the flavour of the food product (Zellner 

et al., 2014). Therefore, it is assumed that the perceived visual attractiveness also plays a role in the 

decision to use (or not to use) a dynamic shelf life indicator. This assumption is also based on 

previous research from the field of marketing, where it was found that positive perceived visual 

appearance reactions are likely to carry over to actual purchase behaviour (Veryzer & Hutchinson, 

1998). "The physical form or design of a product is an unquestioned determinant of its marketplace 

success" (Bloch, 1995, p.16). Also, individuals assume that if a new technology is perceived as 

visually more attractive, it will be easier to use (Tractinsky et al., 2000). 

 

Based on the findings of these previous researches, it is assumed that consumers will associate the 

perceived visual attractiveness of a dynamic shelf life indicator with perceived usefulness and 

perceived ease of use. So that there is a positive relationship between these factors. The perceived 

visual attractiveness of a dynamic shelf life indicator refers to the attractiveness of its design features 

and influences the final acceptance of dynamic shelf life indicators indirectly, through the perceived 

usefulness and perceived ease of use (Van der Heijden, 2003). 

 

The visual attractiveness can be divided into two types of aesthetics. The classical aesthetics 

represent classical notions of what constitutes visual attractive design (Johnson, 1994; Kruft 1994). 

Examples of terms defining classical aesthetics include clean, clear, pleasant and aesthetic (Lavie & 

Tractinsky, 2004). The expressive aesthetics correspond to the visual richness dimension (Nasar, 

2016) and include the designer's character, the creativity and originality. Examples of terms defining 

expressive aesthetics are original, sophisticated, fascinating and creative (Lavie & Tractinsky, 2004). 
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2.7 Consumer trust in institutions 
 

The definition of trust that is used in this thesis is the one proposed by Mayer et al. (1995, p712), 

which is "the willingness of a party to be vulnerable to the actions of another party based on the 

expectation that the other will perform a particular action important to the trustor, irrespective of the 

ability to monitor or control that other party". In short, trust is frequently defined as a willingness to take 

risks (Johnson-George & Swap, 1982; Kee & Knox, 1970; Mayer et al., 1995; Williamson, 1993). Trust 

is dynamic and continuous and is warranted when the expected gain is higher than the expected risk 

(Williamson, 1993). Trust and distrust can exist at the same time (Lewicki et al., 1998). However, if a 

source of distrust exists, it might result in trust not fully developing (Fischer et al., 2007). 

 

Trust is important because it is at some level a prerequisite for exchange (Luhmann, 1988). Previous 

research has shown that trust has a direct effect on the purchase intentions of consumers in multiple 

cultures (Jarvenpaa et al., 1999). Some researchers even argue that the notion of trust is the most 

important component in transactions between consumers and the market (Stewart et al., 2002). Trust 

is related to positive attitudes and is likely to influence the intention to transact favourably (Gefen, 

1997; Jarvenpaa et al., 1999; Song & Zahedi, 2002). Also, trust reduces the uncertainty related to an 

institutions' actions when providing a new technology, which results in a perception of some control for 

consumers when they transact in an uncertain transaction (Pavlou, 2003). 

Research showed that there is a positive effect of trust on the acceptance of gene technology by 

consumers (Rosati & Saba, 2000) and that trust can reduce the perceived risk on accepting gene 

technology (Siegrist, 2000). As this thesis focuses on another type of new technology, which also give 

consumers some feeling of perceived risk (Silvestre et al., 2011), consumer trust might in our case 

also have an effect on consumer acceptance of dynamic shelf life indicators. 

 

Trust involves two different parties, namely the trustor and the trustee. The trustor is the trusting party, 

and the trustee is the party to be trusted (Mayer et al., 1995). Trust is influenced by one characteristic 

of the trustor and three characteristics of the trustee.  

The characteristic of the trustor that influences trust is his or her propensity to trust. The propensity to 

trust is the "general willingness to trust others" (Mayer et al., 1995, p715). If the trustor's propensity to 

trust is higher, the trust for a trustee prior to any information available about the trustee is also higher 

(Mayer et al., 1995). The propensity to trust is influenced by amongst others personality type, 

developmental experiences, cultural background and other socioeconomic factors such as the 

education, age, income, religious affiliations and population density (Hofstede, 1980; Zerfu et al., 

2008). Previous research has shown that income has a positive effect on trust (Glaeser et al., 2000; 

Johansson-Stenman et al., 2013; Karlan, 2005; Schechter, 2007). Studies have also shown that 

education has a positive effect on trust (Frewer et al., 1999; Lobb et al., 2007; Zerfu et al., 2008). 

However, one study gave contradictory results, that education shows negative effects on trust 

(Johansson-Stenman et al., 2013). Regarding the effect of age on trust, contradictory results were 

found (Huffman et al., 2004; Zerfu et al., 2009). 

 



Consumer Acceptance of Directly Visible and Digital Dynamic Shelf Life Indicators 11 

The three characteristics of the trustee that influence trust are driven by perception and are the 

perceived ability, perceived benevolence and perceived integrity of the trustee (Mayer et al., 1995). 

Perceived ability is "the group of skills, competencies and characteristics that enables a party to have 

influence within some specific domain" (Mayer et al., 1995, p717). Perceived benevolence is "the 

extent to which a trustee is believed to want to do good to the trustor, aside from an egocentric profit 

motive" (Mayer et al., 1995, p718). Perceived integrity is "the relationship between integrity and trust 

that involves the trustor's perception that the trustee adheres to a set of principles that the trustor finds 

acceptable" (Mayer et al., 1995, p719). Perceived integrity is divided into two parts, namely personal 

integrity and moral integrity. Personal integrity involves the trustee to follow some set of principles and 

if that set of principles is considered as acceptable by the trustor, then moral integrity is also achieved. 

A lack in either the perceived ability, the perceived benevolence or the perceived integrity might 

already cause trust to be undermined (Mayer et al., 1995). 

 

 
Figure 3: Model of consumer trust, derived from the research of Mayer et al. (1995), where consumer trust is influenced 
by one characteristic of the trustor (propensity to trust) and three characteristics of the trustee (perceived ability, 
perceived benevolence and perceived integrity) 

 
Trust in institutions is defined here as the belief that consumers are willing to become vulnerable to the 

institution providing the dynamic shelf life indicators after taking the characteristics of the institution 

into account. The choice to study trust in the institution providing the dynamic shelf life indicators, 

instead of trust in the indicators themselves is based on the argument that consumer trust perceptions 

are influenced by the institutions providing the indicators, as it was found that consumers' confidence 

in institutions significantly and positively affected trust (Johansson-Stenman et al., 2003).  

There are however differences in the general trust in institutions. Most consumers trust the public 

sector or institutions owned by the government more than the private sector (Kikulwe et al., 2011). 

However, compared to public authorities, trust in consumer organisations, doctors and scientists is 

even higher regarding food risks (Eurobarometer, 2006). Contradictory, research also suggests that 

expert messages from food authorities and government are not trusted by consumers in the United 

Kingdom and Europe (Coombes, 2005; Poppe & Kjaernes, 2003).  
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2.8 Moderating effects on consumer acceptance of dynamic shelf 
life indicators 

 

There are three moderating effects that are expected to have an influence on the consumer 

acceptance of dynamic shelf life indicators, which are previous knowledge, uncertainty avoidance and 

technophobia. 

 

2.8.1 Previous knowledge 
 
Research has shown that the knowledge level has an influence on consumers' behaviour towards 

technology (Ronteltap et al., 2007). On the one hand, having more knowledge and expertise increases 

the risk perception of consumers for many different kinds of hazards, which in turn has a negative 

relation with consumer acceptance (Bouyer et al., 2001; Ronteltap et al., 2007). On the other hand, 

having previous knowledge could also have a positive effect on the attitude towards a certain type of 

technology, which for example is the case for gene technology (Siegrist, 1998; Verdurme & Viaene, 

2001) and irradiation (Savadori et al., 2004). Moreover, research shows that a lack of knowledge at 

the consumers' side leads to scepticism regarding technological innovations (Wynne, 1991). 

 

2.8.2 Uncertainty avoidance 

 
Uncertainty avoidance is the extent to which individuals feel threatened by situations which are not 

clear and are undecided and then create beliefs to try to avoid these situations (Erdem et al., 2006). 

Uncertainty can be caused when individuals feel that situations are ambiguous, complex and 

unpredictable (Ronteltap et al., 2007). Uncertainty avoidance could lead to a lower consumer 

acceptance of dynamic shelf life indicators, as uncertainty avoidance has a positive relation with 

perceived risk (Oglethorpe & Monroe, 1987), which in turn has a negative relation with consumer 

acceptance. Consumers which are uncertainty avoidant will tend to stay with the current shelf life 

labelling systems, as they do not want to take the risk of using something new, which in our case are 

the dynamic shelf life indicators (Schut, 2013). The tendency to stay with the current shelf life labelling 

systems was however not taken into account in this study, as the focus of this study is on the two 

types of dynamic shelf life indicators. 

 

2.8.3 Technophobia 

 
Technophobia is described as the feelings of aversion or anxiety towards technology and products 

that are related to technology (Sinkovics et al., 2002). An aversion of technology could lead to a lower 

consumer acceptance of dynamic shelf life indicators, as dynamic shelf life indicators are a new kind 

of food technology. However, one research has found that technophobia did not have a moderating 

effect on consumer acceptance of the food products that are provided with a dynamic shelf life 

indicator (Schut, 2013). Therefore, in this thesis the effect of technophobia is not focused on consumer 
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acceptance of the food product, but focused on the consumer acceptance of the dynamic shelf life 

indicator (the technology). 
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3 Methodology 
 
In this chapter, the research methods that were used are discussed. This chapter includes information 

on the research demarcation, research method, research population, research design, data collection 

and data analysis. Given the nature of the study, it can be stated that this was a descriptive study. 

Descriptive studies are primarily concerned with finding out "what is" and to describe events (Knupfer 

& McLellan, 1996). A descriptive, quantitative research method was used to study the consumer 

acceptance of the different representations of dynamic shelf life indicators and the consumer trust in 

institutions. Moreover, the research was exploratory in nature, as it sought to generate information 

about both the direction and strength of the variables. 

 

3.1 Research demarcation 
 
For this consumer study, one research demarcation was set. It was chosen to study the consumer 

acceptance of the different types of dynamic shelf life indicators for the category of highly perishable 

food products. The reason for choosing the category of highly perishable foods was because these 

food products take the most advantage from intelligent packaging, especially if the consumers are not 

able to estimate their essential quality attributes (Heising et al., 2014). More specifically, fresh fish was 

chosen as this is a highly perishable food product with a high price per kilogram ratio and therefore will 

generate high income losses when the food product is wasted. Moreover, fresh fish has an initial 

quality that is highly variable and difficult to control and will therefore benefit a lot from dynamic shelf 

life indicators (Heising, 2014). 

 

3.2 Research method 
 
A quantitative research was conducted in order to determine the consumer acceptance of directly 

visible and digital dynamic shelf life indicators and the consumer trust in the different institutions. A 

quantitative research is especially effective in providing information regarding "what" and "how many". 

The reason for choosing a quantitative method was that it is time efficient, so that it was possible to 

collect a lot of data in a small timeframe (Koedam, 2015). As the aim of the research was to determine 

the consumer acceptance and consumer trust on a 7-point Likert scale, numerical data was needed, 

which is exactly what the focus of quantitative research is (Babbie, 2010; Muijs, 2010).  

It was chosen to conduct a consumer questionnaire, which is a type of quantitative research, as the 

aim of the research was to study consumer acceptance and consumer trust, which are types of 

opinions, attitudes or preferences. When studying opinions, attitudes or preferences using a consumer 

questionnaire "it is possible to look for relations, significant differences or patterns" (Koedam, 2015, 

p7) between directly visible and digital dynamic shelf life indicators, which was very much desired in 

this research. 

 

The questions regarding consumer acceptance and consumer trust were measured on a 7-point Likert 

scale. Previous research suggested the use of 5- to 7-point scales, as they enhanced reliability and 
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validity of the scale (Bloom et al., 2003; Lietz, 2010). The choice for a 7-point scale was because at 

lower levelled scales the neutral response option was chosen more often, whereas higher levelled 

scales were more likely to have an equal number of positive and negative options that were chosen 

(Matell & Jacoby, 1972). However, it should be taken into account that the more intervals the scale 

consisted of, the higher the chance that participants may not be able to process the meaning of the 

intervals, which could lead to a reduced reliability of the scale (Cook et al., 2001). A Likert-scale was 

used as Likert-categories were assumed to be very close to interval-level measurements (Blaikie's, 

2003), which was the measurement level needed for doing most of the data analysis. 

 

3.3 Research population 
 
The research population that was chosen for this research consisted of Dutch individuals between the 

ages of 18-29 years. Research suggests that individuals at ages 18-29 are at a specific life stage 

called the emerging adulthood (Arnett et al., 2014). 

One reason that this research population was chosen is that young professionals and young families 

are more often considered to be big generators of food waste. This can be explained as most young 

professionals and young families have poor home economics and food planning, resulting in impulsive 

decision-making and overbuying (Waste & Resources Action Programme, 2007). Also, millennials 

were more likely to view date labels as an indication of food safety and thus more likely to discard food 

products past their expiration date (Leib et al., 2016). Another reason that this research population 

was chosen is that younger adults frequently use a larger variety of technologies as compared to older 

adults. Moreover, as compared to older adults, younger adults are less selective and adopt a new 

technology faster (Olson et al., 2011). 

In the survey, 191 respondents participated. Not completed questionnaires (36) and respondents 

outside the previously defined age range (8) were excluded from the data analysis. In total 148 

respondents, 75 for the directly visible condition and 73 for the digital condition were used in the data 

analysis. The population consisted of 30 males, 117 females and 1 other, between the age range of 

18 and 29 years (M= 21.01, SD= 2.25). Out of all the participants, 2.03% were colour-blind. 

In table 1 an overview of the research population can be found. 

 
Table 1: The research population, divided by gender and condition. 

