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Abstract 13 

Engineering designers are crucial professionals to put green principles into practice to 14 

improve the green performance of engineering projects. The social context and personal 15 

values of designers are more likely to stimulate their initiative and voluntary conduct for 16 

green design and induce more persistent behavior changes. Thus, this research, from a 17 

social-psychological perspective, investigated how designers’ social relationships work on 18 

green design intention by assessing the roles of personal norms and voluntary instruments. 19 

Then, using the data collected by a questionnaire survey, Partial-Least Squares Structural 20 

Equation Modeling was employed to validate theoretical hypotheses. The results show that 21 

designers’ social relationships positively correlate with their green design intention and 22 

personal norms, and personal norms partially mediate the relationship between social 23 

relationships and green design intention. Furthermore, the strong effectiveness of voluntary 24 

instruments helps strengthen the influence of social relationships on green design intention. 25 

The findings of this study imply that enhancing social relationships is an effective way to 26 

activate designers’ personal norms and encourage their green intention and that appropriately 27 

utilizing voluntary instruments is also beneficial. This research is valuable for the green 28 

development of the engineering design industry. 29 
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1 Introduction 32 

The serious challenges of environmental deterioration, increasing energy consumption, 33 

and carbon emissions make green development an imperative for the engineering industry 34 

(Ozorhon 2013). There is a consensus among engineering practitioners and academics that 35 

most of the environmental impacts of engineering projects are determined by design decisions 36 

(Russell-Smith et al. 2015). Thus, incorporating green principles into engineering design is 37 

central to moving towards more green practices (Häkkinen et al. 2015), which is mostly 38 

undertaken by the engineering design industry. Engineering designers who contribute to put 39 

the project requirements and development ideas into practice (Darko et al. 2017) are placed 40 

into a central and highly decisive position to move forward with a green development agenda 41 

and are also assumed to have major obligations (Murtagh et al. 2016). That is to say, designers’ 42 

engagement is paramount to expanding sustainability within the engineering industry, and 43 

their green design intention, as the immediate determinant of actual behavior (Ajzen 1991), 44 

has great significance for the improvement of the green performance of engineering design. 45 

Inspired by Bronfenbrenner’s ecological model (1977), the authors propose that 46 

engineering designers’ behavioral intention is influenced by multi-level factors, varying from 47 

macro-level factors such as regulations and market demands to micro- and individual-level 48 

factors including social influence, personal norms, values and so on. The previous research 49 

mostly focused on the influence of regulations or economic incentives on engineering 50 

practitioners’ green behaviors (Romano et al. 2017; Zhang and Zhou 2016). The government 51 

also provided the enforcement of relevant regulatory and economic instruments for green 52 

development (Olubunmi et al. 2016). However, regulations and market instruments just 53 

provide basic requirements but are inadequate to simulate designers’ initiative and voluntary 54 

responsibility to design green projects (Murtagh et al. 2016). By contrast, the effectiveness of 55 

voluntary green instruments for designers’ green intention and the social and psychological 56 

implications (e.g., social relationships and personal norms) of green behavior changes have 57 

not been explored to an equivalent extent yet (Hoffman and Henn 2008). These elements may 58 

drive designers’ self-initiated motivations contributing to green innovation (Gagné and Deci 59 

2005) and induce more persistent and deeper changes in green behavior (Choi et al. 2016). 60 
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Specifically, to deliver engineering projects, engineering designers inevitably interact 61 

with different engineering professionals, leaders, or other associates to integrate different 62 

ideas before making detailed design decisions (Ding et al. 2014). Meanwhile, as part of social 63 

organisms, designers also communicate with family members, relatives, or friends to 64 

exchange emotional support in life. During these processes, certain interpersonal relationships 65 

are gradually built, and they will influence designers’ values, preferences, and choices of 66 

green practices to a certain degree (Videras et al. 2012). Furthermore, environmental 67 

psychology literature has suggested that an internalized norm is one of the strongest 68 

antecedents of individual pro-environmental behavior (Bamberg and Möser 2007). The theory 69 

of value-belief-norm (VBN) takes a further step towards the indication that personal 70 

obligations and moral rules promote sustainable behavioral intentions (Stern et al. 1999). It, 71 

therefore, can be deduced that designers’ personal norms are the most immediate factors 72 

stimulating their green design intention. Meanwhile, based on the norm-activation model 73 

(NAM), scholars have examined that certain social issues, such as social norms or social 74 

relations, can influence personal norms (Zhang and Kang 2016), which means that social 75 

relationships may activate designers’ personal norms and that the introduction of personal 76 

norms as a mediating factor would further facilitate the explanation of how designers’ social 77 

relationships work on their green design intention.  78 

In addition to social relationships and personal norms, designers’ green design intentions 79 

are influenced by green policies, including mandatory regulations, economic and voluntary 80 

instruments, as mentioned by Bronfenbrenner (1977). Nevertheless, mandatory regulations 81 

are sometimes of questionable value due to a lack of responsiveness to evolving professional 82 

and sustainable practices and the difficulty in carrying out periodic and timely revisions to 83 

accommodate emerging issues (Zhang et al. 2018). With regard to the constraints, the 84 

government further sets out economic incentives and voluntary instruments to encourage the 85 

adoption of green practices in engineering design, whereas economic instruments may 86 

weaken design professionals’ green commitments. Issues with professional ethics may also 87 

arise (Shen et al. 2016). As a result, some voluntary green instruments have made great 88 

process in the engineering design industry in recent years owing to their relative flexibility 89 
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and quick response to the changing professional practices associated with green development 90 

(Shen et al. 2016). Through providing optional engineering standards and green information 91 

on products, projects, processes, etc., voluntary green instruments are expected to help shape 92 

green norms among the public and enhance designers’ green intention (Xu et al. 2017). It is 93 

thus of equal importance to examine how voluntary instruments interact with social 94 

relationships and personal norms in determining designers’ green intentions. 95 

However, there have been few studies of the influence of social relationships and 96 

personal norms on the green behavioral intention of engineering practitioners as of yet, 97 

especially that of engineering designers. Meanwhile, with weak calls for movement towards 98 

voluntary instruments for green practices, the effectiveness or soundness of voluntary 99 

instruments is still a policy issue of some interest currently (Chang et al. 2016). To bridge the 100 

research gap, the research aims to (1) Investigate the relationships among social relationships, 101 

personal norms and green design intentions of engineering designers and (2) Explore whether 102 

the effectiveness of voluntary instruments either directly or indirectly makes any difference in 103 

the relationships among designers’ social relationships, personal norms, and green design 104 

intentions. 105 

The paper is organized as follows: following the introduction, this paper provides the 106 

theoretical foundations of this research, based on which research hypotheses are developed. 107 

After describing the research methodology and analysis results, the paper concludes with a 108 

brief summary of major findings and further discussions of theoretical and practical 109 

implications. 110 

2 Theoretical Background 111 

2.1 Green Design Intention 112 

Engineering design has been widely recognized as the greatest contributor to the green 113 

development of the engineering industry (Kibert 2016). Apart from altering the social and 114 

environmental characteristics of products, process streams, or projects to the greatest extent, 115 

design decisions also determine the energy efficiency and environmental impacts of 116 

engineering projects in the later stages of the life cycle (Schöggl et al. 2017). Therefore, green 117 

design, a process of integrating environmental considerations, is considered one of the most 118 
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important aspects of sustainable development in the engineering design industry. The 119 

