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ABSTRACT 

 
The Solar Award in Taiwan is an annual contest that encourages professionals and students to 

submit innovative design projects that utilize solar photovoltaic material. Entries range from 

architectural and construction projects to the design of products such as toys and racing cars. In 

this study, we collected the direct feedback from the contestants as part of a program evaluation 

project. A questionnaire was designed to capture the perceived benefits of the contestants' 

experience in the Solar Award. Further, Contingent Valuation Method (CVM) was used to 

estimate the economic value of those benefits. The web-based survey was completed by 135 

previous contestants. Out analysis indicated that they expressed a mean willingness to pay of 

NTD 2511 (USD 85) as a registration fee. An aggregated value of NTD 3.3 million (US110, 000) 

was estimated to represent the use value of this event. We concluded that the Solar Award 

brought significant knowledge improvement and commercial opportunities to the contestants as 

well as positive effects on their perception of renewable energy. In addition, we found that there 

was an increase in the number of contestants that became practical users of solar PV following 

the contest. We also noticed that different occupational groups perceived and valued the contest 

experiences differently.  
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Introduction 

Measuring the impact and effectiveness of a program is often challenging, yet the need to 

provide a timely evaluation and cost-benefits analysis is essential for sustaining the program. 

Capturing the benefits of the program can be accomplished by using the Contingent Valuation 

Method (CVM), one of several methods that can be used to determine the intangible benefits of a 

program under study. CVM has been widely used to estimate the non-market value of many 

programs across the globe. One such example is its use to evaluate federal social programs 

whereby the results indicated that the benefits from these programs outweighed the cost-saving 

that were being proposed in a budget cut [1]. In addition, the same method was applied to place a 

value on the Royal Theater in Copenhagen as a quasi-private cultural good. The CVM results for 

the theater were used to justify the public grants given to that theater [2].  

Applying CVM to evaluate the value of a contest is innovative. In this research, the Solar 

Award was used as a vehicle to demonstrate the technique. The Solar Award is an annual contest 

that encourages professionals and students to submit innovative design projects that utilize solar 

photovoltaic material. Entries range from architectural and construction projects to the design of 

products such as toys and racing cars. The solar award has been promoted since 2004, but the 

program as a whole has not undertaken an assessment for its effectiveness. This research used 

CVM to quantify the benefits of the award from the participants’ perspective. The existing 

impacts/benefits of the Solar Award program are wide ranging and include increasing 

contestants’ familiarity with emerging solar technology, providing opportunities of 

commercialization of the contestants’ projects, as well as promoting the general public’s 

awareness of solar PV technology and renewable energy.  
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A survey was developed to incorporate CVM questions and administered to the past 

participants. The intention of the survey was to capture and estimate the potential value of the 

Solar Award to the contestants as well as to study whether the sole use value can justify the 

public expenditure on this program. The ultimate goal of this research is to present policy makers 

with a quantified value of the program along with providing the organizers some feedback that 

was directly collected from contestants and that can be used for further improvements. 

The research paper will introduce the methodology and implementation process, present 

the statistics of the collected data, discuss the major findings and propose recommendations for 

program review.    

Methodology and Literature Review 

The contingent valuation method (CVM) uses survey questions to elicit people’s 

preference for public goods by finding out their willingness to pay for hypothetical scenarios. 

Typically, the ultimate aim of a CVM survey is to obtain an estimate of the benefits of a change 

in the level of provision of some public good, and then use the results to conduct a cost-benefits 

analysis [3]. In this research, we asked a set of questions to elicit the contestants’ preferences, 

their participation experiences, and their willingness to pay in terms of charging a registration fee, 

given that the current event is free of charge.  

CVM is a well established technique that has been used to assess the value of 

environmental goods for different purposes. For example, Arin and Kramer estimated the 

potential revenue to finance coral reef conservation that could be collected from divers as 

entrance fees to marine sanctuaries in the Philippines [4]. Esien-Hecht and Kramer used CVM to 

project the economic benefits of a management program aimed at protecting water quality in 
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Catawba basin, in the US south-east region and then applied the results to do cost-benefits 

analysis [5]. CVM was also successfully applied in the social arena to assess the success of 

government sponsored programs. For example, it was used to evaluate the benefits of a federal 

social program, the Senior Companion Program Service (SCP), whereby the results from the 

study helped determine the non-market value of the program. The study concluded that the 

benefits of the SCP outweighed the cost-savings that were being considered by a proposed 

budget cut [1]. Moreover, CVM was applied to assess the value of cultural goods, as was done in 

a study that aimed to estimate a value for the Royal Theater in Copenhagen, whereby the study 

treated the theater as a quasi-private cultural good. The results from the study showed that the 

Danish population were willing to pay the amount of theater costs in state subsidy, and thus 

justified the expenditure of public grants to keep the theater up and running [2].   

In the research, we applied CVM to evaluate the non-market value of an award. An 

award is usually associated with recognition and promotion. Holding a competition is a common 

practice, however measuring the impacts of the awards remains a challenging task. Awards have 

been used to promote certain ideas or goals across the globe. The Baldrige Quality Award (BQA) 

as well as the Oscars that are carried by the National Academy of Motion Picture Arts and 

Sciences serve as two good examples of the effectiveness of using awards. The BQA which was 

created primarily to enhance US companies’ competitiveness, was also able to promote public 

and business awareness of quality improvements [6]. The BQA promoted capacity building and 

information dissemination by requesting the award recipients to share their successful strategies, 

thus making the shared information a public good that can be adopted by other organizations to 

improve their quality performance in the future. 
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The reason why companies participate in such contests goes beyond their pursuit of 

performance excellence and increasing corporate competitiveness, since most award processes 

are not free and require a significant commitment both in terms of money and efforts. As such, 

the three main driving forces that attract businesses to participate are firstly, the ability to use the 

prize’s title as a valuable business asset; secondly, the fact that the applicants receive extensive 

feedback reports from business and quality experts that highlight their strengths and available 

areas to improve; and finally the participation can been seen as a very cost-effective and 

comprehensive business health audit [7]. How we further measure those benefits brought by the 

award and contest process is the main question I want to address in my research using the Solar 

award as a case study. In the case of BQA, Hendricks and Singhal gauged the benefits by 

indicating that the stock market reacts positively to quality award announcements and the 

reaction is particularly strong in the case of small businesses awarded by independent 

organizations [8]. For the Oscars winners, Ginsburgh found they are significantly associated with 

higher economic success than nominees, but they are not necessary proved to be the best quality 

that survives the test of time [9].     

