
 

51 

International Journal of Innovation and Economics Development, vol. 4, issue 6, pp. 51-67, February 2019 

International Journal of Innovation and Economic Development 

ISSN 1849-7020 (Print) 

ISSN 1849-7551 (Online) 

 

URL: http://dx.doi.org/10.18775/ijied.1849-7551-7020.2015.46.2004 
DOI: 10.18775/ijied.1849-7551-7020.2015.46.2004 

Volume 4 
Issue 6 

February, 2019 
Pages 51-67 

 

 

Virtual Reality-Based Product 

Representations in Conjoint Analysis 
 

Jonas Jasper 

 

Institute for Business-to-Busines Marketing, Münster, Germany 

  

Abstract: Innovations are an important factor for companies to build and sustain a 

competitive advantage. Even though companies generate up to 51 % of their income with 

products and services launched less than three years ago, the failure rate of new product 

development is still at around 90 %. One way to reduce the failure rate of innovations is to 

conduct customers’ preference measurements in the early stages of new product 

development processes. However, customers often display a substantial amount of 

uncertainty when having to evaluate highly innovative products as they may not be able to 

grasp its features and functionalities. Therefore, some empirical studies have already 

compared different presentation forms in a conjoint setting. These studies aim to optimize 

preference measurement results by exposing respondents to state-of-the-art product 

descriptions in the new product development process. Based on a quantitative-empirical 

analysis, this thesis contributes to this research vein by integrating virtual reality-based (VR) 

product representations within a conjoint setting for the measurement of preferences in the 

development process of a technically complex innovation. The results of this study point out 

that VR offers the potential for early customer integration within the new product 

development process.1 
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1. Introduction 

Innovations have become one source for companies to sustain a competitive edge and they 

are essential for survival (Chuang 2015; Porter 2011; Backhaus et al. 2014a; Brockhoff 1999; 

Christensen 1997). In times of global competition, a company's ability to introduce new 

products to the market is a decisive factor in maintaining their competitive position, and it is 

crucial to a company's long-term success (Carayannis et al. 2015). A study of the Centre for 

European Economic Research points out that innovative companies made up to 51% of their 

income with products and services launched less than three years ago (Rammer et al. 2014). 

 

Also, the number of innovations across industries is increasing, while the time span over which 

they are launched is shrinking (Carayannis et al. 2015). Companies aim to exploit time 

advantages by launching new products faster than their competitors. Thus, companies start to 

engage in a race to become pioneers when bringing innovations to the market. At the same 

time, the failure rate of new product development can be up to 90 % (Hill et al. 2014). This 

failure rate puts companies under pressure to pursue an efficient product development process 

to remain competitive.  

 

A problem within the new product development process is the division between developers' 

and users' points of view (Daecke 2009). An advantage from a developer's point of view is not 

                                                                 
1 The paper is based on the dissertation thesis of the author.  
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in itself a sufficient condition when it comes to success in product development (Schmidt 2001; 

Ernst 2002). What is important is the customer's2  

Perception of the new product as being useful (Ogawa/Piller 2006). Thus, customers make the 

final decision on the success or failure of a new product or service (Backhaus et al. 2014a; 

Meffert et al. 2012).  

 

But why do so many innovations fail in satisfying customers? An answer to this question is 

found in von Hippel's (1986) framework of sticky information. For the development of 

customer-oriented new products, there are two different types of information that need to be 

aligned. On the one hand, there is a need for information, which refers to what users need. 

On the other hand, there is solution information, which refers to how to build products. The 

quality of the solution in conjunction with the significance of the needs it meets represents the 

value of the innovation (Herstatt/von Hippel 1992). The problem is that need information and 

solution information share two characteristics:  

 

1. First, each has its respective location. By definition, users are in “possession” of the need 

information, since their needs have to be satisfied. On the other side, the “owners” of the 

solution information are the manufacturers and designers. 

2. Second, both types of information are sticky, meaning that it is difficult both to translate 

and to transfer them to the respective other location. In other words, it is difficult fo r 

manufacturers to gather need information from customers, while at the same time 

customers are not motivated and do not have the expertise to understand the solution 

information of the companies (Toubia 2010). 

 

This information transfer issue provides a fundamental challenge for new product 

developments. If companies or manufacturers were able to grasp customer needs in detail and 

with little effort, it would be easy for them to develop a product that fully satisfies these needs. 

