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Abstract

:

Climate change is one of the biggest challenges of this century. To contain its effects, the way we act would have to change significantly. Especially in the building sector, much progress can be made. Attempts have been made to stimulate sustainable behavior in the industry, for example, by implementing sustainable building measures in construction designs. However, adoption rates of these measures are low and behavioral change among building professionals is needed. Knowing why building professionals hold back in their use of these measures could support this behavioral change. This knowledge could, for example, inform energy policies or organizational strategies. That is why this study utilized the technology acceptance model and presents psychological factors as barriers to innovative sustainable building measure adoption in an organizational context. A survey among building professionals involved in real estate development (n = 109) was used to explore how conservatism within the building industry hinders adopting the building measures. To represent conservatism, we selected two cognitive biases that can be interpreted as a manifestation of status quo bias and confirmation bias, both fueled by information hassle (a micro-stressor caused by complex information). The effects of these variables on the adoption of sustainable building measures were tested using structural equation modeling, a methodology suitable for testing complex models and commonly used in behavioral research. Survey data indicate that conservatism is an essential barrier for building professionals to adopt sustainable building measures and that it increases when knowledge is low and information is complex. Based on these findings, we argue that policies and organizational strategies that attack these psychological barriers could promote the adoption of innovative sustainable building measures within the building sector.
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1. Introduction


Global greenhouse gas emissions doubled between 1970 and 2012 [1]. Due to this, climate change is a top priority in political agendas. Around thirty percent of the global energy consumption and CO2 emission has its source in the building sector [2,3]. This has caused the European Union to indicate this sector as one of three key sectors to address climate change challenges [4]. The main goal of the EU is to include buildings in a circular economy [5,6]. This could be stimulated by integrating sustainable building measures (SBMs), technologies that increase energy efficiency, into building designs. Still, many building professionals, such as real estate developers, show resistance to innovation and exhibit conservative behavior [7,8,9].



Many scholars have identified functional barriers to the adoption of SBMs. These barriers include financial considerations, technical impediments, a split incentive between clients and organizations, regulatory complexity, and a lack of guidelines [10,11]. Less attention has been paid to psychological barriers, although these are identified as hindering sustainable behavior [12,13,14]. Research on psychological barriers to sustainable behavior, however, tends to focus on the individual consumer. Empirical research on the effect of psychological factors on organizational decision making in the building sector is lacking. This paper intends to address this knowledge gap.



More specifically, we want to know the extent to which conservatism among building professionals slows down the adoption of SBMs. The building sector is widely known for its conservative behavior [15]. In this paper, we follow the definition of conservatism as defined by Cohen [16]. This is the belief that it is beneficial to remain in the current state, even when more—or similar—value from change is obtained [16].



Attempting to do so, we look at the role of status quo bias, the tendency to stay in the current situation, and confirmation bias, an inclination to interpret information in support of current beliefs. The research argues that status quo bias represents conservatism because the tendency to stay in the current situation is in line with Cohen’s definition of conservatism [17]. Following this definition, conservative-oriented professionals would always be inclined to favor the old over the new, which is the exact rationale behind the status quo bias. Similarly, confirmation bias can be interpreted as a manifestation of conservatism. If the old is consistently favored over the new, regardless of the benefits of innovations, information cannot be sufficiently convincing to induce change.



Additionally, de Vries, Rietkerk, and Kooger [12] recently studied hassle perceptions. They argue that hassle can negatively impact homeowners’ sustainable behavior [12]. Presumably, the hassle could impact the building sector on a larger scale. Hassle is a micro-stressor and relates to minor irritations that people experience daily [18]. For instance, when a rented-out house has to be renovated, the tenants could perceive hassle from the construction work going on around them.



On the other hand, building professionals could experience hassle trying to convince stakeholders to invest in innovative, but possibly risky, projects. It seems that this is often avoided because it is easier to sell a simple, risk-free project. People most likely make decisions based on their feelings instead of behaving rationally due to hassle, leading them to be biased. Because of this, this research will focus on hassle as well as bias.



This paper contributes to science in three ways. First, it investigates psychological barriers to SBM adoption. Instead of focusing on functional barriers, as do many of the previous studies into sustainable building, we attempt to illustrate the importance of behavioral considerations. By studying status quo and confirmation bias, the role of conservatism in SBM adoption in the building sector is assessed. Moreover, hassle is relatively new as a topic of research. By studying hassle, an effort is made to better understand the drivers of status quo and confirmation bias.



Second, by conducting this research within an organizational context, this study aims to gain insights into the difference between the sustainable decision making of organizations and consumers. Previous research on psychological factors that influence sustainable decision making has focused primarily on consumers. By targeting real estate developers, this study is carried out within an organizational context. As such, it develops an insight into the manifestation of bias and hassle within organizations.



Third, this study investigates the adoption of SBMs in the context of the technology acceptance model (TAM). This is a model that is commonly used to assess innovation adoption decisions. However, it does not take into account cognitive considerations [19]. By extending it with conservatism, which is represented by cognitive bias, an attempt is made to improve the predictive power of the TAM.




2. Theory and Hypotheses


This paper aims to define the impact that bias and hassle have on the adoption of SBMs in the building industry. Therefore, it is necessary to understand real estate developers’ decision-making processes, driving adoption behavior. A commonly used model, developed to obtain a better understanding of innovation adoption, is the technology acceptance model (TAM). This model was developed by Davis [20] to predict behavioral intent (BI) to use innovative technologies, which means that people express the goal to adopt these technologies and use them. Moreover, he based TAM on the Fishbein model, another commonly used model to explain behavior. This model assumed intent to be closely related to, and predict, actual adoption behavior [21]. Attempting to predict BI, Davis [20] includes two preceding variables in the TAM. These are perceived usefulness (PU), which is the subjective convenience of the technology in the user’s eyes, and perceived ease of use (PEU), which is the subjective level of complexity as perceived by the user. According to the author, these two perceptions are the most important predictors of BI [20].