 Male Female Other 

Condition 1: directly 
visible representation  

13 62 0 

Condition 2: digital 
representation 

17 55 1 

 

3.4 Research design 
 
A 2 between subject x 1 within subject factorial design was used for this research, with the different 

types of dynamic shelf life indicators as a between subject factor and no difference in the within 

subject factor. So, a single factor-experiment was done. Respondents in the first condition were 

presented with the fresh fish packaging with a directly visible dynamic shelf life indicator, whereas 
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respondents in the second condition were presented with the fresh fish packaging with a digital 

dynamic shelf life indicator. Respondents were randomly assigned to either the directly visible 

dynamic shelf life indicator condition or the digital dynamic shelf life indicator condition. 

 

3.5 Data collection 
 
The questionnaire was conducted in the Dutch language, as the focus of this consumer study was on 

Dutch consumers. 

       

3.5.1 Stimulus material 
 
Representation of the dynamic shelf life indicators 

The fresh fish product contained, depending on the condition, either a packaging with a directly visible 

or a digital dynamic shelf life indicator. In figure 4 an example of a fresh fish package containing a 

directly visible dynamic shelf life indicator is shown. In figure 5 a fresh fish package containing a digital 

dynamic shelf life indicator is shown. The design of the fresh fish packaging was obtained from the 

packaging of Albert Heijn Pangasius Filet (Albert Heijn, 2017). However, the characteristics of the 

fresh fish package were changed, so to keep the packaging neutral and to exclude preferences of the 

consumers for a certain store or brand (Schut, 2013). 

 

 
Figure 4: Example of a fresh fish package containing a directly visible dynamic shelf life indicator. 

 
Figure 5: Example of a fresh fish package containing a digital dynamic shelf life indicator. 
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Operation of the dynamic shelf life indicators 

First, the respondents got an explanation about how dynamic shelf life indicators in general work. The 

explanation was as follows: "Dynamic shelf life indicators are indicators that measure the exact shelf 

life of a food product. If changes in for example the temperature occur, the indicator can measure this. 

Subsequently the shelf life of a food product will be adjusted so that it shows the exact quality." 

For explaining how the directly visible dynamic shelf life indicator works, figure 4 was shown, 

accompanied with the following text: "A dynamic shelf life indicator can be directly visible on food 

packages. There is no need for a mobile phone to see the shelf life of the product. A colour change 

then occurs, which is an indication of the quality of the food product." 

For explaining the workings of the digital dynamic shelf life indicator, figure 5 was used, accompanied 

with the following text: "A dynamic shelf life indicator can work in a digital way. A mobile phone is 

needed to obtain information about the shelf life. On the food packaging the shelf life is not directly 

shown, but a QR-code is shown. This code has to be scanned with a mobile phone, after which the 

shelf life will be represented on the screen of the mobile phone." 

 

Visual design options for directly visible dynamic shelf life indicators 

In the directly visible condition, respondents were asked in two questions to choose between two 

different visual design options of dynamic shelf life indicators. The figure of the first visual design 

question is shown in figure 6 and was regarding the shape of the design, option 1 was derived from an 

already existing visual design for time-temperature indicators (Insignia Technologies, 2013), option 2 

was especially developed for this thesis. The second visual design question was regarding the choice 

of either a change of different colours or a gradual change of one colour. The second visual design 

question can be found in appendix 2. 

 
Figure 6: Visual design options in the directly visible condition regarding the shape of the design. 

 

Visual design options for digital dynamic shelf life indicators 

In the digital condition, respondents were asked in three questions to choose between two different 

visual design options of dynamic shelf life indicators. First, respondents were asked to choose 
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between two options of the representation of the shelf life date, which is shown in figure 7. Second, 

respondents were asked to choose between a visual display with no colour or a display with colour. 

The third visual design question was regarding the choice of either a change of different colours or a 

gradual change of one colour. The second and third visual design questions can be found in appendix 

3. 

 
Figure 7: Visual design options in the digital condition regarding the representation of the shelf life date. 

 

3.5.2 Measures 

 
Perceived visual attractiveness 

The perceived visual attractiveness of the different types of dynamic shelf life indicators was 

measured using eight 7-point scale items (Ŭ= 0.810). The end poles of the items were totally disagree 

and totally agree. The items measured were about the aspects of clear, pleasant, symmetrical, 

beautiful, original, sophisticated, fascinating and creative, regarding the dynamic shelf life indicator. 

 

Perceived usefulness 

The perceived usefulness of the different types of dynamic shelf life indicators was measured using 

the system usability scale (SUS) of Brooke (1996) (Ŭ= 0.802), which is a ten-item scale that gives a 

general view of subjective assessment of the usability. The end poles of the items were totally 

disagree and totally agree. The exact measurement items of the system usability scale can be found 

in appendix 1. For measuring the perceived usefulness of the different types of dynamic shelf life 

indicators a 7-point Likert scale was used.  

 

Perceived ease of use 

The perceived ease of use of the different types of dynamic shelf life indicators was measured using 

six 7-point scale items of Davis (1989) (Ŭ= 0.769), of which the end poles of the items were totally 

disagree and totally agree. The six items measured were regarding learning to operate the dynamic 

shelf life indicator, the ease of getting the dynamic shelf life indicator to do what it is supposed to do, 

the clearness and ease of understanding the interaction with the dynamic shelf life indicator, the 

flexibility of the interaction with the dynamic shelf life indicator, the ease to become skilful at using the 

dynamic shelf life indicator and the easiness to use the dynamic shelf life indicator.  
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Perceived risk 

The perceived risk of the different types of dynamic shelf life indicators was measured using four 7-

point scale items. These items were based on Campbell & Goodstein (2001) (Ŭ= 0.623). The items 

were about the concern regarding the working of the technology of the dynamic shelf indicator, the 

importance of the information provided by the dynamic shelf life indicator, the risk associated with 

using the dynamic shelf life indicator and the worry associated with using the dynamic shelf life 

indicator. The end poles of these items were respectively not at all concerned and highly concerned, 

very unimportant and very important, extremely risk and extremely riskless, and very worried and very 

secure. The item concerning the importance of the information provided by the dynamic shelf life 

indicator was removed from the scale in order to improve the Cronbachôs alpha value (Ŭ= 0.789). 

 

Consumer acceptance 

The consumer acceptance of the different types of dynamic shelf life indicators was measured by 

combining the results of the perceived visual attractiveness, perceived usefulness, perceived ease of 

use and perceived risk (Ŭ= 0.746). It was chosen not to include the consumer trust in the government, 

food manufacturers and food retailers, as the Cronbach's alpha value including these constructs was 

Ŭ= 0.658. An alpha-value lower than 0.7 indicates questionable internal consistency and has a low 

reliability. 

 

Consumer trust in institutions 

The consumer trust in institutions providing the different types of dynamic shelf life indicators was 

measured for 3 different institutions, namely the government, food manufacturers and food retailers. 

To measure the consumer trust in institutions, a modified version of the scale to measure trust by 

Mayer et al. (1995) was used. The consumer trust in each institution was measured using fourteen 7-

point scale items.  

Five items were regarding the perceived ability. These items were about the capability of the institution 

in performing their job, the successfulness of the institution in the things they do, the knowledge of the 

institution about the work that they do, the confidence in the skills of the institution and the 

qualifications of the institution. Also, five items were regarding the perceived benevolence. These 

items were about the concern of the institution about the consumers' welfare, the importance of the 

consumersô needs and desires to the institution, whether the institution would knowingly do harm to 

the consumer, whether the institution would really look out for what is important to the consumer and 

whether the institution would go out of its way to help the consumer. Finally, four items were regarding 

the perceived integrity of the institution. These items were about the sense of justice of the institution, 

the fairness of the institution, the values of the institution and whether the institution's behaviour was 

guided by sound principles.  

The end poles of the items were totally disagree and totally agree. The Cronbachôs alpha values for 

the consumer trust in the government, food manufacturers and food retailers were respectively Ŭ= 

0.937, 0.919 and 0.922. 
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Moderating effects 

Three moderating effects on consumer acceptance were measured in this research.  

The previous knowledge was measured using two binary items. The two items measured were 

previous knowledge of the term "intelligent packaging" and previous knowledge of the term "dynamic 

shelf life indicator". 

The uncertainty avoidance was measured using four 7-point scale items of Erdem et al. (2006) (Ŭ= 

0.768). The end poles of the items were totally disagree and totally agree. The four items measured 

were about the consumer's desire to be safe regarding the shelf life of food products, the desire to be 

certain regarding food safety, the avoidance of risk and the importance of being sure in life. 

Technophobia was measured using three 7-point scale items, by using the technology anxiety scale of 

Meuter et al. (2003) (Ŭ=0.678). The end poles of the items were totally disagree and totally agree. The 

items measured were about feeling afraid when using technology, willingness to try new things and 

the avoidance of the unknown. The item regarding willingness to try new things was removed from the 

scale in order to improve the Cronbachôs alpha value (Ŭ= 0.796). 

 

3.5.3 Procedure of the data collection 

 

For the consumer study, respondents were recruited from the database of consumer research from 

the chair group Food Quality and Design of Wageningen University. Respondents were also recruited 

using social media networks and by approaching individuals at different sport- and student 

associations. Respondents were randomly assigned to either the directly visible dynamic shelf life 

indicator condition or the digital dynamic shelf life indicator condition. The questionnaire took about 10 

minutes to finish. 

In the beginning a short explanation about the research was given. After this an explanation was given 

about dynamic shelf life indicators in general. Then, respondents were randomly assigned to one of 

the conditions (directly visible or digital) and further informed about the specific type of dynamic shelf 

life indicator and let to choose between a few types of visual designs of the dynamic shelf life 

indicator. Then the perceived visual attractiveness, perceived usefulness, perceived ease of use, 

perceived risk and consumer trust in institutions were measured on a 7-point Likert scale. After this, 

some general questions regarding the age and gender of the respondent were asked and in the end 

some questions regarding previous knowledge, uncertainty avoidance and technophobia of the 

respondents were asked. In the digital condition, respondents were also asked some questions 

regarding the willingness to obtain extra information from the dynamic shelf life indicator. Finally, the 

respondents were thanked for their participation and debriefed, in which the respondents were told 

that dynamic shelf life indicators are not yet on the Dutch market, but that there are many researches 

currently going on regarding dynamic shelf life indicators.  

For the data collection Qualtrics was used, which is an online survey platform. 
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3.6 Data analysis 
 
For the analysis of the obtained data the software programme SPSS version 23 was used.  

First, all values were checked for outliers and missing values. Then, some Cronbach's alpha tests 

were executed to check the reliability of the scale of the variables visual attractiveness, perceived 

usefulness, perceived ease of use, perceived risk, consumer acceptance, consumer trust in the 

government, food manufacturers and food retailers, uncertainty avoidance and technophobia. The 

Cronbach's alpha values from this research are depicted in the measures section in the methods 

(3.5.2). Third, the success of randomisation of the variables gender and age between the two 

conditions was checked using a chi-square test for the gender variable and a univariate analysis of 

variance for the age variable.  

Then the effect of the moderators on consumer acceptance was tested by using a regression analysis 

for the variables uncertainty avoidance and technophobia. For the variables of previous knowledge of 

the term "intelligent packaging" and "dynamic shelf life indicator" an independent samples t-test was 

conducted to test the moderating effect of it on consumer acceptance. For the moderators which 

showed a significant effect on consumer acceptance, further testing was done. A chi-square test was 

conducted for the previous knowledge and a univariate analysis of variance was conducted for 

technophobia in order to check for the success of randomisation between the two conditions. 

Following, an independent samples t-test was conducted to compare the means of perceived visual 

attractiveness, perceived usefulness, perceived ease of use, perceived risk, consumer acceptance 

and consumer trust in the government, food manufacturers and food retailers, between the two 

different conditions. Also, a dependent samples t-test was conducted to compare the means of 

consumer trust between the government, food manufacturers and food retailers. Moreover, a 

correlation analysis was conducted to test whether the consumer trust in the government, food 

manufacturers and food retailers correlate with each other. 

  



Consumer Acceptance of Directly Visible and Digital Dynamic Shelf Life Indicators 22 

4 Results 
 

4.1 Randomisation check for gender and age 
 

4.1.1 Randomisation check for gender 
 
A chi-square test of independence is conducted to examine the relation between gender and the 

condition. The relation between these two variables is not significant, X2 (2, N= 148) = 1.93, p> 0.05. 

This indicates that males and females are as likely in the directly visible as in the digital condition. 

Randomisation of gender between the two conditions is thus successful. 

 

Table 2: Results of the chi-square test between gender and condition. 

Gender- 
Condition 

N of valid 
cases 

Value df Asymptotic significance (2-
sided) 

Pearson chi-
square 

148 1.93 2 0.38 

 

4.1.2 Randomisation check for age 
 
A univariate analysis of variance is conducted to examine the relation between the condition and the 

age of the respondents. There is no significant effect between the condition and the age of the 

respondents, F (1, 146) = 2.37, p> 0.05, r= 0.13. Randomisation of age between the two conditions is 

thus successful. 

 
Table 3: Results of the univariate analysis of variance with condition as dependent variable and age as independent 
variable. 

Age df F Sig. 

Condition 1 2.37 0.13 

 

4.2 Moderating effects 
 

4.2.1 Previous knowledge of the term "intelligent packaging" 
 
In the directly visible condition, 58.7% of the respondents have and 41.3% of the respondents have 

not heard of the term "intelligent packaging before. In the digital condition, 46.6% of the respondents 

have and 53.4% have not heard of the term "intelligent packaging" before. 

For determining whether there is a significant difference in the consumer acceptance of respondents 

with and without previous knowledge of the term "intelligent packaging", an independent samples t-

test is conducted. On average, the consumer acceptance of respondents with previous knowledge of 

the term "intelligent packaging" (M= 5.47, SD= 0.59) is higher than the consumer acceptance of 

respondents without previous knowledge of the term "intelligent packaging" (M= 5.23, SD= 0.69). This 

difference is significant t (146)= 2.28, p< 0.05, r= 0.18. 
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A chi-square test of independence is conducted to examine the relation between previous knowledge 

of the term "intelligent packaging" and the condition. The relation between these two variables is not 

significant, X2 (1, N= 148) = 2.17, p> 0.05. Indicating that respondents with, and without previous 

knowledge of the term "intelligent packaging" are as likely in the directly visible as in the digital 

condition. Results from the independent samples t-test and chi-square test can be found in 

respectively tables 4 and 5. 