By the same token, if customers could become experts in the field of how to find a solution for 

their needs, they would be able to develop new products on their own (Toubia 2010). Due to 

this stickiness, companies pursue a variety of strategies for the sake of gathering relevant 

need information from customers. This latter procedure refers to a customer-oriented new 

product development process (NPD), which is intended to increase market acceptance of new 

products and services (Ernst 2002; Narver et al. 2004; Helm/Steiner 2008; Backhaus et al. 

2014a; Atuahene-Gima 2005). When aiming to make the development process more efficient, 

obtaining input from customers in the early stages of new product development processes has 

proven to be a promising strategy (Griffin/Hauser 1993). A systematic procedure for capturing 

and incorporating customer needs and wants throughout the development of a new product or 

service is thus highly relevant to reduce failure rates on innovations, especially in the context 

of global competition and global markets (Füller/Matzler 2007; Barczak et al. 2009; Kim et al. 

2011). Figuring out customers' preferences has become the “focal point”' (Ye et al. 2007, p. 

1191) for most companies to ensure that their products become successful on the market. 

However, asking customers what they want is not necessarily a strategy that is well-suited to 

eliciting need information. Customers tend to mention needs that are served by corresponding 

products already available on the market (Ulwick 2002; van Kleef et al. 2005). 

 

This problem is particularly challenging when dealing with technical and highly innovative 

products with which customers have no experience (van Kleef et al. 2005). Customers often 

display a substantial amount of uncertainty when having to evaluate these types of product 

(Hoeffler 2003). Highly innovative products require that customers change their behavior to 

adapt to the product (Goldenberg et al. 1999). Therefore, one major difficulty when measuring 

customer preferences results from customers' lack of knowledge about new products. When 

confronted with and asked to state preferences about innovative products, customers may be 

                                                                 
2 Includes potential customers. 
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unable to give credible responses (van den Hende/Schoormans 2012). Reduced stability of 

market research assessment and information with limited validity and accuracy are the result 

(Shocker/Hall 1986; Durgee et al. 1998). When this happens, standard preference 

measurement techniques fail (Hoeffler 2003; van Kleef et al. 2005). Therefore, marketing 

scientists and practitioners have come up with new ideas to optimize preference measurement 

techniques to avoid the above-mentioned problems. 

 

When measuring customer preferences within the new product development process, a vast 

amount of different techniques exist, whereby the conjoint analysis is generally accepted as 

one of the most relevant methods for marketing research (Wittink et al. 1994; Helm et al. 

2004; Steiner 2007). It provides insights into respondents' preferences for product attributes 

and features and thereby lets companies guide the development process in the “right” direction 

at an early stage. The conjoint analysis supports the identification of relevant features a new 

product should have and enables determination of how it is priced. The underlying idea is that 

respondents evaluate the overall desirability of a comprehensive product or concept, instead 

of assessing different attributes and features independently (Hillig 2006; Orme 2006}. Such 

an evaluation is made possible by developing some alternative product concepts (stimuli) that 

consist of previously defined attributes and features (levels) and by having respondents 

evaluate these features jointly (Sichtmann/Stingel 2007). 

 

2. Literature Review 

Research in the field of integrating varying presentation styles in a conjoint analysis started in 

1981, shortly after Green/Srinivasan introduced the conjoint analysis in their well-known 

paper. Since then, the research stream has continued to make progress, and conjoint settings 

have been used in various contexts and with varying presentation styles. One reason for the 

ongoing interest in this research vein is the steady emergence of new options to build more 

advanced ways of stimuli presentation. Dahan/Srinivasan (2000) tested the effectiveness of 

verbal, static and animated virtual prototypes against physical product concepts, to predict 

market shares for bicycle pumps. While verbal stimuli predicted market shares well below 

actual shares, both static and animated virtual prototypes closely matched actual market share 

predictions, which in turn came from physical prototypes. In their paper “The Virtual 

Customer”, Dahan/Hauser (2002) provide empirical insights and an overview of how customers 

can be integrated into each stage of the product development process using six different web-

based interview techniques. The authors reveal that multimedia-propped product concepts 

increase the efficiency and accuracy of the detection of respondents' preferences 

(Dahan/Hauser 2002). In the most recent study conducted by Brusch (2009), textual, 

multimedia and real prototypes of door handle systems are compared in a conjoint setting. 

The author attested that multimedia-based product concepts yield the highest predictive 

validity by exceeding both, real and verbal-based descriptions.  