However, since 1986, much research has been carried out studying factors that could improve the TAM’s predictive power. Over time, many have been added to the model. With a meta-analysis of 88 studies, King and He [19] identified four categories of factors that increase the TAM’s predictive power. They presented several examples of factors derived from several prior studies [22,23,24]. Example factors that affect PU and PEU are situational involvement, which is one’s interest in a specific situation, and self-efficacy, which is one’s belief in one’s ability to use the technology. Second, external factors from other theories influence BI directly and complement the model. Examples are the subjective norm (the external social pressure someone experiences) and the expectation people have of the technology.



Furthermore, personal and contextual factors can have moderating effects. Examples are gender, culture, and technology characteristics. Finally, consequent factors such as attitude and usage are discussed [19]. The focus here lies in the factors preceding PU and PEU and the external factors that directly influence innovation adoption. Many of the examples that King and He [19] present are examples of psychological factors. Therefore, it seems that many researchers agree on the crucial role of psychology in innovation adoption.



However, while there is agreement on the importance of including psychological factors, no attempts have been made to study the influence of conservatism or cognitive bias and hassle in general. Nonetheless, conservatism seems to be inherently related to acceptance of change, and thus innovation. For this reason, this paper takes on a different perspective by exploring if status quo and confirmation biases influence innovation adoption. It does so by exploring whether these biases directly influence the intent of professionals to adopt new technologies. Apart from this direct influence, it is interesting to explore whether these biases influence the image that professionals have of these technologies. Therefore, this study explores whether they believe these technologies to be less useful in their profession than they are and whether this impacts the decision to adopt innovation. Additionally, perceptions of hassle will be explored as a possible underlying cause of these biases to understand better how this barrier to innovation adoption emerges.



Hypotheses


The definition of conservatism as presented by Cohen [16] resonated with the definition of status quo bias, as they both entail a desire to remain in the current situation despite the possible benefits of change. While this seems less instantly evident in the case of confirmation bias, this is assumed to be a manifestation of conservatism. According to its definition, conservatism disregards the possible benefits of change; information will presumably be used to reinforce the already existing beliefs of a conservative actor. Because of this, status quo bias and confirmation bias are assumed to reasonably represent conservatism.



Status quo bias. Status quo bias, the tendency to remain in the current situation, has often been discussed as a negative influence on innovation adoption and behavioral change [13,14,25]. This bias explains that potential adopters tend to resist change, even when the choice to change would be beneficial [14,25,26]. Decision makers tend to retain the status quo when newer alternatives are presented [27]. Kim and Kankanhalli [28] presented various underlying grounds as a cause of status quo bias. These are rational decision-making factors such as financial benefits, cognitive misperceptions such as loss aversion, and psychological commitment such as sunk costs and feelings of control. They found initial indications that some of these underlying grounds could influence innovation adoption [28].



In this paper, it is assumed that a tendency to remain in the current situation naturally reduces the desire to adopt newer technologies. The building sector can be seen as a conservative one. Many organizations are only interested in developing standard housing projects using conventional methods, as they feel confident that these will sell [11,29]. Therefore, it can be argued that developers miss out on innovation opportunities because of this tendency towards conventional methods. Presumably, they do not adopt innovative SBMs, which could add real value, because they believe it is better to remain in the current situation. For instance, this could be because of the large amount of time and effort spent familiarizing themselves with conventional technologies, creating perceptions of sunk costs. As the building industry changes slowly, professionals spend more time using conventional technologies, which reinforces this effect. This could cause people to reject innovation. It can even be argued that status quo bias leads potential adopters to see innovation as less valuable. This is because as they are biased towards the status quo, innovation seems less useful relative to this status quo. Therefore, two hypotheses are formulated.



H1. 

Status quo bias negatively affects behavioral intent.





H2. 

Status quo bias negatively affects behavioral intent through perceived usefulness as a mediating variable.





Confirmation bias. According to Nickerson [30], confirmation bias causes potential adopters to only accept or consider evidence supporting beliefs they already had. Thus, it can be explained as the confirmation of prior existing beliefs, which supports conservatism, similar to status quo bias. However, we define status quo bias as the actual tendency to remain in the current situation. On the other hand, confirmation bias describes how processing information upholds this tendency to remain in the current situation. This often happens unconsciously, even if someone has nothing to gain personally from proving a claim valid [30]. It seems that the perception of information is affected by prior beliefs and the problem perception, and the duration of the information search [31]. It follows that confirmation bias could cause potential adopters to process information about innovative technologies in a way that supports their existing beliefs.



It can be argued that sustainable certification can be essential to organizations because the aim is obtaining a certificate; sustainable innovation is not a goal in itself. Therefore, developers will not perceive innovation as a solution but will only search for information that meets a specific goal that they already have in mind. It can be argued that this misalignment in the perception of goals stands in the way of innovation. Additionally, it is possible that real estate developers only process the negative information of an innovation that they come across. Many developers only see the fact that radical innovation has no proven track record. This causes them to reject it, as it cannot be used for certification, and stick to their habitual routines. However, they neglect the possible positive outcomes that could provide even better results.



Additionally, Whitmarsh [32] argued for the role of confirmation bias in the perception of climate issues. It seems that presenting people with information about climate change is not at all sufficient to change their beliefs [32]. This could explain why the environmental change in the building sector, a typical conservative sector, tends to be slow. This is concurrent with Nickerson’s [30] ideas, which state that if decision makers had taken a stance early in the process of innovation, they would process all future information to coincide with this stance. This would reinforce the effects of confirmation bias, creating a mental cycle that is difficult to break from. Due to this, it seems reasonable to assume that confirmation bias would reduce the intent to adopt innovation. Additionally, in the case that only negative information about innovation is processed, potential adopters would presumably perceive the innovation as less useful. To confirm whether confirmation bias indeed influences innovation adoption, two additional hypotheses are developed.



H3. 

Confirmation bias negatively affects behavioral intent.





H4. 

Confirmation bias negatively affects behavioral intent through perceived usefulness as a mediating variable.