“optimization” of sustainable solutions must take place during the design phase (Häkkinen et 120 

al. 2015). Engineering designers, such as architects, structural engineers, electrical engineers, 121 

and equipment engineers are heavily involved in the initial briefing, conceptual and design 122 

development phases of engineering projects. Hence, if they proactively put green ideas into 123 

practice, it is more likely that higher energy efficiency and reduced carbon emissions will be 124 

achieved (Nguyen et al. 2017). In other words, designers’ green design behaviors greatly 125 

impact the industry’s environmental performance. As further explained by the theory of 126 

planned behavior (TPB), behavioral intention is the most direct predictor of individual 127 

behavior (Ajzen 1991). This paper focused on designers’ green design intention and described 128 

it as “an indication of how hard designers are willing to try, of how much of an effort they are 129 

planning to exert, to perform green design behavior”.  130 

Recognizing the significance of engineering design and designers’ green intention, 131 

researchers have made some contributions towards the green development of engineering 132 

design. Alwisy (2018) established an evidence-based ranking system for green building 133 

design factors to guide designers to prioritize factors with a great influence on environmental 134 

performance and to further improve the green design process. Chang et al. (2016) showed that 135 

regulations, economic incentives, and supporting activities can regulate and control designers’ 136 

behavior to facilitate sustainable construction. Darko et al. (2017) developed a framework 137 

comprising five categories for stakeholders including engineering designers to adopt green 138 

building practices. Murtagh et al. (2016) further investigated the drivers motivating 139 

architectural designers to pursue sustainable design in their work, mainly including client 140 

demand, regulations, and a moral imperative. The existing literature provides great insights 141 

into the factors facilitating designers’ green intention. However, few studies have poured 142 

attention into the impact of social-psychological factors (e.g., social relationships and 143 

personal norms). In effect, these underappreciated factors tend to predominate as more 144 

immediate influences on designers’ green design intention and may lead to more innovative, 145 

persistent, and deeper changes than external factors such as green regulations and market 146 

demands (Choi et al. 2016). 147 
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2.2 Social Relationships 148 

Social relationships refer to the interpersonal connections developed and nurtured among 149 

social members who have recurring interactions that are perceived by the participants to have 150 

personal meaning (August and Rook 2013). Typically, to complete a design scheme, 151 

especially for green projects, engineering designers usually interact with various social actors 152 

including developers, leaders, colleagues, and various professional engineers before providing 153 

design drawings and specifications (Darko et al. 2017). They also need support from family 154 

and relatives or friends to share joys and frustrations and for affective assistance in life (Tsai 155 

et al. 2013). The frequent communication and cooperation in these processes enable the 156 

formation of designers’ social relationships. Designers’ choices, beliefs, or behaviors are 157 

influenced by this socializing process in a way (Kurz et al. 2007). 158 

In a broader sense, social relationships are multidimensional constructs. Based on the 159 

common typology used for behavioral research, designers’ social relationships can be divided 160 

into three components: tie strength, social norms, and trust (He et al. 2009). Tie strength 161 

mostly reflects the extent of connection among social members and is regarded as a function 162 

of interaction frequency and amount, emotional intensity, and intimacy between exchange 163 

members (Granovetter 1973). Through close and frequent interaction, individuals are able to 164 

access or exchange more in-depth information (Koo et al. 2017). Similarly, strong 165 

relationships and frequent discussions about environmental issues with relevant members 166 

facilitate designers to gain more green ideas or information such as green building 167 

certification (Qiu et al. 2016). Therein, valuable information help designers better evaluate the 168 

potential benefits of green projects and the environmental impact of their actions (Videras et 169 

al. 2012). Additionally, social norms theory (Cialdini et al. 1990) proposed that interactions 170 

among social members lead to the emergence of social rules and standards. When faced with 171 

these norms or rules, individuals tend to conform either because they internalized the norm or 172 

to gain approval or avoid punishment (Elgaaied-Gambier et al. 2018). For designers, social 173 

norms reflect their perception of what significant people think they should do for green 174 

development and what the significant people typically do for green development (Axsen and 175 

Kurani 2012). When designers believe that green actions are regularly performed by others 176 
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(Gao et al. 2017) or perceive a social pressure to design green projects, their green intention is 177 

more likely to be realized in practice. Furthermore, based on the experiences of social 178 

interactions, trust will be developed, further enhancing social relationships (Kang et al. 2007). 179 

Trust facilitates cooperation among social members and thereby promotes environmental 180 

management initiatives. In practice, reliance on relatives, neighbors, or coworkers could 181 

reduce the costs of engaging in pro-environment efforts (Videras et al. 2012), which greatly 182 

enhances the willingness of individuals to take green actions. In sum, taking social 183 

relationships into account presents a novel perspective to better understand designers’ 184 

personal norms and green design intentions. 185 

2.3 Personal Norms 186 

Personal norms are central factors of the norm-activation model (NAM) in predicting an 187 

individual’s pro-environmental intention and behavior, which refer to personal feelings of a 188 

“moral obligation to perform or refrain from specific actions” (Schwartz 1977). The essential 189 

features of personal norms are internalization and emotion. That is, behavioral intention is 190 

mainly affected by inner psychological perception of regret, guilt or a series of negative 191 

feelings (Liu et al. 2017), which may further explain why recent research advised considering 192 

personal norms as an additional predictor of the extended TPB to increase the ability to 193 

explain pro-environmental behavior intentions (Ru et al. 2018). 194 

Similarly, designers’ personal norms play pivotal roles in making day-to-day and 195 

long-term green design decisions on engineering projects (Murtagh et al. 2016). Considering 196 

the context of green design, personal norms in the research are defined as designers’ sense of 197 

moral obligation to perform green design actions. In engineering design, designers who have 198 

green values or feel guilty about not adopting green practices prefer to offer sustainable 199 

options in their work (Murtagh et al. 2016). It is understandable, to some extent, why quite a 200 

few designers lack green design initiative, unconsciously avoid responsibility for green design, 201 

or do not actively pursue design innovation. In addition, designers’ personal norms are 202 

probably influenced by some situational factors such as social expectations from social 203 

relationships before becoming relevant as determinants of green design intention (Zhang and 204 

Kang 2016). Overall, considering personal norms provides psychological insight into 205 
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designers’ green design intentions. 206 

3 Hypothesis Development 207 

3.1 Social Relationships and Green Design Intention 208 

Social relationships present a more comprehensive perspective of exploring an 209 

individual’s behavioral intention, particularly for promoting a green design intention. 210 

Typically, in the engineering design process, the integration of various specialized knowledge 211 

and green requirements requires considerable social interactions among architects, engineers 212 

and other project participants before designers present a satisfactory design scheme (Ding et 213 

al. 2014). Emotional exchanges between designers and their relatives or friends also entail 214 

social interactions in life. During these processes, strong social interactions facilitate 215 

designers to share and receive intensively different ideas and information about green 216 

development and thereby influence their willingness to develop green design solutions. 217 

