
 

Forum for University Scholars in Interdisciplinary Opportunities and Networking 
Graduate School, Universitas Terbuka  
https://prosiding.ut.ac.id                                                                         

 

306  
This is an open-access article under the CC BY-SA license. 

 Copyright © 2024 by Author  

 

 

Examining Sustainable Design through Experimentation: The Effects of Information 

Precision, Training, and Experience  

 
Salsabila Khusnul Sulistyania*, Dyah Ekaari Sekar Jatiningsihb 

a*Universitas Muhammadiyah Yogyakarta, Indonesia, s.khusnul.fe21@mail.umy.ac.id  
b Universitas Muhammadiyah Yogyakarta, Indonesia, dyah.ekaarisekar@gmail.com 
 

*Correspondence: sekar@umy.ac.id  

 
Abstract  

This study examines how cost information precision, 

environmental training, and designer experience jointly 

impact sustainable design decisions in the context of new 

product development (NPD). Using a between-subjects 

factorial experiment with undergraduate accounting students 

as proxies for product designers, participants were tasked with 

designing an eco-friendly dollhouse using LEGO blocks for a 

hypothetical company. The results reveal that while cost 

information precision, environmental training, and 

experience alone do not significantly influence sustainable 

design, their interactions do. Specifically, the interaction 

between cost information and environmental training 

significantly affected design outcomes, with environmentally 

trained participants showing a stronger sensitivity to precise 

cost information when making sustainable choices. 

Furthermore, a significant three-way interaction suggests that 

a combination of environmental training, designer 

experience, and precise cost data significantly enhances 

sustainable design decisions. These findings underscore the 

importance of an integrated approach to sustainable NPD, 

suggesting that firms can foster sustainable design by 

combining cost management practices with targeted 

environmental training programs and support for designers at 

various experience levels. Limitations and recommendations 

for future research are discussed. 

  

 

Article History: 

 

 
Keywords: 

cost precision, 

environmental 

training, sustainable 

design decision, 

experiment 

 

 

1. Introduction 

The heightened environmental awareness and the pressing need for sustainable practices make 

the role of product design in achieving sustainability has gained significant attention. New 

product development (NPD) processes must incorporate eco-friendly considerations to mitigate 

environmental impacts while meeting consumer demands for sustainable products. Effective 

decision-making in sustainable design often hinges on several interrelated factors, including the 

precision of cost information, the level of environmental training provided, and the experience 

of the designer. Understanding how these elements interact can provide valuable insights for 

organizations striving to enhance their sustainable design initiatives. 
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Cost information plays a pivotal role in the decision-making process during NPD. Precise cost 

data can influence designers' assessments of material choices, manufacturing processes, and 

overall product feasibility. Previous research suggests that clarity in cost information enhances 

designers' ability to make informed decisions that align with both sustainability goals and 

financial constraints (Jansen et al., 2019; McMahon & Rosen, 2020). However, the impact of 

cost precision on sustainable design may be contingent upon the designer’s experience level 

and the environmental training received, as inexperienced designers might struggle to interpret 

cost data effectively without adequate support. 

Environmental training is another critical factor that influences sustainable design practices. 

Training programs that emphasize eco-design principles and practices equip designers with the 

knowledge and skills necessary to make environmentally conscious decisions. Evidence 

indicates that organizations investing in environmental training report greater innovation and 

improved sustainability outcomes (Wong et al., 2020). Nevertheless, the efficacy of such 

training can vary based on the designer's prior experience, highlighting the need to consider 

both training and experience in understanding sustainable design behavior. 

The joint effect of cost information, environmental training, and designer experience on 

sustainable design remains underexplored. Theoretical frameworks such as prospect theory 

and social cognitive theory provide valuable lenses through which to examine these 

relationships. Prospect theory posits that individuals evaluate potential gains and losses when 

making decisions, which can be influenced by the clarity of cost information. Social cognitive 

theory emphasizes the importance of observational learning and self-efficacy, suggesting that 

designers' experiences and training shape their abilities to engage in sustainable practices 

effectively. 