 

3. Research Goals and Conceptual Foundations 
One promising new path for early customer integration is the use of virtual realities for the 

measurement of preferences in the development process of complex innovations (Backhaus et 

al. 2014a; Söderman 2005; Kim et al. 2011). Virtual Reality (VR) is a technology of virtual 

prototyping (VP), which stands for an easy-to-understand user interface that allows customers 

to explore the functionality of new products and features interactively (Gausemeier et al. 

2001). Virtual reality is a three-dimensional, computer-generated environment that allows 

customers to interact with and to manipulate the product representation in real time. The 

advantage of virtual realities is that they can be developed earlier in the new product 

development process, more quickly and more cost-effectively than actual prototypes 

(Backhaus et al. 2014a; Urban et al. 1997}. Also, virtual representations of highly complex 

products aim to facilitate the transfer of information by presenting the features and benefits 
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of the new product to potential clients via a combination of visualizations, animations, 

illustrations and texts (Gausemeier et al. 2011; Gausemeier et al. 2001). 

 

Since virtual reality allows customers to immerse themselves in the virtual world, a 

considerable amount of realism can be expected (Gausemeier et al. 2001; Ye et al. 2007; 

Backhaus et al. 2014a). Even though previous studies have used multimedia-based stimuli, no 

one so far has exposed respondents to state-of-the-art forms of virtual reality-based product 

concepts that would allow full customer interaction and immersion.  

 

This study has the aim to shed light on this stream of research. To such end, the study at hand 

is guided by the following research question: Can preference measurements for a technical 

and highly innovative product be improved by integrating virtual reality-based product 

representations into a conjoint analysis? 

 

The admittedly generic formulation of this research question intends to ensure that all different 

facets are covered under its umbrella. 

 

3.1 Object of Study 

In line with the research gaps identified above, the study at hand aims to test the usefulness 

of varying presentation styles within a conjoint analysis for a technical and highly innovative 

product. Thus, the product should be in its infancy stage to ensure that customers are not 

familiar with its functions and benefits. Also, it is essential that the product can be described 

by some decision-relevant attributes and levels, which in turn can be represented by using 

different presentation styles (Ernst 2001). Furthermore, the product should contain different 

features, to ensure that the product has diverse utilities to customers. 

 

At the time the study was run, a major German automotive headlight manufacturer had just 

started the development of a new product within the leading edge technology network 

Intelligent Technical Systems OstWestfalenLippe, which covers the requirements. The 

company has an intelligent self-adjusting automotive headlight system in the concept phase, 

which continuously analyzes the environment and relevant vehicle data for independently 

controlling and adapting the optimal headlight settings for the illumination of the street in front 

of the automotive. A similar system is not available on the market and respondents do not 

have experience with it. Furthermore, the system is seen as containing a high degree of 

complexity and is difficult to explain. As the se lf-adjusting headlight system builds on newly 

developed technologies, it is highly innovative and is classified as technical innovation (Zahn 

1995). Finally, automotive headlight systems are represented by different presentation forms 

such as text, pictures, and virtual realities. For the manufacturer, the intelligent self-adjusting 

automotive headlight system is a cost-intensive innovation project involving considerable 

financial risk. Thus, the company has an interest in receiving feedback from a customer 

assessment to steer the development project into the “right” direction at an early point in the 

new product development process (Backhaus et al. 2014a) 

 

3.2 Sample and Data Collection 

Data are collected during one week in Germany at the world's biggest industrial trade fair. A 

total of 367 respondents participated in the study. Of these, two respondents had to be 

eliminated, as they did not complete all three tasks, which left a sample of 365 cases. These 

365 respondents were divided as follows: 128 respondents conducted the assignment with 

verbal stimuli, 126 with pictorial stimuli and 111 respondents are exposed to virtual-based 

stimuli. To achieve a high level of realism with the virtual prototype, respondents sat on a 

force-feedback motion platform, that is, a dynamic driving simulator, as shown in Figure 1, in 

front of a 75''-LCD display, and interactively steered a virtual automotive at night (Backhaus 

et al. 2014a, Backhaus et al. 2014b). 
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Even though the possibility of a sampling error was reduced by randomly assigning 

respondents to groups, the composition of respondents was examined (Schmidt 2001, Stadie 

1998). Otherwise, it is possible that differences between the groups could wrongly be ascribed 

to the presentation style, even if they are the result of differing respondent profiles. Indeed, 

more men than women participated in the study and about half the respondents had an 

academic degree, which should be taken into consideration when interpreting the results. 

Nevertheless, respondents show similar patterns regarding age, gender, educational 

attainment and prior knowledge across the three groups. 

