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Abstract 

This study investigates the impact of Internet of Things (IoT) services from a smartphone app in 

a retail grocery shopping situation. It examines four variables, namely price, expiry date, quality 

indicators and offers. All four variables were examined in relation to two levels; traditional 

information and IoT services. A scenario was arranged whereby 226 participants were to 

purchase, among other products, fresh salmon in a grocery store using the store’s smartphone 

app. Findings from a conjoint study show that the following IoT services; “updated expiry date”, 

“aggregated national customer experience index”, and “personalized offer based on product in 

the basket” evoked the approach and abated avoidance tendencies to explore the smartphone app, 

while simultaneously increasing the likelihood of buying based on information from the app. The 

IoT service “Real-time price” had a varied impact on participant approach-avoidance tendencies 

to interact with the app. Scenario simulation analysis shows that some IoT services can be a deal-

breaker in a competitive grocery market. Consequently, analyzing the impact of IoT services 

through the lenses of approach-avoidance distinction and choice indication can help retail 

grocery managers develop more effective marketing strategies that deliver convenience to the 

consumers. 

Keywords: Retail grocery, shopper-facing technology, Internet of Things services, 

approach and avoidance, conjoint study. 
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1. Introduction 

According to Nielsen [1], consumers demand more convenience when shopping for 

groceries, and today there are a variety of technological opportunities to deliver convenience to 

the consumers [2]. In addition, there is a high probability that hybrid technological models that 

bring the best of personalized online shopping through smartphones will be used in the future 

[2]. The Internet of Things (IoT) is a representative technological innovation towards a digitally 

enriched environment. IoT technologies and services differ from other innovations in that they 

are ubiquitous and aim to deliver intelligent and autonomous solutions [3, 4]. For example, 

location-based beacon technology allows retailers to interact directly with customers as they 

enter the store, and IoT-connected digital signage can push personalized content such as offers in 

real time. In addition, data collected through IoT devices can provide the store with valuable 

insights through analytics, which can potentially support the enrichment of consumer shopping 

experiences. However, it seems that retail grocery stores are not as up to the increasing consumer 

trend toward smart retailing as would be expected [5, 6]. Thus, understanding consumer 

interaction with IoT services in the retail grocery shopping environment, and how it can support 

consumers’ convenience when shopping for groceries, would therefore be of great interest to 

both researchers and practitioners. 

According to Gubbi, Buyya [7], IoT consists of three technological components; 

hardware, middleware and presentations. While hard- and middleware are part of the background 

components, presentation is the visible part which allows the consumer to interact with the smart 

environment [8]. Technologies such as touchscreens in the grocery store, smart shopping carts, 

websites installed on smart devices, and mobile apps enable the consumer to connect to various 

IoT services. This type of shopper-facing technology might be the only part of the IoT 
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technology with which consumers interact [9]. An example of a shopper-facing technology 

would be a smartphone app which allows grocery retailers to support the consumer’s choices 

through IoT services [e.g., 10, 11, 12]. Such applications would provide IoT-enabled information 

such as real-time price based on demand and other trends, personalized customer offers based on 

selected products in the shopping chart, or suggested products based on desired calorie intake 

levels tracked by wearable fitness devices. To the best of our knowledge, no research has formed 

a connection between IoT services from smartphone apps with consumer motivation and 

empirically tested its impact in a grocery choice situation. Thus, this study extends the current 

literature by investigating consumers’ motivation to interact with IoT services from smartphone 

apps in the grocery retail setting and its impact on choice. A better understanding of the impact 

of IoT services in this context can help grocery retailers improve the retail ecosystem so that it 

allows for real-time, personalized, or, bidirectional interactions with customers.  

To investigate consumers’ motivation to interact with IoT services from smartphone 

apps, we use the approach-avoidance distinction from Mehrabian and Russell [13], who 

conceptualized a model which relates qualities of physical environments to people’s approach-

avoidance behaviors. Based on the stimuli-organism-response paradigm, their model has been 

used extensively to measure approach-avoidance responses to physical atmospheric variables in 

a variety of contexts, especially retail choice situations [14-16]. Investigating the impact of IoT 

services from the lens of approach-avoidance contributes to the understanding, predicting, and 

influencing of choice behavior in this context. 

The paper consists of four parts. The first part provides a review of literature related to 

IoT services. This is followed by descriptions of the conjoint method and procedure used in the 

study. The results of our conjoint analysis are then discussed. Finally, managerial and practical 
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implications as well as limitations of this analysis, and directions for future research are 

presented. 