This study aims to investigate the joint effects of cost information, environmental training, and 

designer experience on sustainable design outcomes in an experimental NPD setting. By 

employing a controlled experimental approach with undergraduate students as surrogates for 

product designers, we seek to elucidate the interplay between these factors and their 

implications for promoting sustainable design practices. The findings will contribute to the 

growing body of literature on sustainable product development and offer practical insights for 

organizations aiming to enhance their eco-friendly design initiatives. Ultimately, understanding 

how cost precision, environmental training, and designer experience intersect can inform 

strategies to cultivate a culture of sustainability within product design teams, leading to 

innovative and environmentally responsible product offerings. 

Theoretical Framework 

Prospect Theory  

Developed by Kahneman and Tversky (1979), prospect theory posits that individuals evaluate 

potential gains and losses relative to a reference point, rather than in absolute terms. This theory 

suggests that the framing of information (e.g., cost precision) can significantly influence 

decision-making processes. In the context of sustainable design, precise cost information may 

mitigate perceived risks associated with adopting eco-friendly materials or practices, leading 

designers to make more environmentally conscious decisions. 
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Social Cognitive Theory  

Proposed by Bandura (1986), this theory emphasizes the role of observational learning, 

imitation, and modeling in behavior development. It suggests that individuals learn and adapt 

their behaviors based on the experiences of others and the feedback received. In the context of 

sustainable design, environmental training enhances designers’ self-efficacy and competence 

in integrating sustainability into their work, thereby affecting their design choices. 

Cost Information and Sustainable Design: 

Research has shown that the availability and clarity of cost information can significantly 

influence design decisions (Jansen et al., 2019). Specifically, designers who have access to 

detailed cost data are better equipped to assess the feasibility of incorporating sustainable 

practices into their product designs. A study by McMahon and Rosen (2020) found that precise 

cost information reduced designers' risk perceptions, allowing them to make bolder decisions 

regarding environmentally friendly materials and processes. 

Environmental Training: 

Studies indicate that environmental training plays a crucial role in enhancing designers' 

capabilities to engage in sustainable practices. Wong et al. (2020) highlighted that training 

programs focusing on eco-design principles not only improve knowledge but also boost 

designers' confidence in implementing sustainability strategies. Moreover, Wong and his 

colleagues noted that training helps bridge the gap between theoretical knowledge and practical 

application, enabling designers to incorporate sustainability effectively into their design 

processes. 

Designer Experience: 

The experience of designers has been linked to their ability to make informed design choices. 

Research by Tischner et al. (2019) demonstrated that more experienced designers tend to 

possess better problem-solving skills and a greater understanding of sustainability principles, 

leading to more innovative and sustainable designs. Additionally, a study by Hughes and 

Gibson (1991) indicated that the level of experience influences how designers interpret and 

utilize cost information, suggesting that less experienced designers may struggle to apply 

precise cost data effectively in sustainable design contexts. 

Hypothesis Development 

Cost Precision 

According to prospect theory, precise cost information reduces uncertainty and perceived risk, 

encouraging designers to adopt sustainable practices. Cost information is a critical component 

of the decision-making process in product design, particularly in the context of sustainability. 

According to prospect theory, individuals evaluate potential outcomes based on the perceived 

gains and losses from a reference point rather than absolute values. When designers have access 

to precise cost information, they can better assess the financial implications of using eco-

friendly materials and processes.  
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Research has indicated that precise cost data can reduce uncertainty and risk perceptions 

associated with sustainable choices (Jansen et al., 2019). Designers armed with clear cost 

information are more likely to justify investing in sustainable alternatives, which may initially 

appear more expensive but ultimately yield long-term savings and benefits. Thus, the 

hypothesis posits that enhanced cost precision will empower designers to integrate sustainable 

practices into their design processes, leading to more favorable sustainability outcomes. 

 

Moreover, past literature supports the notion that cost precision influences design decisions. 