 

 

 

Figure 1: Dynamic Driving Simulator 

 

Source: Heinz Nixdorf Institute Paderborn 

 

Additionally, groups' respective composition are compared concerning different personal 

characteristics, which are used in the second and third part of the empirical study.  Except for 

the analytic cognitive style, the null-hypothesis of equal means cannot be rejected 

(Bowerman/O´Connell 2007; Field 2009). Thus, respondents from the text group tend to be 

slightly more analytical, compared to both other groups. It should be taken into consideration 

when interpreting the results. For all other variables, the composition of respondents across 

the three groups is homogenous. Overall, these findings confirm that the structure of 

respondents across the three presentation styles is similar for all but the analytic cognitive 

style, thereby qualifying the usage of a between-subject design (Schmidt 2001; Stadie 1998). 

 

4. Results 
4.1 Comparison of Validity Measures 

Before examining the validity measures, a comparison is made if conjoint outcomes differ when 

respondents see text, picture or virtual reality-based product concepts in conjoint analysis. 

After all, if no differences are found between outputs of different presentation styles, further 

investigation of the superiority of one presentation style over the others is less promising. 

Hence, part-worth utilities and relative importance weights were compared between the three 

groups using of an ANOVA and subsequently conducted Games-Howell-tests (Field 2009; 

Stadie 1998; Schmidt 2001; deBont 1992}. 
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4.2 Convergent Validity 

4.2.1 Part-Worth Utilities 

As a first indicator for assessing if differences exist between groups, a comparison of each of 

the three groups' respective part-worth utilities follows (Stadie 1998). Respondents' part-

worth utilities are first calculated on an individual basis and then aggregated for each 

respective group (i.e. text, picture, and VR-based stimuli).3 The resulting part-worth utilities 

are shown in Figure 2. 

 

 

 

 

Figure 2: Group Specific Part-Worth Utilities 

 

Source: Own illustration 

 

Overall, part-worth utilities between the groups of text, picture, and virtual reality-based 

stimuli differ slightly. For the first attribute (user interaction), a required interaction for starting 

the self-adjusting automotive headlight system is the least attractive choice across all three 

groups. Respondents exposed to pictorial and verbal stimuli perceive the optional interaction 

as the best one, while respondents from the VR group favor no interaction. This is a remarkable 

finding, as user interaction is the attribute within the virtual reality in which most of the actual 

interaction takes place. In other words, the empirical analysis shows that preference 

measurement using VR-based stimuli differs significantly for the attribute calling for a great 

deal of involvement on a respondent's part. Since one characteristic of a VR is the interactivity 

component, this finding is a first indication that VR-based product concepts do indeed yield 

diverging results. 

                                                                 
3 Some studies such as Steiner (2007) and Stadie (1998) advise standardizing part-worth utilities before the 

aggregation. However, standardization of part-worth utilities is only necessary if their absolute value 

requires interpretation. For the study at hand, the relative size of the part-worth utilities is used, so no 

standardization is required. Moreover, this standardization is only feasible if (1) a parameter estimation  

model other than an OLS – such as a variance-based model – is applied, since the constant term cannot be 

standardized; or (2) if an OLS model without a constant term is calculated. The latter approach, however, 

results in less precise estimation results, because all information is included in the slope of the regression 

line, even though much of the information “belongs” to the constant term. 
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For the attribute adjustment scenario, respondents from the text and picture groups attach 

the least utility to the option in which the automotive needs to stand in front of a wall/garage 

to conduct the headlight adjustment. The second-to-least utility is attached to the option in 

which the adjustment process is to take place on the rear of a car in front. The greatest utility 

has a system that can perform the adjustment on the street in front of the automotive. Even 

though respondents from the VR group also attest the level on the street to have the greatest 

amount of utility, they rate the option on a wall slightly better than on the rear of the preceding 

car.  

 

Concerning the cut-off line, the marginal difference is attested between groups. While 

respondents from the picture group favor the asymmetric z-shape, respondents from the text 

and VR group prefer the L-shape. As the difference between all levels is rather low, this 

indicates that this attribute is of minor importance for respondents' overall decision.  

 

Finally, the price attribute shows the most likely pattern: for all three respondent groups, the 

highest price (EUR 2,500) receives the least utility, followed by the average price (EUR 1,800) 

while the lowest price (EUR 1,100) has the highest utility. 