 

4.2.2 Previous knowledge of the term "dynamic shelf life indicator" 
 
In the directly visible condition, 46.7% of the respondents have and 53.3% of the respondents have 

not heard of the term "dynamic shelf life indicator" before. In the digital condition, 30.1% of the 

respondents have and 69.9% of the respondents have not heard of the term "dynamic shelf life 

indicator" before. 

For determining whether there is a significant difference in the consumer acceptance of respondents 

with and without previous knowledge of the term "dynamic shelf life indicator", an independent 

samples t-test is conducted. On average, the consumer acceptance of respondents with previous 

knowledge of the term "dynamic shelf life indicator" (M= 5.51, SD= 0.57) is higher than the consumer 

acceptance of respondents without previous knowledge of the term "dynamic shelf life indicator" (M= 

5.26, SD= 0.68). This difference is significant t (146)= 2.27, p< 0.05, r= 0.18. 

 

A chi-square test of independence is conducted to examine the relation between previous knowledge 

of the term "dynamic shelf life indicator" and the condition. The relation between these two variables is 

significant, X2 (1, N= 148) = 4.27, p< 0.05. Indicating that respondents with and without previous 

knowledge of the term "dynamic shelf life indicator" are not as likely in the directly visible as in the 

digital condition. Significantly more respondents in the directly visible condition have previous 

knowledge of the term "dynamic shelf life indicator". Results from the independent samples t-test and 

chi-square test can be found in respectively tables 4 and 5. 

 

Table 4: Results of the independent samples t-test, with previous knowledge of the term "intelligent packaging" as 
independent variable and consumer acceptance as dependent variable in the first row, and previous knowledge of the 
term "dynamic shelf life indicator" as independent variable and consumer acceptance as dependent variable in the 
second row. 

 Levene's test for equality 
of variances 

t df Sig. (2-
tailed) 

F Sig. 

Previous knowledge of the 
term "intelligent packaging" 

2.50 0.12 2.28 146 0.02* 

Previous knowledge of the 
term "dynamic shelf life 
indicator" 

3.84 0.052 2.27 146 0.03* 

* a< 0.05 
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Table 5: Results of the chi-square test between previous knowledge of the term "intelligent packaging" and condition, 
and previous knowledge of the term "dynamic shelf life indicator" and condition. 

Pearson chi-square N of valid 
cases 

Value df Asymptotic significance 
(2-sided) 

Previous knowledge of the 
term "intelligent packaging" 

148 2.17 1 0.14 

Previous knowledge of the 
term "dynamic shelf life 
indicator" 

148 4.27 1 0.04* 

* a< 0.05      

 

4.2.3 Uncertainty avoidance 
 
A low value on the scale (1) indicates a high uncertainty avoidance, a high value (7) on the scale 

indicates a low uncertainty avoidance. The uncertainty avoidance of the respondents in the directly 

visible condition ranges from 1.00 to 6.25, with a mean value of 2.76 (SD= 1.06). The uncertainty 

avoidance of the respondents in the digital condition ranges from 1.00 to 6.25, with a mean value of 

2.87 (SD= 1.02). 

 

A simple linear regression is calculated to predict consumer acceptance based on uncertainty 

avoidance. The regression equation that is found is not significant (F(1, 146) = 0.41, p> 0.05), with an 

R2 of 0.003.  

 

Table 6: Results of the linear regression analysis, to predict consumer acceptance based on uncertainty avoidance. 

Uncertainty 
avoidance 

R2 df  F Sig. 

Regression 0.003 1 0.41 0.52 

Residual  146   

 

4.2.4 Technophobia 
 
A low value (1) on the scale indicates high technophobia, a high value (7) on the scale indicates low 

technophobia. The technophobia of the respondents in the directly visible condition ranges from 2.50 

to 7.00, with a mean value of 6.05 (SD= 0.97). The technophobia of the respondents in the digital 

condition ranges from 2.50 to 7.00, with a mean value of 6.31 (SD= 0.81). 

 

A simple linear regression is calculated to predict consumer acceptance based on technophobia. The 

regression equation that is found is significant (F(1, 146) = 21.65, p< 0.001), with an R2 of 0.13. 

Participantsô predicted consumer acceptance is equal to 3.758+ 0.259*(level of technophobia).  

 
Table 7: Results of the linear regression analysis, to predict consumer acceptance based on technophobia. 

Technophobia R2 df  F Sig. B 
(constant) 

B (construct 
technophobia) 

Regression 0.13 1 21.65 0.000*** 3.758 0.259 

Residual  146     
*** a< 0.001 
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A univariate analysis of variance is conducted to examine the relation between the condition and the 

technophobia of the respondents. There is no significant effect between the condition and the 

technophobia of the respondents, F (1, 146) = 3.17, p> 0.05, r= 0.15. Randomisation of technophobia 

of the respondents is thus successful between the two conditions. 

 

Table 8: Results of the univariate analysis of variance with condition as independent variable and technophobia as 
dependent variable. 

Technophobia df F Sig. 

Condition 1 3.17 0.08 

 

4.3 Consumer acceptance of the two types of dynamic shelf life 
indicators 
 
For determining whether there is a significant difference in the means of the perceived visual 

attractiveness, perceived usefulness, perceived ease of use, perceived risk and consumer acceptance 

in the two different conditions, an independent samples t-test is conducted. 

 

4.3.1 Perceived visual attractiveness 
 

A low value on the scale (1) indicates a low perceived visual attractiveness, a high value (7) on the 

scale indicates a high perceived visual attractiveness. On average, the perceived visual attractiveness 

of the directly visible dynamic shelf life indicator (M= 5.55, SD 0.81) is higher than the perceived visual 

attractiveness of the digital dynamic shelf life indicator (M= 5.27, SD= 0.86). This difference is 

significant t (146)= 2.07, p< 0.05, r= 0.16.  

 

Table 9: Results of the independent samples t-test with condition as independent variable and perceived visual 
attractiveness as dependent variable. 

Perceived visual 
attractiveness 

Levene's test for equality of 
variances 

t df Sig. (2-
tailed) 

F Sig. 

Equal variances 
assumed 

0.89 0.35 2.07 146 0.04* 

* a< 0.05 

 

4.3.2 Perceived usefulness 
 
A low value on the scale (1) indicates a low perceived usefulness, a high value (7) on the scale 

indicates a high perceived usefulness. On average, the perceived usefulness of the directly visible 

dynamic shelf life indicator (M= 5.63, SD= 0.64) is higher than the perceived usefulness of the digital 

dynamic shelf life indicator (M= 5.17, SD= 0.84). This difference is significant t (134.55)= 3.79, p< 

0.001, r= 0.30. 
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Table 10: Results of the independent samples t-test with condition as independent variable and perceived usefulness 
as dependent variable. 

Perceived 
usefulness 

Levene's test for equality of 
variances 

t df Sig. (2-
tailed) 

F Sig. 

Equal variances 
not assumed 

4.85 0.03 3.79 134.55 0.000*** 

*** a< 0.001 

 

4.3.3 Perceived ease of use 
 
A low value on the scale (1) indicates a low perceived ease of use, a high value (7) on the scale 

indicates a high perceived ease of use. On average, the perceived ease of use of the directly visible 

dynamic shelf life indicator (M= 5.87, SD= 0.69) is higher than the perceived ease of use of the digital 

dynamic shelf life indicator (M= 5.66, SD= 0.74). This difference is not significant t (146)= 1.85, p> 

0.05, r= 0.15. 

 

Table 11: Results of the independent samples t-test with condition as independent variable and perceived ease of use 
as dependent variable. 

Perceived ease 
of use 

Levene's test for equality of 
variances 

t df Sig. (2-
tailed) 

F Sig. 

Equal variances 
assumed 

0.47 0.49 1.85 146 0.07 

 

4.3.4 Perceived risk 
 
A low value on the scale (1) indicates a high perceived risk, a high value (7) on the scale indicates a 

low perceived risk. On average, the perceived risk of the directly visible dynamic shelf life indicator has 

a higher value (M= 4.93, SD= 1.06) compared to the perceived risk of the digital dynamic shelf life 

indicator (M= 4.76, SD= 1.07), However, this means that the perceived risk of the directly visible 

dynamic shelf life indicator is lower for the directly visible indicator compared to the digital dynamic 

shelf life indicator, as a high value for perceived risk indicates a low perceived risk of the dynamic 

shelf life indicator. This difference is not significant t (146)= 0.98, p> 0.05, r= 0.08. 

 

Table 12: Results of the independent samples t-test with condition as independent variable and perceived risk as 

dependent variable. 

Perceived risk Levene's test for equality of 
variances 

t df Sig. (2-
tailed) 

F Sig. 

Equal variances 
assumed 

0.05 0.83 0.98 146 0.33 

 

4.3.5 Consumer acceptance 
 
A low value on the scale (1) indicates a low consumer acceptance of the dynamic shelf life indicator, a 

high value on the scale (7) indicates a high consumer acceptance of the dynamic shelf life indicator. 
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On average, the consumer acceptance of the directly visible dynamic shelf life indicator (M= 5.50, SD= 

0.59) is higher than the consumer acceptance of the digital dynamic shelf life indicator (M= 5.21, SD= 

0.68). This difference is significant t (146)= 2.73, p< 0.01, r= 0.22. 

 

Table 13: Results of the independent samples t-test with condition as independent variable and consumer acceptance 
as dependent variable. 

Consumer 
acceptance 

Levene's test for equality of 
variances 

t df Sig. (2-
tailed) 

F Sig. 

Equal variances 
assumed 

1.41 0.24 2.73 146 0.007** 

** a< 0.01        
 

4.3.6 Summary of the results of consumer acceptance 
 
In table 14, the mean and standard deviation values in the directly visible and digital condition can be 

found for the perceived visual attractiveness, perceived usefulness, perceived ease of use, perceived 

risk and consumer acceptance. Moreover, it is indicated whether the difference between the mean 

values is significant and the significance values are given. 

 

Table 14: Mean, standard deviation and significance values in the directly visible and digital condition for perceived 
visual attractiveness, perceived usefulness, perceived ease of use, perceived risk and consumer acceptance, 
measured on a 7-point scale. 

 N= 75 N= 73 Sig. (2- 
tailed) 

Mean value 
directly visible 
condition 

SD directly 
visible 
condition 

Mean value 
digital 
condition 

SD digital 
condition 

Perceived visual 
attractiveness 

5.55 0.81 5.27 0.86 0.04* 

Perceived 
usefulness 

5.63 0.64 5.17 0.84 0.000*** 

Perceived ease 
of use 

5.87 0.69 5.66 0.74 0.07 

Perceived risk 4.93 1.06 4.76 1.07 0.33 

Consumer 
acceptance 

5.50 0.59 5.21 0.68 0.007** 

* a< 0.05        ** a< 0.01        *** a< 0.001 
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4.4 Consumer trust in the different institutions 
 

4.4.1 Comparing consumer trust between the two conditions 
 
For determining whether there is a significant difference in the means of the consumer trust in the 

government, food manufacturers and food retailers in the two different conditions, an independent 

samples t-test is conducted.  

 
4.4.1.1 Consumer trust in the government 

 
A low value on the scale (1) indicates a low consumer trust in the government, a high value on the 

scale (7) indicates a high consumer trust in the government. On average, the consumer trust in the 

government in the directly visible condition (M= 4.62, SD= 0.90) is higher than the consumer trust in 

the government in the digital condition (M= 4.53, SD= 0.87). This difference is not significant t (146)= 

0.61, p> 0.05, r= 0.05. 

 

Table 15: Results of the independent samples t-test with condition as independent variable and consumer trust in the 
government as dependent variable. 

Consumer trust 
in the 
government 

Levene's test for equality of 
variances 

t df Sig. (2-
tailed) 

F Sig. 

Equal variances 
assumed 

0.06 0.80 0.61 146 0.55 

 

4.4.1.2 Consumer trust in food manufacturers 

 
A low value on the scale (1) indicates a low consumer trust in food manufacturers, a high value on the 

scale (7) indicates a high consumer trust in food manufacturers. On average, the consumer trust in 

food manufacturers in the directly visible condition (M= 4.91, SD= 0.90) is higher than the consumer 

trust in food manufacturers in the digital condition (M= 4.78, SD= 0.79). This difference is not 

significant t (146)= 0.996, p> 0.05, r= 0.08. 

 

Table 16: Results of the independent samples t-test with condition as independent variable and consumer trust in food 
manufacturers as dependent variable. 

Consumer trust 
in food 
manufacturers 

Levene's test for equality of 
variances 

t df Sig. (2-
tailed) 

F Sig. 

Equal variances 
assumed 

0.09 0.76 0.996 146 0.32 

 

4.4.1.3 Consumer trust in food retailers 

 
A low value on the scale (1) indicates a low consumer acceptance in food retailers, a high value on the 

scale (7) indicates a high consumer acceptance in food retailers. On average, the consumer trust in 

food retailers in the directly visible condition (M= 4.69, SD= 0.96) is higher than the consumer trust in 
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food retailers in the digital condition (M= 4.60, SD= 0.71). This difference is not significant t (146)= 

0.68, p> 0.05, r= 0.06. 

 

Table 17: Results of the independent samples t-test with condition as independent variable and consumer trust in food 
retailers as dependent variable. 

Consumer trust 
in food retailers 

Levene's test for equality of 
variances 

t df Sig. (2-
tailed) 

F Sig. 

Equal variances 
assumed 

3.08 0.08 0.68 146 0.50 

 

In table 18 a summary of the results of consumer trust in the different institutions can be found. The 

mean, standard deviation and significance values are depicted.  

 

Table 18: Mean, standard deviation and significance values in the directly visible and digital condition for the 
consumer trust in the government, consumer trust in food manufacturers and consumer trust in food retailers, 
measured on a 7-point scale. 