In this research, we assessed the benefits and values achieved by participating in the 

Solar Award in Taiwan. We aimed at determining what the specific benefits of the award were 

and how they could be measured. The Photovoltaic Technology Center of Industrial Technology 

and Research Institute (ITRI), the organizer of the award, did not have a system in place to 

collect data from participants and thus ITRI was unable to evaluate the effectiveness of its 

program. We believed that adopting such an evaluating process could have helped improve the 

program and attract more participants. In order to assess the existing program, we needed to 

collect direct responses from past contestants. This was achieved through the development and 
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administration of an online questionnaire. The data collected were then used to conduct 

quantitative analysis that helped us identify the strengths and weakness of the existing program. 

The emphasis of the adopted approach is the incorporation of CVM questions that help set a 

hypothesis question of how much the participants are willing to pay as registration fees and using 

the results to define the economic benefits of the award.  

Renewable Energy Development in Taiwan  

The current Taiwanese energy policy has set a target that requires renewable energy to 

have a 12% share of the total installed power generating capacity (which is expected to be 

around 5,139 megawatt) by 2010 [10]. In 2004, the renewable energy sector including hydro-

power, wind power, photovoltaic, geo-thermo, and biomass had accounted for 5.56% of the total 

power generated in the country [11] 1. This increase in use of renewable energy was attributed to 

NTD 7.8 billion (equivalent to USD 248 million) that the Taiwanese government invested from 

1999 to 2004 on energy related research, including renewable energy development, energy 

technology application, energy conservation, and energy efficiency. Of particular interest to our 

research are the solar energy subsides that totaled about NTD 1,815,440,000 by 20052  and 

included solar-thermal research, solar-water-heater installation, solar energy promotion, and the 

financing of a demonstration project. Wu and Huang identified that solar thermal would reach 

the widespread deployment stage during 2005- 2010, and photovoltaic development would 

situate where the renewable portfolio standards and demonstration are required during 2005 to 

2010 [12].  

                                                 
1 Energy Policy Whitepaper, Chapter 4: Renewable Energy and Energy Efficiency Development, Table 4-8. The 
capacity of hydro power is 1,911,000 kilowatt, about 4.27%; wind power 9000 kilowatt, about 0.02% and biomass 
56,730,000 kilowatt, about 1.27% of total capacity in Taiwan.  
2 Energy Technology Research and Development Report, pp 402 Appendix 
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Since 2002, the ITRI in Taiwan has served as the hub for solar technology development. 

The main role that ITRI plays includes helping promote solar technology and its application to 

the public, facilitating the commercialization of solar PV products, and helping the development 

of the domestic solar industry.  More specifically, the center is in charge of several programs that 

include overseeing subsidy applications; coordinating the activities of the Taiwan Solar 

Photovoltaic Industry Association; arranging the renewable energy symposium; drawing the 

renewable energy industry development roadmap; evaluating the solar photovoltaic public 

demonstration projects; and organizing the annual Solar Award that attracts competent designers 

to incorporate solar photovoltaic elements in the assigned projects.   

The Solar Award 

The objective of the solar design competition is to promote solar photovoltaic 

applications and discover superior designs by encouraging professionals to use innovatively the 

photovoltaic elements in the competition. Each year the organizer sets the types of projects for 

the competition after selecting a couple of main guiding themes. For example, in 2004 the 

projects were supposed to follow the general theme of landmark designs and public space 

designs on campuses; in 2006 the projects revolved around developing solar racing cars, outdoor 

equipments, teaching aids and toys. From 2004, the center had successfully recruited participants 

from university campuses, architectural firms, electrical/utility professionals, and interior 

designers to present their works at the Solar Award. Nevertheless, ITRI has not embarked on an 

assessment that tries to quantify the learning experiences from the contestant’s side by gauging 

their designing experiences and the impacts following receiving the trophy.  



7 

The impacts brought by the award are evident yet not adequately and systematically 

demonstrated. For instance, we found that the educational institutes that had students 

participating in the Solar Award advertised the achievements of their students upon receiving the 

Solar Award.3 Furthermore, some participants’ blogs also recounted the winning experiences and 

the work they conducted for the award.4 It should be noted that in addition to the contestants’ 

hand-on experience, the general public that attends the competition takes part in the competition 

by appreciating the projects/works and applauding the prize winners. Since all the design works 

in the Solar Award are exhibited with emphasis on maximizing the educational potential, the 

award increases the public’s awareness on the PV technology, and renewable energy on the 

whole. Therefore, by surveying participants’ experiences and their testimony in joining the 

competition, this report is expected to help the organizers evaluate the significance of the event, 

improve its alignment with their current objectives, and to help them better market the event in 

the future.    

Procedure: Before sending the survey 

Human Subjects Research 

A standard form, including research intent, draft survey questions, a description of the 

sample frame, and letters of consent, was submitted to the Duke University Institutional Review 

Board (IRB). On June 22, 2007, the Review Board granted an exemption for human subject 

research. See Appendix 1 for the approval of IRB.    

                                                 
3 Graduate Institute of Building and Planning in National Taiwan University, Alumni News of Chaoyang University 
of Technology, Secretary Office of National Taiwan University of Science and Technology, Shu-Te University and 
College of Engineering in Dayeh University. The above schools posted announcements about their students’ 
achievement in the Solar Award.  
4 Acrylicap.com, a website established by a group of upstream and downstream producers and suppliers involved in 

acrylic industry. [13] 壓克力專業網站, 壓克力材質與光電技術整合的作品, 

http://www.acrylicap.com/CH/design_detail.asp?str_upno=C_D05&str_no=C_D05&sco_no=2007120401, 2007. 
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Question Development 

Twelve questions were developed to collect information about the intangible benefits 

participants received and their perception of their experience during the Solar Award competition. 

Care was taken to capture all the potential beneficial experiences, to clearly deliver the question 

content, and to encourage item responses. In addition to a few Likert scale response and ranking 

questions, most questions were multiple choice. 

 

Pre-testing 

Focus Group 

Acknowledging that the survey sample consisted of contest participants with a wide 

range of backgrounds, we decided to recruit pre-testing candidates from diverse backgrounds 

with contest experience to contribute their feedback to the pre-testing period. In addition, since 

the survey was to be conducted in Chinese, native Chinese speakers were chosen for the pre-

testing so that they can better identify the wording and clarity of the questions. As a result, a 

group of eight people from Duke Graduate School who speak Chinese fluently were recruited. 

We followed the procedures and guidelines for utilizing focus groups as suggested by Rea and 

Parker [14]. A meeting was held in the researcher’s house for one hour. All members were 

required to sign a consent form, acknowledging that the participation was voluntary and all 

answers were confidential and recorded. The meeting was facilitated to assess the drafted survey 

questions and examine whether they would serve well to estimate and quantify the potential 

intangible benefits received from the competition.  