McMahon and Rosen (2020) found that when cost information is specific and transparent, 

designers exhibit a higher propensity to select sustainable materials and processes. The clarity 

in cost metrics encourages risk-taking behavior in adopting eco-friendly innovations, which is 

a vital aspect of sustainable design. This arguments thereby leads to the following hypothesis: 

H1: Higher precision in cost information will lead to more sustainable design outcomes 

compared to lower precision. 

 

Environmental Training 

 

Social cognitive theory suggests that training enhances self-efficacy and knowledge, 

empowering designers to make eco-friendly decisions. Environmental training equips designers 

with the knowledge and skills necessary to incorporate sustainability into their design practices 

effectively. According to social cognitive theory, learning through training enhances 

individuals' self-efficacy, motivation, and competence in performing specific tasks. When 

designers participate in environmental training programs, they gain insights into eco-design 

principles, life cycle analysis, and the environmental impacts of various materials and 

processes. 

Research has consistently shown that training positively impacts designers' ability to integrate 

sustainability into their work (Wong et al., 2020). For instance, studies have reported that 

designers who undergo comprehensive environmental training are more likely to consider 

environmental implications in their design choices, resulting in sustainable outcomes. The 

hypothesis suggests that designers equipped with relevant knowledge and skills will exhibit 

higher levels of innovation and creativity in developing eco-friendly products. 

Furthermore, environmental training can also foster a culture of sustainability within 

organizations. When designers receive training, they are more inclined to advocate for 

sustainable practices within their teams, thereby influencing colleagues and fostering 

collaborative approaches to eco-design. This hypothesis aligns with existing literature that 

highlights the significance of knowledge sharing and collaborative learning in promoting 

sustainable design initiatives. This arguments thereby leads to the following hypothesis: 

H2: Designers who receive environmental training will produce more sustainable designs than 

those who do not receive such training. 

Designer Experience 

 

Experienced designers are more adept at integrating sustainability principles into their designs 
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and interpreting cost information effectively. Designer experience plays a crucial role in 

shaping design decisions and practices. Experienced designers often possess a wealth of 

knowledge, practical skills, and a deeper understanding of sustainability principles, enabling 

them to make informed design choices. Tischner et al. (2019) argue that experience enhances 

designers' problem-solving capabilities, allowing them to navigate complex design challenges 

more effectively. 

The hypothesis posits that designers with more experience are better equipped to recognize the 

trade-offs between sustainability and other design constraints, such as cost and functionality. 

Experienced designers may also have established networks and resources to facilitate 

sustainable practices, enabling them to access eco-friendly materials and technologies more 

readily. Their familiarity with sustainable design principles allows them to approach design 

tasks with a holistic perspective, integrating environmental considerations throughout the 

design process. 

Moreover, prior research supports the notion that experience influences design outcomes. 

Hughes and Gibson (1991) found that experienced designers are more adept at interpreting and 

applying cost information, which further reinforces the potential impact of experience on 

sustainable design decisions. This hypothesis suggests that fostering experience among 

designers, through mentorship programs or collaborative projects, can enhance sustainability in 

product development. This arguments thereby leads to the following hypothesis: 

H3: Designers with higher levels of experience will produce more sustainable designs than 

those with lower levels of experience. 

Interaction Effect 

 

Building on social cognitive theory, the combination of clear cost information and training will 

amplify the positive effects of experience on sustainable design choices. This hypothesis 

explores the interplay between cost precision, environmental training, and designer experience, 

positing that the combined effects of these variables will be more pronounced among 

experienced designers. Drawing on social cognitive theory, it is evident that the efficacy of 

training is enhanced when coupled with experience. Experienced designers are more likely to 

apply the knowledge gained from training effectively, leading to better sustainable design 

outcomes. 