 N= 75 N= 73 Sig. (2- 
tailed) 

Mean value 
directly visible 
condition 

SD directly 
visible 
condition 

Mean value 
digital 
condition 

SD digital 
condition 

Consumer trust 
in the 
government 

4.62 0.90 4.53 0.87 0.55 

Consumer trust 
in food 
manufacturers 

4.92 0.90 4.78 0.79 0.32 

Consumer trust 
in food retailers 

4.69 0.96 4.60 0.71 0.50 

 

4.4.2 Comparing consumer trust between the different institutions 
 
For determining whether there is a significant difference between the means of consumer trust in the 

government and food manufacturers, the government and food retailers, and food manufacturers and 

food retailers, a paired samples t-test is conducted. 

 
Comparing consumer trust in the government and food manufacturers 

On average, the consumer trust in food manufacturers (M= 4.85, SD= 0.85) is higher than the 

consumer trust in the government (M= 4.58, SD= 0.88). This difference is significant t(147)= -3.81, p< 

0.001, r= 0.30. 

 

Comparing consumer trust in the government and food retailers 

On average, the consumer trust in food retailers (M= 4.65, SD= 0.84) is higher than the consumer 

trust in the government (M= 4.58, SD= 0.88). This difference is not significant t(147)= -0.95, p> 0.05, 

r= 0.08. 
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Comparing consumer trust in food manufacturers and food retailers 

On average, the consumer trust in food manufacturers (M= 4.85, SD= 0.85) is higher than the 

consumer trust in food retailers (M= 4.65, SD= 0.84). This effect is significant t(147)= 3.32, p= 0.001, 

r= 0.26. 

 
Table 19: Results of the dependent samples t-test for consumer trust in the government and food manufacturers, the 
government and food retailers, and food manufacturers and food retailers. 

 t df Sig. (2-tailed) 

The government-
Food manufacturers 

-3.81 147 0.000*** 

The government- 
Food retailers 

-0.95 147 0.35 

Food manufacturers- 
Food retailers 

3.32 147 0.001** 

*** a< 0.001     ** a= 0.001 

 

4.4.3 Correlation matrix 
 
In table 48, the correlation matrix of consumer trust in the government and food manufacturers, the 

government and food retailers, and food manufacturers and food retailers can be found. 

Consumer trust in the government is positively related to consumer trust in food manufacturers, with a 

coefficient of r= 0.51, which is also significant at p< 0.001. Consumer trust in the government is also 

positively related to consumer trust in food retailers, with a coefficient of r= 0.46, which is also 

significant at p< 0.001. Also, consumer trust in food manufacturers is positively related to consumer 

trust in food retailers, with a coefficient of r= 0.63, which is also significant at p< 0.001. 

 

Table 20: Correlation matrix between consumer trust in the government and food manufacturers, the government and 
food retailers, and food manufacturers and food retailers. 

  Trust in the 
government 

Trust in food 
manufacturers 

Trust in food 
retailers 

Trust in the 
government 

Pearson 
correlation 

1 0.51 0.46 

Sig. (2-tailed)  0.000*** 0.000*** 

Trust in food 
manufacturers 

Pearson 
correlation 

0.51 1 0.63 

Sig. (2-tailed) 0.000***  0.000*** 

Trust in food 
retailers 

Pearson 
correlation 

0.46 0.63 1 

Sig. (2-tailed) 0.000*** 0.000***  

 N 148 148 148 

*** a< 0.001       
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4.5 Visual design of dynamic shelf life indicators 
 

4.5.1 Visual design of the directly visible dynamic shelf life indicator 
 

In the directly visible condition, 69.3% out of all respondents choose design option 1 with a change in 

different colours as visually more attractive, 18.7% out of all respondents choose design option 1 with 

a gradual change of one colour as visually more attractive, 9.3% choose design option 2 with a 

change in different colours as visually more attractive and 2.7% choose design option 2 with a gradual 

change of one colour as visually more attractive. The results of the visual design in the directly visible 

condition are also depicted in figure 8. 

 

 

Figure 8: Percentages of respondents in the directly visible condition choosing option 1 with a change in different 

colours, option 1 with a gradual change of one colour, option 2 with a change in different colours and option 2 with a 

gradual change of one colour. 

4.5.2 Visual design of the digital dynamic shelf life indicator 
 
In the digital condition, 31.5% out of all respondents choose the number of days left display option with 

a change in different colours as visually more attractive, 20.5% out of all respondents choose the 

number of days left display option with a gradual change of one colour as visually more attractive, 

34.2% out of all respondents choose the freshness date display option with a change in different 

colours as visually more attractive and 13.8% out of all respondents choose the freshness date display 

option with a gradual change of one colour as visually more attractive. The results of the visual design 

in the digital condition are also depicted in figure 9. 

 

24.7% and 16.4% out of all respondents in the digital condition in respectively the number of days left 

display option and freshness date display option find no change in colour visually more attractive than 

a change in colour (which include either a change in different colours or a gradual change of one 

colour). 

69.3%

18.7%

9.3%

2.7%

Choosing the visual design in the 
directly visible condition

Option 1+ a change in
different colours

Option 1+ a gradual change
of one colour

Option 2+ a change in
different colours

Option 2+ a gradual change
of one colour
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Figure 9: Percentages of respondents in the digital condition choosing the number of days left display option with a 

change in different colours, number of days left display option with a gradual change of one colour, freshness date 

display option with a change in different colours and freshness date display option with a gradual change of one 

colour. 

 

4.6 Willingness to receive extra information regarding a food 
product 

 
A low value on the scale (1) indicates a low willingness to receive extra information from the digital 

dynamic shelf life indicator regarding the food product, a high value on the scale (7) indicates a high 

willingness to receive extra information. The willingness in obtaining extra information from low to high 

willingness: regarding the temperature profile of a food product (M= 4.37, SD= 1.74), alerts when the 

shelf life is 3 days or less (M= 4.58, SD= 2.02), microbial quality of a food product (M= 4.86, SD= 

1.70), recipes with the food product (M= 5.23, SD= 1.50) and storage conditions of a food product (M= 

5.88, SD= 1.09). 

 

 

Figure 10: Mean values of the willingness of respondents to receive extra information regarding alerts when the shelf 

life is 3 days or less, the microbial quality of a food product, temperature profile of a food product, storage conditions 

of a food product and recipes with the food product, measured on a 7-point scale. 
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5 Discussion of the results 

 

5.1 Normality of the data 
 
From the central limit theorem, it is known that if the sample data are more or less normally 

distributed, then the sampling distribution will also be normally distributed (Field, 2009; Fischer, 2010). 

From this theorem it is also known that if the sample size is large, the sample distribution tends to be 

normal regardless of the shape of the data that is actually collected. A sample size of 30 or more is 

considered large enough for this theorem to hold (Field, 2009). In our case, the sample size is 148. 

The larger the sample size gets, the higher the confidence in the assumption that the sampling 

distribution is normally distributed (Field, 2009). Therefore, the sample distribution is assumed to be 

normally distributed in this study. 

 

5.2 Moderating effects 

 
Respondents with previous knowledge of one of the terms "intelligent packaging" and "dynamic shelf 

life indicator" have significantly higher levels of consumer acceptance of dynamic shelf life indicators 

compared to respondents without previous knowledge of one of these terms. Previous knowledge 

level thus has a moderating effect on consumer acceptance. On the one hand, this result corresponds 

with previous research, where it was found that consumers with more knowledge about the new 

technology have a higher acceptance of the technology (Ronteltap et al., 2007; Schut, 2013). On the 

other hand it also contradicts with previous research, where it was found that having more knowledge 

and expertise increased the risk perception, which in turn has a negative relation with consumer 

acceptance (Bouyer et al., 2001; Ronteltap et al., 2007).  

 

The level of uncertainty avoidance has no predicting effect on consumer acceptance and thus is not a 

moderator on the consumer acceptance of dynamic shelf life indicators.  

 

The level of technophobia also influences consumer acceptance, with a lower level of technophobia 

resulting in a higher level of consumer acceptance. Technophobia thus has a moderating effect on 

consumer acceptance of dynamic shelf life indicators. Previous research has found that technophobia 

did not have a moderating effect on the consumer acceptance of a food product provided with a 

dynamic shelf life indicator (Schut, 2013). The focus of the previous research is on the influence of 

technophobia on consumer acceptance of the food product and not the technology, whereas the focus 

of this research is on the influence of technophobia on consumer acceptance of the dynamic shelf life 

indicator (the technology itself), which explains the difference. 

 

To prevent confounding, it is important that the previous knowledge of the term "intelligent packaging", 

previous knowledge of the term "dynamic shelf life indicator" and technophobia are equally 

randomised between the two conditions as these variables have a moderating effect on consumer 
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acceptance. This was the case, except for the variable previous knowledge of the term "dynamic shelf 

life indicator". In limitations section 7.1.1 a more extensive explanation on the unsuccessful 

randomisation of the previous knowledge of the term "dynamic shelf life indicator" is given. 

 

5.3 Consumer acceptance of the two types of dynamic shelf life 

indicators 

 

The consumer acceptance of the dynamic shelf life indicator is significantly higher for the directly 

visible than for the digital dynamic shelf life indicator. Consumer acceptance is a combination of the 

variables perceived visual attractiveness, perceived usefulness, perceived ease of use and perceived 

risk. For all these variables, the mean values of consumer acceptance are higher in the directly visible 

condition compared to the digital condition, out of which some differences are significant. 

 

The perceived visual attractiveness is significantly higher for dynamic shelf life indicators in the directly 

visible condition compared to the digital condition. The directly visible dynamic shelf life indicator 

contains different shapes and the design is composed of different parts, whereas the digital dynamic 

shelf life indicator is composed of only one shape and one part. The visual attractiveness of dynamic 

shelf life indicators is not only determined by classical aesthetics (Johnson, 1994; Kruft 1994), but also 

by expressive aesthetics (Nasar, 2016), which include creativity, sophistication and originality (Lavie & 

Tractinsky, 2004). Respondents might perceive a dynamic shelf life indicator with different shapes and 

parts as more sophisticated and creative, which might be one explanation as to why the directly visible 

dynamic shelf life indicator has a higher perceived visual attractiveness. 

 

The perceived usefulness is significantly higher for dynamic shelf life indicators in the directly visible 

condition compared to the digital condition. However, the perceived ease of use is not significantly 

higher for the directly visible dynamic shelf life indicator.  

On the one hand, it is expected that the perceived ease of use for the directly visible dynamic shelf life 

indicator will be higher, as in this case there is no need for an additional device to obtain information 

about the shelf life of a food product. It is expected that consumers will perceive the need for an 

additional device as burdensome, which then results in lower perceived ease of use. However, this 

effect is not significant. As the perceived ease of use influences the perceived usefulness (Davis, 

1985), it is expected that also perceived usefulness will be higher for the directly visible dynamic shelf 

life indicator (first expectation). On the other hand, it is expected that the perceived usefulness for the 

digital dynamic shelf life indicator will be higher (second expectation), as the digital dynamic shelf life 

indicator is able to offer many more functions (Köster, 2017), for example the provision of extra 

information about a food product, which in turn might result in higher perceived usefulness because 

the respondents are able to use the dynamic shelf life indicator in more situations.  

The second expectation is not supported by the results, as the digital dynamic shelf life indicator has a 

lower perceived usefulness compared to the directly visible one. The first expectation is also not 

supported by the results, as the perceived ease of use did not significantly differ, whereas the 
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perceived usefulness did. One reason as to why the perceived usefulness significantly differs can be 

because consumers are already familiar with a shelf life label that is directly visible on food packages, 

whereas they are not yet familiar with food packages of which the shelf life cannot be seen directly. 

Familiarity results in more favourable and positive attitudes, which might have influenced the 

perceived usefulness of the directly visible dynamic shelf life indicator positively (Bornstein & 

D'agostino, 1992; Imamoĵlu & Imamoĵlu, 2006; Zajonc, 1968). 

 

The perceived risk is not significantly higher for dynamic shelf life indicators in the digital condition 

compared to the directly visible condition. The perceived risk for the digital dynamic shelf life indicator 

is expected to be higher, as in this situation also the issue with privacy and hacking of the dynamic 

shelf life indicator can be an issue. This effect however is not significant and one explanation for this 

can be that the respondents themselves did not yet come up with the possibility of the risk of hacking 

and privacy in the digital dynamic shelf life indicators. 

 

Overall, in both situations participants are moderately positive about dynamic shelf life indicators, as 

the consumer acceptance in both situations ranged between neutral and positive. 

 

5.4 Consumer trust in the different institutions 

No difference in the consumer trust in the three institutions between the two different conditions is 

expected, as consumer trust is mainly influenced by the willingness to trust of the trustor and the 

perceived ability, benevolence and integrity of the trustee (Mayer et al., 1995). This is also supported 

by the results, as there is no significant difference in the level of consumer trust for either the 

government, food manufacturers and food retailers between the two different conditions.  

 

In this research, the consumer trust in food manufacturers is significantly higher than the consumer 

trust in the government and in food retailers. This contradicts with the results of previous research 

found, which states that most consumers trust government-owned institutions more than the private 

sector (Kikulwe et al., 2011). One possible reason for this contradiction might be that the respondents 

might have interpreted the consumer trust not regarding the development and regulation of dynamic 

shelf life indicators, but regarding the provision of an accurate shelf life of food products. However, as 

it is stated in the questionnaire that the questions on consumer trust were regarding the institutions' 

development and regulation of dynamic shelf life indicators, this explanation does not hold very 

strongly. The focus of this research on consumer trust in relation to the development and regulation of 

dynamic shelf life indicators might be another possible reason as to why the results differ from the 

research from Kikulwe et al. (2011). According to European legislation, the primary safety of food 

products are a responsibility of food manufacturers and not of the government nor food retailers (Van 

Wagenberg & Mihaylov, 2012). Food manufacturers are also the institution that will actually produce 

the dynamic shelf life indicators on their food products (if implemented in the future). Thus, consumers 

can perceive food manufactures as more trustworthy because food manufacturers are the ones who 
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will actually implement the dynamic shelf life indicators and are thus also the ones who have to take 

responsibility if an error occurs.  