The significant contributions that were registered from the focus group exercise included: 

(1) The elimination of a question asking about the participant’s motivation to attend the Solar 

Award because potential answers to this question partially overlapped with another question and 
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a sense that the information about participants’ motivation to join the competition was not 

relevant to the objective of the survey; (2) The question asking respondents to put a monetary 

value on their experiences in the contest was rephrased into two questions (Question 10 and 11). 

Question 10 gave a scenario of a budget constraint for this competition and asked whether they 

are willing to pay a registration fee of 3000 New Taiwan Dollars (NTD 3000). This hypothetical 

situation differentiated from the fact that there was no fee to attend the contest. Question 11 

second was an open-ended question that asked how much money a contestant would be willing 

to pay to participate based on their actual beneficial experiences, thus requiring them to put a 

monetary value on their experiences; (3) Some of the answer options for Question 8 (the 

beneficial category) were combined and rephrased in order to present a clearer meaning to the 

respondents; and finally (4) The order of the questions of whether a participant entered the final 

round and won the prize was suggested to be placed in the last part of the survey, so that the 

question would not cause any offensive feeling by the respondents. 

 The group also suggested providing an incentive gift to achieve higher response rates and 

stating that it would take less than three minutes to finish the survey. In conclusion, the focus 

group provided solid comments on the survey questions and facilitated in better framing the 

questions.  

Expert Review 

A former Nicholas School graduate student, who had experiences in survey and data 

analysis, provided valuable input which led to the addition of Question 4 in our finalized survey. 

Question 4 asked about respondents’ experiences in applying solar photovoltaic into their 

projects before their participation, in contrast to the existing question of whether they applied it 

after the competition. The student also suggested that it is preferable to have more numerical 
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rather than categorical data, if any regression analysis is expected to be conducted later on. As a 

result of her suggestion, the open-ended question asking the maximum amount of willingness to 

pay was created to collect numerical data. 

 
Dr. Chen from ITRI also provided more options of occupations in Question 2, and he 

suggested explaining more about each item in the knowledge evaluation category. Following the 

focus group and expert review, the survey was finalized and constructed in a web-based format 

using Surveymonkey.5 The survey link was sent to a group of ten people for pre-testing to ensure 

proper functioning. This pre-test also helped the researcher to test the data collection features of 

the used software. 

Conducting the Survey       

Sampling method 

The sponsor of the Solar Award, ITRI, sent out an email to all individuals on their listserv 

that holds the participants up to July 03, 2007. The email provided an introduction explaining 

why and who is conducting the survey and it also embedded the questionnaire’s direct link (see 

Appendix 2.) Using the listserv of ITRI was expected to attract the target population, however 

non-participants’ responses were not avoidable. The other sampling method was an opt-in 

approach where an announcement about the survey was posted in the homepage of the center.6  

The latter method helped the previous participants who were not on the listserv to access the 

web-based questionnaire, given the assumption that they visited the website from time to time to 

                                                 
5 The survey link: http://www.surveymonkey.com/s.aspx?sm=CU_2bVjubCOP4vMtkmF_2fxaYA_3d_3d, last 
accessed on 2007/09/01 
6 [15] ITRI, Information Network of Photovoltaic Technology, http://solarpv.itri.org.tw, 2007., last accessed on 
2008/02/25 
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update the information about solar PV technology and development. The announcement was 

posted from July 03 to July 31, 2007.7  

To protect the confidentiality of the responses, the researcher minimized links between 

answers and identifiers [16]. We did not use the respondents’ personal information (name and 

email address) to match their responses. The Solar Technology Center ITRI was the only 

distributor that interfaced with participants through their listserv so that the researcher could not 

contact the subject population directly. Note that only if the respondents provided their email at 

the end of the questionnaire could the researcher identify their email address. Since a gift and the 

result report were provided as an incentive for people to fill out the survey, respondents would 

provide their email if they were interested in receiving the report and the gift in the future.  

 

Implementation  

The survey was administered (see Appendix 3 for original version and Appendix 4 for 

English version) in a web-based format and collected with SurveyMonkey commercial online 

survey software. The first page of the survey included an explanation about the purposes of the 

survey, the intended use of the results, an assurance of confidentiality, and the researcher’s 

contact information for respondents’ reference. A total of twelve questions plus an introduction 

and conclusion were presented in eleven web pages to better facilitate the answering process, 

allowing respondents to concentrate on a set of related questions at one time.  

 
Table 1 shows the response results of two sampling methods. We presumed the 

announcement- readers and email reached 1416 people, so we obtained an approximate response 

rate of 15%. In addition, we also found a surge of 85 people filled out the survey in the first 

                                                 
7 Historical webpage of the announcement http://solarpv.itri.org.tw/memb/newsview.aspx?id=275, last accessed on 
2008/02/25 
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twenty four hours, and about 70 percent of the survey was completed in the first four days. We 

saw the email and web-based survey methods were very efficient in collecting responses.  

 
Table 1: The results of two sampling methods 

  

Number of hit on website 
announcement 

email sent total response 

counts 366 1050 209 

 
 

Error Structure 

Representativeness of the sample 

Our two sampling methods of the survey were not random sampling and could attract 

people other than the subject population to fill out the survey. The results showed that in addition 

to the contenders in the solar Award, the survey was completed by individuals from the general 

public that attended the Solar Award and by individuals with interests in solar technology but 

who did not compete. As such, a screening criterion was applied to filter those who were not 

contestants and through the process, we expected to reduce the uncertainty of the subject 

population in the responses. We assumed that people who did not answer Question 2, which year 

and group did he register for, were not true contestants, thus their response was not valid to our 

research.  A total number of 135 valid responses were obtained after the screening process. As a 

result, our survey represented about 10% of the total estimated participant numbers from 2004 to 

2006.8   

 

                                                 
8 There were 197, 165, 76 teams registered for 2004, 2005 and 2006 competition. An average of three person of each 
team was estimated for the total contestants, thus total participants from the past three years were about 1300.   
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Question order lead to implied value cues 

Prior to asking the open-ended question in the questionnaire, a discrete-choice question 

that aims at tapping the willingness to pay NTD 3000 was presented. This question may give the 

respondents an implied value cue. However, we also saw the discrepancy of people saying yes to 

pay NTD 3000 in the discrete-choice question and then answered the next open-ended WTP 

question with a value less than 3000. We speculated that 3000 could present a consumers’ 

surplus for attending the contest, while the amount of WTP that respondent filled would 

represent the fair price that they saw for such an experience.9    

 

Potential Bias 

Strategic bias, 10 described as respondents’ intension to influence the result, may occur 

because the respondents who had a good experience competing in the Award would like to see 

the continuation of the Solar Award, and therefore they might tend to place a higher value in an 

attempt to influence the provision of the award [3]. In addition, the notion about considering 

income status was not included in the WTP question, whereby this may affect the realistic level 

of the respondents’ answer. The respondent could answer an amount which was not affordable if 

asked to pay in real life. The reliability of their answers would then decrease. Moreover, it was 

quite challenging for respondents to recall their experiences of an event one to three years ago 

and to quantify and compare their experience before and after the Solar Award. Having said that, 

the accuracy of data collected from the respondents that were asked to compare their before and 

after the contest experience could be less trustworthy due to non-timely assessment.       