Complex information hassle. We also investigate the role of information hassle as an intensifier of conservatism because complex information processing, due to fatigue, stress, or information overload, increases cognitive biases [33]. Stated differently, when real estate developers find information on SBMs complex, they are unwilling to explore new measures but stick to their old behavior. This could be because they do not understand the information they are reading, leading them not to understand these technologies’ benefits. For instance, a lack of knowledge and understanding of innovative technology can lead potential adopters to perceive information as complex [8,12,34]. Information can be too technical or detailed for potential adopters that are less knowledgeable [12]. This can be caused by a lack of awareness, which causes potential adopters to have a knowledge deficiency due to a lack of experience with the innovation [34].



Additionally, information can be perceived as complex due to specific language and terminology paired with innovation [8]. All of these factors can increase the perceived complexity of information. In its turn, the complexity of information can lead potential adopters to experience hassle while processing or searching for this information [12]. This perception of hassle is most likely due to limits on the mental capacity of potential adopters [26]. This can be reinforced by an overload of information, diluting potential adopters’ judgment [26,35,36].



On the other hand, it could be the case that they neglect to read this information altogether, which would have the same effect. Hassle is relatively new as a research topic in the field of innovation. Kanner, Coyne, Schaefer, and Lazarus [18] explain hassle as a micro-stressor, leading to significant stress accumulation. A natural reaction is to avoid this stress source, as people tend to feel uncomfortable in a state of stress [37]. For this reason, if the source of the stress is complex information, it can be reasonably assumed that the search for this information and the processing of it will be avoided. However, this will have consequences for the innovation process. If information about the innovation is avoided, the status quo will tend to seem a favorable option. In this case, it would seem wise to the developer not to invest in a technology he does not know, even though this is caused by his hassle perceptions and, eventually, neglect.



Additionally, the avoidance of information is one of confirmation bias characteristics [30]. Thus, it is argued that the perception of hassle due to complex information intensifies status quo and confirmation bias. Therefore, two hypotheses are formulated.



H5. 

Complex information hassle intensifies status quo bias.





H6. 

Complex information hassle intensifies confirmation bias.





Company size. Finally, this study intends to explore psychological factors in an organizational context. Company size is studied as a factor influencing the level of bias and hassle that professionals experience. Company size can be linked to the structural inertia, corporate social responsibility, and innovativeness of an organization [38,39,40]. Additionally, large organizations tend to be better at knowledge retention and transfer than SMEs [41]. Due to this, many different insights can be developed based on this variable while keeping the model to be tested relatively simple.



Furthermore, because Sedera’s [41] study indicates that larger organizations tend to perform better in knowledge management than SMEs, we hypothesize that larger organizations are less impacted by complex information hassle. This is based upon the assumption that complex information hassle is fueled by a lack of knowledge. Assuming that this lack of knowledge is also causing higher levels of status quo and confirmation bias, we hypothesize that larger companies are less impacted by these biases. Three final hypotheses are formulated to assess whether a company’s size influences professionals’ psychological barriers.



H7. 

Company size diminishes complex information hassle.





H8. 

Company size diminishes status quo bias.





H9. 

Company size diminishes confirmation bias.





This paper considers three factors that could affect innovation adoption and extend the TAM: status quo bias, confirmation bias, and complex information hassle. The conceptual framework that this research is based upon can be observed in Figure 1.



Furthermore, this study examines the effects of status quo bias and confirmation bias on the decision to adopt innovative SBMs. Both biases are modeled to negatively influence BI directly, as well as through PU as a mediating variable.



Next, we explored the role of hassle perceptions as an intensifier of both biases. Complex information hassle is hypothesized to partly cause status quo bias and confirmation bias. This would indicate that it indirectly influences innovation adoption. Due to this, it is modeled as an antecedent of status quo bias and confirmation bias.



Finally, the hypothesized diminishing effect of company size on status quo bias, confirmation bias, and complex information hassle is explored.





3. Methodology


3.1. Data and Research Setting


The hypothesized model was assessed with online survey research. To reach the target audience, we distributed this survey among professionals in the Dutch building sector in March 2020, using LinkedIn as a platform to select and contact relevant respondents. Due to this specific target audience, the population of possible respondents was limited and it was challenging to find participants. Under the assumption that this would lead to a higher response, the survey was developed in Dutch. Based on their job description, we developed a list of 800 real estate developers and developing contractors, which we targeted using direct LinkedIn messages. In total, 109 respondents completed the survey. These respondents were employed by various firms in the Dutch building sector, such as real estate development firms, developing contractors, and large construction firms engaging in real estate development. This is equivalent to a response rate of 13.63%, which is typical for online survey research [42]. The sample size of 109 respondents is deemed to be sufficient to observe a significant result. Structural equation modeling (SEM) was used in this study, which usually requires large sample sizes. However, this is dependent on the number of variables in the model to be tested. As a rule of thumb, ten participants are needed per variable [43,44]. As this model consists of seven variables, the sample size suffices. This sample consisted of project developers, sustainability consultants, commercial managers, project managers, investment managers, directors, and partners, all of whom are involved in developing real estate projects. Of these respondents, 77% had the authority to decide about implementing innovative technologies in building designs. It can thus be concluded that the sample includes a significant number of decision makers within the building industry, which makes it very suitable for a study on SBM adoption behavior.



The survey consisted of four parts. First of all, the research was introduced to the respondents. They were presented with the research topic and the target audience. It was explained that some of the questions asked could seem unrelated to their professional activities but are essential for the study. Furthermore, they could read that all of their answers would be anonymized. After reading this introduction, they were given information about an organization and a specific SBM that they develop, which would be used as an example throughout the survey. Smart façade technology was introduced briefly, and they were presented with the possible benefits of this technology. After this, the section with questions commenced. The original survey consisted of more questions than used in this study. However, the questions included in this paper are the only ones that fall within this research scope. The second part of the survey consisted of questions regarding the demographics of the respondents. This was carried out to perform a check to verify whether the sample is representative of the target audience. The third part was composed of questions directly relating to the professional activities of the respondents. This part aimed to measure SBM adoption behavior. The respondents were supposed to answer these questions based on their initial perceptions of the smart façade technology. Finally, the fourth part consisted of questions attempting to measure the respondents’ level of bias and hassle. The concepts used in this study are operationalized in Section 3.2, Section 3.3 and Section 3.4. The questionnaire is included in Appendix A.