Furthermore, social relationships emphasize trust or social support; the existence of trust 218 

further facilitates open communications between designers and social members (Zhang and 219 

Cheng 2015). A high level of trust or perceived social support may help designers expend less 220 

effort on work and enables them to be more inclined to take green actions. Likewise, social 221 

norms embedded in social relationships may influence designers’ green intentions. Videras et 222 

al. (2012) were of a view that individuals whose social contacts hold pro-environment norms 223 

are more likely to engage in green behaviors. That is, individuals would take the values or 224 

standards of close members (e.g., family and friends, colleagues) as frames of reference 225 

before engaging in environmental matters (Graves et al. 2013). Based on prior research, it is 226 

reasonable to deduce that similar effects of social relationships are suitable to understand 227 

designers’ green design intentions. Therefore, the research proposes the following hypothesis: 228 

H1: Designers’ social relationships influence their green design intentions. 229 

3.2 Personal Norms and Green Design Intention 230 

Both VBN theory and NAM have demonstrated that personal norms are direct 231 

determinants of an individual’s pro-environmental behavior and intention (Stern et al. 1999; 232 

Schwartz 1977). The intensity of individuals’ moral obligations or responsibility determines 233 

their degree of intention or direct participation in pro-environmental behaviors (Shi et al. 2017). 234 
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Accordingly, Onwezen et al. (2013) manifested the prominent role of personal norms in the 235 

formation of pro-environmental behavior. Wan et al. (2014) and Ru et al. (2018) explored the 236 

positive influence of moral norms on individuals’ recycling and energy-saving intentions. 237 

Given a degree of commonality in the association between personal norms and 238 

pro-environmental intentions for engineering designers, it is logical to postulate that designers 239 

with high personal norms are inclined to transform green ideas into practice. Furthermore, in 240 

some instances, engineering designers with high personal norms will even drive the inclusion 241 

of sustainable principles and then guide clients towards more sustainable options (Murtagh et 242 

al. 2016). Thus, the authors propose the following hypothesis: 243 

H2: Designers’ personal norms directly influence their green design intentions. 244 

3.3 Social Relationships and Personal Norms 245 

Self-determination theory posited that extrinsic motivators of behavior may become 246 

internalized over time (Ryan and Deci 2000). An individual’s social context influences the 247 

internalization of norms and values and further determines behaviors (Videras et al. 2012), 248 

which is consistent with the proposition of Bamberg et al. (2007) that interaction with others 249 

in the social construction process influences the internalization of personal norms and allows 250 

norms to become more self-determined motivations. Reasonably, gradually edified by social 251 

members’ beliefs and behaviors, designers’ personal norms for delivering green projects are 252 

expected to be associated with their experience, values, and social relationships (Murtagh et al. 253 

2016). Social contexts and especially prevailing social norms may influence the obligations 254 

that designers feel to design green projects rather than to avoid green responsibility. To some 255 

degree, the perceived social pressure in social relationships would strengthen designers’ 256 

obligations to choose green behavior (Bamberg and Möser 2007). Thus, the effect of personal 257 

norms on green design intention would become stronger once personal norms are activated by 258 

some situational factors such as social relationships. Therefore, the research formulates the 259 

following hypothesis based on these studies: 260 

H3: Designers’ social relationships affect their personal norms of taking green actions. 261 

3.4 Mediating Role of Personal Norms 262 

As stated above, social relationships may stimulate and foster personal norms, a 263 
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proposition suited for engineering designers. Indeed, NAM demonstrated that social 264 

relationships, especially the inserted social norms, would influence individuals’ 265 

pro-environmental intentions, albeit the influence is indirect via personal norms (Schwartz 266 

1977). In other words, the social factors in certain social groups would activate personal 267 

norms before incurring corresponding sustainable behaviors (Zhang and Kang 2016). 268 

Corroborating NAM, Harland et al. (2007) further illustrated that personal norms seem to 269 

mediate the influence of situational activators on pro-environmental behavior and intentions. 270 

For designers, their social relationships in part create an atmosphere conducive to green 271 

design intention, as long as some key bonds between social relationships and green design 272 

intentions are not lacking. When designers’ social relationships, which build certain social 273 

norms and promote the accumulation of (non-)green information by close interaction, activate 274 

personal moral obligations, the intention to design green projects changes much more 275 

voluntarily. Similarly, Liu et al. (2017) revealed that the social norms embedded in social 276 

relationships play a facilitating role in stimulating personal norms and adjusting the effect of 277 

VBN variables on low-carbon travel intention. Moreover, from the research of Ryan and Deci 278 

(2000), it can be deduced that the tie strength reflected by close interaction and relationships 279 

with significant people accelerates the internalization of designers’ values and beliefs, which 280 

then greatly impacts self-determined green behavior and intentions. In effect, external social 281 

influence is able to strengthen designers’ inner norms to choose green design options or not. 282 

As an inner perception, personal norms thus could be seen as a bridge between social 283 

relationships and green design intentions. Accordingly, the research develops the following 284 

hypothesis: 285 

H4: Personal norms play a mediating role in the influence of designers’ social 286 

relationships on their green design intentions. 287 

3.5 Moderating Role of Voluntary Instruments 288 

Voluntary instruments usually refer to non-coercive policy tools aiming to stimulate 289 

organizations and individuals to improve their green performance voluntarily without the 290 

force of regulations or laws (Van der Heijden 2015). These instruments mainly include 291 

certifications and labels, disclosure systems (e.g., information platforms and demonstration 292 
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projects), technology innovations, and publicity (Shen et al. 2016; Chang et al. 2016). For 293 

instance, green certifications are capable of providing engineering designers with indicators 294 

and benchmarks of projects’ design quality in terms of sustainability and thereby influence 295 

their behavior (Rajendran et al. 2009). Developers who follow voluntary instruments such as 296 

green certifications may change following designers’ mindset and behavioral intentions (Van 297 

der Heijden 2015). It thus appears that, to some degree, voluntary instruments influence 298 

designers’ social relationships and induce green design intentions. 299 

Similarly, Zhao et al. (2017) stated that the public prefers to purchase carbon labeled 300 

products even with a higher price, which indicates that voluntary instruments have become 301 

widely recognized and accepted by the public, even fostering their behavioral intentions and 302 

mastering choices (Shen et al. 2016). In a related vein, once projects’ participants and 303 

non-participants in designers’ social relationships gradually accept and interiorize the green 304 

information from voluntary instruments, they will spread the information through interaction 305 

and cooperation or form certain norms in social relationships (Qiu et al. 2016). Voluntary 306 

instruments then indirectly enhance the societal pressure that designers perceive towards 307 

green design and force designers to take green actions to address social concerns and maintain 308 

their social relationships (Baron and Diermeier 2007).  309 

However, without being effectively implemented, voluntary instruments are unlikely to 310 

achieve their goal of fostering green development (Van der Heijden 2015). As a consequence, 311 