 

                                                 
9 Mitchell, RC & Carson, R. Using surveys to value public goods: the contingent valuation method, The implication 
of Theory for Contingent Valuation Scenario Design, pp52.  
10 Ibid, pp 236, Topology of Potential Response Effect Biases in CV Studies, pp 236-237 
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Results 

A total of 209 responses were collected through the survey software during a two-month 

period. A summary of the results is included in Appendix 5. Among the responses, people who 

did not answer Question 2: in which year and group they participated, were assumed as non-

contest participants since contestants should not forget which group their project belonged to.  

As such, their inputs were eliminated because the analysis in this research focuses on contestants. 

Excluding the 73 non-contest participant responses left us with 136 valid responses. In addition 

to that, one respondent indicated himself as audience in Question 3 and his response was also 

eliminated. In conclusion, the total valid response rate within the sample is about 65%.  

It is interesting that among the eliminated 74 responses, there were 17 who were willing 

to pay $3000 to participate in the award. This finding is interesting since even though they were 

not contestants, they still perceived the value of the Solar Award. For example, these respondents 

might have an understanding about the solar technology through the wide applications of the 

presented projects and see themselves as potential contestants in the future, or they could be 

manufactures who used the Solar Award to look for feasible projects for commercialization. As 

such, it is evident that there is a non-use value and positive externality associated with the award, 

but due to the limitation of this research, we focused only on quantifying the use-value of the 

program. Nevertheless, we suggested that a separate complementary survey should be performed 

to capture the non-use value (option value) and existence value of the award. The value of the 

award can then be better presented after combing the estimation from use-value and non-use 

values along with existence value. 
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Demographics and background  

Table 2 gives a breakdown of the participants’ participation history . Note that a 

respondent could participate in more than one year and in more than one group within a year. 

The table also shows that about 20% of the respondents were finalists, and about 13% actually 

won the final prize.  Figure 1 demonstrates that about 75% of the respondents participated only 

once, whereby we define participation as registering for one group in one year. For example, if 

the participant registered for two groups in 2005, then that participation is counted twice. 

 

Table 2: Background of the respondents 

Response count in Year 2004 2005 2006          Total 

Number of responses who participated in that year 52 45 67 135 

Number of responses who entered the finals  13 13 15 27 

Number of responses who won the prize 7 9 9 17 
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Figure 1: The distribution of participation history of respondents 
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About half of the respondents registered themselves as students when they participated in 

the Award, which suggested that students were the largest group attracted by the competition. 

Architects, teachers, and electronic/utility equipment professionals represented the other 

representative groups in this survey. The breakdown of the participants, according to their 

occupational background is aimed at providing the award organizer the opportunity to examine 

the composition of the Solar Award contestants and also to evaluate potential outreach initiatives 

to professional groups like landscape architects, builders, and artists. Increasing the diversity of 

the participants’ background could potentially lead to a greater variety of the competing projects 

and better achieve the objectives of promoting solar technology application. Moreover, being 

able to attract more participants from diverse backgrounds also is a sign of the success of the 

contest.  

 
Knowledge Score before and after the contest 

A set of four questions were intended to gauge respondent’s knowledge of solar 

photovoltaic technology before and after the contest. What we focused on collecting included 

gauging the net change concerning price, features, application feasibility, and the generation 

system types of the solar PV. A score ranging from zero to four was assigned whereby zero 

represented “not understand at all”, 1 to “understand a little”, 2 for “understand fairly”, and 3 to 

“understand well”, finally 4 for “understand very well.”  Figure 2 presents the distribution of the 

knowledge score both before and after the contest.   
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Figure 2: The distribution of knowledge score before versus after the competition 

 

 

To better illustrate the respondents’ self-assessment of their understanding of solar PV, 

we classified people to different levels according to their knowledge score. For example, people 

who got 0-2 points were considered to represent beginners of solar PV products; people with 3-6 

points were considered to describe an intermediate level; people with 7-11 points represented an 
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advanced level and people whose score is higher than 12 points were assumed to represent expert 

level in the field. As shown in Figure 3, the mode before the competition is intermediate level, 

and the mode after the competition is advanced level. A significant increase of advanced and 

expert level implies that the participation experience in the award resulted in an increase in the 

familiarity of solar PV products.     
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Figure 3: Distribution of participants’ levels of PV knowledge before and after the competition 

 

 

Table 3 summarizes the paired t-test results of the mean knowledge score before the 

contest and after the contest, including the total score and four sub-scores. The four sub-scores 

represent their understanding about the price of the solar products, how the product is feasible in 

design, what are the features and functions of products, and finally knowledge about the different 
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generation systems of the solar photovoltaic. With confidence interval (C.I) of 95% and very 

small p-value (according to the calculated t-test) for each category, a significant improvement of 

self-assessed knowledge before and after the competition existed for all subgroups as well as the 

mean knowledge score.   

 

 
Table 3: The results of paired t-test of knowledge score before and after competition 

Paired t-test: the knowledge level before versus after  
competition        

  

the total 
knowledge 
score 

knowledge 
score of Price 

knowledge 
score of 
Feasibility 

knowledge score 
of Feature & 
Function  

knowledge 
score of 
generation 
system 

t= 9.92 8.99 8.84 7.9 7.85 

df= 112 114 114 116 116 

p-value= <2.2e-16 <2.2e-16 <2.2e-16 <2.2e-16 <2.2e-16 

mean of the 
difference= 2.94 0.73 0.79 0.7 0.67 

C.I= 95% 95% 95% 95% 95% 

 
 

Figure 4 shows the distribution of knowledge improvement versus times of participation. 

There is a lack of statistical significance between times and knowledge improvement. Therefore, 

we can not infer that more attending experiences resulted in increased knowledge in the field. 