3.2. Dependent Variable: Behavioral Intent


Behavioral intent (BI) is used in the TAM to assess actual behavior and adoption of innovation and is generally accepted as a good indicator in adoption literature [20]. This variable is measured by three items, which can be found in Appendix A, taken from a study by Sääksjärvi and Morel [45], in which a scale was developed to measure consumer doubt towards new products (e.g., “How interesting do you think the smart façade technology of this company is”; 1 = very uninteresting to 5 = very interesting; α = 0.69). The three items were used as a measurement scale for purchase intention, for which they found an internal consistency of 0.70 to 0.90 in all samples. They based this on research by Holak and Lemund [46] and Ostlund [47], in which purchase intention is used as an operationalization of innovation adoption [45]. For this reason, it seems an excellent scale to use for measuring BI, the intent to adopt innovation.




3.3. Independent Variables


Complex information hassle. Respondents’ hassle perception due to complex information is added as an independent variable to the conceptual framework. This is measured by five items that were developed for this study, which can be found in Appendix A (e.g., “I perceive searching for information about a new technology as a hassle”; 1 = strongly disagree to 5 = strongly agree; α = 0.73). The scale includes questions about the information search, as information about SBMs tends to be quite specific and complex, as well as understanding specific terminology [12]. This is not general knowledge and typically needs to be found and examined thoroughly. This is exactly what could cause perceptions of hassle [8,12]. This is why these questions were developed. Initially, there were six items. Using Cronbach’s alpha as a measure for internal consistency, one item was removed to improve the scale’s overall consistency. The scale consists of items measuring perceived hassle due to the information search and information processing. This was carried out directly by asking them whether this led to perceptions of hassle and indirectly asking whether they had any issues with that hassle.



Status quo bias. The tendency to remain in the current situation that respondents experience is included in the framework as an interim independent variable. The scale, which can be found in Appendix A, is developed for this study and consists of two items (e.g., “I can feel overwhelmed by change”; 1 = strongly disagree to 5 = strongly agree; α = 0.57). Initially, these were four items, but two were removed to improve the scale’s reliability based on Cronbach’s alpha value of the scale. The remaining questions relate to feeling overwhelmed by change and changing routines. Status quo bias leads people to resist change, even when the choice to change would be better [14,25,26]. It seems reasonable to assume that this is caused by a dislike of change and negative associations with it.



Confirmation bias. Confirmation of existing beliefs is measured with a two-item scale, which can be found in Appendix A (e.g., “I always try to keep searching for information about new technologies”; 1 = strongly disagree to 5 = strongly agree; α = 0.69). The scale was reduced from three to two questions, based on the Cronbach’s alpha score. Again, we did this to improve the reliability of the scale. The questions that remain after reduction focus mainly on the fact that confirmation bias leads to new information avoidance. According to Koehler [31], the perception about a subject does indeed influence the time spent on searching for information. This, in its turn, would lead to fewer new insights, causing the reinforcement of prior beliefs [31].



Company size. Finally, the respondents were asked which company they worked for. Based on these companies and LinkedIn information, the number of employees was collected for each organization. They were then sub-divided into employees of larger organizations and SMEs. This representation of company size was developed for this study, and was carried out based on criteria developed by the European Commission [48]. The European Commission considers organizations with 250 employees or more as large organizations and organizations with fewer than 250 employees as SMEs. Consequently, company size was added as a dummy coded variable (0 = SME; 1 = large organization).




3.4. Mediating Variable: Perceived Usefulness


Perceived usefulness (PU) is used as an antecedent of BI in the TAM. The perception of the usefulness of innovation is assumed to be a good predictor of the innovation’s actual adoption. In this paper, PU is measured by four items that are taken from a study by Chin, Johnson, and Schwarz [49], in which the authors constructed scales to measure technology acceptance (e.g., “In the projects I am dealing with I expect the smart façade technology of this organization to be quite useful”; 1 = strongly disagree to 5 = strongly agree; α = 0.75). The items can be found in Appendix A.




3.5. Control Variables


In addition to testing the hypotheses, three control variables were measured to test whether these would influence the results of the study.



Authority to decide. This study aims to gain insights into the sustainable decision-making behavior of organizations. For this reason, we argue that it is relevant to ask respondents whether they have actual authority to decide and verify whether this influences their behavior. This is measured using a dummy coded variable (1 = yes, 0 = no).



Gender. Furthermore, the gender of a decision maker can influence their decision-making behavior [19]. We measured this to obtain an understanding of the demographics of the participants and to understand whether the gender of a decision maker tends to influence decisions in the building sector. This is measured using a dummy coded variable (1 = yes, 0 = no).



Level of education. Finally, the level of education of the participants could influence their knowledge on sustainable building. In forming our hypotheses, we argue that a lack of knowledge could influence the levels of bias and hassle experienced within organizations. Due to this, the level of education is measured to verify whether this influences the outcomes of this study. This is measured using a dummy coded variable (1 = bachelor’s degree or higher, 0 = lower education level).





4. Results


Structural equation modeling (SEM) was used to test the hypotheses. This method is a collection of statistical techniques, including confirmatory factor analysis (CFA) and multiple regression, generally used to analyze complex models and commonly used in behavioral research [50,51]. This method is used to develop insight into the indicator variables of which latent constructs are composed. Additionally, models consisting of multilevel mediation can easily be tested with SEM. As such, it has many advantages over more traditional statistical methods [50]. This proved valuable in this study, as the model to be tested contained two levels of mediation and several variables. Before this, a principal component analysis (PCA) was performed to test the measurement scales for validity, while reliability was tested for using Cronbach’s alpha. The PCA results can be found in Table 1 and the results of the reliability test in Table 2. In SEM, a confirmatory factor analysis (CFA) was used as an additional test for validity. With a Varimax rotation with eigenvalues greater than 1, the PCA confirmed most of the measurement items used in this research, although PU and BI appear to be combined under one factor. However, when constructing two forced factors, one for PU and one for BI, the CFA indicates that these factors are a perfect fit.