Wan et al. (2014) tested the moderating role of the perceived policy effectiveness in the 312 

translation of social norms into recycling intentions. A similar study was conducted by Xu et 313 

al. (2017). The research expands upon the previous research by examining the moderating 314 

effect of voluntary instruments’ effectiveness on designers’ green intentions and proposes the 315 

following hypothesis: 316 

H5: The effectiveness of voluntary instruments enhances the effect of social 317 

relationships on designers’ green design intentions, and the stronger the effectiveness is, the 318 

stronger the effect. 319 

Voluntary instruments may also act as effective extrinsic motivators to enhance the effect 320 

of designers’ personal norms on green intentions. Particularly with their widespread 321 
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application in the area of engineering design, designers obtain more green information from 322 

these effective voluntary instruments. Together, designers’ awareness of and concern for green 323 

development are raised by the provision of various voluntary instruments such as 324 

governmental services, evaluation systems, and demonstration projects (Shen et al. 2016). In 325 

other words, voluntary instruments benefit the information of designers’ psychological 326 

perceptions and their exposure to strong personal norms, promoting their willingness to 327 

perform green design behavior. Likewise, the ineffectiveness of voluntary instruments may 328 

hinder the translation to green planning and design (Chang et al. 2016). With the strong 329 

effectiveness of voluntary instruments, designers’ intentions to engage in green design 330 

practices would be enhanced with the increase of personal norms to fulfill their obligations. 331 

Correspondingly, the research develops the following hypothesis: 332 

H6: The effectiveness of voluntary instruments positively moderates the relationship 333 

between designers’ personal norms and green design intentions. 334 

In summary, Fig. 1 presents the conceptual framework of the research.  335 

Fig. 1 inserted here 336 

4 Methodology 337 

4.1 Pilot Study 338 

There are no appropriate measurement instruments for social relationships in extant 339 

research. Hence, it is vital to conduct a pilot study to pretest the measurement instruments and 340 

improve the content adequacy and internal validity of the questionnaire (Van Teilingen and 341 

Hundley 2010). Later, a large-scale questionnaire survey is conducted to collect formal data 342 

for theory testing. 343 

In the pilot study, five engineering designers with a good understanding of the overall 344 

status and practices of green development were interviewed to comment on the descriptions 345 

of measurement items. Furthermore, the authors had a series of discussions with three 346 

academic experts in engineering management about the rationality of the questionnaire. 347 

According to their feedback, the authors revised the format and some items’ phrasings to 348 

ensure that measurement items were sufficiently readable and understandable. After that, the 349 

study determined the measurement items of all variables.  350 
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Next, the questionnaires of the pilot study were distributed to 132 designers in the 351 

engineering design industry to collect data, and 94 valid responses were returned. The 352 

effective response rate was 71.2%. Of the 94 valid samples, 42.55% was less than 5 years of 353 

work experience, 28.72% was 5-10 years, 12.77% was 11-15 years and 15.96% was more 354 

than 15 years; as for educational levels, Bachelor below and Master above accounted for 355 

17.02% and 7.45% respectively, 50% had Bachelor degree, 25.53% was Master. Table 1 356 

detailedly shows the descriptive information of the samples. 357 

Based on the responses to the questionnaire, exploratory factor analysis was conducted 358 

in the Statistical Package for the Social Sciences (SPSS) 18.0 to explore the construct validity 359 

and dimensionality. During this analysis, factor extraction was performed using the principal 360 

component method, which is able to extract the underlying factors that explain most of the 361 

variance of all measures (Comrey and Lee 2013). As a result, six factors were extracted, with 362 

73.59% of the total variance explained. One measuring item “T5” of social relationships-trust 363 

was discarded due to its factor loading being lower than 0.5. The structure of social 364 

relationships was also identified and consisted of three dimensions, 12 items. The results in 365 

Table 2 indicate that all factors reached adequate reliability with a Cronbach’s α greater than 366 

0.7. That is, the validity and reliability of the scales for constructs were verified. 367 

Table 1. inserted here 368 

Table 2. inserted here 369 

4.2 Measures 370 

In the study, measures of personal norms, green design intentions, and voluntary 371 

instruments were adopted from the existing literature and adapted for the research context. 372 

Measures for social relationships were developed by the authors due to a lack of available or 373 

appropriate scales. All variables were measured by a 5-point Likert scale, with values ranging 374 

from 1 (=strongly disagree) to 5 (=strongly agree). 375 

Following the studies of Vining and Ebreo (1992) and Gao et al. (2017), a three-item 376 

scale was adopted to measure personal norms. Likewise, a three-item measure for green 377 

design intentions was based on the work of Shi et al. (2017), which also focused on green 378 

behavioral intentions and thus is appropriate for our study. To quantify the effectiveness of 379 
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voluntary instruments, a four-item measure was drawn from the research of Zhang and Zhou 380 

(2016) and Xu et al. (2017). Together, by referring to the work of Chow and Chan (2008), 381 

Gao et al. (2017), and Kim and Choi (2018), the authors first developed a suitable 382 

thirteen-item scale for social relationships. Based on the results of the exploratory factor 383 

analysis in the pilot study, social relationships were further classified into three aspects: tie 384 

strength, social norms, and trust, which were measured by a three-item scale, five-item scale 385 

and four-item scale, respectively. Table 2 provides complete lists of constructs and scale 386 

items. 387 

In order to control the potential effects of other indicators on designers’ green design 388 

intentions, the study included two control variables of age and educational background, 389 

inspired by the previous work (Xu et al. 2017; Liu et al. 2017). 390 

4.3 Sample and Data Collection 391 

Given the satisfactory validity and reliability of constructs and scale items in the pilot 392 

study, the questionnaire survey was extensively conducted to collect data for further analysis. 393 

The targeted respondents were designers who were practicing engineering design, such as 394 

architects, structural engineers, electrical engineers, equipment engineers, etc. The survey 395 

mainly consists of two parts. The first part was aimed at soliciting basic information about the 396 

respondents, including age, educational background, and working experience in the 397 

engineering design industry, and project type they were recently working on. In part 2, the 398 

respondents were asked to rate each item, adopting a five-point Likert scale (“1= strongly 399 

disagree” to “5 = strongly agree”). In the questionnaire preface, the concepts of green design 400 

and development were elaborated to promote better understanding and evaluation of green 401 

development and design intention. Furthermore, to decrease the potential of bias, the 402 

questionnaire is anonymous and includes a declaration informing that respondents’ 403 

information is confidential (De Roeck and Farooq 2018). 404 

To obtain reliable samples, the authors conducted field trips to engineering design and 405 

research institutes with permission. These sample firms cover housing, underground, road, 406 

office, and other designs. In this field survey, 158 printed questionnaires were directly 407 

distributed to different professional designers at these companies with on-site interpretation. 408 
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Answers were obtained during the field visits. In addition, to expand the range of respondents, 409 

the authors used a “snowball” method, in which available respondents and engineering 410 

practitioners were asked for assistance in providing the contacts (e.g., email or WeChat name) 411 

of other targeted respondents. After getting in touch with these potential respondents and 412 

ensuring their willingness to take part in the survey, the authors handed out another 149 413 

electronic questionnaires in different regions of China. Three days later, the authors sent a 414 

reminder email or WeChat message to those designers who had not filled out the 415 

questionnaire to encourage them to take part. The survey took place from March to May 2019. 416 