2. IoT Services 

 Grewal, Roggeveen [12] highlights that, ‘technology and tools which facilitate consumer 

choices’ are one of the key areas that that will form the future of retailing. IoT technology has 

the potential to deliver ubiquitous, intelligent, autonomous, and personalized services to aid 

consumers when shopping for groceries [3, 4]. For example, IoT technologies have the capability 

to offer consumers real-time prices on their smartphones when shopping for groceries [17], and 

aid in providing in-store, location-based, and contextual personalized discounts and offers, which 

might not be possible through traditional devices. Therefore, we want to investigate the 

motivational impact of IoT services relative to traditional information on consumer interaction 

with the grocery store’s smartphone app, and its relative impact on choice. Therefore, we 

arranged a scenario whereby participants were going to buy fresh salmon, amongst other 

products. The independent variables defined for this study are price, expiry date, quality 

indicators, and offers.  

We chose to focus on price, expiry date, quality indicators, and offers since the literature 

shows that these variables are relevant for purchasing salmon (fresh fish), which is the product 

used in this study. A conjoint study on the importance of different seafood attributes by Mueller 

Loose, Peschel [18], revealed that customers consider price, information about how the product 

was prepared (not relevant to our study as fillets are always prepared the same way) and country 

of origin (which can be interchangeable with expiry date in our study) as the most important 

factors when purchasing seafood. Both freshness (expiry date in our case) and price were shown 

to be the most important factors when purchasing salmon [19]. Customers’ willingness-to-pay 
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also increases when quality indicators as eco-labels are included [20]. Present technology users 

suffer from information overload, which triggers difficulties in making decisions. However, 

personalizing services has been found to increase user satisfaction in this hectic environment 

[21]. Customers have positive attitudes and high levels of satisfaction after purchasing 

personalized products [22]. Therefore, we added personalized offers on top of standard offers as 

one of our variables. The dependent variables are defined as approach and avoidance tendencies 

to interact with a smartphone app in the retail grocery environment, and likelihood to buy based 

on IoT services from the smartphone app. 

2.1 Price 

Retail customers want to know if the product they are intending to buy is not only the 

best in terms of quality, but also in terms of price [23]. Price also plays an informational role. It 

can, for instance, represent quality in a product substitution setting, and can have different effects 

on demand [24]. In addition, consumer perceptions of a(n) (un)fair price has been investigated. A 

study by Haws and Bearden [25] demonstrated that consumers perceived price change within 

very short time periods as being more unfair than changes over a more extended time period, 

especially when the prices are low. However, according to Bolton, Warlop [26], consumers use 

different reference points in their price judgments, such as competitor prices, past prices for the 

same product and cost of goods sold, but they usually underestimate inflation, vendor costs and 

reasons for price differences. A real-time, or a near real-time, price that is based on a national 

price index (reference point) and other volatile variables ought to enhance consumer perceptions 

of fair price. IoT technology has the possibility to improve the communication of such rapid 

price changes in grocery retail stores [17]. A study on consumers’ acceptance and perception of 

electronic shelf labels by Garaus, Wolfsteiner [27] demonstrated that electronic shelf labels did 
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not affect price fairness perception compared to traditional price tags. Furthermore, real-time 

price as opposed to fixed price fluctuates. Therefore, it is expected to trigger the feeling of time 

scarcity [28] for customers by implicitly informing them that the price might go up at any time. 

Studies confirm that limited time offers increase purchase intentions [29]. 

Thus, our first assumption is that real-time information about price evokes approach and 

abates an avoidance tendency to interact with a smartphone app in a grocery shopping situation 

to a higher degree than traditional price information, and, simultaneously, increases the 

likelihood to buy. 

2.2 Expiry Date 

For consumers, fresh food such as fish may appear relatively similar, and thus consumers 

often rely on information provided on the package or labels to evaluate the attributes of 

competing products [30]. Nowadays, consumers demand high-quality and safe food products, 

which generates a need for more product information [31]. However, Verbeke [31] argues that 

the provision of large quantities of highly detailed information may involve a risk of information 

overload. In addition, Leykin and Burke [32] highlight that the complexity of modern retail 

stores and personal time constraints force consumers to be selective regarding information. 

Against this backdrop, IoT applications can provide new types of information regarding the 

conservation status of products during transportation, storage, etc. [33]. According to Rautiainen, 

Parkkinen [34], information traceability of product origin, transport, and storage conditions is 

important for the distribution of fresh food. In that particular IoT research project, consumers 

were asked for their opinion on relevant fish information. The results showed that the catch day 

of the fish, shelf time and storage temperature across the entire distribution chain were the most 

important information attributes [34].  
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Our second assumption is that updated information about the expiry date evokes 

approach and abates an avoidance tendency to interact with a smartphone app in a grocery 

shopping situation to a higher degree than traditional expiry date information, and, 

simultaneously, increases the likelihood to buy. 

2.3 Quality Indicators 

Consumer choice is influenced by quality indicators such as presentation of the product 

itself, brand, and country of origin. Social proof plays a major role in influencing individuals’ 

everyday choices. It implies a strong correlation between people relying on the perceptions of 

others, arguments, and actions to directly influence their own behavior and decisions, especially 

under uncertain circumstances [35]. Thus, aspects such as product reviews and ratings help 

consumers evaluate grocery quality based on peer reviews and thereby influence their choices. 