A Shapiro–Wilk test was performed to test for the normality of the dataset. This is a statistical method to calculate whether skewness or kurtosis can be found in the data [52]. Following these test results, the data appeared to be non-normally distributed. For this reason, a Satorra–Bentler adjustment was used in combination with the maximum-likelihood estimator of SEM with robust standard errors. This method adjusts the chi-square statistic using the mean general design effect as a scaling factor to compensate for the data’s non-normality [53]. After adjusting, the model indicated a good fit (χ2 = 157.99, df = 108, p = 0.01, CFI = 0.87, RMSEA = 0.07, SRMR = 0.08). In Table 2, the descriptive statistics of the measurement items used in the study can be observed.



4.1. Main Effects


Table 3 shows the main effects of the multivariate regressions in SEM that were performed on the hypothesized relations in the conceptual framework.



To start, it appears that professionals have lower intent to adopt innovation when they experience high levels of status quo bias (r = −0.42; p = 0.04). This confirms hypothesis 1, status quo bias negatively affects BI.



There was no significant relation between confirmation bias and BI (r = 0.09; p = 0.54). Contrary to our prediction, an inclination towards confirming existing beliefs does not affect the intent to adopt innovation. Due to this, hypothesis 3, confirmation bias negatively affects behavioral intent, is rejected.



Status quo bias and confirmation bias are both significantly and positively related to complex information hassle. The more complex information, the more confirmation bias (r = 0.54; p < 0.001) and status quo bias (r = 0.42; p = 0.01). This supports the assumption that bias is partly caused by hassle—although we cannot prove a causal relation with our survey—due to the gathering and processing of complex information. Due to this, hypotheses 5, complex information hassle intensifies status quo bias, and 6, complex information hassle intensifies confirmation bias, are accepted.



The addition of company size as an organizational variable had an apparent effect on the analysis. Company size impacts the levels of bias and hassle perceptions within the workforce. As can be observed in Table 3, employees working at large organizations tend to experience less status quo bias than those working at SMEs (r = −0.24, p = 0.04). On the other hand, it appears that employees of large companies are more affected by confirmation bias than those of SMEs (r = 0.21, p = 0.05). Finally, it seems that the workforce of large organizations perceives the search and processing of complex information as less of a hassle than employees working at SMEs (r = −0.26, p = 0.02). Therefore hypotheses 7, company size diminishes complex information hassle, and 8, company size diminishes status quo bias, are accepted. However, hypothesis 9, company size diminishes confirmation bias, is rejected as the opposite effect is observed.




4.2. Mediation Effects


While confirmation bias does not seem to affect the intent to adopt directly, an indirect effect was found. It seems that PU is negatively influenced by an inclination towards the confirmation of existing beliefs (r = −0.31, p = 0.05). Moreover, as Table 4 shows, this relation with PU indirectly has an effect on the adoption of sustainable innovation by real estate developers (r = −0.26, p = 0.07). Although both are only marginally significant, these two effects provide a strong indication of the indirect effect of confirmation bias on BI. For this reason, hypothesis 4, confirmation bias negatively affects BI through PU as a mediating variable, is accepted.



However, no significant mediating effect of PU was found on the relation between status quo bias and BI. It appears that a tendency to remain in the current situation does not affect the perceptions that professionals have of the usefulness of an innovation (r = 0.24; p = 0.13). Naturally, as status quo bias does not affect PU, this bias cannot impact the adoption of sustainable technologies through negative perceptions (r = 0.20; p = 0.15). For this reason, hypothesis 2, status quo bias negatively affects BI through PU as a mediating variable, is rejected.




4.3. Control Effects


The control variables were tested for their effects on PI and BI in a pre-test, using a linear regression test. It was found that neither gender nor the authority to make decisions had an influence on PU or BI. However, an effect was found of the level of education of PU. For this reason, the model was tested again, this time including level of education. None of the main and mediating effects that were found before changed after including level of education. Nonetheless, it seems that a higher level of education positively influences the perception participants have of innovative sustainable innovation (r = 0.23; p ≤ 0.05) and, by doing so, indirectly affects their intent to use these sustainable technologies (r = 0.18; p ≤ 0.05). These effects can be found in Table 5.




4.4. TAM Extension


Summarizing the main results of this study, as Table 6 shows, six out of nine hypotheses are accepted and used to extend the TAM. Status quo bias is added as an external factor that directly influences BI. On the other hand, confirmation bias is added to the TAM as a factor preceding PU, influencing BI indirectly. Furthermore, complex information hassle is added as an underlying cause of both status quo bias and confirmation bias. On the other hand, company size is found to diminish the effects of complex information hassle and status quo bias. The extension of the TAM, as proposed in this paper, can be found in Figure 2.





5. Discussion and Conclusions


This paper demonstrates that the building sector is a conservative industry concerning the large-scale adoption of innovative and sustainable technologies. The adoption of innovative SBMs is hindered because real estate developers avoid information about these technologies and resist change. Presumably, this is because information about new technologies can be complex, leading to incomprehension caused by the industry’s knowledge barriers. This complexity would cause developers to lose interest in searching for new information about innovation within the building sector. Meanwhile, this behavior is observed because developers tend to experience hassle when processing or searching for complex information. Most likely, this can be ascribed to the difficulties they experience with this information. Therefore, this study argues that knowledge and information barriers significantly affect sustainable behavior in the building industry.



This study analyzed psychological factors as barriers to innovative SBM adoption in an organizational context using survey data from the building industry. Extending the existing TAM literature, this paper addressed the effects of confirmation bias and status quo bias on behavioral intent to adopt innovation. Additionally, the mediating effect of the perception of the usefulness of innovation was examined. Finally, an underlying cause of confirmation bias and status quo bias was explored, including complex information hassle as an intensifier of these two biases.