Ultimately, a total of 255 questionnaires were returned, with 231 valid responses used for 417 

statistical analysis, representing a valid response rate of 75.24%. The diverse sample sources 418 

guaranteed a wider range of respondents and engineering projects identified, improving the 419 

representativeness of samples. Table 3 reports the descriptive information of the samples. 420 

Table 3. inserted here 421 

As for the non-response bias in the questionnaire survey, the authors provided a proper 422 

length of questionnaires and employed different survey patterns (fields survey and online 423 

medium survey) to effectively control the response rate. A higher response rate help to rule 424 

out any concerns about non-response bias (De Roeck and Farooq 2018). Besides, a 425 

comparison of samples collected from different sequences (early filed visits and later online 426 

responses) is conducted to assess the statistical difference of samples (Armstrong and Overton 427 

1977). The results showed that non-response bias was not an important problem in the study. 428 

In addition, the research design minimized other biases, like common method bias, as much 429 

as possible when collecting data. For instance, the authors sorted all measurement items in 430 

multiple scales randomly to refrain from respondents conjecturing the research aim (Zhang 431 

and Guo 2019; Podsakoff et al. 2003), apart from setting proper questionnaire length and 432 

response anonymity. 433 

5 Analysis and Results  434 

Partial Least Squares Structural Equation Modeling (PLS-SEM) was applied in the study 435 

to statistically analyze the data collected from the questionnaire survey with Likert scales 436 

(Hair et al. 2016). Compared with Covariance Based Structural Equation Modeling 437 
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(CB-SEM), PLS-SEM has the advantages of the maximum variance being explained by 438 

exogenous variables and the development of preliminary and exploratory theories (Xu et al. 439 

2017). Moreover, PLS-SEM does not require a large sample size and multivariate normal 440 

distributions (Reinartz et al. 2009). Therefore, there has been an increasing application of 441 

PLS-SEM in recent research, especially in engineering management (Suprapto et al. 2015). 442 

Measures of social relationships were developed in this research, and the final sample size 443 

was 231, which is relatively small, with skewed distributions. Thus, it was reasonable to 444 

select the PLS-SEM approach. SmartPLS (version 3.2.8) (Ringle et al. 2015) was used to test 445 

the proposed hypotheses. 446 

5.1 Measurement Model 447 

The evaluation of the measurement model was contingent on the reliability and validity 448 

(Hair et al. 2013). Reliability includes indicator reliability and construct reliability. The 449 

indicator reliability was assessed by standardized factor loadings. Table 4 shows that the 450 

factor loadings of all indicators were greater than the threshold of 0.7, indicating satisfactory 451 

indicator reliability. The construct reliability was evaluated by Cronbach’s α and composite 452 

reliability (CR). As shown in Table 4, both the Cronbach’s α and CR of all constructs in the 453 

research were greater than the marginal values of 0.7 and 0.8, respectively, demonstrating a 454 

high level of construct reliability. Furthermore, considering the convergent validity, the 455 

analysis tested the average variance extracted (AVE) to check the high correlation among 456 

questionnaire items belonging to the same construct. Accordingly, the AVEs of all constructs 457 

in the work were above the recommended value of 0.5 (see Table 4), which confirmed that all 458 

constructs were established with acceptable convergent validity. 459 

Regarding the discriminant validity, which ensures that indicators within different 460 

constructs are unrelated, there are two main approaches to test it in SmartPLS (version 3.2.8). 461 

One is the Fornell and Larker criterion, which proposes that the square roots of the AVEs of 462 

all constructs on the diagonal should be greater than the correlation coefficients among the 463 

constructs on the non-diagonal, as depicted in Table 5. Another reference standard is the 464 

HTMT criterion (Macedo et al. 2016). Table 6 demonstrates that all HTMT values were less 465 
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than 0.85, as suggested by Kline (2015). In short, the presented results of these two 466 

approaches passed the discriminant validity test. 467 

Table 4. inserted here 468 

Table 5. inserted here 469 

Table 6. inserted here 470 

5.2 Structural Model 471 

The study further established a structural model to validate the hypotheses regarding 472 

designers’ social relationships, personal norms, and green design intentions, as well as 473 

voluntary instruments. After the data analysis process, the results presented standardized path 474 

coefficients and satisfactory results for the model validity. In Fig. 2, the coefficients of 475 

determination (R2) for personal norms and green design intention were 0.314 and 0.380 476 

respectively, demonstrating a valuable explanatory power. Cross-validated redundancy 477 

indexes (Q2) measuring the predictive relevance of the structural model for that two 478 

endogenous constructs were both above 0, signifying the appropriate predictive relevance of 479 

the model (Chin 2010). 480 

Fig. 2. inserted here 481 

In order to further assess the significance of all estimated path coefficients, the study 482 

conducted a bootstrapping test with 231 cases and 5,000 subsamples (Hair et al. 2013). From 483 

the results in Fig. 2, it can be concluded that most hypotheses (H1-H3, H5) were supported, 484 

while hypothesis 6 was rejected. In detail, the results showed that engineering designers’ 485 

social relationships played positive roles in influencing their green design intentions (H1: 486 

b=0.560; p<0.001) and personal norms (H2: b=0.252; p<0.001). The direct effect of personal 487 

norms on green design intentions was confirmed as well (H3: b=0.442; p<0.001). Moreover, 488 

voluntary instruments significantly moderated the relationship between social relationships 489 

and green design intentions (H5: b=0.122; p<0.01) but not the relationship between personal 490 

norms and green design intentions (H6: b=-0.104). To describe the moderating effect more 491 

intuitively, the study further performed a sample slope analysis and plotted three slopes (at the 492 

mean, at one standard deviation below the mean, and one standard deviation above the mean) 493 

based on the effectiveness level of voluntary instruments. Fig. 3 illustrates that the positive 494 



 

19 
 

effect of social relationships on designers’ green design intentions was stronger when the 495 

effectiveness of voluntary instruments was strong compared to when it was weak. Hence, this 496 

figure validates H5 once more. 497 

Fig. 3. Inserted here 498 

For the mediating role of personal norms, an additional mediating model was analyzed 499 

through a bootstrapping process. Fig. 4 illustrates that the path coefficient of social 500 

relationships to green design intentions was significant (c=0.362, p<0.001), and the 501 

coefficient became weaker but was still significant after considering personal norms 502 

(a*b=0.173, p<0.001). This result means that personal norms play a partial mediating role in 503 

the relationship between designers’ social relationships and their green design intentions. 504 