According to Sen and Lerman [36], online word-of-mouth publicity differs from traditional 

word-of-mouth publicity in that consumers only need to interact with devices while reviewing or 

rating a product online. Dellarocas [37], for instance, states that online customer review systems 

are one of the most powerful channels to generate online word-of-mouth publicity. Not only can 

organizations reach audiences of exceptional scale at a low cost, but also individuals can make 

their personal thoughts, reactions, and opinions easily accessible to the global community [37].  

Our third assumption is that aggregated information related to customer experience with 

product quality evokes approach and abates an avoidance tendency to interact with a smartphone 

app in a grocery shopping situation to a higher degree than traditional information about the 

quality, and simultaneously increases the likelihood to buy. 

2.4 Offers 
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The effectiveness of targeted sales promotions with in-store digital signage technology on 

consumer shopping behavior should be studied [38]. Online retailers can tailor their offers based 

on historical and real-time data into their promotional campaigns [38]. In offline stores, 

personalized offers have principally been printed coupons based on loyalty programs [39]. 

However, with IoT, it is possible for retailers to provide personalized offers based on the items 

picked in the consumers’ shopping cart. Hence, personalized offers can be set up based on actual 

in-store behavior rather than promoting the daily deal that is available to most consumers.  

Our fourth assumption is that a personalized offer evokes approach and abates an 

avoidance tendency to interact with a smartphone app in a grocery shopping situation to a higher 

degree than a traditional offer, and simultaneously, increases the likelihood to buy. 

3. Method 

3.1 Participants 

 Yip, Chan [40] conducted interviews with youths aged 15-21 in Hong Kong and found 

that most attractive attributes when choosing their favorite store are product and service quality 

and price. Interestingly, their findings also indicate, among other aspects, that the environment in 

the store is also important for these youths [40]. For example, superior interior design or a 

comfortable shopping environment can reinforce shopping experience. This indicates that IoT 

has the potential to assist this age group when making choices in the grocery store. Based on the 

preferences of young consumers, a group of undergraduate students was invited to participate in 

a study relating to using a smartphone app while buying groceries. A Nordic student population 

was chosen as Nordic young adult consumers are one of the key target markets for the product 

(salmon) used in the study. Hence, the sample for the study comprised 120 undergraduate 

students at Kristiania University College (Oslo, Norway) and 106 at Arcada University of 
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Applied Sciences (Helsinki, Finland). The sample comprised 107 men and 119 women, across 

the age range of 19 to 41 years, with an average age of 23. All participants had a smartphone. 

Among the participants, 23% had bought groceries online at some point in time, and 26% had 

used a smartphone app while buying groceries from a physical store. The participants were 

informed that the study would last up to 15 minutes. They were not offered any payment or 

incentive to participate in the study. 

3.2 Apparatus 

 As suggested by Holbrook and Moore [41], participants were presented with verbal 

representations of a scenario, together with visuals. The stimulus cards that were used in the 

study were created using Microsoft PowerPoint™ and Microsoft Paint™. The evaluation 

scenario together with an example of the stimulus cards and questions are presented in the 

Appendix A. The study was administrated by presenting the stimulus cards using a PowerPoint 

presentation for the participants conducted within a classroom. The participants’ response was 

recorded with a pencil and paper questionnaire.  

3.3 Procedure 

 When the participants had voluntarily accepted to engage in the study, they were 

presented with the following scenario, in which they were to assume that they were going to 

purchase fresh salmon in the grocery store: 

“Assume that you are going to have a barbecue party with your friends. Everybody 

should contribute, and you have been given the task to do some of the grocery shopping. 

In your shopping list, you have charcoal, new potatoes, crème fraîche, dill, barbecue 

spices, and fresh salmon. You are now in the grocery store and you are using the store’s 

smartphone app. On your smartphone screen, you can see the products that you already 
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have in your shopping chart. You are now in the process of selecting fresh salmon and 

the app gives you information on your purchase.” 

 Based on the information above, the participants were presented with 12 different 

situations that they were asked to evaluate. To establish a common frame of reference [42], all 

evaluations were elicited in terms of the same shopping scenarios. Participants were presented 

with one of the 12 stimulus cards each, and were then asked to evaluate each picture in relation 

to the tendency to interact with the smartphone app, and the likelihood to buy based on 

information from the smartphone app. 

3.4 Design 

 Conjoint analysis is a multivariate technique to understand how people value different 

attributes of objects such as products and services [43]. This method was chosen due to the 

exploratory nature of our study. No studies have been performed on IoT services in the context 

of in-store preferences towards salmon or other seafood products. We do not add to a robust 

stream of research. On the contrary, our study is rather supposed to show the applicability of IoT 

services in the aforementioned context. Conjoint analysis is an excellent technique when it 

comes to delivering preliminary results regarding consumers’ preferences towards new products 

and services [44]. Indeed, our research falls into this category.  