 

To test for significance, a one-way analysis of variance (ANOVA) followed by post-hoc tests 

are conducted (Field 2009; Bowerman/O´Connell 2007}. Before calculating the one-way 

ANOVA and subsequent post-hoc tests, three underlying assumptions are tested: first of all, 

the samples of experimental units need to be randomly selected and must be independent of 

one another. As shown in the study setup, this prerequisite holds. Secondly, the ANOVA 

requires groups to be distributed normally (Stevens 2007; Bortz 2005; Everitt 1996). The 

Kolmogorow-Smirnow and the Shapiro-Wilk test point out that this assumption is violated 

(Field 2009). Finally, the ANOVA requires equal variances of each group, which can be assessed 

using the Levene-test (Bowerman/O´Connell 2007). According to the Levene-test, the data at 

hand violates the equal variance assumption. As the normal distribution and the equal variance 

assumptions are violated, the Welch-test is conducted as an alternative to the one-way ANOVA 

(Field 2009; Steiner 2007}. 

 

When conducting subsequent multiple group comparisons (i.e. posthoc tests), alpha inflation4 

can be an issue (Field, 2009). Alpha inflation is an increase in the probability of committing a 

Type I error proportionate to the number of group comparisons (i.e. post-hoc tests) performed 

(Field 2009). For instance, when comparing three groups, the probability of a Type I error 

increases from 5 % to 14.3 %5. To avoid alpha inflation, the Bonferroni correction is applied 

(McLaughlin/Sainani 2014; Field 2013; Bowerman/O´Connell 2007}. As two assumptions of 

the ANOVA are violated, the “most powerful” (Field 2009, p. 374) post-hoc test is the Games-

Howell-test, as it not only accounts for alpha inflation, but remains valid even in the event that 

the equal variance assumption is violated and sample sizes are unequal (Games et al. 1981; 

Field 2013).6 Hence these parametric tests are calculated to compare the mean part-worth 

utilities of all three groups.  

                                                                 
4 also referred to as Familywise error rate or Experimentwise error rate (Field 2009). 
5 Type I error when considering alpha inflation for a three group comparison at the 5 %-significance level: 

1 - (1 - .05)3 = 14.3 %. 
6 A robustness check was conducted in which the non-parametric Mann-Whitney-Test and Kolmogorov-

Smirnov-Test were performed (Ernst 2001; Sheskin 2011; Gastwirth et al. 2009). The results indicate that 

respondents from the text-versus-picture-group additionally differ for the level On the street (p  .01). 

Furthermore, for the picture-versus-VR-group, significant differences were attested for the following  

levels: interaction required (p  .05) and Asymmetric Z-shape (p  .1). For the sake of reservation, 

conclusions are based on the more conservative results. 
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The Welch-test indicates that statistical differences between groups can be attested for the 

levels interaction optional and on the rear of a car in front. The subsequently conducted 

Games-Howell-test points out that the text and VR group differ regarding the optional user 

interaction at the .05 level while the picture and VR group differ at the 1 %-significance level. 

Furthermore, for the variable on the rear of a car in front, the null hypothesis that the picture 

and VR group are the same can be rejected in favor of the alternative hypothesis that means 

differ between both groups at the .1 significance level. One possible explanation is that 

respondents with virtual reality-based stimuli were able to see that the traffic ahead can 

actually be disturbed and therefore attach less utility to this feature. Overall, groups diverge 

across the above mentioned part-worth utilities, while no difference is attested between the 

text and picture group. 

 

4.2.2 Relative Importance 

A second indicator for testing convergent validity is to compare the relative importance weights 

between groups (Stadie 1998; Schmidt 2001}. Figure 3 depicts the average relative 

importance across the three groups. While respondents from the text and picture group have 

a similar focus, the emphasis respondents from the VR group place on these attributes 

deviates. More specifically, the user interaction attribute has almost the same relative 

importance for respondents of the text (42.22 %) and picture (41.72 %) group. However, the 

group of respondents exposed to VR-stimuli perceived the attribute as less important (29.83 

%). The VR group, in turn, placed greater importance on the adjustment scenario: 37.65 % 

as compared to 20.14 % and 24.96 % for the text and picture group, respectively. As indicated 

above, the cut-off line attribute has uniform relative importance across all groups, ranging 

from 12.37 % for the text group to 13.45 % for the picture group, and up to 15.77 % for the 

VR group. Finally, the price attribute has the least relative importance for the VR group, at 

16.75 % compared to 19.86 % for the picture group and 25.27 % for the text group. The 

statistical significance was evaluated using ANOVA and subsequent post-hoc tests (Field 2009). 

The output of the significance levels of the group comparisons depicts Table 1.  