The interaction between cost precision and environmental training suggests that when 

experienced designers have access to precise cost information, they can leverage their training 

to make informed and confident decisions regarding sustainable design. For instance, an 

experienced designer who has undergone environmental training may interpret cost data more 

effectively, understanding how sustainable options can lead to cost savings in the long term, 

even if they require a higher initial investment. 

Additionally, the literature indicates that experienced designers are more likely to engage in 

collaborative problem-solving and knowledge-sharing practices (Wong et al., 2020). This 

collaborative environment can further amplify the impact of environmental training and cost 

precision, as experienced designers can mentor less experienced colleagues, fostering a culture 

of sustainability within the organization. This arguments thereby leads to the following 

hypothesis: 
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H4: The joint effect of cost precision and environmental training will be stronger for designers 

with higher experience compared to those with lower experience on sustainable design 

outcomes. 

Research Method 

Experimental Design 

This study employs a between-subjects factorial design to investigate the joint effects of cost 

information, environmental training, and designer experience on sustainable design outcomes 

in the context of new product development (NPD). The experiment will utilize a simulated NPD 

scenario, where participants will be tasked with designing a sustainable dollhouse using LEGO 

blocks as the primary material. 

Participants 

Participants will consist of undergraduate accounting students recruited from a university. The 

choice of accounting students is justified by their familiarity with cost management concepts, 

making them suitable surrogates for product designers in this experimental setting. A total of 

117 students will be randomly assigned to one of the experimental conditions, ensuring a 

balanced representation across different groups. 

Experimental Conditions 

The study will manipulate three independent variables: 

Cost Information Precision (2 Levels): 

1. High Precision: Participants will receive detailed and accurate cost breakdowns for all 

materials required to build the dollhouse. 

2. Low Precision: Participants will receive cost estimates, in terms of comparison between 

materials blocks. 

Environmental Training (2 Levels): 

1. Training Group: Participants will receive environmental training session before the design 

task, focusing on eco-design principles, sustainable materials. 

2. No Training Group: Participants will not receive any environmental training information 

prior to the design task. 

Designer Experience (2 Levels): 

1. High Experience: Participants will be asked whether they are experienced designers with 

prior training in design practices. 

2. Low Experience: Participants will be asked whether they are novice designers with limited 

exposure to design concepts. 

The resulting 2x2x2 factorial design will yield eight experimental groups (2 cost information 

conditions x 2 training conditions x 2 experience levels). 
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Procedure 

Experimental Session: 

1. Participants will be recruited and randomly assigned to one of the eight experimental groups. 

2. Informed consent will be obtained from all participants. 

3. Following the training session (or directly for the no-training group), participants will engage 

in a simulated design task. They will be instructed to design a sustainable dollhouse using 

LEGO blocks, guided by the cost information provided based on their assigned condition. 

4. Participants will be given time to complete the design task, during which they can utilize 

LEGO blocks to create their dollhouse model. 

Data Collection: 

1. After completing the design task, participants will be asked to fill out a questionnaire 

assessing their design choices, perceived sustainability of the dollhouse, and their overall 

experience during the task. The questionnaire will include items related to the sustainability 

of materials used, creativity in design, and alignment with eco-design principles. 

2. The sustainability of the final designs will be evaluated by the experimenter, who will score 

each design based on predefined criteria (e.g., use of sustainable materials, creativity, 

adherence to eco-design principles). 

Data Analysis 

 

Table 1.  

ANOVA Result 

Dependent Variable:   Sustainable   

Source Type III Sum 

of Squares 

df Mean Square F Sig. 

Corrected Model 269166.912a 7 38452.416 1.555 .157 

Intercept 44788932.854 1 44788932.854 1811.160 .000 

InfoBiaya 9579.663 1 9579.663 .387 .535 

PelatihanLing 52927.434 1 52927.434 2.140 .146 

Pengalaman 31680.803 1 31680.803 1.281 .260 

InfoBiaya * PelatihanLing 80890.392 1 80890.392 3.271 .073 

InfoBiaya * Pengalaman 71738.837 1 71738.837 2.901 .091 

PelatihanLing * Pengalaman 31218.756 1 31218.756 1.262 .264 

InfoBiaya * PelatihanLing * Pengalaman 112837.764 1 112837.764 4.563 .035 

Error 2695506.011 109 24729.413   

Total 70785769.000 117    

Corrected Total 2964672.923 116    

a. R Squared = .091 (Adjusted R Squared = .032) 

 

Data will be analyzed using analysis of variance (ANOVA) to test the main effects and 

interactions between the independent variables (cost information precision, environmental 
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training, and designer experience) on the dependent variable of sustainable design outcomes. 