The technique starts with the participant’s overall evaluation of a set of complex 

variables (for example, real-time price, standard expiry date, quality indicators given by a 

national customer experience index, and offers based on the product in the basket). It then 

performs the job of deconstructing the participant’s original evaluation into separate and 

compatible impact scales by which the original overall evaluation can be reconstituted [45]. A 

main-effects model was chosen, as it measures the direct impact of each stimulus. A full-profile 
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method was chosen to collect the data. In this method, each profile card was described 

separately. This method was chosen because of its perceived realism and its ability to perform a 

fractional factorial design and because the number of factors in this study is below six [43]. All 

four variables were operationalized at two levels, as presented in Table 1; the traditional 

information and IoT services. Price was operationalized as: Fixed price represented by “Fixed 

price: EUR 25 per. kg.” and real-time price represented by “Real-time price: EUR 25 per. kg. 

Price was based on a national index that is updated every second hour.” Expiry date was 

operationalized as: Standard expiry date was represented by “Expiry: 5 days – Find out more” 

and real-time expiry date was represented by “Real-time expiry: 5 days – Find out more Keep-

it™ technology gives a real-time expiry based on catch day and storage conditions.” The quality 

indicator was operationalized as: Standard quality statement was represented by “This is a 

quality product – Find out more” and aggregated national customer experience index was 

represented by “A national customer experience index shows that users give this product 4.7/5 

stars related to quality – Find out more”. The offer was operationalized as: Standard offer 

represented by “Today’s offer: Toothpaste 30% off – Find out more” and offer based on product 

in the basket represented by “Your offer: Based on selected products in your shopping cart we 

give you 30% off on all “Barbecue Spices” – Find out more”. 

When using a factorial design, the number of combinations can be reduced. Using IBM 

SPSS Statistics 24, the fractional factorial design resulted in 12 stimulus cards (including four 

hold-out cards), summarized in Appendix B. Sample sizes of more than 200 participants in 

conjoint analysis have been found to provide an acceptable margin of error [43]. In this study our 

total sample size is 226.  

Table 1 
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Variables and levels considered in the study 

 
Variables 
 

 
Levels 

Price 1. Fixed price 
2. Real-time price 

Expiry date 1. Standard expiry date 
2. Updated expiry date 

Quality indicator 1. Standard quality statement 
2. Aggregated national customer experience index 

Offer 1. Standard offer 
2. Personalized offer based on product in the basket 

 

 The tendency to interact with the smartphone app in the retail situation was measured by 

participants’ response to approach and avoidance items adapted from [46]. The approach was 

measured by asking the participants, “How much would you like to explore this app?” 

Avoidance was measured by asking, “How much would you like to leave and get away from this 

app?” The scale for the approach and avoidance variables ranged from “Not at all” (coded 0) to 

“Extremely so” (coded 7). The likelihood to buy based on information from the smartphone app 

was measured by asking the participants, “Based on the information the app gives, what is the 

likelihood that you would buy this salmon?” The “likelihood to buy” variable scale ranged from 

“Not at all likely to buy” (coded 0) to “Certainly would like to buy” (coded 7). An example of a 

stimulus card and questionnaire was presented to the participants before starting their evaluation. 

When the evaluation of the 12 stimulus cards was performed, participants were asked to provide 

demographic information. 

4. Analysis and Results 
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While analyzing the data, a linear effect was assumed for all four variables in the study, 

which indicates that the data are expected to be linearly related to levels (e.g., preference is lower 

for standard offer than for personalized offer based on the product in the basket). The model for 

the response ri for the i th card from a subject is 

						ri= β0+" upkpi

t

p=1

																																																			(1) 

where upkpi is the utility (part-worth) associated with the kpi th level of the pth attribute on the ith 

card. Consumer preferences were modeled using part-worth utility function model (Green & 

Srinivasan, 1978). The model posits that  

   

sk=" fp

t

p=1

#ykp$     																																																(2)	

where sk denotes the preference for a stimulus object at kth level,  denotes the part-worth 

function of each of the k different levels of the stimulus object ykp for the pth attribute. In 

practice, fp(ykp) is usually estimated only for three or four levels for ykp with the part worth for 

intermediate ykp obtained by linear interpolation [47]. The relative importance of a product 

attribute compared to others can be calculated based on the utility attached to that particular 

attribute’s single performance level, using the equation below 

 

     (3) 

fp

Op =
(maxup −minup )

(maxup −minup )
p=1

t

∑
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where  is the relative importance of the product attribute, max  is the utility of the 

attribute’s most preferred level and min  is the utility of the attribute’s least preferred level.  