Overall, in both situations respondents are neutral to slightly positive about the institutions, as the 

consumer trust is ranged only slightly above a neutral consumer trust. 

 

There is a significant positive correlation between the consumer trust in the government, food 

manufacturers and food retailers. This is as expected, as trust on the side of the trustor is mainly 

influenced by the trustor's willingness to trust (Hofstede, 1980; Zerfu et al., 2008). The willingness to 

trust in turn is only influenced by characteristics of the trustor and as each respondent is regarded as 

one trustor whom answered questions for all institutions, the consumer trust in the different institutions 

is expected to have a positive relation with each other. 

 

5.5 Visual design of the dynamic shelf life indicator 

 

Even though the participants are asked in the consumer study to choose between the visual design 

options based on visual attractiveness, from the feedback of participants it is known that many have 

chosen the visual design options not only based on visual attractiveness, but also based on ease of 

interpretation of the visual design.  

 

In the directly visible condition, visual design option 1 with a change in different colours is most often 

chosen as visually more attractive. Following, visual design option 1 with a gradual change of one 

colour, visual design option 2 with a change in different colours and visual design option 2 with a 

gradual change of one colour are chosen as visually more attractive visual design. Visual design 

option 1 is a design that already exists on the market (Insignia Technologies, 2013), whereas visual 

design option 2 is a design option that is first introduced in this thesis. As on average in the directly 

visible condition, more than 50% of the participants have previous knowledge of the terms "intelligent 

packaging" and "dynamic shelf life indicator" it might be a possibility that participants have come 

across visual design option 1 before. Previous research shows that familiarity seems to predict a more 

favourable and positive attitude and that familiarity increases amongst others the positivity, liking, 

attractiveness, appeal, preference and pleasantness, so that familiarity might be the cause as to why 

more participants choose visual design option 1 as visually more attractive (Bornstein & D'agostino, 

1992; Imamoĵlu & Imamoĵlu, 2006; Zajonc, 1968). 

Also, a change in different colours is overall more wanted than a gradual change of one colour. This 

can also be explained by participants' familiarity with the green-red-orange system, as many countries 

already use the green-red-orange system (also called traffic light system) to indicate the healthiness 

and nutritional values of a food product (Sacks et al., 2008; Schuldt, 2013). Moreover, a green-red-

orange system is easier to interpret, as each of the colours has a specific association of which the 

meaning is already known by the participants. However, that participants choose a change in different 

colours as visually more attractive might therefore not only be because participants find a change in 

different colours visually more attractive, but because the participants especially prefer the change of 
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the colour set (green-orange-red) due to their familiarity with it and the ease of interpretation of this 

specific set of colours. 

 

In the digital condition, the freshness date display option with a change in different colours is most 

often chosen as visually more attractive. Following, the number of days left display option with a 

change in different colours, number of days left display option with a gradual change of one colour and 

freshness date display option with a gradual change of one colour are chosen as visually more 

attractive. The choice between the date display options was quite similar. One reason why participants 

choose the freshness display option as visually more attractive is that this is similar to the 

contemporary method that is used to display shelf life date (NVWA, 2017). Therefore, the familiarity of 

the visual design might be the reason for participants to choose a certain visual design, as familiarity 

predicts more favourable and positive attitudes (Bornstein & D'agostino, 1992; Imamoĵlu & Imamoĵlu, 

2006; Zajonc, 1968). One reason why participants choose the number of days left display option as 

visually more attractive is that with this option the participants do not need to have knowledge of the 

exact date, so especially for participants having no knowledge of exact dates this is convenient. 

Therefore, this makes interpretation of the number of days left design option easier and as participants 

have also chosen the visual design options based on ease of interpretation, this might be a reason 

why participants choose this option. Reasons why participants in the digital condition choose a change 

in different colours as visually more attractive is the same as in the directly visible condition, because 

of familiarity and ease of interpretation of the green-orange-red display. 

 

Out of all participant, 2.03% are colour-blind. Most individuals whom are colour-blind cannot 

distinguish between the colours red and green because there is a reduced sensitivity to green light 

(also called deuteranomaly) (Mellott et al., 1999; Ridgen, 1999). As the visual design with a change in 

different colours contained the colours red and green, it is expected that participants with 

deuteranomaly will not choose the option with a change in different colours as visually more attractive. 

However, as 8.0% of Caucasian men and 0.4% of Caucasian women are colour-blind (Ridgen, 1999), 

participants with colour-blindness are not excluded from the study to better represent the research 

population.  

 

5.6 Willingness to obtain extra information regarding a food product 
 

Participants are most willing to obtain extra information regarding the storage conditions of a food 

product. Previous research has shown that a large part of consumers do not store their fresh food 

products properly, which amongst others is caused by the fact that consumers store their food 

products for too long, kept open when products should be closed, not in the correct place or at 

incorrect temperatures (Redmond & Griffith; 2003; Terpstra et al., 2005). Thus, there is an information 

gap between the proper storage conditions and consumers' knowledge, which might be a reason why 

participants are most willing to receive extra information regarding the storage conditions of a food 
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product. However, many consumers believe that their knowledge regarding the storage conditions of a 

food product is correct, even when this is not the case (Terpstra et al., 2005).  

Participants then would like to receive extra information regarding recipes with the food product, 

following with extra information regarding the microbial quality of a food product. 

Alerts when the shelf life is 3 days or less and information regarding the temperature profile of a food 

product are overall less wanted by the participants. One reason why receiving alerts when the shelf 

life is 3 days or less is less wanted is that consumers do not want to receive messages from the 

dynamic shelf life indicator, but want the information available whenever it is wanted (Köster, 2017). 

Regarding the information about the temperature profile, one reason as to why this is less wanted is 

that the term "temperature profile" is not an everyday term for consumers and the term is more often 

used by scientists. Therefore, consumers are not familiar with it, which might be the reason for the low 

willingness to receive extra information regarding the temperature profile. 
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6 Conclusion 

 
The research aim is to explore the consumer acceptance of directly visible and digital dynamic shelf 

life indicators and to explore whether the consumer acceptance is different between these two types of 

representations. Moreover, the aim of the research is to determine in which of the following institutions 

(the government, food manufacturers or food retailers) consumer trust is highest regarding the 

development and regulation of dynamic shelf life indicators. 

 

The consumer acceptance of dynamic shelf life indicators is mainly determined by 4 different 

variables, namely the perceived visual attractiveness, perceived usefulness, perceived ease of use 

and perceived risk of the dynamic shelf life indicator. Also, design features and consumer trust 

indirectly influence consumer acceptance. 

The perceived visual attractiveness and the perceived usefulness are significantly higher for the 

directly visible dynamic shelf life indicator compared to the digital dynamic shelf life indicator. The 

perceived ease of use and perceived risk show no significant differences between the two conditions. 

The consumer acceptance of the directly visible dynamic shelf life indicator is significantly higher than 

the digital dynamic shelf life indicator. Overall, the respondents are moderately positive about dynamic 

shelf life indicators, as the consumer acceptance in both the directly visible and the digital condition is 

ranged between neutral and positive consumer acceptance of dynamic shelf life indicators. 

 

Consumer trust is influenced by the willingness to trust of the trustor and by the perceived ability, 

benevolence and integrity of the trustee. The consumer trust in the government, food manufacturers 

and food retailers show no significant difference when the dynamic shelf life indicator is represented 

either directly visible on labels or digitally. However, the consumer trust in food manufacturers is 

significantly higher than the consumer trust in the government and in food retailers. Overall, 

respondents are neutral to slightly positive about their trust in the government, food manufacturers and 

food retailers, as the consumer trust is ranged only slightly above a neutral consumer trust.  

 

It can thus be concluded that dynamic shelf life indicators obtain highest consumer acceptance when 

they are represented directly visible on labels. Moreover, dynamic shelf life indicators should be 

introduced by food manufactures, as consumer trust is highest in them.  
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7 Limitations and recommendations 

 

7.1 Methodological limitations and further research 

 

7.1.1 Significantly more respondents with previous knowledge of the term 
"dynamic shelf life indicator" in the directly visible condition 
 
First, the randomisation of the respondents' previous knowledge of the term "dynamic shelf life 

indicator" between the two conditions is not successful. Significantly more respondents in the directly 

visible condition have previous knowledge of the term "dynamic shelf life indicator" compared to 

respondents in the digital condition.  

 

In this research, the effect of the unsuccessful randomisation of the respondents' previous knowledge 

of the term "dynamic shelf life indicator" does have an effect on the consumer acceptance of dynamic 

shelf life indicators. This is because the results show that previous knowledge of the term "dynamic 

shelf life indicator" results in higher consumer acceptance of dynamic shelf life indicators. 

 

However, the effect of the unsuccessful randomisation of the previous knowledge of the term "dynamic 

shelf life indicator" on the consumer acceptance of dynamic shelf life indicators is expected to be 

small. The first reason for this is that the variable of previous knowledge consists of two parts, namely 

previous knowledge of the term "intelligent packaging" and previous knowledge of the term "dynamic 

shelf life indicator, and the previous knowledge of the term "intelligent packaging" is successfully 

randomised between the two conditions. So that the overall randomisation of the respondents' 

previous knowledge is only by one part unsuccessful. Moreover, there are also other variables that 

have an influence on the result of consumer acceptance, such as age, gender and technophobia. 

These variables are also well randomised between the two conditions, so the effect of one out of all 

variables to be unsuccessfully randomised is expected to be small on the outcome of consumer 

acceptance of dynamic shelf life indicators. Therefore, that the respondents in the directly visible 

condition have more previous knowledge of the term "dynamic shelf life indicator" is expected to not 

have an effect on the main conclusion drawn: that the consumer acceptance of dynamic shelf life 

indicators is significantly higher in the directly visible condition compared to the digital condition. 

 

There are some methods that can be used in future research to correct or prevent the unsuccessful 

randomisation of the respondents' previous knowledge of the term "dynamic shelf life indicator".  

One often used method for balancing out the differences of a variable in two conditions is by adding a 

covariate into the data analysis. In this thesis however, it was chosen not to add a covariate. This is 

because the covariate (in our case previous knowledge of the term "dynamic shelf life indicator") and 

the treatment effect (in our case the condition) are not independent of each other. Previous research 

shows that when the covariate and treatment effect are not independent, putting previous knowledge 
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of the term "dynamic shelf life indicator" as covariate into the data analysis will not "balance out" the 

differences in the two conditions (Field, 2009; Lord, 1967; Lord, 1969). 

 

By changing the research design from an independent samples design into a repeated measures 

design, the unsuccessful randomisation could have been prevented, as the same participant then 

answers questions for both conditions and thus the participants are exactly equal in both conditions 

(Field, 2009). However, this research design was not chosen in this study as there are drawbacks to it. 

The largest drawback is known as the order effect (Schuman & Presser, 1996). The order effect is 

related to the order in which the two conditions are represented to the respondent and are not caused 

by the different conditions. The score values might decrease due to boredom or might increase due to 

a preceding condition that the respondent interprets very negatively. There are however also solutions 

to control for order effects, for example counterbalancing (Campbell & Stanley, 1963; William et al., 

2012), in which all possibilities of the treatment are randomly assigned to the participants in all 

possible orders (Kooken et al., 2017). So, if counterbalancing the order is done successfully, doing a 

repeated measurement research might be a method to prevent the unsuccessful randomisation of the 

respondents' previous knowledge of the term "dynamic shelf life indicator" between the two conditions. 

 

Moreover, in further research it is recommended to make a construct for the ñprevious knowledgeò of 

the respondents. This way, the previous knowledge of respondents can be better studied, as all 

statements regarding previous knowledge which relate to dynamic shelf life indicators are then 

combined and all taken into account in one construct.  

 

7.1.2 Research sample does not fully represent the research population 
 
Second, the research sample does not fully represent the research population, as most participants in 

the research are students at a higher educational level and the gender of the research sample 

consists of 79.1% female, 20.3% male, 0.7% other gender (compared to 50.4% female and 49.6% 

male, which is approximately the gender distribution in The Netherlands (CBS, 2018)). For further 

research, it is recommended to conduct the consumer research at a larger scale and with a more 

diverse range of participants. Another possibility is to assign weights to each respondent, by using 

auxiliary information for the calibration. Participants in the under-represented group (in our case 

males) are weighted larger than 1, and participants in the over-represented group (in our case 

females) are weighted smaller than 1. By doing this weighting, the participants are made to represent 

the population better (Johnson, 2008). 
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7.1.3 Participants mainly related to Wageningen University 
 

Third, the participants are recruited from either a database of Wageningen University or through social 

media networks, where a lot of participants are also from Wageningen University.  

Overall, students and staff members from Wageningen are more concerned and familiar with novel 

food technologies and the environment, compared to individuals living in other cities in The 

Netherlands. Therefore, it can be that the acceptance of dynamic shelf life indicators is influenced by 

this, as individuals living in Wageningen are expected to generally hold a more open attitude towards 

new food technologies as they are more familiar with them, which would lead to a higher consumer 

acceptance. On the other hand, it can also be that due to this familiarity with new food technologies, 

individuals living in Wageningen are also more critical towards these technologies, which then has the 

opposite effect as just mentioned. For further research, it is therefore important to mainly focus the 

consumer research on individuals from other cities, and only recruit a few participants from 

Wageningen. 

 

7.1.4 Limitations of the research method 
 

Finally, the research method also has some limitations. By doing a quantitative research the results of 

this thesis are limited to provide only numerical descriptions about the dynamic shelf life indicators 

rather than detailed information and the data might thus not reflect on what the participant really feels 

about the dynamic shelf life indicator (Koedam, 2015). The results of quantitative research provide 

less detailed information regarding the behaviours, opinions and preferences of the respondents 

(Babbie, 2010). Moreover, it is important to realise that respondents self-report their opinion regarding 

dynamic shelf life indicators when using consumer questionnaires, so that "the answers from a 

consumer questionnaire do not always reflect actual behaviour" (Koedam, 2015, p10).  