Thus H4 cannot be rejected. 505 

Fig. 4. inserted here 506 

6 Discussion 507 

This research broadens the current understanding of designers’ behavioral intentions 508 

from a novel social-psychological perspective. In addition to the implications of social 509 

relationships on designers’ green design intentions through personal norms as a mediator, how 510 

voluntary instruments (as conditions) work was also examined in the paper. The empirical 511 

analysis supported that designers’ social relationships positively strengthen their green design 512 

intentions via activating personal norms, and strong effectiveness of voluntary instruments 513 

strengthens the effect of social relationships on green design intentions. Therefore, it is 514 

beneficial to focus on social relationships and utilize voluntary instruments to increase 515 

designers’ green design intentions. 516 

6.1 Major Findings and Theoretical Contributions 517 

Logically speaking, the empirical result for H1 reveals that social relationships are 518 

essential antecedents of green design intentions. It proves that social factors also have 519 

significant effects on designers’ green design intentions, apart from high-profile regulations, 520 

economic incentives, and market demands (Hoffman and Henn 2008). This result offers a new 521 

direction for investigating the role of social relationships in improving the green performance 522 

of engineering design. 523 
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Focusing upon social relationships, a host of researchers have found that social norms 524 

embedded in social relationships positively predict individual pro-environmental behavior 525 

(Elgaaied-Gambier et al. 2018; Videras et al. 2012). However, a single component maybe not 526 

enough to roundly uncover the influential mechanisms of social relationships for green design 527 

intentions, which echoes with previous research arguing that various dimensions of social 528 

relationships may act differently and are required to be discussed together (He et al. 2009). 529 

Moving forward, the article fills this research gap by dividing social relationships into three 530 

aspects (i.e. tie strength, social norms, and trust), and exploring their effects together. On the 531 

whole, designers’ social relationships positively influence green design intentions, signifying 532 

that most social contacts are concerned about green development. Specifically, the findings 533 

empirically indicate that three aspects positively correlate with green design intentions 534 

through the mediator of personal norms, while there is no direct relationship between tie 535 

strength and green design intentions unless considering personal norms. The non-significant 536 

result is consistent with the finding of Videras et al (2012) that tie strength (interaction 537 

frequency and closeness) had no significant influence on householders’ green behaviors. 538 

Although frequent interactions and intimate relations with social members, on one hand, 539 

accelerate the spread of green knowledge and ideas, designers need to pick up these green 540 

signals and trigger beliefs and norms first. Then, designers gradually increase their 541 

willingness to integrate green principles into the design process. On the other, a high level of 542 

tie strength would expedite to diffuse more climate skeptic ideas or disinformation about 543 

green development once the entourage of designers is climate skeptic, which in part 544 

discourages green design intentions and neutralizes positive influence. Additional reasons 545 

may be that designers are busy with their work and do not have enough time for strengthening 546 

tie strength. It may be particularly obvious in younger engineering designers with shorter 547 

working experience. For senior designers who have established stronger tie strength in the 548 

long-term socialization process, results would be different. Furthermore, in line with the study 549 

of Elgaaied-Gambier et al. (2018), the research unveils that shared green norms embedded in 550 

social relationships press designers to take green actions in their work to gain social 551 

acceptance and avoid blame or criticism. Notably, the facilitation of intensified trust for 552 
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designers’ tendencies towards green choices mainly stems from the perceived constructive 553 

support and assistance easing green design activity. Probably, the support and assistance 554 

partly benefit from the social context in which social members are more concerned about 555 

collectivism and cooperation. 556 

Subsequently, the supported H2-H4 further advance our understanding of the action of 557 

personal norms as a direct antecedent and mediator of green design intentions. They also 558 

identify that social relationships are a vital force behind developing personal norms. Actually, 559 

the preceding research had affirmed the essential role of personal norms, especially in the 560 

NAM (Schwartz 1977). This research extendedly validates that personal norms have a 561 

positive influence on green design intention. The findings, to some degree, imply that 562 

engineering designers with higher educational backgrounds are more likely to adopt green 563 

practices when they have strong personal norms, a similar statement is presented in the work 564 

of Liu et al. (2017). Nevertheless, the existing research seldom explored the role of social 565 

relationships in activating personal norms, which hinders obtaining a deeper understanding of 566 

changes in individuals’ behavioral intentions. Thus, the research addresses this knowledge gap 567 

by taking a further step towards the stimulating effect of social relationships on personal 568 

norms through communications or social norms. This contribution is, in part, consistent with 569 

the work of Harland et al. (2007), namely, that personal norms make a big difference once 570 

activated by certain social factors.  571 

Following that, Figure 3 illustrates the interaction effect of voluntary instruments’ 572 

effectiveness and social relationships on designers’ green design intentions (H5). It highlights 573 

that with the strong effectiveness of voluntary instruments, the positive effect of social 574 

relationships on green design intentions is enhanced. That is, when the government 575 

promulgates more complete and effective voluntary instruments for engineering design, 576 

designers acquire more green information from social influence and have an increased 577 

willingness to perform green practices (Nguyen et al. 2017). Especially for designers with 578 

higher educational levels, they are more active to accept and spread valuable information. 579 

Meanwhile, senior designers tend to own strong interpersonal relationships generating more 580 

social influence. Otherwise, different results may yield. Together, with the extensive 581 
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implementation of green assessment standards, public publicity, multiple pilot projects, and so 582 

on (Shen et al. 2016), there is growing green cognition and concern about green development 583 

among the public. Then, the resultant green opinions, beliefs, or shared green norms 584 

increasingly diffused through designers’ social relationships and push designers to adopt 585 

green design behaviors no matter what type of engineering projects they are practicing.  586 

In contrast, the moderating effect of voluntary instruments’ effectiveness on green design 587 

intentions (H6) is not significant. The reason may be that voluntary instruments, though 588 

possessing non-compulsory characteristics, are gradually regarded as necessary requirements 589 

for engineering designers in many industries and countries (Shen et al. 2016). However, these 590 

requirements impair designers’ moral obligations to some extent and are bad for green 591 

initiatives (Murtagh et al. 2016). The weakening effect would increase as designers possess 592 

longer working experience leading to inertia. Moreover, personal norms are shaped in a long 593 

process and their function on behavioral intention is not easily or rapidly changed by external 594 

factors without coerciveness (Liu et al. 2017). As such, these results provide the 595 

enlightenment that it is not always good to overly improve the effectiveness of voluntary 596 

instruments, while it indeed moderates the influence of social relationships on green design 597 

intentions. In a way, the findings are suggestive of appropriate regulation for voluntary 598 

instruments to avoid potential negative influences. At the same time, the conclusions of H5 599 

and H6 still note new directions for the research on green design intentions, in that previous 600 

research mostly focused on the direct influence of policies on green behaviors (Zhang and 601 