 

 

 

Figure 3: Relative Attribute Importance across Groups 

 

Source: own illustration 
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Table 1: Significance Levels for Mean Comparison of the Relative Importances  

 

 

 

Source: Own illustration 

 

In conjunction with the findings in Figure 3, the user interaction attribute differs significantly 

between the text and the VR group (p  .01) and between the picture and the VR group (p  

.01). No significant differences were found between the text and picture group, as already 

shown in Figure 3. For the adjustment scenario, the text and the picture group differ at the 5 

%-significance levels, while the VR group differs from both other groups even at the 1 %-

significance level. For the relative importance of the cut-off line, no significant differences are 

attested between groups. Finally, respondents perceived the price} attribute differently 

between respondents from the text and picture group (p  .05) and between text and VR group 

(p  .01). No significant deviations in the relative importance of the price attribute are detected 

between the picture and the VR group. Overall, these results indicate that the three groups do 

indeed diverge concerning the relative importance of the attributes. In other words, when 

exposing respondents in a conjoint setting to different product presentation forms, the relative 

importance they assign to each of these attributes varies.  

 

4.3 Internal Validity 

To address the question of which presentation style is superior, the coefficient of determination 

(adjusted R2) was used as a first criterion (Backhaus et al. 2011; Bowerman/O´Connell 2007). 

As an additional goodness-of-fit measure, the correlations between empirical input data and 

estimated preference data across the three different groups (i.e. text, picture and VR) are 

compared. As data for this study are on an interval scale and are converted into ordinal scales, 

all three correlation coefficients, namely Pearson R, Spearman's rank correlation and Kendall's 

Tau, can be estimated (Brusch 2009; Backhaus et al. 2011; Steiner 2007}. Table 2 depicts 

the output. 

 

Table 2: Internal Validity across Groups 

 

 
 

Source: own illustration 

 

First of all, the adjusted R2 is reasonably high, which means that respondents' answering 

behavior can overall be regarded as consistent (Bowerman/O´Connell 2007). Secondly, 

respondents exposed to textual stimuli have the lowest fit, where .74 of the total variation is 

explained by the estimated OLS model. For respondents exposed to pictorial stimuli, the 

adjusted R2  rises to almost .78. Finally, for respondents whose product explanations are based 

on virtual reality, the adjusted R2  is over .81. Thus, the internal validity increases from text to 

picture and peaks with virtual reality-based product concepts. The standard error decreases, 
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meaning that the variation across respondents is lower and the answering behavior is more 

consistent. 

 

As shown in Table 2 adjusted R2 between the text and the VR group differs at the .1 significance 

level only. Furthermore, the correlation coefficients across all groups are also reasonably high, 

meaning that respondents from all three groups show high consistencies in their answering 

behavior. However, no significant differences are attested between all three groups between 

Pearson, Spearman and Kendall's Tau. Hence, based on internal validity, only weak statements 

are made as to which presentation style (i.e. text, picture or VR) leads to superior results since 

no significant differences are attested to all but the adjusted R2 between the text and VR group. 

 

4.4. Predictive Validity 

One goal of preference measurements and conjoint studies in the narrow sense is to predict 

actual decisions respondents would make in a real-life decision task (Dahan/Srinivasan 2000). 

Therefore, predictive validity is tested across the three groups of presentation styles (Ernst 

2001). As three hold-out cards are included in this study, it was possible to estimate the first-

choice hit rate as well as the first-second-choice hit rate (Steiner 2007). Table 3 exhibits the 

results across all three respondent groups. 

 

 

Table 3: Predictive Validity across Groups 

 

 

 

Source: own illustration 

 

While the first-choice hit rate is only slightly better for the VR-group, the first-second-choice 

hit rate can predict actual decision behavior of the VR group better than in the text group by 

7.36 percentage points. In comparison to respondents from the picture group, actual decisions 

of the VR group can be predicted even better, by 10.47 percentage points. A chi-square test 

was performed to test if the three groups differ at a significant level (Cerjak et al. 2010}. As 

shown in Table 3, the picture and VR group differ significantly concerning the first-second-

choice hit rate (p  .05). This result indicates that the conjoint study with embedded virtual 

realities as stimuli is slightly better in predicting actual decision behavior of respondents 

compared to a picture enriched conjoint setting. 

 

4.5 Applicability Measures 

The experience a respondent has of his or her interview (i.e. applicability measures) is 

assessed as an additional validity criterion, as respondents' perceived interview experience 

provides additional insights into the question of which presentation format leads to the higher 

validity and thereby to better preference measurement results. Table  4 depicts the average 

value of respondents' answers for all applicability measures and the respective significance 

levels. 