First, status quo bias negatively impacts the intent to adopt innovation. However, status quo bias is experienced less by professionals working at large organizations, which is most likely because, as argued by Sedera [41], large organizations are better at knowledge retention and transfer than SMEs. To exemplify, large organizations may have more extensive knowledge-sharing platforms and better guidelines for the use of these platforms. Additionally, the chances are that large organizations have a more extensive and more diverse workforce than SMEs, leading to a more diverse source of information for employees. In interviews conducted with real estate developers, it was mentioned that SMEs in the building industry tend to have a knowledge deficit. For this reason, we argue that status quo bias has a more significant impact on an organization when there is a lack of information about sustainable innovation, such as smart façades. Presumably, this lack of knowledge causes professionals to feel like they are losing control of a project, which is, as argued by Kim and Kankanhalli [28], a known underlying factor of status quo bias. This, again, causes them to reject sustainable technology without developing negative perceptions about it, as they would not be fully able to judge these based on the available knowledge.



Second, confirmation bias seems to have an indirect negative relationship with the intent to adopt innovation by influencing the perception of an innovation’s usefulness. Real estate developers seem to avoid information about sustainable innovation in their sector when it tends to become complex. Presumably, professionals that avoid information about innovative technologies tend to focus on the benefits of conventional technologies. Furthermore, as they are familiar with conventional technologies, and these have possibly led to past success, the benefits of these technologies may seem obvious. These initial positive views will cause professionals to process information in a way that will reinforce these views [30]. Due to this, the perceptions of the usefulness of these conventional technologies seem to increase. We argue that this creates a more significant gap between the perceived benefits of conventional technologies compared to innovative technologies. The consequence of this is that innovative technologies’ perceptions would be more negative, relative to those of conventional technologies. In such a way, it would indirectly lead to lower levels of adoption. Surprisingly, larger organizations seem to be impacted more by this bias, as opposed to status quo bias. Presumably, this is because status quo bias is experienced less in larger organizations due to a readily available source of information within the organization. As information is so easy to obtain, the motivation to search for outside sources might drop. The information that is already present might become a single source of information for some employees. This creates difficulties in developing possible solutions for both biases, as a solution for one might present issues for the other.



Finally, this study has shown that hassle perceptions, due to complex information, are positively related to both confirmation bias and status quo bias. As information about innovative technologies is increasingly seen as complex, it tends to be perceived as a hassle and avoided more often [12]. As this information avoidance is one of the underlying grounds of confirmation bias, as stated by Nickerson [30], this bias naturally follows from these hassle perceptions. Furthermore, it is argued that a readily available knowledge base decreases the tendency to remain in the current situation that professionals experience. However, for this effect to be observed, these professionals must access and understand this information. If this information is avoided due to hassle perceptions, the effects of status quo bias will likely increase. As real estate developers perceive information about (sustainable) innovation as complex, which causes them to experience hassle, they experience difficulties in processing this information. As this holds for status quo and confirmation bias, this will presumably hold for many other biases, if not all. As bias is inherently a deviation of rational information processing, it seems likely that an increase in information complexity, and the hassle involved, increases the chance of biased behavior. However, similar to status quo bias, complex information hassle seems to diminish when the size of a company grows. Again, this is argued to be because of better knowledge management. As more knowledge about sustainable technology is stored within the organization and more colleagues with knowledge of this information are available, it is easier for professionals to comprehend this information. Due to a better understanding of the information and closer proximity to it, employees will experience less hassle processing or searching for information.



All in all, it can be concluded that information and knowledge deficits significantly increase the psychological barriers to innovation adoption. It seems that a lack of knowledge and high levels of perceived complexity significantly hinder progress in the building sector. This is supported by the fact that the level of education one has enjoyed positively influences the perceptions of sustainable innovation and, indirectly, the intent to use it. Presumably, the curricula of university level degrees contain more courses that cover sustainable innovation. This would lead to a lower knowledge deficit, and in its turn higher acceptance rates of sustainable innovation in the building sector. Based on this new insight, we will outline the implications and recommendations for academics, managers in the building sector, and policymakers.



5.1. Theoretical Implications


This study validates the importance of studying psychological factors for innovation adoption as they can have clear negative consequences. Most of the existing literature on the barriers to sustainable building tends to focus on either functional barriers or consumer behavior [10,11,12,34,54]. We developed more knowledge on psychological factors and the role they play in sustainable innovation. Two types of bias that are argued to represent conservatism, confirmation bias and status quo bias, were identified to be influential in the innovation adoption process, indirectly and directly, respectively. While the underlying grounds of confirmation bias have not been studied often, more is known about status quo bias. Rational decision-making factors, cognitive misconceptions, and psychological commitment are presented as the causes of this bias in status quo bias theory [28]. However, Kahneman [33] explained bias as a concept that is caused by issues in information processing.



For this reason, complex information hassle was explored as an underlying ground of cognitive bias in this study. Conforming to our expectations, we found evidence that the hassle real estate developers experience due to the complexity of information leads to conservative behavior. This provides a better understanding of the causes of conservatism and cognitive bias while proving the importance of psychological considerations in the SBM adoption process.



Furthermore, complex information hassle has been previously linked to homeowners’ sustainable building behavior [12]. This study provides empirical evidence that validates the negative influence of perceived and experienced hassle on sustainable building progress on an organizational level. However, this hassle is still a relatively new concept. A measurement scale was developed and tested to study the influence of complex information hassle. We find that both the search for complex information and its processing add to the perception of hassle. This knowledge provides a better understanding of complex information hassle as a concept.



Not only does this paper take a different perspective than other scholars by zooming into psychological factors, but it also focuses on the behavior of real estate developers instead of consumers. By doing so, new insights were developed about the influence of psychological factors on innovation adoption in an organizational context. We find that biases hinder professionals in their decision making, just as for individual consumers. While the EU has invested many resources into promoting sustainable building, much resistance remains within the building sector. This paper created more clarity about this lack of sustainable behavior by introducing the impact of psychological barriers within organizations. The role psychology plays within organizations could be used to explain why other industries resist progress as well.