Zhou 2016). 602 

Additionally, the research validates a framework for assessing the associations among 603 

social relationships, personal norms, and green design intentions after concurrent reference to 604 

some variables in the TPB and NAM. The framework provides a novel social-psychological 605 

perspective for the following similar studies. Besides, by articulating the effects of social 606 

relationships and personal norms, the paper alleviates the underrepresentation of the impact of 607 

morality on pro-environmental behavior in the TPB (Liu et al. 2017) and the rare 608 

consideration of social norms in the NAM (Gao et al. 2017). It further expands the application 609 

and development of these two theories, particularly in green behavioral research. In other 610 
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words, the developed knowledge inspires the behavioral research that plans to conduct on the 611 

basis of the TPB and NAM in other settings. 612 

6.2 Managerial Implications 613 

This research further holds important managerial implications by confirming that 614 

engineering designers’ green design intentions are significantly related to their social 615 

relationships and personal norms. This observation is important in that it opens a novel 616 

social-psychological pathway for encouraging designers’ willingness to practice green 617 

projects. 618 

Concretely, the paper identifies the great benefits engendered by social relationships. The 619 

positive influence on green intentions implies that, in most situations, more green designs 620 

could be expected when more social interactions are. Therefore, it may be beneficial for 621 

organizations and managers who commit to promoting green development of engineering 622 

design to favorably build, vindicate and utilize good social relationships to promote designers’ 623 

inclusion of green principles in their work. By leveraging such influence, designers’ personal 624 

norms to perform green practices are simultaneously activated. Based on the significance of 625 

shared norms, engineering design organizations and managers could gradually form a green 626 

climate of shared values by popularizing green development ideas. Moreover, managers or 627 

leaders, as role models, undertake green initiatives and are advised to embody them in daily 628 

behaviors and management practices. Such approaches motivate employees to follow 629 

coworkers’ and leaders’ behaviors and improve green design intentions. The role of social 630 

pressure also inspires that managers may apply reward and punishment programs for 631 

designers to promote more green design in engineering projects. Furthermore, the emphasized 632 

enhanced level of trust and social support facilitates engineering designers embedding green 633 

goals into design practices. As an example, organizations and managers could develop 634 

intensive communication and collaboration, trust, mutual support, and assistance among 635 

employees via organizing team-building activities.  636 

Additionally, the study demonstrated that engineering designers hold strong personal 637 

norms more intend to deliver green projects. Personal norms partly reflect individuals’ 638 

psychological perceptions to perform certain actions (Schwartz 1977). As a result, 639 
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organizations and managers may pay attention to the psychological process of engineering 640 

designers and help them strengthen personal norms of presenting green design scheme at the 641 

engineering design stage. Offering curricula and education in organizations or teams is a 642 

possibly effective method to enhance personal norms. Besides, strong personal norms may 643 

derive from a high educational background (Liu et al. 2017). Thus, in the engineering design 644 

industry, organizations could deliberately weigh educational degree in the recruitment process. 645 

The moral responsibility of engineering designers to design green projects may be selected as 646 

a promotion indicator. 647 

The study also underscores the essential condition under which designers’ social 648 

relationships more positively correlated to their green design intentions. That condition is a 649 

high level of voluntary instrument effectiveness. With the increasing application of effective 650 

voluntary instruments (Shen et al. 2016), more green information and ideas are recognized 651 

and generalized in the public. The following social influence or behavior clues are inevitably 652 

obtained by engineering designers impelling them to pursue green development in their 653 

design activity. Consequently, it is useful for organizations and managers to introduce and 654 

implement these voluntary instruments in the engineering organization and design team, like 655 

providing learning and communication platforms. As a premise, policymakers are 656 

recommended to regulate more complete and flexible voluntary instruments with a particular 657 

focus on green design. Overall, social relationships, personal norms, and voluntary 658 

instruments are encouraged to be developed or valued to promote green development, 659 

particularly in the engineering design industry. 660 

6.3 Limitations and Future Research 661 

While this research provides meaningful implications for the green development of 662 

engineering design through the introduction of social relationships and personal norms, a few 663 

limitations still exist and need future exploration. To be specific, the investigation was 664 

implemented by a voluntary and self-reported questionnaire, which may bring about a social 665 

desirability bias. A long-term direct observation or multisource data-based studies is thereby 666 

encouraged to greatly improve the quality of later research into green design intentions. 667 

Furthermore, besides the moderator (voluntary instruments) and mediator (personal norms) 668 
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presented in the research, other potential alternative conditions (e.g., social identify and 669 

organizational culture) or mediators such as attitude and behavioral habits may also work in 670 

the engineering design process. Consequently, the authors suggest that future researchers 671 

investigate how these alternative conditions or mediators act on green design intentions. 672 

Particularly, they could test whether the effect of designers’ personal norms on green design 673 

intentions is sensitive to the mentioned alternative conditions. Meanwhile, the basic 674 

information of samples, to some extent, sets certain research boundaries. Further study may 675 

benefit from the detailed evaluation of the influence of demographic factors on dependent 676 

variables, such as the exploration of moderating effects with a multi-group approach. In 677 

addition, the cultural distance would impact the public’s concerns about green development 678 

and the interactions between engineering designers and their social contacts. To enlarge the 679 

generalizability of this study, further research of similar nature can be extended to other 680 

similar or cross-cultural contexts. Researchers could further examine whether and the extent 681 

to which social-psychological factors influence designers’ green design intentions under 682 

different cultural settings. 683 

7 Conclusions 684 

Engineering designers play a decisive role in transforming green principles into practice 685 

(Murtagh et al. 2016). Their willingness to engage in green design activities is paramount to 686 

moving forward green development agenda in the engineering design industry to respond to a 687 

serious environmental challenge (Shi and Chew 2012; Russel-Smith et al. 2015; Murtagh et al. 688 

2016). However, existing research has concentrated mainly on the impact of regulations or 689 

economic incentives (Romano et al. 2017; Zhang and Zhou 2016), while the 690 

social-psychological implications (e.g., social relationships and personal norms) of green 691 

intentions have not been explored to an equivalent extent yet (Hoffman and Henn 2008). 692 

These underexplored elements may drive designers’ self-initiated green motivations (Gagné 693 

and Deci 2005) and induce more persistent and voluntary behavior change (Choi et al. 2016). 694 

Given this, this research, from a social-psychological perspective, explores the impact of 695 

engineering designers’ social relationships and personal norms on their green design 696 

intentions. Moreover, based on the norm-activation model (Schwartz 1977; Bamberg and 697 
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Möser 2007), personal norms could be regarded as a mediator to help to explain how social 698 

relationships work on designers’ green intentions. In addition, extant research reports that 699 

voluntary instruments for green design are expected to facilitate shaping social norms and 700 

strengthening green design intentions (Xu et al. 2017). But the effectiveness of voluntary 701 

instruments is still a subject of great concern (Chang et al. 2016). Considering this, this study 702 

further examines the possible moderating role of voluntary instrument effectiveness, which 703 

would enrich the boundary condition of the antecedents of designers’ green intentions for 704 

green design research.  705 

The empirical results manifest that engineering designers’ social relationships and 706 

personal norms are positively associated with green design intentions. Designers’ social 707 

relationships are a vital force behind enhancing personal norms. The findings imply that most 708 

social contacts of engineering designers hold positive sentiments towards green development, 709 

and thus more green design practices and stronger personal norms could be expected when 710 

more designers’ social interactions are. As a result, putting more emphasis on strengthening 711 

the social relationships of engineering designers is greatly beneficial for organizations and 712 

managers to promote green development of engineering design. Also, stronger personal norms 713 

of engineering designers predict more intentions to present green design schemes, signifying 714 

that designers’ psychological process deserves attention as promoting green practices. 715 