 

7.2 Theoretical contributions and suggestions for further research 

 
This thesis extends on previous literature since it focuses on whether consumer acceptance is higher 

for directly visible or digital dynamic shelf life indicators, which to our knowledge has not been done 

before. Previous research is amongst others focused on product acceptance and perceived quality 

when using food products with a dynamic shelf life indicator (Schut, 2013), what information 

consumers wish to receive with intelligent packaging (Köster, 2017), consumers' willingness to pay for 

dynamic indication (Latvala & Kola, 2004), dynamic product quality based pricing for perishable food 

products (Li et al., 2006; Wang & Li, 2012) and the development of dynamic shelf life indicators to 

monitor the shelf life of food products (Brizio & Prentice, 2015; Brizio et al., 2015). 

Acquiring knowledge on what factors influence consumer acceptance of dynamic shelf life indicators, 

which type of dynamic shelf life indicator has a higher consumer acceptance and which institution has 

the highest consumer trust regarding the development and regulation of dynamic shelf life indicators 

will be valuable information for researchers currently working on the development of dynamic shelf life 
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indicators. This because they can also take into account the consumers' side regarding dynamic shelf 

life indicators and by doing this the chance of successfully implementing dynamic shelf life indicators 

in the market increases. It is important that dynamic shelf life indicators are successfully introduced on 

the market as dynamic shelf life indicators are able to reduce confusion amongst consumers (Silvestre 

et al., 2011), reduce date margins and thereby reduce food waste, which is an important sustainability 

issue nowadays (Food and Agriculture Organisation, 2011). 

 

This research focuses on dynamic shelf life indicators for highly perishable food products, as these 

products will benefit most from dynamic shelf life indicators (Heising et al., 2014). Highly perishable 

food products are currently labelled using a TGT labelling system, which consumers often see as an 

indicator of food safety (NVWA, 2017). However, it would also be highly interesting to study consumer 

acceptance of dynamic shelf life indicators for products which are currently labelled using a THT 

labelling system (for example milk or yoghurt). Consumer acceptance of dynamic shelf life indicators 

for THT products might differ from TGT products as consumers associate THT date labelling less with 

food safety, but with food quality (Soethoudt et al., 2012). This is expected to have an influence on the 

perceived risk of dynamic shelf life indicators, as food safety and food risk are very much related. 

Therefore, it would be highly interesting to see whether this will also influence consumer acceptance 

of dynamic shelf life indicators. 

 

It will also be interesting to focus more deeply on the visual design of dynamic shelf life indicators in 

future research, as the visual attractiveness positively influences the consumer preference of an 

industrial product (Yamamoto & Lambert, 1994). In this research, only few visual designs are 

developed as an example to give consumers some idea about how dynamic shelf life indicators can 

visually look like. For further research, it is therefore highly interesting to focus the research only on 

the design aspect of dynamic shelf life indicators, as this, to our knowledge has not been done before. 

This way more creative, original and fascinating designs can be developed, which are terms that are 

positively related to visual attractiveness and therefore might influence consumer acceptance 

positively (Lavie & Tractinsky, 2004).  



Consumer Acceptance of Directly Visible and Digital Dynamic Shelf Life Indicators 44 

References 
 

¶ Albert Heijn Pangasiusfilet [Image]. Retrieved from https://www.ah.nl/producten/product/wi231413/ah-pangasiusfilet-2-personen 

(Accessed on 12/02/2017). 

¶ Arnett, J. J., Ģukauskienǟ, R., & Sugimura, K. (2014). The new life stage of emerging adulthood at ages 18ï29 years: implications 

for mental health. The Lancet Psychiatry, 1(7), 569-576. 

¶ Aschemann-Witzel, J., de Hooge, I., & Normann, A. (2016). Consumer-related food waste: Role of food marketing and retailers and 

potential for action. Journal of International Food & Agribusiness Marketing, 28(3), 271-285. 

¶ Babbie, E.R. (2010). The practice of social research. Belmond: Wadsworth Cengage Learning. 

¶ Barska, A., & Wyrwa, J. (2016). Consumer Perception of Active Intelligent Food Packaging. Problems of Agricultural Economics, 

4(349), 138-159. 

¶ Bettman, J. R. (1973). Perceived risk and its components: a model and empirical test. Journal of Marketing Research 10(2), 184-

190. 

¶ Blaikie, N. (2003). Analysing quantitative data. London: SAGE Publications Ltd. 

¶ Bloch, P. H. (1995). Seeking the ideal form: Product design and consumer response. The Journal of Marketing 59(3), 16-29. 

¶ Bloom, M., Fischer, J., & Orme, J.G. (2003). Evaluating practice: Guidelines for the accountable professional. Boston: Allyn and 

Bacon. 

¶ Bornstein, R. F., & D'agostino, P. R. (1992). Stimulus recognition and the mere exposure effect. Journal of Personality and Social 

Psychology, 63(4), 545. 

¶ Bouyer, M., Bagdassarian, S., Chaabanne, S., & Mullet, E. (2001). Personality correlates of risk perception. Risk Analysis, 21(3), 

457-466. 

¶ Brizio, A. P. D. R., & Prentice, C. (2015). Development of an intelligent enzyme indicator for dynamic monitoring of the shelf-life of 

food products. Innovative Food Science and Emerging Technologies, 30, 208-217. 

¶ Brizio, A. P. D. R. , Junior, G., Marcondes, A., Santos Fogaça, F. H., & Prentice, C. (2015). Dynamic monitoring of the shelf life of 

Cobia (Rachycentron canadum): a study on the applicability of a smart photochromic indicator. International Journal of Food 

Science and Technology, 50(3), 790-796. 

¶ Brooke, J. (1996). SUS-A quick and dirty usability scale. In P.W. Jordan, B. Thomas, B.A. Weerdmeester & I.L. McClelland (Eds.), 

Usability evaluation in industry  (pp.4-7). London: Taylor and Francis. 

¶ Campbell, D. T., & Stanley, J. C. (1966). Experimental and quasi-experimental designs for research. In N.L. Gage (Ed.), Handbook 

of research on teaching (pp. 171-246). Boston: Houghton Mifflin Company. 

¶ Campbell, M. C., & Goodstein, R. C. (2001). The moderating effect of perceived risk on consumers' evaluations of product 

incongruity: Preference for the norm. Journal of Consumer Research, 28(3), 439-449. 

¶ Caswell, J. A., & Mojduszka, E. M. (1996). Using informational labeling to influence the market for quality in food 

products. American Journal of Agricultural Economics, 78(5), 1248-1253. 

¶ CBS. (2018). Bevolking kerncijfers. Retrieved from 

http://statline.cbs.nl/StatWeb/publication/?PA=37296ned&D1=a&D2=0,10,20,30,40,50,60,(l-1),l&HDR=G1&STB=T (Accessed on 

05/01/2018). 

¶ Césare, M. C., & Salaün, Y. (1995). Information and total relational gains. International Journal of Information Management, 15(3), 

209-222. 

¶ Cook, C., Heath, F., Thompson, R. L., & Thompson, B. (2001). Score reliability in webor internet-based surveys: Unnumbered 

graphic rating scales versus likert-type scales. Educational and Psychological Measurement, 61(4), 697-706. 

¶ Coombes, R. (2005). Public distrusts government health campaigns, experts say. British Medical Journal, 331(7508), 70. 

¶ Dainelli, D., Gontard, N., Spyropoulos, D., Zondervan-van den Beuken, E., & Tobback, P. (2008). Active and intelligent food 

packaging: legal aspects and safety concerns. Trends in Food Science and Technology, 19, S103-S112. 

¶ Darby, M. R., & Karni, E. (1973). Free competition and the optimal amount of fraud. The Journal of Law and Economics, 16(1), 67-

88. 

¶ Davis, F. D. (1985). A technology acceptance model for empirically testing new end-user information systems: Theory and results 

(Doctoral dissertation, Massachusetts Institute of Technology, Cambridge). Retrieved from DSpace@MIT. 

¶ Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Quarterly 

13(3), 319-340. 

¶ Dowling, G. R. (1999). Perceived risk. In P. Earl & S. Kemp (Eds.), The Elgar Companion to Consumer Research and Economic 

Psychology (pp. 419-424). Massachusetts: Edward Elgar Publishing. 

¶ Erdem, T. (1998). An empirical analysis of umbrella branding. Journal of Marketing Research 35(3), 339-351. 



Consumer Acceptance of Directly Visible and Digital Dynamic Shelf Life Indicators 45 

¶ Erdem, T., Swait, J., & Valenzuela, A. (2006). Brands as signals: A cross-country validation study. Journal of Marketing, 70(1), 34-

49. 

¶ Eurobarometer. (2006). Risk issues: executive summary on food safety. Retrieved from 

http://ec.europa.eu/commfrontoffice/publicopinion/archives/ebs/ebs_238_en.pdf  (Accessed on 28/09/2017). 

¶ European Commission (2004). Commission Regulation (EC) No 1935/2004 on Materials and Articles Intended to Come Into 

Contact with Food and Repealing Directives 80/590/EEC and 89/109/EEC. Official Journal of the European Union, OJ L 338, 4e17. 

¶ European Commission. (2010). In Preparatory study on food waste across EU 27. Retrieved from 

http://ec.europa.eu/environment/eussd/pdf/bio_foodwaste_report.pdf (Acessed 25/09/2017). 

¶ Field, A. (2009). Discovering statistics using SPSS. London: Sage Publications Ltd. 

¶ Fischer, C., Gonzalez, M. A., Henchion, M., & Leat, P. (2007). Factors influencing trust-supporting mechanisms in European agri-

food chains. Food Economics, 4(1), 40-49. 

¶ Fischer, H. (2010). A history of the central limit theorem: From classical to modern probability theory.  

¶ Food and Agriculture Organisation of the United Nations (2011). Global food losses and food waste. Retrieved from 

http://www.fao.org/docrep/014/mb060e/mb060e00.pdf (Accessed on 25/09/2017). 

¶ Food and Agriculture Organisation of the United Nations (2013). Food wastage footprint Impacts on natural resources. Retrieved 

from http://www.fao.org/docrep/018/i3347e/i3347e.pdf (Accessed on 25/09/2017).  

¶ Fortin, C., Goodwin, H. L., & Thomsen, M. (2009). Consumer attitudes toward freshness indicators on perishable food 

products. Journal of Food Distribution Research, 40(3), 1-15. 

¶ Foxall, G. R. (1993). A behaviourist perspective on purchase and consumption. European Journal of Marketing, 27(8), 7-16. 

¶ Foxman, E. R., Berger, P. W., & Cote, J. A. (1992). Consumer brand confusion: A conceptual framework. Psychology and 

Marketing, 9(2), 123-141. 

¶ Foxman, E. R., Muehling, D. D., & Berger, P. W. (1990). An investigation of factors contributing to consumer brand 

confusion. Journal of Consumer Affairs, 24(1), 170-189. 

¶ Frewer, L. J., Howard, C., Hedderley, D., & Shepherd, R. (1996). What determines trust in information about foodȤrelated risks? 

Underlying psychological constructs. Risk Analysis, 16(4), 473-486. 

¶ Frewer, L. J., Howard, C., Hedderley, D., & Shepherd, R. (1999). Reactions to information about genetic engineering: Impact of 

source characteristics, perceived personal relevance, and persuasiveness. Public Understanding of Science, 8(1), 35-50. 

¶ Gefen, D. (1997). Building users' trust in freeware providers and the effects of this trust on users' perceptions of usefulness, ease 

of use and intended use of freeware. (Doctoral dissertation, Georgia State University, Atlanta). Retrieved from 

https://www.researchgate.net/publication/34545599_Building_users%27_trust_in_freeware_providers_and_the_effects_of_this_tru

st_on_users%27_perceptions_of_usefulness_ease_of_use_and_intended_use_of_freeware (Accessed on 01/10/2017). 

¶ Glaeser, E. L., Laibson, D. I., Scheinkman, J. A., & Soutter, C. L. (2000). Measuring trust. The Quarterly Journal of 

Economics, 115(3), 811-846. 

¶ Hall-Phillips, A., & Shah, P. (2017). Unclarity confusion and expiration date labels in the United States: A consumer 

perspective. Journal of Retailing and Consumer Services, 35, 118-126. 

¶ Heising, J. K. (2014). Intelligent packaging for monitoring food quality: a case study on fresh fish (Doctoral dissertation, 

Wageningen University and Research, Wageningen). Retrieved from http://library.wur.nl/WebQuery/wurpubs/fulltext/298571 

(Accessed on 18/09/2017). 

¶ Heising, J. K., Dekker, M., Bartels, P. V., & Van Boekel, M. A. J. S. (2014). Monitoring the quality of perishable foods: opportunities 

for intelligent packaging. Critical Reviews in Food Science and Nutrition, 54(5), 645-654. 

¶ Hofstede, G. (1980). Motivation, leadership, and organization: do American theories apply abroad?. Organizational Dynamics, 9(1), 

42-63. 

¶ Huffman, W. E., Rousu, M., Shogren, J. F., & Tegene, A. (2004). Who do consumers trust for information: the case of genetically 

modified foods?. American Journal of Agricultural Economics, 86(5), 1222-1229. 

¶ Imamoĵlu, ¢., & Imamoĵlu, E. O. (2006). Relationship between familiarity, attitudes and preferences: Assisted living facilities as 

compared to nursing homes. Social indicators research, 79(2), 235-254. 

¶ Insignia Technologies. (2013). Welcome to Insignia Technologies. Available at: http://www.insigniatechnologies.com/ (Accessed on 

05/10/2017). 

¶ Jarvenpaa, S. L., Tractinsky, N., & Saarinen, L. (1999). Consumer trust in an internet store: a crossȤcultural validation. Journal of 

Computer Mediated Communication, 5(2), 1-35. 

¶ Johansson-Stenman, O., Mahmud, M., & Martinsson, P. (2013). Trust, trust games and stated trust: Evidence from rural 

Bangladesh. Journal of Economic Behavior and Organization, 95, 286-298. 



Consumer Acceptance of Directly Visible and Digital Dynamic Shelf Life Indicators 46 

¶ Johnson-George, C., & Swap, W. C. (1982). Measurement of specific interpersonal trust: Construction and validation of a scale to 

assess trust in a specific other. Journal of Personality and Social Psychology, 43(6), 1306-1317. 