 A total of 13 cases for approach, 20 cases for avoidance, and seven cases for likelihood to 

buy based on information from the smartphone app were removed due to equal values in RANK 

or SCORE. The analysis shows correlations between the observed and estimated preferences for 

approach (Pearson’s r = 0.923, p = 0.001), avoidance (Pearson’s r = 0.881, p = 0.002), and the 

likelihood to buy based on information from the smartphone app (Pearson’s r = 0.948, p = 

0.000). Table 2 shows the values for price, expiry date, quality indicators, and offers. As can be 

seen in Table 2, a fixed price has a positive approach tendency (0.088) and a positive avoidance 

tendency (0.036) to interact with the smartphone app. A real-time price has a positive approach 

tendency (0.176) and positive avoidance tendency (0.073). Fixed price and a real-time price have 

positive impacts on the likelihood to buy based on information from the smartphone app, with an 

impact estimate score of 0.029 and 0.057, respectively. 

 Table 2 shows that a standard expiry date has a positive approach tendency (0.086) and a 

negative avoidance tendency (–0.063) to interact with the smartphone app. An updated expiry 

date has a positive approach tendency (0.171) and a negative avoidance tendency (–0.126) to 

interact with the app. Standard expiry date and an updated expiry date have positive impacts on 

the likelihood to buy, with an impact estimate score of 0.207 and 0.413, respectively. 

As can be seen in Table 2, a standard quality statement has a positive approach tendency 

(0.396) and a negative avoidance tendency (–0.308) to interact with the smartphone app. An 

aggregated national customer experience index has a positive approach tendency (0.791) and a 

negative avoidance tendency (–0.617) to interact with the app. Standard quality statement and an 

Op up

up
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aggregated national customer experience index have a positive impact on the likelihood to buy, 

with impact estimate scores of 0.647 and 1.295, respectively. 

Table 2 shows that a standard offer has a positive approach tendency (0.283) and a 

negative avoidance tendency (–0.223) to interact with the smartphone app. A personalized offer 

based on the product in the basket has a positive approach tendency (0.566) and a negative 

avoidance tendency (–0.447) to interact with the app. A standard offer and a personalized offer 

based on the product in the basket have positive impacts on the likelihood to buy, with an impact 

estimate score of 0.353 and 0.705, respectively.
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Table 2: 

Test of the impact of variables on approach-avoidance behavior to interact with the smartphone app and likelihood to buy. 

  
Tendency to interact with the smartphone app 

 

  

 
Approach (n=213) 

 
Avoidance (n=206) 

 Likelihood to buy based on information 
from the smartphone app (n=219) 

 
Variables and levels 

 

 
Impact 

estimate 

 
Standard 

error 

 
Importance 

values 

  
Impact 

estimate 

 
Standard 

error 

 
Importance 

values 

  
Impact 

estimate 

 
Standard 

error 

 
Importance 

values 
 
Price 
Fixed price 
Real-time price 

 
 

0.088 
0.176 

 
 

0.120 
0.241 

 
24.487 

  
 

0.036 
0.073 

 
 

0.120 
0.241 

 
22.843 

  
 

0.029 
0.057 

 
 

0.148 
0.296 

 
19.148 

 
Expiry date 
Standard expiry date 
Updated expiry date 

 
 

0.086 
0.171 

 
 

0.120 
0.241 

 
24.290 

  
 

–0.063 
–0.126 

 
 

0.120 
0.241 

 
25.279 

  
 

0.207 
0.413 

 
 

0.148 
0.296 

 
24.415 

 
Quality indicator 
Standard quality 
statement 
Aggregated national 
customer experience 
index  

 
 

0.396 
 

0.791 
 

 
 

0.120 
 

0.241 
 

 
29.566 

  
 

–0.308 
 

–0.617 
 

 
 

0.120 
 

0.241 
 

 
28.689 

  
 

0.647 
 

1.295 
 

 
 

0.148 
 

0.296 
 

 
32.822 

 
Offer 
Standard offer 
Personalized offer 
based on product in 
the basket 

 
 

0.283 
0.566 

 
 

0.120 
0.241 

 
21.188 

  
 

–0.223 
–0.447 

 
 

0.120 
0.241 

 
23.189 

  
 

0.353 
0.705 

 
 

0.148 
0.296 

 
23.123 

 
(Constant) 
 

 
2.553 

 
0.366 

   
3.967 

 
0.366 

   
2.243 

 
0.450 
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Table 3: 

Outcomes of the scenario simulation analysis related to likelihood to buy based on information from the smartphone app. 
    Variables and levels  Outcomes 