Finally, no previous research has studied the role of conservatism on innovation adoption within the context of the TAM. That is surprising because conservatism would seem to inherently oppose innovation. Especially in industries with a conservative image, such as the building sector, conservatism’s role seems essential to consider. This paper contributed new insights on the influence of conservatism on innovation adoption. By adding status quo bias and confirmation bias, representing conservatism, to the TAM, the model’s predictive power is improved. Including conservatism as a predictor can increase the model’s effectiveness, especially in industries with conservative tendencies.




5.2. Implications for Practice


Furthermore, several findings from this study can be useful to practitioners. First, organizations trying to market innovative SBMs can use our findings to create effective marketing strategies. Status quo bias, confirmation bias, and complex information hassle can theoretically all be addressed by communication strategies. Clear and concise messages and the elimination of unnecessary information could reduce the complex information hassle experienced by potential clients [35]. As hassle is one of the underlying grounds of cognitive bias, this would reduce the levels of status quo bias and confirmation bias. However, this should be done with caution, as removing too much information can be perceived as manipulation [55]. This would cause the message’s outcome to be opposite to the desired effect [55].



In addition, framing innovation as the status quo could effectively reduce status quo bias [27]. However, this could be more challenging than creating clear and concise messaging. Finally, as confirmation bias causes information avoidance, it could prove harder to reach developers with a message framing strategy. If they avoid new information, the message might not reach them at all. As this could be intensified by complexity, it is of extra importance that the framed messages are communicated in a clear way. Not only managers can benefit from this knowledge. Additionally, policymakers that try to stimulate sustainable behavior can use these strategies to communicate their policies effectively.



On the demand side, real estate developers can use the insights from this study to minimize bias to develop innovative organizations that can create and sustain competitive advantage. By investing in knowledge retention and transfer capabilities, the lack of knowledge within an organization will most likely reduce over time. Additionally, promoting diversity in the workforce will presumably stimulate impactful conversation and discussion, because it would provide a more diverse source of information and perspectives and is essential for radical innovation [56]. This, in turn, would create a workforce with a broad spectrum of knowledge and perspectives on problem solving. Confirmation bias might be intensified by an ample supply of in-house information on digital knowledge-sharing platforms, for example. However, this effect might be negated by stimulating cross-pollination, utilizing the different perspectives of a diverse workforce. Finally, organizations in the building sector should be selective during their process of selecting new employees. Challenging the knowledge on sustainable building that candidates possess could, in the long term, decrease the knowledge deficits that exist within organizations. More importantly, by implementing these three changes, organizations could improve their sustainable efforts and create a more innovative culture.




5.3. Limitations and Recommendations for Future Research


This paper includes valuable insights for both academics and practitioners. Bias and hassle seem to impact decision making in the building sector. However, there are some limitations. This study focuses on the decision making of individual professionals in the industry. While this is insightful, impactful decisions in the building industry will most likely not be made by individuals independently. From interviews with real estate developers, the importance of aligning incentives and opinions throughout the supply chain and within organizations was derived. Therefore, research into collective decision making would complement the knowledge from this paper in the context of the TAM. For example, using quantitative survey research, the size and interconnectivity of stakeholder networks and the general perception of innovation within these networks can be studied as variables that possibly influence the decision to adopt SBMs. This can be combined with qualitative research that explores the power relations within these networks in the building industry, to create a context in which these variables should be studied. This would be needed to truly understand the barriers to innovation adoption in the building sector.



Furthermore, the scope of this study is limited to the effects of hassle and bias on perceived usefulness and behavioral intent, adding to the TAM. This model also contains perceived ease of use as a predicting variable of behavioral intent. To further explore the TAM, the effect of biases and hassle variables on perceived ease of use could be studied in further research.



Additionally, there are many variables that could influence the results of this study, which could be included as control variables. Previous studies have indicated many other variables that can be added to the TAM, all of which could potentially influence the results of this study. To validate the results of this study, it should be replicated multiple times, including different control variables in each replication.



Additionally, the sample size seems to be small. While it is deemed to be sufficient, the results could become more accurate and more generalizable when the sample size is larger. This could possibly even be why we encountered non-normality of the data and had to perform an adjustment to account for this issue. To validate the results of this study, it could be reproduced with more time reserved for gathering respondents, increasing the sample size.



Finally, this paper identifies barriers to innovation adoption and offers some communication solutions. However, these solutions have not been tested. Experiments into message framing should be conducted to support the argumentation for these solutions. For example, this can be done by exploring communication strategies to reduce the effect of status quo bias. A commonly used method for determining the effectiveness of these strategies is message framing experiments [57,58,59]. Participants (a sample of students) should be presented with two messages: neutrally framed and using a status quo frame that presents an innovative SBM as the default choice. After this, they should be asked whether they have the intention to adopt this SBM. This would indicate whether a different choice in wording, promoting the same product, would reduce the amount of bias experienced and increase the intent to adopt sustainable technology [57,58,59]. This can be repeated for other framing strategies, suitable for other biases.



In conclusion, the building sector’s conservative nature has hindered sustainable innovation. This is reinforced by complex information about these innovations that induces feelings of hassle among real estate developers. They most likely experience this hassle because they do not understand this information very well due to knowledge deficits within the sector. Due to this, real estate developers would be wise to invest in their knowledge creation, transfer, and retention capabilities to stimulate learning within their organizations. Meanwhile, managers and policymakers can probably stimulate the adoption of SBMs and overcome the effects of bias and conservatism with innovative communication strategies. If psychological factors in organizational decision making are considered, we will achieve a higher chance of winning the fight against climate change.
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Table A1. Questionnaire used in this study, categorized by variable the questions relate to.
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	Company Size



	Which company do you work for?



	Status Quo Bias



	I do not like to change my routines.



	I can feel overwhelmed by change.



	Confirmation Bias



	I always try to keep searching for information about new technologies.



	I spend a lot of time searching for information about innovations within my sector.



	Complex Information Hassle



	It is easy for me to find the right information about a new technology.



	I perceive searching for information about a new technology as a hassle.



	I experience hassle while processing information related to a new technology.



	I get confused by new terminologies related to the introduction of new technologies.



	I do not mind searching through many sources of information to find what I need.



	Perceived Usefulness



	In the projects I am dealing with I expect the smart façade technology of this organization to add value.