¶ Johnson, D.R. (2008). Using weight in the analysis of survey data (Powerpoint slides). Retrieved from Pennsylvania State 

University Population Research Institute. 

¶ Johnson, P. A. (1994). The Theory of Architecture: Concepts Themes & Practices. New York: Van Nostrand Reinhold. 

¶ Karlan, D. S. (2005). Using experimental economics to measure social capital and predict financial decisions. American Economic 

Review, 95(5), 1688-1699. 

¶ Kee, H. W., & Knox, R. E. (1970). Conceptual and methodological considerations in the study of trust and suspicion. Journal of 

Conflict Resolution, 14(3), 357-366. 

¶ Kickbusch, I., & Nutbeam, D. (1998). Health promotion glossary. Retrieved from http://www.bvsde.ops-

oms.org/bvsast/e/fulltext/relcosta/anexo7.html (Accessed on 26/09/2017). 

¶ Kikulwe, E. M., Wesseler, J., & Falck-Zepeda, J. (2011). Attitudes, perceptions, and trust. Insights from a consumer survey 

regarding genetically modified banana in Uganda. Appetite, 57(2), 401-413. 

¶ Knupfer, N. N., & Mclellan, H. (1996). Descriptive Research Methodology. In D.H. Jonassen (Eds.), Handbook of Research for 

Educational Communications and Technology (pp. 1196-1212). New York: Macmillan. 

¶ Koedam, A. (2015). Basics of consumer research: Information for Food Technology students interested in conducting a consumer 

research at FQD. Retrieved from Wageningen University Food Quality and Design Chair Group. 

¶ Kooken, J., Welsh, M. E., McCoach, D. B., Miller, F. G., Chafouleas, S. M., Riley-Tillman, T. C., & Fabiano, G. (2017). Test order in 

teacher-rated behavior assessments: Is counterbalancing necessary?. Psychological assessment, 29(1), 98-109. 

¶ Köster, E.B. (2017). Packaging; the intelligent Solution for Food Waste? (Bachelor thesis, Wageningen University, Wageningen). 

Retrieved from http://edepot.wur.nl/419417 (Accessed on 13/09/2017). 

¶ Kotler, P., & Alexander Rath, G. (1984). Design: A powerful but neglected strategic tool. Journal of Business Strategy, 5(2), 16-21. 

¶ Kruft, H. W. (1994). History of architectural theory: From Vitruvius to the Present. New York: Princeton Architectural Press. 

¶ Latvala, T., & Kola, J. (2004). Consumersô willingness to pay for additional information on food quality and safety. Retrieved from 

https://www.researchgate.net/profile/Terhi_Latvala/publication/23510048_Consumers%27_Willingness_to_Pay_for_Additional_Info

rmation_on_Food_Quality_and_Safety/links/0deec526652063769a000000/Consumers-Willingness-to-Pay-for-Additional-

Information-on-Food-Quality-and-Safety.pdf (Accessed on 04/10/2017). 

¶ Lavie, T., & Tractinsky, N. (2004). Assessing dimensions of perceived visual aesthetics of web sites. International Journal of 

Human-Computer Studies, 60(3), 269-298. 

¶ Leib, E. B., Rice, C., Neff, R., Spiker, M., Schklair, A., & Greenberg, S. (2016). Consumer perceptions of date labels: National 

survey. Retrieved from http://www.comunicarseweb.com.ar/sites/default/files/consumer-perceptions-on-date-labels_may-2016.pdf 

(Accessed on 16/09/2017). 

¶ Lewicki, R. J., McAllister, D. J., & Bies, R. J. (1998). Trust and distrust: New relationships and realities. Academy of Management 

Review, 23(3), 438-458. 

¶ Li, D., Tang, O., O'Brien, C., & Wang, X. (2006). Improve food retail supply chain operations with dynamic pricing and product 

tracing. International Journal of Services Operations and Informatics, 1(4), 347-362. 

¶ Lietz, P. (2010). Research into questionnaire design. International Journal of Market Research, 52(2), 249-272. 

¶ Lobb, A. E., Mazzocchi, M., & Traill, W. B. (2007). Modelling risk perception and trust in food safety information within the theory of 

planned behaviour. Food Quality and Preference, 18(2), 384-395. 

¶ Lord, F. M. (1967). A paradox in the interpretation of group comparisons. Psychological Bulletin, 68(5), 304-305. 

¶ Lord, F. M. (1969). Statistical adjustments when comparing preexisting groups. Psychological Bulletin, 72(5), 336-337. 

¶ Luhmann, N. (1988). Familiarity, confidence, trust: Problems and alternatives. In D. Gambetta (Ed.), Trust: Making and breaking 

cooperative relations (pp. 94-107). New York: Basil Blackwell. 

¶ Matell, M. S., & Jacoby, J. (1972). Is there an optimal number of alternatives for Likert-scale items? Effects of testing time and 

scale properties. Journal of Applied Psychology, 56(6), 506-509. 

¶ Mayer, R. C., Davis, J. H., & Schoorman, F. D. (1995). An integrative model of organizational trust. Academy of Management 

Review, 20(3), 709-734. 

¶ Mellott, M. L., Brown, J., Fingert, J. H., Taylor, C. M., Keech, R. V., Sheffield, V. C., & Stone, E. M. (1999). Clinical characterization 

and linkage analysis of a family with congenital X-linked nystagmus and deuteranomaly. Archives of Ophthalmology, 117(12), 

1630-1633. 

¶ Meuter, M. L., Ostrom, A. L., Bitner, M. J., & Roundtree, R. (2003). The influence of technology anxiety on consumer use and 

experiences with self-service technologies. Journal of Business Research, 56(11), 899-906. 

¶ Muijs, D. (2010). Doing quantitative research in education with SPSS. London: SAGE Publications Ltd. 



Consumer Acceptance of Directly Visible and Digital Dynamic Shelf Life Indicators 47 

¶ Nasar, J. L. (2016). Perception and Evaluation of Residential Street Scenes. In J.L. Nasar & W.F.E. Preiser (Eds.), Directions in 

Person- Environment Research and Practice (pp. 229-248). New York: Routledge. 

¶ New York: Springer Science and Business Media. 

¶ NVWA. (2017). Houdbaarheidsdatum levensmiddelen. Retrieved from https://www.nvwa.nl/onderwerpen/etikettering-van-

levensmiddelen/houdbaarheidsdatum-levensmiddelen (Accessed on 06/09/2017). 

¶ Oglethorpe, J. E., & Monroe, K. B. (1987). Risk perception and risk acceptability in consumer behavior: Conceptual issues and an 

agenda for future research. Retrieved from AMA Winter Marketers Educators' Conference. 

¶ Olson, K. E., OôBrien, M. A., Rogers, W. A., & Charness, N. (2011). Diffusion of technology: frequency of use for younger and older 

adults. Ageing International, 36(1), 123-145. 

¶ Pavlou, P. A. (2003). Consumer acceptance of electronic commerce: Integrating trust and risk with the technology acceptance 

model. International Journal of Electronic Commerce, 7(3), 101-134. 

¶ Poppe, C., & Kjaernes, U. (2003). Trust in food in Europe: A Comparative Analysis. Retrieved from 

http://bieb.ruaf.org/ruaf_bieb/upload/3415.pdf (Accessed on 28/09/2017). 

¶ Redmond, E. C., & Griffith, C. J. (2003). Consumer food handling in the home: a review of food safety studies. Journal of Food 

Protection, 66(1), 130-161. 

¶ Rigden, C. (1999). 'The Eye of the Beholder'-Designing for Colour-Blind Users. British Telecommunications Engineering, 17, 291-

295. 

¶ Ring, P. S., & Van de Ven, A. H. (1994). Developmental processes of cooperative interorganizational relationships. Academy of 

Management Review, 19(1), 90-118. 

¶ Ronteltap, A., Van Trijp, J. C. M., Renes, R. J., & Frewer, L. J. (2007). Consumer acceptance of technology-based food 

innovations: lessons for the future of nutrigenomics. Appetite, 49(1), 1-17. 

¶ Rosati, S., & Saba, A. (2000). Factors influencing the acceptance of food biotechnology. Italian Journal of Food Science, 12(4), 

425-434. 

¶ Russell, J. A., & Pratt, G. (1980). A description of the affective quality attributed to environments. Journal of Personality and Social 

Psychology, 38(2), 311-322. 

¶ Saba, A., & Messina, F. (2003). Attitudes towards organic foods and risk/benefit perception associated with pesticides. Food quality 

and preference, 14(8), 637-645. 

¶ Sacks, G., Rayner, M., & Swinburn, B. (2009). Impact of front-of-pack ótraffic-lightô nutrition labelling on consumer food purchases in 

the UK. Health Promotion International, 24(4), 344-352. 

¶ Salaün, Y., & Flores, K. (2001). Information quality: Meeting the needs of the consumer. International Journal of Information 

Management, 21(1), 21-37. 

¶ Savadori, L., Savio, S., Nicotra, E., Rumiati, R., Finucane, M., & Slovic, P. (2004). Expert and public perception of risk from 

biotechnology. Risk Analysis, 24(5), 1289-1299. 

¶ Schechter, L. (2007). Traditional trust measurement and the risk confound: An experiment in rural Paraguay. Journal of Economic 

Behavior and Organization, 62(2), 272-292. 

¶ Schuldt, J. P. (2013). Does green mean healthy? Nutrition label color affects perceptions of healthfulness. Health 

Communication, 28(8), 814-821. 

¶ Schuman, H., & Presser, S. (1996). Questions and answers in attitude surveys: Experiments on question form, wording. Thousand 

Oaks: SAGE Publications Inc. 

¶ Schut, E. M. 2013. The Effect of Expiration Indicators on Consumer Acceptance and Food Waste Reduction (Master thesis, 

Wageningen University, Wageningen). Retrieved from http://edepot.wur.nl/272999 (Accessed on 15/09/2017). 

¶ Siegrist, M. (1998). Belief in gene technology: The influence of environmental attitudes and gender. Personality and Individual 

Differences, 24(6), 861-866. 

¶ Siegrist, M. (2000). The influence of trust and perceptions of risks and benefits on the acceptance of gene technology. Risk 

Analysis, 20(2), 195-204. 

¶ Siegrist, M. (2008). Factors influencing public acceptance of innovative food technologies and products. Trends in Food Science 

and Technology, 19(11), 603-608. 

¶ Silvestre, C., Duraccio, D., & Cimmino, S. (2011). Food packaging based on polymer nanomaterials. Progress in Polymer 

Science, 36(12), 1766-1782. 

¶ Simon, H. A. (1979). From substantive to procedural rationality. In F. Hahn & M. Hollis (Eds.), Philosophy and Economic Theory 

(pp. 65-86). Oxford: Oxford University Press. 

¶ Sinkovics, R. R., Stöttinger, B., Schlegelmilch, B. B., & Ram, S. (2002). Reluctance to use technologyȤrelated products: 

Development of a technophobia scale. Thunderbird International Business Review, 44(4), 477-494. 



Consumer Acceptance of Directly Visible and Digital Dynamic Shelf Life Indicators 48 

¶ Soethoudt, J. M., Van der Sluis, A. A., Waarts, Y. R., & Tromp, S. O. (2012). Houdbaarheidsdatum, verspilde moeite?. Available at: 

http://library.wur.nl/WebQuery/wurpubs/fulltext/246599 (Accessed on 11/09/2017). 

¶ Song, J., & Zahedi, F. (2002). A theoretical framework for the use of web infomediaries. Retrieved from AIS Electronic Library.  

¶ Stewart, D. W., Pavlou, P., & Ward, S. (2002). Media influences on marketing communications. In J. Bryant & D. Zillman (Eds.), 

Media effects: Advances in Theory and Research (pp. 353-396). Mahwah: Lawrence Erlbaum Associates Inc. 

¶ Szajna, B. (1996). Empirical evaluation of the revised technology acceptance model. Management science, 42(1), 85-92. 

¶ Terpstra, M. J., Steenbekkers, L. P. A., De Maertelaere, N. C. M., & Nijhuis, S. (2005). Food storage and disposal: consumer 

practices and knowledge. British Food Journal, 107(7), 526-533. 

¶ Tractinsky, N., Katz, A. S., & Ikar, D. (2000). What is beautiful is usable. Interacting with Computers, 13(2), 127-145. 

¶ Tsiros, M., & Heilman, C. M. (2005). The effect of expiration dates and perceived risk on purchasing behavior in grocery store 

perishable categories. Journal of Marketing, 69(2), 114-129. 

¶ Turnbull, P. W., Leek, S., & Ying, G. (2000). Customer confusion: The mobile phone market. Journal of Marketing 

Management, 16(1-3), 143-163. 

¶ Van der Heijden, H. (2003). Factors influencing the usage of websites: The case of a generic portal in The Netherlands. Information 

and Management, 40(6), 541-549. 

¶ Van Wagenberg, C. P. A., & Mihaylov, E. S. (2012). Consumenten en voedselveiligheid; Wat is acceptabel en wie is 

verantwoordelijk?. Retrieved from http://edepot.wur.nl/212826 (Accessed on 06/10/2017). 

¶ Verdurme, A., & Viaene, J. (2003). Consumer attitudes towards GM food: Literature review and recommendations for effective 

communication. Journal of International Food and Agribusiness Marketing, 13(2-3), 77-98. 

¶ Veryzer, R. W., & Hutchinson, J. W. (1998). The influence of unity and prototypicality on aesthetic responses to new product 

designs. Journal of Consumer Research, 24(4), 374-394. 

¶ Wang, X., & Li, D. (2012). A dynamic product quality evaluation based pricing model for perishable food supply 

chains. Omega, 40(6), 906-917. 

¶ Waste & Resources Action Programme. (2007). Food Behaviour Consumer Research: Quantitative Phase. Available at: 

http://www.wrap.org.uk/sites/files/wrap/Food%20behaviour%20consumer%20research%20quantitative%20jun%202007.pdf 

(Accessed on 27/11/2017). 

¶ Whitney, D. E. (1988). Manufacturing by design. Harvard Business Review, 66(4), 83-91. 