Scenarios  Cases  Price Expiry date Quality indicator Offer  Preference 
scores 

Maximum 
utilitya 

Bradley-
Terry-Luceb 

Logitb 

IoT service 
levels 

 A  Real-time 
price 

Updated expiry 
date 

Aggregated 
national customer 
experience index 

Personalized offer 
based on product 
in the basket 

 4.713 59.0% 21.1% 38.0% 

Mixed 
variable 
levels 

 B  Fixed price Updated expiry 
date 

Standard quality 
statement 

Standard offer  3.684 5.7% 15.6% 11.1% 

  C  Real-time 
price 

Standard expiry 
date 

Standard quality 
statement 

Standard offer  3.506 2.2% 14.8% 9.4% 

  D  Fixed price Standard expiry 
date 

Standard quality 
statement 

Personalized offer 
based on product 
in the basket 

 3.830 13.0% 16.3% 14.0% 

  E  Fixed price Standard expiry 
date 

Aggregated 
national customer 
experience index 

Standard offer  4.125 12.8% 17.8% 16.6% 

Traditional 
variable 
levels 

 F  Fixed price Standard expiry 
date 

Standard quality 
statement 

Standard offer  3.478 7.3% 14.5% 11.0% 

a. Including tied simulations 
b. A total of 216 out of 219 subjects are used in the Bradley-Terry-Luce and logit methods because these subjects all have non-negative scores.  
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A scenario simulation related to “likelihood to buy” based on information from the 

smartphone app was devised, whereby all variables were on the IoT service level (Case A), 

variables varied between traditional level and IoT service level (Case B to E), and all variables 

were on the standard static level (Case F). All cases were analyzed in relation to each other. 

Table 3 shows the variables and levels for cases A to F. The output for each case is shown 

according to the preference score along with three preference probability scores: maximum 

utility, Bradley-Terry-Luce, and logit. According to Hair, Black [43], the Bradley-Terry-Luce 

probability and logit probability are the primary methods to analyze the results, as buying 

groceries is a routine choice rather than a sporadic one for grocery shoppers. Maximum utility is 

an optimal measurement for situations involving sporadic choices. We chose to use the logit 

probability for analyzing the defined scenarios. 

According to logit probability, Table 3 shows that Scenario A is the most preferred 

option, where 38.0% of the participants favor a situation with a real-time price, updated expiry 

date, aggregated national customer experience index, and, personalized offers based on the 

product in the basket. Scenario E is second in order of preference, where 16.6% of the 

participants prefer a situation with a fixed price, standard expiry date, aggregated national 

customer experience index, and standard offers. The third scenario is D, where 14.0% of the 

participants prefer fixed price, standard expiry date, standard quality statement, and personalized 

offers based on the product in the basket. The least preferred scenarios are B, F, and C, with logit 

probability scores of 11.1%, 11.0%, and 9.4%, respectively. 

5. Discussion 

5.1 Research Implications 
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The aim of this study was to extend the current literature by investigating consumers’ 

motivation to interact with IoT services from smartphone apps in the grocery retail setting and its 

impact on choice. A conjoint study was performed to investigate the impact of the following IoT 

services “real-time price,” “updated expiry date,” “aggregated national customer experience 

index,” and, “personalized offer based on the product in the basket” relative to standard static 

information given on a smartphone app in the grocery choice situation. The findings show that 

“updated expiry date,” “aggregated national customer experience index,” and a “personalized 

offer based on product in the basket” evoke approach and abate avoidance tendencies to explore 

the smartphone app and simultaneously increase the likelihood to buy. The impact was greater 

for the IoT service levels than for the traditional information levels for these three variables. 

Assumptions for the IoT services expiry date, quality indicators, and offers were supported in 

that they evoke approach and abate an avoidance tendency to interact with IoT services from a 

smartphone app in a grocery retail situation, at a higher degree than traditional information. It 

also simultaneously increased the likelihood to buy more than traditional information. The IoT 

service level “real-time price” had a varied impact on the participant’s approach-avoidance 

tendency to interact with the smartphone app. However, the likelihood to buy based on “real-

time price” was greater than for “fixed price.” The assumption for this IoT service was, 

therefore, partly supported. 

 Previous studies on IoT and consumer impact have focused on the perceived 

value of IoT technology in general [48] and consumers’ purchase intention related to specific 

IoT-related technology such as RFID [10, 49]. The present study extends the current literature by 

investigating the impact of specific IoT services in the retail grocery choice situation. This is the 

first study that investigates the motivating impact of real IoT services in a grocery shopping 
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situation by the use of the approach-avoidance distinction from the Mehrabian and Russell [13] 

model, together with the likelihood to buy. Tooby and Cosmides [50] state that the decision to 

approach or avoid is a fundamentally adaptive decision that organisms have had to make in the 

evolutionary past. Using the Mehrabian and Russell [13] model, similar studies have been 

conducted in order to determine the factors that influence a user’s tendency to approach or avoid 

websites [51], as they can also influence the behavior of users in a manner similar to their 

behavior in a physical setting [52]. As such, the present study has gone a step further, using the 

Mehrabian and Russell [13] framework to determine IoT services that influence the consumer’s 

tendency to approach or avoid with smartphone apps in a grocery choice situation. Moreover, 

approach-avoidance reveals the underlying motivation in this specific situation, and, together 

with measuring the likelihood to buy, based on information from a smartphone app, it 

strengthens the validity of the study. To make valid inferences about the actual behaviors of the 

consumers in a similar situation, it is beneficial to measure approach, avoidance, and likelihood 

to buy. 