Furthermore, the results show the positive moderating mechanism of voluntary instrument 716 

effectiveness in the effect of designers’ social relationships on green design intentions. 717 

Therefore, it would be valid for policymakers to regulate an appropriate level of voluntary 718 

instrument effectiveness to produce favorable results. Managers are also encouraged to 719 

provide more green information by popularizing voluntary instruments in design 720 

organizations and teams to promote green design development. 721 

In general, this research broadens our understanding of green design intentions by 722 

offering a novel social-psychological view. Compared with high-profile regulations or 723 

economic tools, social relations and personal attributes have greater potential to promote 724 

self-initiated green intentions. That is, social and psychological factors have equal importance 725 

for enhancing green intentions. Moreover, the study, by incorporating voluntary instruments, 726 
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expands the boundary conditions for examining green design intentions. Apart from that, this 727 

research can remind project stakeholders to pay more attention to employees’ social and 728 

psychological attributes when promoting the green development of engineering design. 729 
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Table 1. Basic information of samples (pilot study) 

Variable Category Number Percentage 

Age 

Below 30 44 46.81% 

30 to 40 36 38.30% 

41 to 50 8 8.51% 

Above 50 6 6.38% 

Working experience 

Below 5 years 40 42.55% 

5 to 10 years 27 28.72% 

11 to 15 years 12 12.77% 

Above 15 years 15 15.96% 

Educational background 

Bachelor below 16 17.02% 

Bachelor 47 50.00% 

Master 24 25.53% 

Master above 7 7.45% 

 Office project 10 10.64% 

Project type 

Residential project 26 27.66% 

Industrial project 9 9.57% 

Commercial project 15 15.96% 

Public project 14 14.89% 

Infrastructural project 9 9.58% 

Others 11 11.70% 

  



Table 2. Results of exploratory factor analysis 

Constructs and Items Loadings 
Cronba

ch’s α 

Social Relationships-Tie Strength (TS)  0.751 
TS3: I have frequent discussions with social members about the way to 

achieve green development. 
0.815  

TS2: I talk with some social members about green development. 0.743  

TS1: I have a close relationship with members in my social relationships. 0.612  

Social Relationships-Social Norms (SN)  0.894 
SN3: Most people who are important to me would want me to design 

green products. 
0.842  

SN2: Most people who are important to me think I should design green 

products. 
0.801  

SN1: There are consistent green norms among the members in my social 

relationships. 
0.738  

SN5: Most members in my social relationships behave environmentally. 0.726  

SN4: People whose opinions I value would encourage me to design 

green products. 
0.725  

Social Relationships-Trust (T)  0.806 
T2: I know my social members will always try and help me out if I get 

into difficulties. 
0.813  

T4: I believe the members in my social relationships can give me some 

constructive suggestions and social support when I design green 

products. 

0.724  

T1: I can always trust my social members to lend me a hand if I need it. 0.708  

T3: I can always rely on my social members to make my job easier. 0.653  

Personal Norms (PN)  0.868 
PN2: Designing green products is consistent with my environmental 

value. 
0.797  

PN1: I feel a strong personal obligation to design green products. 0.792  

PN3: I would feel guilty if I don’t adopt green design behaviors at work. 0.680  

Green Design Intention (GDI)  0.938 
GDI3: I will expend efforts on designing green products in the future 

work. 
0.835  

GDI2: I plan to adopt green design behavior in the future work. 0.804  

GDI1: I am willing to design green products in the future work. 0.772  

Voluntary Instruments (VI)  0.882 

VI4: The voluntary instruments have considerable impacts on green 

design in the engineering industry. 
0.865 

 
VI3: The voluntary instruments are valid to promote the development of 

green design in the engineering industry. 
0.848 

VI2: The voluntary instruments are appropriate for green design in the 

engineering industry. 
0.769  



VI1: There are systematic and complete voluntary green instruments in 

the engineering industry. 
0.709 

Table 3. Basic information of samples (formal study) 

Variable Category Number Percentage 

Age 

Below 30 75 32.47% 

30 to 40 109 47.19% 

41 to 50 36 15.58% 

Above 50 11 4.76% 

Working experience 

Below 5 years 103 44.59% 

5 to 10 years 71 30.73% 

11 to 15 years 30 12.99% 

Above 15 years 27 11.69% 

Educational background 

Bachelor below 63 27.27% 

Bachelor 94 40.69% 

Master 68 29.44% 

Master above 6 2.60% 

 Office project 22 9.52% 

Project type 

Residential project 54 23.38% 

Industrial project 46 19.91% 

Commercial project 24 10.39% 

Public project 31 13.42% 

Infrastructural project 35 15.15% 

Others 19 8.23% 

  



Table 4. Test of reliability and convergent validity 

  

Constructs and Indicators Loadings AVE Composite Reliability Cronbach’s α 

Social Relationships  0.551 0.936 0.925 

Tie Strength (TS)  0.749 0.899 0.832 

TS1 0.845    

TS2 0.876    

TS3 0.875    

Social Norms (SN)  0.660 0.907 0.871 

SN1 0.814    

SN2 0.783    

SN3 0.807    

SN4 0.805    

SN5 0.853    

Trust (T)  0.679 0.894 0.841 

T1 0.869    

T2 0.837    

T3 0.739    

T4 0.844    

Personal Norms (PN)  0.811 0.928 0.883 

PN1 0.920    

PN2 0.899    

PN3 0.883    

Green Design Intention  0.804 0.925 0.878 

GDI1 0.890    

GDI2 0.885    

GDI3 0.916    

Voluntary Instruments (VI)  0.728 0.914 0.875 

VI1 0.844    

VI2 0.862    

VI3 0.879    

VI4 0.827    



Table 5. Discriminant validity (Fornell-Larcker Criterion) 

 GDI PN SR VI 

GDI 0.897    

PN 0.512 0.901   

SR 0.535 0.560 0.742  

VI 0.324 0.413 0.427 0.853 

Note: GDI: Green Design Intention, PN: Personal Norms, SR: Social Relationships, VI: Voluntary 

Instruments. 

  



Table 6. Heterotrait-Monotrait Ratios (HTMT) 

 GDI PN SR VI 

GDI —    

PN 0.581 —   

SR 0.593 0.619 —  

VI 0.369 0.469 0.475 — 

Note: GDI: Green Design Intention; PN: Personal Norms; SR: Social Relationships; VI: Voluntary 

Instruments. 
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Fig.1. Conceptual Framework and Research Hypotheses. 
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Fig. 2. Results of structural model. 

  



 

Note: SR: Social Relationships; GDI: Green Design Intention; VI: Voluntary Instruments. 

Fig. 3. Interaction of voluntary instruments and social relationships for green design intention. 
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Fig. 4. Mediating effect of personal norms. 



Highlights 

� The paper focuses on the green design intentions of engineering designers from a 

social-psychological perspective. 

� Designers’ social relationships promote their personal norms and green design 

intentions. 

� Personal norms act as a mediating role of social relationships and green design 

intention. 

� A high level of effectiveness of voluntary instruments strengthens the effect of 

social relationships on green design intention. 
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