¶ William R.. Shadish, Cook, T. D., & Campbell, D. T. (2002). Experimental and quasi-experimental designs for generalized causal 

inference. Boston: Houghton Mifflin Company. 

¶ Williamson, O. E. (1993). Calculativeness, trust, and economic organization. The Journal of Law and Economics, 36(1), 453-486. 

¶ Wynne, B. (1991). Knowledges in context. Science, Technology and Human Values, 16(1), 111-121. 

¶ Yam, K. L., Takhistov, P. T., & Miltz, J. (2005). Intelligent packaging: Concepts and applications. Journal of Food Science, 70(1), 1-

10. 

¶ Yamamoto, M., & Lambert, D. R. (1994). The impact of product aesthetics on the evaluation of industrial products. Journal of 

Product Innovation Management, 11(4), 309-324. 

¶ Zajonc, R. B. (1968). Attitudinal effects of mere exposure. Journal of Personality and Social Psychology, 9(2pt.2), 1-77. 

¶ Zellner, D. A., Loss, C. R., Zearfoss, J., & Remolina, S. (2014). It tastes as good as it looks! The effect of food presentation on 

liking for the flavor of food. Appetite, 77, 31-35. 

¶ Zerfu, D., Zikhali, P., & Kabenga, I. (2008). Does ethnicity matter for trust? Evidence from Africa. Journal of African 

Economies, 18(1), 153-175. 

 

  



Consumer Acceptance of Directly Visible and Digital Dynamic Shelf Life Indicators 49 

Appendix 1: System Usability Scale (SUS) 
 
The ten items of the system usability scale of Brooke (1996) are as follows: 

1. I think that I would like to use this system frequently 

2. I found the system unnecessarily complex 

3. I thought the system was easy to use 

4. I think that I would need the support of a technical person to be able to use this system 

5. I found the various functions in this system were well investigated 

6. I thought there was too much inconsistency in this system 

7. I would imagine that most people would learn to use this system very quickly 

8. I found the system very cumbersome to use 

9. I felt very confident using the system 

10. I needed to learn a lot of things before I could get going with this system 

  



Consumer Acceptance of Directly Visible and Digital Dynamic Shelf Life Indicators 50 

Appendix 2: Consumer questionnaire of dynamic shelf life 
indicators, directly visible representation, in English 
 

Thank you for participating in my research. For my bachelor thesis for Wageningen University I am 

looking at alternatives for the shelf life date on packages of highly perishable foods. These alternatives 

are called dynamic shelf life indicators. The study will take about 10 minutes. Participating in this study 

is completely anonymous and you can stop your participation at any moment. If you have any 

questions regarding this study, you can contact jasmine.yeung@wur.nl. 

 

By clicking on "I understand", you acknowledge that you have read the text above and will participate 

in this research. 

 

¶ I understand 

 

The questionnaire can be answered both with a computer as well as with a mobile phone. It is 

however recommended to fill in this questionnaire with a computer or laptop, as the images are clearer 

then.  

 

For this study, packages of fresh fish will be shown. The dynamic shelf life indicators can however be 

applied for various types of highly perishable food products, not only for fresh fish.  

 

In the next section, you will get a short explanation about dynamic shelf life indicators. Please read 

this information carefully. 

 

Dynamic shelf life indicators are indicators that measure the exact shelf life of a food product. If 

changes in for example the temperature occur, the indicator can measure this. Subsequently the shelf 

life of a food product will be adjusted so that it shows the exact quality. 

 

A dynamic shelf life indicator can be directly visible on food packages. There is no need of a mobile 

phone to see the shelf life of the product. A colour change then occurs, which is an indication of the 

quality of the food product. 
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Q1: Imagine that today is 1 December 2017. The fresh fish has a certain shelf life, after which it may 

not be consumed anymore. 

 

Dynamic shelf life indicators can vary in their design. Please indicate which one of the following 

options you find visually more attractive. 

 

¶ Option 1 

¶ Option 2 

 

Q2a: Please indicate which one of the following options you find visually more attractive. 

 

¶ Option 1: Display in different colours 

¶ Option 2: A gradual change of one colour 
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Q2b: Please indicate which one of the following options you find visually more attractive. 

 

¶ Option 1: Display in different colours 

¶ Option 2: A gradual change of one colour 

 

Imagine that the options that you have chosen are achieved. 

Answer the following questions for the options that you have chosen. 

 

Q3: Rate on a 7-point scale the following statements:  

The dynamic shelf life indicator is 

 

 Totally 
disagree 

Disagree More or 
less 
disagree 

Neither 
agree nor 
disagree 

More 
or less 
agree 

Agree Totally 
agree 

Clear        

Pleasant        

Symmetrical        

Beautiful        

Original        

Sophisticated        

Fascinating        

Creative        
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Q4: Rate on a 7-point scale the following statements:  

 
 Totally 

disagree 
Disagree More or 

less 
disagree 

Neither 
agree nor 
disagree 

More 
or less 
agree 

Agree Totally 
agree 

I think that I would like to 
use the dynamic shelf life 
indicator frequently 
 

       

I find the dynamic shelf life 
indicator unnecessarily 
complex 
 

       

I think the dynamic shelf 
life indicator will be easy 
to use 
 

       

I think that I would need 
the support of a technical 
person to be able to use 
the dynamic shelf life 
indicator 
 

       

I find that the various 
functions in the dynamic 
shelf life indicator are well 
investigated 
 

       

I think there is too much 
inconsistency in the 
dynamic shelf life indicator 
 

       

I will imagine that most 
people will learn to use the 
dynamic shelf life indicator 
very quickly 
 

       

I find the dynamic shelf life 
indicator very 
cumbersome to use 
 

       

I feel very confident using 
the dynamic shelf life 
indicator 
 

       

I need to learn a lot of 
things before I can get 
going with the dynamic 
shelf life indicator 
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Q5: Rate on a 7-point scale the following statements:  

 
 Totally 

disagree 
Disagree More or 

less 
disagree 

Neither 
agree nor 
disagree 

More 
or less 
agree 

Agree Totally 
agree 

Learning to operate the 
dynamic shelf life indicator 
will be easy for me 
 

       

I find it easy to get the 
dynamic shelf life indicator 
to do what it is supposed 
to do 
 

       

Interacting with the 
dynamic shelf life indicator 
will be clear and 
understandable 
 

       

Interacting with the 
dynamic shelf life indicator 
will be flexible 
 

       

It will be easy for me to 
become skilful at using the 
dynamic shelf life indicator 
 

       

I find the dynamic shelf life 
indicator easy to use 
 

       

 

Q6: Rate on a 7-point scale the following statement: 

A dynamic shelf life indicator as information source of the shelf life of food products makes me feel: 

 
Not at all 
concerned 

Unconcerned More or less 
unconcerned 

Neither 
concerned 
nor 
unconcerned  

More or less 
concerned 

Concerned Highly 
concerned 

       

 
Q7: Rate on a 7-point scale the following statement: 

The type of information provided about the shelf life of food products is: 

 
Very 
unimportant 

Unimportant More or less 
unimportant 

Neither 
important nor 
unimportant  

More or less 
important 

Important Very 
important 

       

 

Q8: Rate on a 7-point scale the following statement: 

 I think that a dynamic shelf life indicator is: 

 
Extremely 
risky 

Risky More or less 
risky 

Neither risky 
nor riskless  

More or less 
riskless 

Riskless Extremely 
riskless 
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Q9: Rate on a 7-point scale the following statement: 

Using a dynamic shelf life indicator regarding the shelf life of food products makes me feel: 

 
Very worried Worried More or less 

worried 
Neither 
secure nor 
worried  

More or less 
secure 

Secure Very secure 

       

 

Q10: Rate on a 7-point scale the following statements in relation to the development and 

regulation of dynamic shelf life indicators: 

  

 Totally 
disagree 

Disagree More or 
less 
disagree 

Neither 
agree nor 
disagree 

More 
or less 
agree 

Agree Totally 
agree 

The government is very 
capable of performing its 
job 
 

       

The government is known 
to be successful at the 
things it does 
 

       

The government has much 
knowledge about the work 
that they do 
 

       

I feel very confident about 
the government's skills 
 

       

The government is well 
qualified 
  

       

The government is very 
concerned about my 
welfare 
 

       

My needs and desires are 
very important to the 
government 
 

       

The government would not 
knowingly do anything to 
harm me 
 

       

The government really 
looks out for what is 
important to me 
 

       

The government will go 
out of its way to help me 
 

       

The government has a 
strong sense of justice 
 

       

The government tries hard 
to be fair  
 

       

I like the government's 
values 
 

       

Sound principles seem to 
guide the government's 
behaviour 
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Q11: Rate on a 7-point scale the following statements in relation to the development and 

regulation of dynamic shelf life indicators:  

 

 Totally 
disagree 

Disagree More or 
less 
disagree 

Neither 
agree nor 
disagree 

More 
or less 
agree 

Agree Totally 
agree 

Food manufacturers are 
very capable of performing 
their job 
 

       

Food manufacturers are 
known to be successful at 
the things they do 
 

       

Food manufacturers have 
much knowledge about the 
work that they do 
 

       

I feel very confident about 
the food manufacturers' 
skills 
 

       

Food manufacturers are 
well qualified 
  

       

Food manufacturers are 
very concerned about my 
welfare 
 

       

My needs and desires are 
very important to food 
manufacturers 
 

       

Food manufacturers would 
not knowingly do anything 
to harm me 
 

       

Food manufacturers really 
look out for what is 
important to me 
 

       

Food manufacturers will 
go out of their way to help 
me 
 

       

Food manufacturers have 
a strong sense of justice 
 

       

Food manufacturers try 
hard to be fair  
 

       

I like the values of food 
manufacturers 
 

       

Sound principles seem to 
guide food manufacturers' 
behaviour 
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Q12: Rate on a 7-point scale the following statements in relation to the development and 

regulation of dynamic shelf life indicators:  

  

 Totally 
disagree 

Disagree More or 
less 
disagree 

Neither 
agree nor 
disagree 

More 
or less 
agree 

Agree Totally 
agree 

Food retailers/ 
supermarkets are very 
capable of performing 
their job 
 

       

Food retailers/ 
supermarkets are known 
to be successful at the 
things they do 
 

       

Food retailers/ 
supermarkets have much 
knowledge about the work 
that they do 
 

       

I feel very confident about 
the food retailers' / 
supermarkets' skills 
 

       

Food retailers/ 
supermarkets are well 
qualified 
  

       

Food retailers/ 
supermarkets are very 
concerned about my 
welfare 
 

       

My needs and desires are 
very important to food 
retailers/ supermarkets 
 

       

Food retailers/ 
supermarkets would not 
knowingly do anything to 
harm me 
 

       

Food retailers/ 
supermarkets really look 
out for what is important 
to me 
 

       

Food retailers/ 
supermarkets will go out 
of their way to help me 
 

       

Food retailers/ 
supermarkets have a 
strong sense of justice 
 

       

Food retailers/ 
supermarkets try hard to 
be fair  
 

       

I like the values of food 
retailers/ supermarkets 
 

       

Sound principles seem to 
guide food retailers' / 
supermarkets' behaviour 
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Q13: What is your age? 

------ 

 

Q14: What is your gender? 

¶ Male 

¶ Female 

¶ Other 

 

Q15: Are you colour blind? 

¶ Yes 

¶ No 

 

Q16: Have you heard of the term "intelligent packaging" before? 

¶ Yes 

¶ No 

 

Q17: Have you heard of the term "dynamic shelf life indicator" before? 

¶ Yes 

¶ No 
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Q18: Rate on a 7-point scale the following statements: 

 

 Totally 
disagree 

Disagree More or 
less 
disagree 

Neither 
agree nor 
disagree 

More 
or less 
agree 

Agree Totally 
agree 

I would rather be safe than 
sorry when it comes to the 
shelf life of food products 
 

       

I want to be sure about the 
safety of a food product 
before I eat something 
 

       

I avoid risky things 
 

       

Being sure is an important 
concern in my life 
 

       

I feel apprehensive (afraid) 
about using technology 
 

       

I like to try new and 
different things 
 

       

I have avoided technology 
because it is unfamiliar to 
me 
 

       

 

This questionnaire is executed as part of my bachelor thesis at Wageningen University. Are you 

already registered at the database of FQD-consumer research of Wageningen University? 

¶ Yes 

¶ No 

 

If you would like to participate in consumer research of Wageningen University in the future, please 

leave your e-mail address behind. 

----- 

 

This is the end of the questionnaire. Thank you very much for participating in this research. At the 

moment, dynamic shelf life indicators are not yet available in The Netherlands. There is however much 

research going on regarding dynamic shelf life indicators. 
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Appendix 3: Consumer questionnaire of dynamic shelf life 
indicators, digital representation, in English 
 

Thank you for participating in my research. For my bachelor thesis for Wageningen University I am 

looking at alternatives for the shelf life date on packages of highly perishable foods. These alternatives 

are called dynamic shelf life indicators.The study will take about 10 minutes. Participating in this study 

is completely anonymous and you can stop your participation at any moment. If you have any 

questions regarding this study, you can contact jasmine.yeung@wur.nl. 

 

By clicking on "I understand", you acknowledge that you have read the text above and will participate 

in this research. 

 

¶ I understand 

 

The questionnaire can be answered both with a computer as well as with a mobile phone. It is 

however recommended to fill in this questionnaire with a computer or laptop, as the images are clearer 

then.  

 

For this study, packages of fresh fish will be shown. The dynamic shelf life indicators can however be 

applied for various types of highly perishable food products, not only for fresh fish.  

 

In the next section, you will get a short explanation about dynamic shelf life indicators. Please read 

this information carefully. 

 

Dynamic shelf life indicators are indicators that measure the exact shelf life of a food product. If 

changes in for example the temperature occur, the indicator can measure this. Subsequently the shelf 

life of a food product will be adjusted so that it shows the exact quality. 

 

A dynamic shelf life indicator can work in a digital way. A mobile phone is needed to obtain information 

about the shelf life. On the food packaging the shelf life is not directly shown, but a QR-code is shown. 

This code has to be scanned with a mobile phone, after which the shelf life will be represented on the 

screen of the mobile phone. 

 

 








































