Our study broadens the generalizability of the Mehrabian and Russell [13] model and 

finds it applicable to research on IoT services. This conceptual framework inspired numerous 

studies focusing on physical aspects of the in-store environment such as lighting, music, scents, 

friendliness of employees or even fulfillment of organization’s internal goals [14-16, 53-55]. 

This has only been sparsely studied in online environments like online retailing [see i.e., 52]. 

Nonetheless, all these studies focus on static rather than dynamic aspects of retail. Factors like 

store dominant colors in in-store environments or lighting do not change over time as rapidly as 

IoT services, which provide instant feedback and unlimited access to information. Therefore, the 

nature of these services is different from the traditional in-store environment. Nevertheless, we 
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proved the applicability of approach-avoidance model [13] even to such dynamic environmental 

variables. 

Since Mehrabian and Russell’s model [13] focuses exclusively on emotional responses 

[53] and is a somewhat broad concept that we apply for specified and definite conditions in an 

IoT services context, namely to predict the likelihood to buy products depending upon the level 

of given price, expiry date, quality indicators and types of offer, we found that it can be useful 

for reaching more specific retail goals than gross evaluation of environment. In particular, we 

found it suitable for research on salmon promotion and, perhaps, can be extrapolated to the entire 

seafood category. 

Ultimately, our research transgressed temporal boundaries of Mehrabian and Russell’s 

[13] model developed almost half a century ago by fitting it into the upcoming era of IoT 

services. In addition, the approach-avoidance distinction used is a fundamental determinant of 

behavior that encompasses several automatic and non-automatic processes [see 56 for a review]. 

Therefore, as used in this study, we demonstrate that approach-avoidance tendencies related to 

environmental stimuli can be measured without the exclusive reliance on emotional responses. 

We supported studies on IoT services by delivering a new predictor of tendencies to interact with 

digital technologies, namely smartphone apps. 

5.2 Managerial Implications 

 The findings from the scenario simulation in this study demonstrate that IoT services 

such as “updated expiry date,” “aggregated national customer experience index,” and 

“personalized offers based on product in the basket” substantially increase the consumers’ 

likelihood to buy relative to traditional point of purchase stimulus on groceries smartphone apps. 

In addition, Inman and Nikolova [9] argue that product quality information, personalized 
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promotions and just-in-time promotions ought to drive benefits to the consumer. From a 

retailer’s point of view, this is interesting as it helps them decide the kind of variables they 

should include in their IoT solutions. The scenario simulation analysis can be useful for 

managers for the purposes of inventory control. Additionally, IoT-enabled services can help 

manipulate products on display to keep their inventory at optimal levels. At the same time, 

Grewal, Ailawadi [38] discuss that there appears to be a mixture of evidence of the effectiveness 

of one-to-one offers when compared to offers targeted at higher segmentation levels. The present 

study shows that different variable mixes (IoT service and/or standard variable) do also increase 

the likelihood to buy. Hence, retailers may well benefit from providing technological solutions to 

customers that combine IoT services with traditional point of purchase stimulus.  

The IoT service “real-time price” had a varied impact on a participant’s approach-

avoidance tendency to interact with the smartphone app and a relatively low impact on the 

likelihood to buy. We argue that this finding indicates that a real-time price, a dynamic price that 

is updated frequently based on a national price index, does not necessarily increase the perceived 

price fairness from a consumer’s point of view. According to Campbell [57], price fairness is “a 

consumer’s subjective sense of a price as right, just, or legitimate versus wrong, unjust, or 

illegitimate.” In fact, price fluctuations may increase the sense of uncertainty a consumer may 

have as regards the best price [25], which may hinder a purchase rather than stimulate it. Real-

time price is related to the monetary sacrifices in the grocery retail choice situation [9]. Hence, 

grocery retailers need to bear in mind consumer aspects of price fairness and price uncertainty 

while using real-time pricing. 

The present study shows that IoT services updated expiry date, aggregated national 

customer experience index, and personalized offer based on product in the basket creates 
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convenience when shopping for groceries. However, the grocery retailer should consciously 

evaluate to what degree the investment in IoT technology contributes to their competitiveness by 

continuously testing and learning from rapid, small-scale trails and following these data [2]. 