 

First, as shown in Table 4, respondents exposed to virtual reality-based stimuli were 

significantly more satisfied with the amount of information provided as product description, 

compared to respondents shown text or picture-based stimuli (p  .01). 
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Table 4: Applicability Measures across Groups 

 

 
 

Source: own illustration 

 

Second, the VR group assessed the degree of realism significantly higher than either of the 

other groups (p  .01). These findings emphasize that the degree of realism increases towards 

the more realistic end of presentation form alternatives. However, scholars have different 

opinions regarding the question of whether or not a high degree of realism within a conjoint 

study is favorable or not: while Srinivasan et al. (1997) advocate a high degree of realism to 

get more viable conjoint results, Schrage (1993) and Appleyard (1977) state that highly 

realistic product presentations can be too difficult to comprehend. 

 

To test this question, respondents' decision difficulty is retrieved as a third applicability 

measure. As can be seen, the perceived decision difficulty of the VR group is significantly lower 

than for respondents of the text (p  .01) and picture groups (p  .1). This finding contradicts 

the conclusion drawn by Cerjak et al. (2010) and Jaeger et al. (2001), that respondents 

experience the same degree of difficulty when exposed to different presentation styles. It also 

refutes Ernst (2001), who states that the degree of difficulty is higher, the more enriched 

presentation formats become.  

 

Spiegler (2011); Hoeffler/Ariely (1999) point out that respondents who feel uncertain about 

their decisions or are overwhelmed by the evaluation task are likely to apply simple decision 

rules instead of profound trade-off decisions, which in turn can result in less precise preference 

measurements. As can be seen from Table 4, respondents of the VR group show a significantly 

higher degree of certainty in their decision of placing the different product concepts in the 

conjoint task than the text group (p  .1) and the picture group (p  .1). Contrary, the text 

and picture groups almost experienced the same degree of certainty. This finding partially 

stands in contrast to the results found by Jaeger et al. (2001), who could not attest any 

significant differences between groups of presentation styles. 

 

Toubia et al. (2012, p. 138) point out that “one key limitation of preference measurement 

methods such as conjoint analysis is the potential lack of motivation experienced by 

respondents”. To avoid lack of motivation, conjoint tasks should be enjoyable and diverse 

(Helm et al. 2003; Cerjak et al. 2010; Steiner 2007). As shown in Table 4, groups do indeed 

differ, even at the 1 %-significance level. The same conclusion is drawn for the picture and VR 

groups (p  .01). Similarly, respondents from the VR group perceived the conjoint task as 

more diverse than the text group (p  .01) and the picture group (p  .01). However, for both 

measures, no differences can be attested between the text and picture groups. It can be 

concluded that when respondents are exposed to virtual reality-based product concepts, they 

have more fun and perceive the task as more diverse. It is an important finding, as marketing 
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scholars have tried to increase respondents' level of enjoyment during a conjoint task in order 

to optimize preference measurement results (Toubia 2012). 

 

Respondents' enjoyment can be affected negatively, though, if the time it takes to conduct the 

conjoint task is perceived as being too long (Ernst 2001; Day 1975; McDaniel et al. 1985}. To 

account for this, the objective interview time it took respondents to conduct the conjoint task 

is compared to the perceived interview time. As shown in Table 4, the actual time it took for 

the text group to complete the conjoint task was 419 seconds. The picture group completed 

the task in 451 seconds, and the conjoint task took respondents of the VR group an average 

of 713 seconds to complete. The mean7 difference between the VR group and the text group 

on the one hand, and VR group and the picture group, on the other hand, is significant at the 

1 %-significance level. This finding is not surprising, as watching a virtual reality product 

concept (i.e. the automotive headlight adjustment process) already takes some time. 

 

What is indeed surprising, however, is what happens when additionally taking into 

consideration the perceived interview length across groups: the results indicate that the group 

presented with virtual reality-based product concepts perceived the interview as being 

significantly shorter than the group that had only textual descriptions (p  .1). In other words, 

even though it objectively took respondents of the VR group 70 % longer to conduct the 

conjoint task than respondents from the text group, they perceived the task as being 

significantly shorter. The only aspect for which no significant differences are found across the 

three groups was the amount respondents would need to be paid in order to take part in a 

similar study in the future again. 

 

4. Discussion and Implications for Further 

Research 
This study aims to compare the effect on preference measurement results in a conjoint analysis 

and validity criteria for respondents exposed to text, picture , and virtual reality-based 

presentation styles.  