Nevertheless, we observed that the majority of data falls above the zero baseline, which means 

that they had improvement of their knowledge, regardless the times of participation.  
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Figure 4: The distribution between knowledge improvement and participation experiences 

 

 

Design Experience with Solar PV 

One of the objectives of the Solar Award is to promote solar PV products. As such, 

tracking down the use of solar products in the designers’ works after participation in the 

competition can be seen as an indicator of the effectiveness of the competition in promoting solar 

PV. As shown in Table 4, about half of the population were users of PV products after the 

competition, comparing to the fact that there were about twenty percent of the contestants who 

were users of the products before the competition. This increase of professionals who included 

solar PV elements in their designs after the competition validates the effectiveness of the Solar 



21 

Award in promoting solar PV elements to designers and professionals. However, we were not 

able to identify to what degree or how often the respondents actually used the solar products into 

their projects afterwards. Although it would require follow-up questionnaire to know the detail 

about actual applying experience, we anticipated that it would depend on the project type, project 

cycle and in which field the respondent work. For example, a student in architecture department 

would use solar PV to other projects in class while a professional product designer could 

incorporate solar PV to his commercial products every quarter.     

 

            Table 4: Design Experience before and after the award 

Q5 

Experienced with Solar 
PV product BEFORE 
attending the contest 

Experienced with Solar 
PV product AFTER 
attending the contest 

Yes 30 68 

No 81 43 

Not sure 10 10 

No response 14 14 

Total (n) 135 135 

 

 
Figure 5 plots the probability of being a PV user after the competition specifically for 

non-prior users, who were defined as people who did not have experience using solar PV before 

the competition. It reveals that people with a higher knowledge level are more likely to adopt the 

use of solar PV into their design afterwards. Prior-users also were observed to continue their use 

of solar PV elements in their designs following the competition, with one exception. Table 5 

provides the statistics of the logistic model that was used to assess probability of use. The results 

imply that being able to use PV would require certain experiences and familiarity with the 

material.  
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Figure 5: The probability of non-prior users to apply PV after the contest 

 

 

Table 5: The probability of becoming an user of PV after the competition for non-prior users 

glm(formula = APPLYAFTER ~ AFTERSCORE), family=binomial(link=logit)) 

       

  Estimate  Std. Error z value Pr >z 

Intercept -1.37 0.69 -1.99 0.046 

Afterscore 0.166 0.08 2.04 0.04 

       

       

Null deviance 100     

residual deviance 95       
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Having Commercial Opportunity 

Table 6 presents the percentage of participants in each year who benefited from 

commercial opportunities. These opportunities included commercialization of the projects from 

the competition as well as inquiries about similar design of solar PV. Half of the participants 

from 2004 had commercial opportunities after the competition, which was the best turn-out 

among the three years that we considered in this survey. This result could imply that the event in 

2004 had attracted more publicity, which led to a greater exposure of solar products to the 

general public, developers, and other manufactures, thus creating more opportunity for 

participants being approached and being asked about designing similar applications. Another 

explanation is that those 2004 participants had worked within the industry for a longer period 

and therefore obtained more opportunities to apply their relevant knowledge of solar PV. As can 

be seen, as much as 36% of the respondents had commercial opportunities after their 

participation in the award.      

 

Table 6: Commercial opportunity for the participants 

       

  2004 2005 2006 Total 

number of response obtained the 
commercial opportunity after the 
Solar Award 

26 14 29 49 

number of people participated in that 
year 

52 45 67 135 

Percentage of having commercial 
opportunity 

50.0% 31.1% 43.3% 36.3% 
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On the one hand, commercial opportunities could be attributed to the publicity about the 

Award, which means that the industry and general public could know about the participants from 

the Award and actively approach them to seek commercialization of their solar projects. On the 

other hand, it is also possible that commercial opportunities rise from overall increased market 

demand for products designed with solar PV, especially in building, toys, outdoor equipments, 

and public space demonstration. Therefore, participants actively advertised their skills in 

designing with solar products and their experiences with the Solar Award, thus attracting 

commercial opportunities themselves. 

  
To model the possibility of having commercial opportunities, we chose “before 

knowledge score” and a dummy variable “prior use” as predictor variables in a logistical 

regression that aims at estimating how relevant the prior experience was in getting a commercial 

opportunity and whether prior experience and knowledge level before the contest would be 

constraints for getting such opportunities. Table 7 shows that the coefficients are positive and 

therefore the two variables increase the probability of having a commercial opportunity. 

Nevertheless, the before score was not found to be significant at the 10% level. 

 

Table 7: The probability of having commercial opportunities 

glm(formula = COMMERCIAL ~ BEFORESCORE + factor(APPLYBEFORE), family=binomial(link=logit)) 

       

  Estimate  Std. Error z value Pr >z 

Intercept -1.34 0.45 -3.09 0.002 

BEFORESCORE 0.09 0.07 1.38 0.167 

factor (APPLYBEFORE)1 1.47 0.47 3.12 0.002 

       

Null deviance 140.5     
residual deviance 126.8       
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Comparing people with the same self-assessed knowledge level before the competition, a 

prior-user was more likely to get a commercial opportunity, as shown in Figure 6. It explains 

intuitively that having previous experience in using solar PV helps in having a commercial 

opportunity. Figure 6 also shows that an expert (12 points or higher) would have about 20% 

more chance than a beginner (0-2 points) to have a commercial opportunity. In other words, the 

knowledge level could attribute to the commercial opportunity. Therefore, the organizer should 

spend efforts in maximizing the knowledge level of the participants, especially when it comes to 

the first-time user of solar PV products, so that they would be better prepared when the next 

commercial opportunity comes.   

 

 

Figure 6: The probability of having commercial opportunities based on prior experiences and knowledge 
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Ranking the Benefits  

To better understand how the contestants perceived the benefits from this solar design 

contest, a ranking question about five potential beneficial rewards was included in the survey. As 

presented in Table 8, gaining the knowledge of solar PV technology is ranked as the most 

valuable reward. According to our previous analysis that there is significant improvement of 

knowledge due to the Solar Award, we could infer that the competition provided a good 

opportunity for participants to know more about the PV technology. Nevertheless, the functions 

and performance of judges need to be enhanced. There seems to be some ambiguity when it 

comes to the scoring process in spite of the fact that ITRI published a brief and general criterion 

for scoring.11  We suggested the organizer should develop and publish a manual with more 

structured details about the scoring procedure and that can serve as a guideline for participants 

and would allow the juries at the same time to take more transparent decisions concerning the 

competition process. In a similar contest in the US, the US Department of Energy publishes the 

Solar Decathlon Rules and Regulation on its website, the gist of it could be used as a benchmark 

for ITRI to use in developing its own rules and regulations.12    

 

 

 

 

 

 

 

                                                 
11 [17] ITRI, Introduction of scoring rule of the Solar Award, http://solarpv.itri.org.tw/promotion/award/2005-
award/judge.asp, 2007. last accessed on 2008/02/01 
12 [18] USDOE, Solar Decathlon Rules and Regulation, http://www.solardecathlon.org/rules_regs.html 2007.  
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Table 8: The ranking of beneficial categories from all respondents 