	In the projects I am dealing with I expect the smart façade technology of this organization to be efficient.



	In the projects I am dealing with I expect the smart façade technology of this organization to be quite useful.



	In the projects I am dealing with I expect the smart façade technology of this organization to be unhelpful.



	Behavioral Intent



	How interesting do you think the smart façade technology of this company is?



	How probable is it that you will apply the smart façade technology of this organization in a project within a year from now?



	How positive or negative do you feel about the smart façade technology of this organization?
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Figure 1. Conceptual framework. 
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Figure 2. Addition to TAM. 
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Table 1. Principal component analysis.
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	RC1
	RC2
	RC3
	RC4





	Status Quo Bias
	-
	-
	-
	-



	I do not like to change my routines.
	-
	-
	-
	0.75



	I can feel overwhelmed by change.
	-
	-
	-
	0.73



	Confirmation Bias
	-
	-
	-
	-



	I always try to keep searching for information about new technologies.
	-
	-
	0.806
	-



	I spend a lot of time searching for information about innovations within my sector.
	-
	-
	0.758
	-



	Complex Information Hassle
	-
	-
	-
	-



	It is easy for me to find the right information about a new technology.
	-
	0.655
	-
	-



	I perceive searching for information about a new technology as a hassle.
	-
	0.749
	-
	-



	I experience hassle while processing information related to a new technology.
	-
	0.692
	-
	-



	I get confused by new terminologies related to the introduction of new technologies.
	-
	0.668
	-
	-



	I do not mind searching through many sources of information to find what I need.
	-
	0.421
	-
	-



	Perceived Usefulness
	-
	-
	-
	-



	In the projects I am dealing with I expect the smart façade technology of this organization to add value.
	0.628
	-
	-
	-



	In the projects I am dealing with I expect the smart façade technology of this organization to be efficient.
	0.699
	-
	-
	-



	In the projects I am dealing with I expect the smart façade technology of this organization to be quite useful.
	0.575
	-
	-
	-



	In the projects I am dealing with I expect the smart façade technology of this organization to be unhelpful.
	0.658
	-
	-
	-



	Behavioral Intent
	-
	-
	-
	-



	How interesting do you think the smart façade technology of this company is?
	0.728
	-
	-
	-



	How probable is it that you will apply the smart façade technology of this organization in a project within a year from now?
	0.667
	-
	-
	-



	How positive or negative do you feel about the smart façade technology of this organization?
	0.693
	-
	-
	-
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Table 2. Descriptive statistics.
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	Mean
	Std. Dev.





	Status Quo Bias
	-
	-



	I do not like to change my routines.
	2.34
	0.92



	I can feel overwhelmed by change.
	2.40
	0.99



	Confirmation Bias
	-
	-



	I always try to keep searching for information about new technologies.
	2.14
	0.78



	I spend a lot of time searching for information about innovations within my sector.
	2.92
	0.88



	Complex Information Hassle
	-
	-



	It is easy for me to find the right information about a new technology.
	2.94
	0.82



	I perceive searching for information about a new technology as a hassle.
	2.77
	0.92



	I experience hassle while processing information related to a new technology.
	2.59
	0.82



	I get confused by new terminologies related to the introduction of new technologies.
	2.45
	0.94



	I do not mind searching through many sources of information to find what I need.
	2.94
	1.07



	Perceived Usefulness
	-
	-



	In the projects I am dealing with I expect the smart façade technology of this organization to add value.
	3.43
	0.80



	In the projects I am dealing with I expect the smart façade technology of this organization to be efficient.
	3.23
	0.74



	In the projects I am dealing with I expect the smart façade technology of this organization to be quite useful.
	3.36
	0.71



	In the projects I am dealing with I expect the smart façade technology of this organization to be unhelpful.
	3.45
	0.67



	Behavioral Intent
	-
	-



	How interesting do you think the smart façade technology of this company is?
	3.74
	0.80



	How probable is it that you will apply the smart façade technology of this organization in a project within a year from now?
	2.38
	0.98



	How positive or negative do you feel about the smart façade technology of this organization?
	3.53
	0.69
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Table 3. Main effects.






Table 3. Main effects.













	
	Status Quo Bias
	Confirmation Bias
	Complex Information Hassle
	Perceived Usefulness
	Behavioral Intent





	Status quo bias
	-
	-
	-
	0.24
	−0.42 **



	Confirmation bias
	-
	-
	-
	−0.31 *
	0.09



	Complex information hassle
	0.42 **
	0.54 **
	-
	-
	-



	Perceived usefulness
	-
	-
	-
	-
	0.84 **



	Company size
	−0.24 **
	0.21 **
	−0.26 a,**
	0.09
	−0.20







Notes: * = p < 0.1; ** = p < 0.05; a = covariance.
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Table 4. Mediation effects.
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	Indirect Effect
	Total Effect





	Status quo bias
	0.204
	−0.217



	Confirmation bias
	−0.261 *
	−0.173







Notes: * = p < 0.1.
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Table 5. Control effects.






Table 5. Control effects.











	
	Effect on PU
	Indirect Effect on BI
	Total Effect on BI





	Level of education
	0.230 **
	0.180 **
	0.290 **







Notes: ** = p < 0.05.
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Table 6. Accepted and rejected hypotheses.






Table 6. Accepted and rejected hypotheses.










	
	Hypothesis
	Accepted/Rejected





	H1
	Status quo bias negatively affects behavioral intent
	Accepted



	H2
	Status quo bias negatively affects behavioral intent through perceived usefulness as a mediating variable
	Rejected



	H3
	Confirmation bias negatively affects behavioral intent
	Rejected



	H4
	Confirmation bias negatively affects behavioral intent through perceived usefulness as a mediating variable
	Accepted



	H5
	Complex information hassle intensifies status quo bias
	Accepted



	H6
	Complex information hassle intensifies confirmation bias
	Accepted



	H7
	Company size diminishes complex information hassle
	Accepted



	H8
	Company size diminishes status quo bias
	Accepted



	H9
	Company size diminishes confirmation bias
	Rejected
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