 

First of all, the comparison of part-worth utilities across all three groups attests that for two 

part-worth utilities, significant differences exist between the text and VR and between the 

picture and VR groups. 

 

Secondly, comparing the relative importance weights that respondents attach to each attribute 

emphasizes that respondents in each group focus on different attributes. While the text and 

picture group and the picture and VR group differ for two out of four attributes, the text and 

VR group differ significantly for three out of four product attributes. It is interesting to note 

that the relative importance of the price decreases as the presentation form moves towards 

the more realistic end of the continuum. The price attribute becomes less important when 

moving from text to picture and from picture to VR-based presentation forms. One possible 

interpretation of this tendency is that respondents from the text group had no clear 

understanding of the product and its features. Instead, when ranking different cards, they 

relied on price as the decisive factor, as – in contrast to all other attributes – a lower price is 

better than a higher price, due to its interval scale (Stevens 1946). By contrast, groups that 

had a picture or a virtual reality as their information source were better able to capture the 

functionality of the other attributes and relied less on price. An ordinary least square regression 

is conducted between the relative importance of the price attribute and respondents' product 

                                                                 
7 A robustness-check is conducted, where median instead of average values of the actual interview times 

are compared to avoid that extreme outliers falsify the effect. The same results were found, thereby 

supporting the conclusion as stated in the text. 
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understanding, with product understanding8, as the independent and relative importance of 

the price as the dependent variable. The resulting beta-coefficient is negative (𝛽 = -.18) and 

significant at the 1 %-level, which supports the conjecture that the relative importance of price 

decreases as respondents' understanding of the product increases. 

 

Shedding light on the question of which presentation style leads to superior results was 

subsequently looked at. This is accomplished by comparing results between groups concerning 

internal validity, predictive validity and different applicability measures. In particular, the 

adjusted R2 for respondents of the VR group is higher than for the text group. However, no 

significant differences are found regarding the additionally tested correlation coefficients, such 

as Pearson, Spearman and Kendall's Tau. Thus, based on internal validity, only weak 

conclusions can be drawn as to which presentation style shows outperforming results, a finding 

also made by previous researchers. The same line of argumentation holds for predictive validity 

between groups. Here, significant differences are only attested between the picture and the 

VR group concerning to the first-second-choice hit rate, where the VR group outperformed 

respondents from the picture group. 

 

Finally, additional applicability measures were assessed to find an answer to the second 

research question. As depicted in Table 4, the VR group showed significantly better results for 

eight out of nine applicability measures than the text group and six out of nine than the picture 

group. For instance, not only did respondents from this group perceive the presented stimuli 

as more realistic; they also were certain of themselves when making their decisions than 

respondents from either of the other groups. Furthermore, they had fewer difficulties in ranking 

the product concepts, and they enjoyed the conjoint task more than respondents from the text 

and picture group. Finally, even though it took respondents from the VR group longer to 

conduct the conjoint task, they perceived it as less time-consuming than either of the other 

groups did. These findings for the applicability measures indicate that conjoint results with 

embedded virtual realities outperform both of the other presentation forms for this context. At 

the same time, no differences are attested between respondents from the text and picture 

group. 

 

4.1 Limitations  

Notwithstanding these findings, this study faces some limitations. For instance, only text, 

picture, and virtual reality-based product concepts are compared. However, adding physical 

prototypes could improve the results, as respondents' actual decision are consulted as a 

measure of comparison (Dahan/Srinivasan 2000). As the object of study was in its infancy 

stage, no physical prototype was available, which excluded the feasibility of adding physical 

prototypes. Also, this study was limited in measuring the effect of varying presentation styles 

on the validity of conjoint results only. However, as shown above, before deciding in favor of 

or against a certain presentation style, an analysis should be conducted as to how respondents' 

product understanding is influenced when exposing them to different presentation forms. A 

final limitation is that this study implicitly assumes that respondents are all equal in their 

capabilities to process information presented in different modalities. However, the cognitive 

theory of multimedia learning (CTML) points out that individuals differ in their abilities to 

process verbal, visual and VR-based information (Mayer 2005; Paivio 2013). While some 

individuals are better able to deal with textual descriptions, others are more proficient at 

dealing with visual information elements. These limitations should be taken into consideration 

in further research. 

 

 

                                                                 
8 Product understanding is measured by multi-item scales and verified by commonly used criteria  

(Bergkvist/Rossiter 2007). 
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