              Benefits         

   TECH NETWORK JUDGE INNOVATION TEAM 

  
value 
score   f % f % f % f % f % 

Most valuable 5  27 26.7 22 23.4 10 11.0 20 20.8 28 27.7 

More than average  4  29 28.7 21 22.3 14 15.4 23 24.0 21 20.8 

Average  3  18 17.8 22 23.4 17 18.7 19 19.8 24 23.8 

Less than average  2  16 15.8 10 10.6 22 24.2 20 20.8 18 17.8 

Least valuable  1  11 10.9 19 20.2 28 30.8 14 14.6 10 9.9 

   101 100.0 94 100.0 91 100.0 96 100.0 101 100.0 

             

Mean   3.54 3.18 2.52 3.16 3.39 

Ranking   1 3 5 4 2 
                          

TECH: The understanding about solar PV technology 

NETWORK: The opportunity to network with other professionals during the competition 

JUDGE: The comments and guidance from the jury 

INNOVATION: The challenge to design with solar PV in an interdisciplinary and innovative way 

TEAM: The team work/ independence of accomplishing the project    

 

Since the students represent the major participant group to the event, we further 

investigated how students and non-student ranked five categories of perceived benefits. As 

shown in Table 9 and Table 10, students ranked team work as the most valuable experience 

while non-students perceived the achievement of integrating the solar PV into the projects as the 

most significant reward from the competition. It is not surprising because students usually 

treasure the friendships they build, especially the spirit they share when working together in a 

close group in achieving the same goal. For non-students participants, the result explained that 

using solar PV technology was a new and challenging technique, thereby being able to design 

with creativity and innovation was the most important accomplishment. Finally, both groups 

appreciated the increased understanding of the solar technology as the second important reward 

from the competition experience.  
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Table 9: The ranking of beneficial categories from students 

              Benefits         

             

   TECH NETWORK JUDGE INNOVATION TEAM 

  
value 
score   f % f % f % f % f % 

Most valuable 5  17 27.4 12 22.2 4 7.1 5 8.2 21 33.3 
More than 
average  4  

17 
27.4 

14 
25.9 

9 
16.1 

13 
21.3 

12 
19.0 

Average  3  10 16.1 14 25.9 11 19.6 14 23.0 13 20.6 
Less than 
average  2  

12 
19.4 

6 
11.1 

10 
17.9 

17 
27.9 

12 
19.0 

Least valuable  1  6 9.7 8 14.8 22 39.3 12 19.7 5 7.9 

   62 100.0 54 100.0 56 100.0 61 100.0 63 100.0 

             

Mean   3.44 3.3 2.34 2.7 3.51 

Ranking   2 3 5 4 1 

                          

 

 

 

Table 10: The ranking of beneficial categories from non-students 

              Benefits         

             

   TECH NETWORK JUDGE INNOVATION TEAM 

  
value 
score   f % f % f % f % f % 

Most valuable 5  10 25.6 10 25.0 6 17.6 15 42.9 7 18.4 
More than 
average  4  

12 
30.8 

7 
17.5 

6 
17.6 

10 
28.6 

9 
23.7 

Average  3  8 20.5 8 20.0 6 17.6 5 14.3 11 28.9 
Less than 
average  2  

4 
10.3 

4 
10.0 

10 
29.4 

3 
8.6 

6 
15.8 

Least valuable  1  5 12.8 11 27.5 6 17.6 2 5.7 5 13.2 

   39 100.0 40 100.0 34 100.0 35 100.0 38 100.0 

             

Mean   3.46 3.03 2.88 3.94 3.18 

Ranking   2 4 5 1 3 

                          
 
TECH: The understanding about solar PV technology 

NETWORK: The opportunity to network with other professionals during the competition 

JUDGE: The comments and guidance from the jury 

INNOVATION: The challenge to design with solar PV in an interdisciplinary and innovative way 

TEAM: The team work/ independence of accomplishing the project 
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Positive Effect on Renewable Energy Perception 

While the Solar Award can also be credited to increase the knowledge base of the 

participants in renewable energy, more than 70% of the respondents agreed that they knew more 

about renewable energy technologies other than solar power, such as wind power, geo-thermal 

and bio fuel due to their experience in the solar design competition, as shown in Figure 7. One 

respondent also recommended that the organizer hold a similar program for promoting wind 

power. As a result, policy makers should consider the significance of the positive effects of the 

award because it enhanced the demonstration and publicity of renewable energy utilization, 

which is one of the measures in the Executive Yuan’s Renewable Energy Development Plan.13   
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Figure 7: The Likert scale of how participants agree on their understanding of renewable energy due to the 

solar award 

 

                                                 
13 [19] W.T. Tsai, and Y.H. Chou, Overview of environmental impacts, prospects, and policies for renewable energy 
in Taiwan Renewable and Sustainable Energy Reviews 9 (2005). 
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Willingness to Pay (WTP) 

Table 11 summarizes the results of the WTP collected from 113 responses. Based on the 

total number of participants in the past three years, the aggregated value for the Solar Award is 

about NTD 3.3 million, equivalent to 110,000 US dollar. This amount can be considered as the 

use value for the competition. Figure 8 displays the wide range of the WTP and shows that the 

mode is NTD1000.   

Table 11: The results of willingness to pay as registration fee 

WTP (NTD, 1 USD=32NTD)   

Maximum 50,000 /US1560 

Minimum 0   

Median 1000 /US32 

Mode 1000 /US32 

sum of WTP 283,759 /US8900 

Response count (n) 113   

no response 22   

average WTP 2511 /US80 

 

The Distribution of WTP(n=113)
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Figure 8: The distribution of willingness to pay 
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Furthermore, we want to investigate the quantitative relationship between WTP and other 

variables. First, the log-transformation of WTP is modeled as a function of: knowledge score 

before and after the competition, knowledge improvement before and after the competition 

(DELTA), a set of dummy variables that include student status, having had previous commercial 

opportunities, and reaching the final qualification. As shown in Figure 9, there is a weak 

correlation between the log transformation WTP and the potential predictor variables.  

 

Figure 9: Pair relation between WTP and other response variables 
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Table 12 displays the coefficients of the variables, which indicate the effects of these 

predictor variables on the dollar WTP amount reported by the respondents. We found that 

“Afterscore” and “having the commercial opportunity” are significant at α=0.1, i.e. confidence 

interval of 90%. Thus we were confident that the self-assessed knowledge level after the 

competition was associated with a higher level of WTP registration fee to the Solar Award and 

also people having commercial opportunity after the competition were willing to pay more. The 

sign of the coefficient of student was at first surprising in light of the fact that students should be 

less financially well-off compared to non-students. However, the experience of attending the 

Solar Award as an off-campus event could be explained that the students cherished the learning 

in a non-classroom setting that gave them the rare opportunity to communicate with other 

professionals and reach out to the solar PV industry. Therefore, the students could be willing to 

pay a higher amount of money to attend the competition compared to people who are already 

situated in the working environment. However, these variables are not statistically significant to 

predict the WTP. We were not able to determine a correlation between WTP and other variables 

that were included in the survey.  