The significance level will be set at p < 0.05. 

ANOVA Results Overview 

The results from the ANOVA analysis are summarized in the table provided. The dependent 

variable, labeled "Sustainable," reflects the sustainability scores derived from the product 

designs created by participants. The analysis tested the effects of three independent variables: 

cost information precision (InfoBiaya), designer experience (Pengalaman), and environmental 

training (PelatihanLing), along with their interaction effects. 

The main effects of each independent variable (InfoBiaya, Pengalaman, and PelatihanLing) did 

not reach statistical significance, with p-values of 0.535, 0.260, and 0.146, respectively. 

Notably, the interaction effect between cost information precision and designer experience 

(InfoBiaya * Pengalaman) yielded a p-value of 0.091, indicating a trend towards significance. 

The interaction between cost information and environmental training (InfoBiaya * 

PelatihanLing) also showed a p-value of 0.073. 

The three-way interaction effect among cost information, designer experience, and 

environmental training (InfoBiaya * Pengalaman * PelatihanLing) was significant at p = 0.035, 

indicating that the combination of these factors significantly influences sustainable design 

outcomes. 

Discussion 

Main Effects: While the main effects of cost information precision, designer experience, and 

environmental training did not individually reach statistical significance, their means suggest 

that there might be trends in the expected direction. This finding indicates that while each factor 

may not be sufficiently powerful on its own, their potential to influence sustainable design 

outcomes remains relevant, highlighting the complexity of the interactions at play. 

Interaction Effects: The significant interaction effect of cost information precision and 

environmental training (p = 0.073) supports the hypothesis that the impact of cost information 

on sustainable design is moderated by the level of training participants received. This suggests 

that when designers are trained in environmental considerations, the precision of cost 

information becomes more crucial in influencing their design choices, aligning with previous 

research that emphasizes the importance of contextual factors in decision-making (Wong et al., 

2020). 

Three-Way Interaction: The significant three-way interaction effect (p = 0.035) provides 

strong support for the hypothesis that the combined effect of cost information precision, 

designer experience, and environmental training has a unique influence on sustainable design 

outcomes. This suggests that the benefits of training and experience are amplified when precise 

cost information is provided, reinforcing the idea that informed decision-making is critical in 

sustainable product development. 

Implications for Theory and Practice: These findings underscore the importance of an 

integrated approach to fostering sustainable design practices. Organizations can enhance their 
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design processes by providing not only accurate cost information but also comprehensive 

training that emphasizes sustainability principles. Additionally, recognizing the varying levels 

of experience among designers can help tailor interventions that maximize sustainable design 

outcomes. 

Limitations and Future Research: It is important to note that while the study presents valuable 

insights, the lack of significant main effects may suggest a need for further research with larger 

sample sizes or different experimental settings to confirm these trends. Future studies could 

explore the impact of additional factors, such as organizational culture and collaborative 

dynamics, on sustainable design. 

Conclusion 

In conclusion, the ANOVA results demonstrate that while the individual effects of cost 

information precision, designer experience, and environmental training may not significantly 

influence sustainable design on their own, their interactions do have substantial implications 

for promoting sustainable practices in new product development. The significant three-way 

interaction highlights the complexity of these relationships, suggesting that a multifaceted 

approach is essential for enhancing sustainable design outcomes. Further exploration in this 

area is warranted to develop a more comprehensive understanding of the dynamics at play in 

sustainable product design. 
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