5.3 Limitations and Further Research 

 This study is not without limitations. One limitation is the order effect that occurs when a 

list of variables is presented sequentially [58]. Order effects therefore occurred in the present 

study because it is not reasonable to expect that participants encounter variables in the real world 

in the same order as they did in this conjoint survey. A follow-up study could be conducted to 

arrange the conjoint study in a computer lab, instead of in a lecture room with projectors. The 

order effect could be controlled for a randomized presentation of the stimulus cards. Secondly, 

experimental design may lack external validity due to the artificial situation. Conjoint analysis as 

a technique and method is, nevertheless, regarded as a realistic way to capture consumer 

decisions. However, it should be viewed as primarily explorative in the sense that in its design 

and execution, assumptions and limitations need to be made by the researcher [43]. Moreover, 

reviews of studies on economic choice with real outcomes and hypothetical outcomes have 

shown that methods involving hypothetical choices and those involving real consequences 

usually show similar results qualitatively [59]. However, a future study could aim to develop a 

prototype smartphone app, and conduct an experiment in a physical grocery store. 

 Lastly, the external validity of our research would benefit greatly by extending it to other 

product categories. We focused on salmon and we suggest future studies on other food categories 

like fruits and vegetables or non-perishables to see if the obtained results correspond to ours. 

Furthermore, we also recommend future research focus on different samples. We conducted our 

research on students. Peterson and Merunka [60] suggest that such samples might not even 
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generalize to other student populations. Moreover, even though in-store behavior seems 

relatively homogenous between countries like USA and China, comparisons between developed 

and developing countries are rather scarce in this context and are worth future investigation [61]. 

6. Conclusion 

This is the first study that has examined the impact of real IoT services in a retail grocery 

choice situation. The results suggest that the IoT services related to expiry date, quality 

indicators and offers had a positive impact on tendencies to explore the smartphone app, and 

simultaneously increase the likelihood to buy the product based on the information from the 

smartphone app. Hence, retailers may well benefit from providing shopper-facing technology to 

customers that combine IoT services with standard points of purchase variable. IoT service price 

had, however, a varied impact on the tendency to interact with the smartphone app. From this, 

we conclude that managers should be aware of the consumer’s perspective of price fairness and 

price uncertainty when using IoT service real-time pricing. Further analysis shows that IoT 

services, such as an aggregated national customer experience index and personalized offer based 

on a product in the basket, can be a deal-breaker in a competitive grocery market. The present 

study on shopper-facing technology, IoT service, approach and avoidance, combined with a 

conjoint study, resulted in relevant implications for researchers as well as for practitioners and 

managers. Future research should replicate the methods used in this study and develop them 

accordingly by taking into account and improving the limitations discussed here. 
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Appendix A 
 

Assume that you are going to have a barbecue with your friends. Everybody should contribute, 

and you have been given the task to do some of the grocery shopping. In your shopping list you 

have charcoal, new potatoes, crème fraîche, dill, barbecue spices, and fresh salmon. You are now 

in the grocery store and you are using the store´s smartphone app. On your smartphone screen, 

you can see the products you already have in your shopping chart. You are now in the selection 

process of fresh salmon and the app gives you information regarding your purchase. The first 

purchase situation is an example. 

 

Stimulus card 3: (All pictures in the study were original, but the sample picture in this Appendix 

has been blurred due to copyright issues. The hyperlink “Find out more” indicated that it was 

possible to obtain more information by interacting with the smartphone app. However, since the 

stimuli cards was presented by using a PowerPoint presentation, it was not possible for the 

participants to interact.) 
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1. How much would you like to explore this app? 
Not at all                      Extremely so 

0 
q 

1 
q 

2 
q 

3 
q 

4 
q 

5 
q 

6 
q 

7 
q 

 

2. How much would you like to leave and get away from this app? 

Not at all                      Extremely so 

0 
q 

1 
q 

2 
q 

3 
q 

4 
q 

5 
q 

6 
q 

7 
q 

 

3. Based on the information the app gives, what would  
be the likelihood that you would buy this salmon? 

Not at all 
likely to buy 

                Certainly would 
                        like to  buy 

0 
q 

1 
q 

2 
q 

3 
q 

4 
q 

5 
q 

6 
q 

7 
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Potatoes, Dill, Crème Fresh, Charcoal

Fixed price: EUR 25 per. kg.

Expiry: 5 days – Find out more

A national customer experience index 
shows that users give this product 4.7/5 
stars related to quality  – Find out more

Today’s offer: Toothpaste 30% off – Find 
out more
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Appendix B 
Factorial design used to synthesize stimulus cards. Stimulus cards 9-12 are hold-out cards.  

 Variables and levels 

Stimulus card Price Expiry date Quality indicator Offer 

1 1 2 2 2 
2 2 2 1 1 
3 1 1 2 1 
4 2 1 2 2 
5 2 1 1 2 
6 1 1 1 1 
7 1 2 1 2 
8 2 2 2 1 
9 2 1 1 1 

10 2 1 2 1 
11 1 2 2 1 
12 1 2 1 1 

Note. Antecedent variables and their levels correspond to Table 1. 
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