 
       Table 12: The variable coefficients for willingness to pay (WTP) 

glm(formula = log(WTP+1) ~ -1 + DELTA + AFTERSCORE + factor (COMMERCIAL) + 
factor(ENTERFINAL) + factor (STUDENT)) 

       

  Estimate  Std. Error t value Pr >z 

DELTA -0.0151 0.07 -0.2 0.84 

AFTERSCORE 0.12 0.07 1.78 0.08 

factor (COMMERCIAL)0 5.5 0.59 9.4 2.00E-15 

factor (COMMERCIAL)1 5.7 0.63 9 1.60E-14 

factor (ENTERFINAL)1 0.3 0.53 0.57 0.57 

factor (STUDENT)1 0.24 0.44 0.54 0.59 
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To contrast WTP with the price of current available courses on renewable energy and 

solar technology industry, we found two courses offered by ITRI College in Taiwan.  A 24-hour 

course that introduced the solar PV industry and market analysis was priced NTD 18,00014 and a 

series of training course about renewable energy engineering cost NTD3000 per six-hour 

session.15  In another words, by considering the market price of the energy courses, the Solar 

Award experience is equivalent to a 6-hour courses of renewable energy engineering.   

 

 

Discrete Choice of Paying 3000 as Registration Fee 

A discrete choice of paying NTD 3000 as registration fee was included in the survey to 

test if 3000 was an adequate amount of WTP and to analyze the potential variables to make the 

paying decision. There are 50 respondents willing to pay, 69 not willing to pay and 16 without 

responses to the question.  Logistic regression model was used to assess the probability of paying 

NTD 3000. As shown in Table13, the afterscore (knowledge level after the contest), times of 

participation, and whether having commercial opportunity have a positive correlation to the 

paying decision, however they were not significant predictors for the willingness to pay the 

registration fee.   

 

 

 

 

                                                 
14 [20] ITRI, Course Introduction: How to invest on solar industry, 
http://college.itri.org.tw/SeminarView1.aspx?no=23081068&msgno=302177, 2008. last accessed on 2008/02/26 
 
15 [21] ITRI, Course Introduction: Renewable Energy Engineer Certification Series, http://www.asia-
learning.com/Item_id70705.htm, 2008. last accessed on 2008/02/26 
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Table 13: The probability of paying 3000 as a registration fee 

glm(formula = PAY ~ AFTERSCORE *+TIMES + factor(COMMERCIAL), familiy= 
binomial(link=logit)) 

       

  Estimate  Std. Error  z value  Pr(>|z|) 

Intercept -1.8 0.61 -2.96 0.0031 

AFTERSCORE 0.09 0.06 1.49 0.1349 

TIMES 0.32 1.28 1.28 0.2008 

factor(COMMERCIAL)1 0.86 0.41 2.1 0.04 

       

       

Null deviance: 155      

Residual deviance:  143         

 

 

The model is plotted in Figure 10, showing one-time participants are less likely to pay 

such a fee compared to two-time participants and the chance increases as the degree of after 

knowledge level increases.  On average, people who had participated twice are more likely to 

pay such fee, about 10% more likely than the one-time participants. However, the unequal 

sample size of the two groups could lead to some bias in the results. Furthermore, Figure 10 also 

illustrates that people who had commercial opportunities were more likely to pay such as fee as 

compared to people who did not have commercial opportunity. It coincided with the result we 

observed for the WTP as presented above. The results implied that getting a commercial 

opportunity could increase the value participants perceived from the Solar Award. Therefore, we 

suggested ITRI spend more efforts on bridging the market with the designer in the field of solar 

technology; for example, marketing the award to increase the publicity, or outreach to the 

industry for sponsoring designers during the contest. We saw that ITRI had taken action in 

partnering with Taiwan Design Center (TDC) in 2007 Solar Award to launch projects that were 

targeted for commercialization.16  TDC invited the related industries to assess those projects after 

                                                 
16 [22] ITRI, Competition of Solar Innovation 2007, 
http://km.boco.com.tw/CompetitionTDC.aspx?Bid=TDC032007012,  
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the award announcement.17  Such collaboration should be increased and strengthened to help the 

Solar Award achieve its potential. 

 

Figure 10: The probability of paying 3000 as registration fee 

 

 

 

 

 

 

 

 

 

                                                                                                                                                             
http://solarpv.itri.org.tw/promotion/award/2007_02-award.asp, 2008. last accessed 2008/02/20 
17 [23] Boco, The 2007 Solar Award winner list, http://km.boco.com.tw/NewsDetail.aspx?Bid=B20071022000006, 
2007. last accessed 2008/02/20 
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Recommendation 

According to this preliminary study, the Solar Award provided an excellent educational 

opportunity for participants to learn more about PV technology and to build up their skills in 

applying solar PV in design projects. Furthermore, based on the data analysis and feedback from 

the respondents, we concluded that the Solar Award brought significant knowledge improvement 

and commercial opportunities to the contestants as well as positive effects on their perception of 

renewable energy. In addition, we found that there was an increase in the number of contestants 

that became practical users of solar PV following the contest. We also notice that different 

occupational groups perceived and valued the contest experiences differently.  

Based on the results, we propose the following recommendations for the organizer to make 

the Solar Award more sustainable and effective:  

1) Maximize the learning experience for participants:  

� The organizer could conduct outreach to industry, for example, the Taiwan 

Photovoltaic Industry Association, and ask the member companies to sponsor 

technical support as well as solar PV material or products. The sponsorship would 

facilitate contestants to construct their design model in the last phase of the contest. In 

addition, the contestants would have a direct and better understanding of the product 

specifications by interacting with industry representatives. In this way, they can obtain 

the knowledge of PV technology more efficiently and their products will be more 

likely to have commercial opportunities following a close cooperation with the 

industry.   
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� The organizer can hold regular workshops before and during the contest period as a 

way to introduce the technology and serve as a vehicle for contestants to ask questions 

about the contest.   

2) Publish comprehensive scoring rules and competition regulations 

� Comprehensive scoring rules and competition regulations would assist in scaling up 

the contest, such as involving elementary schools and expanding to operate as an 

international event like the Solar Decathlon in the US. The documents are expected to 

increase the transparency of the competition content, communicate with potential 

participants and thus reducing the administrative burden in explaining the regulations 

individually. With information available in a clearly documented format, potential 

participants can get a better idea about the requirements and scope of the contest. In 

addition, because ITRI is in charge of several renewable energy promotion programs, a 

document which describes standards for solar technology design could be an important 

resource or reference for other people in the field who did not participate in the Solar 

Award.  

� A well-defined and objective scoring system can minimize the subjectivity of the 

judges’ decisions and increase the confidence and trust of participants in the award.  

 
3) Conduct regular evaluation for the Solar Award   

� This survey was the first evaluation done since the first Solar Award in 2004. We 

suggested that organizer conduct a survey immediately after each contest so that 

participants’ experiences could be better reported; also, a follow-up survey in two 

years would be recommended to track the long-term impact of the event. With the 

direct feedback from the contestants, the event organizer can design and improve the 
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operation of the award accordingly. Furthermore, the organizer could also implement a 

survey to the general public and related industry, in order to evaluate non-use value or 

existence value. The general public and the audience to the exhibit could gain 

educational benefits, while the industry would have the opportunity to expose to the 

potential projects for commercialization and at the same time search for partners with 

design expertise with solar products.  

 

Conclusion  

It is a challenge to measure the impact of an event, especially one with education and 

promotional objectives and rewards that are hard to quantify. In an effort to estimate the benefits 

that the participants received from the Solar Award contest experience, we implemented a 

survey-based approach with the objectives of capturing and quantifying some of these direct-use 

positive impacts, as well as an evaluation of the effectiveness of carrying out the Solar Award 

competition in Taiwan. The results are expected to help public policy makers make better 

informed decisions when it comes to allocating their annual budget for the Solar Award program. 

However with the ever-increasing competition for public funding, diversifying the sponsorship to 

include private sector sponsors would help reduce the risk of program discontinuation, given that 

currently the government is the sole sponsor to the Solar Award. Therefore, this study could 

provide the information concerning the benefits and positive impacts associated with the contest 

for future private fund-raising.  

Although the lack of cost information prevents us from conducting a further costs-benefit 

analysis at this point, with the estimated benefits the organizer could analyze the cost for the 
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event activities and thus allocating the funding efficiently. It is hoped that our work would enable 

the organizer to expand on the results and experiences we had so that they can undertake 

continuous improvements. We anticipate that the more successfully the event reaches, the more 

valuable it would be. To illustrate with an example, if the award can attract international 

participants and be exposed to international arena, the domestic solar industries would have 

greater incentives in sponsoring the contest and at the same time, more domestic participants 

would be motivated for an international competition in Taiwan. The marginal benefits would 

increase as the scale ramps up, so it should also be considered when the organizer allocates the 

budget in holding the award.   

We suggest further research focus on collecting the revealed preference from audiences, 

related industries, and general public in order to comprehend the economic benefits of the award 

service. In addition, the potential error due to the survey approach could be reduced by 

introducing a proper sampling method and conducting the survey in a better timing and occasion. 

Last, we call for more evaluation process to apply to other renewable promoting programs in 

Taiwan so that the effectiveness of promoting renewable energy can be assessed and modified 

accordingly.  
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APPENDIX 1: Notice of Approval of Exemption Request from IRB, Duke University 

 Duke University 
  Institutional Review Board for the Protection of Human  
 Subjects 

 FWA No. 00000265 
 Notice of Approval of Exemption Request 

 Investigator(s): Mu-han Cheng 
 Advisor: Deb Gallagher 
 Title: Evaluation of the Solar Design Competition 
 Exemption Number: 2011 
 Approval Date: Friday, June 22, 2007 
 Sponsor: Department/School 
 Sponsor Number (if 
  applicable): 

Please note: Approval is contingent upon maintaining certification to conduct research with  
human subjects.  

 This research is exempt from further review by the IRB unless a proposed change in the research makes 
it no longer eligible for an exemption. For example: 

-- The researchers find that there is an unanticipated risk to the subjects. (There can be no risk to subjects  
in exempt research.)  
 
-- The researcher wishes to add a protected subject population such as students in the Psychology  
Department Subject Pool or students of the researcher. 
 
-- The researcher wishes to change the methodology so that it no longer fits an eligible category of  
research activity. 

 
If the research is no longer eligible for exemption, please contact the Human Subjects Specialist at 684- 
3030. 
  
 Duke University adopted a set of ethical principles to cover all research with human subjects, even  
 exempt research, regardless of the source of funding. The principles, respect for persons, beneficence,  
 and justice, described in the Belmont Report, can be found at  
 <http://ohrp.osophs.dhhs.gov/humansubjects/guidance/belmont.htm > 

Data Retention 

In accordance with Duke’s Data Retention Policy, signed consent forms and other research records must  
be maintained for five years after the completion of the research. 
 < http://www.ors.duke.edu/policies/datarete.htm> 

Completed Research 
Please inform the Office for Protection of Human Subjects when the research is completed. You may 
send notice of completion to ors-info@duke.edu. 
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APPENDIX 2: The email sent to the listserv 

From: solarpv@itri.org.tw 
To: members’ email address 
Date: July 3, 2007 

Subject: 金羿獎問卷-可留下 email 參加抽獎喔！ 

 

親愛的歷年金羿獎參賽者您好， 

 

過去三年舉辦的『金羿獎』的主要目的為發掘優良太陽光電應用設計，推廣太陽光電普及

應用，希望透過每年徵選優秀作品，鼓勵頂尖人才投入太陽光電的應用設計。爰此，杜克

大學環境學院(http://www.nicholas.duke.edu) 與工研院光電科技中心合作設計一份網路問卷

調查，期望透過歷年來參賽者的經驗，了解與評估金羿獎的實益。 

 

本調查結果有助於日後台灣經濟能源部推廣太陽光電的方式以及做為金羿獎舉辦經費的參

考。本問卷採「不記名」自願的方式，問卷資料僅供學術用途，您可以隨時離開問卷，請

您安心填寫。您的協助將使本研究進行的更順利，若您收到此份電子郵件是因為您是團隊

的代表人，也請您幫忙轉寄給您的隊友以增加此份研究的代表性。 

本問卷一共有 10 題，預計花一到三分鐘完成。最後您可留下 email 參加抽獎，我將主動

通知您結果。 謝謝您的協助！ 

 

請點選此連結到問卷 

http://www.surveymonkey.com/s.aspx?sm=CU_2bVjubCOP4vMtkmF_2fxaYA_3d_3d 

工研院光電科技中心  

杜克大學環境學院 

指導教授：Dr. Deborah Gallagher 

研究生：鄭慕涵 

Email: mc101@duke.edu 
July, 2007  
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From: solarpv@itri.org.tw 
To: members’ email address 
Date: July 3, 2007 
Subject: Fill out the questionnaire for the Solar Award – Win a gift!   
 
 
Dear Contestants to the Solar Award,  

 
In the past three years, the Solar Award was held to discover the excellent and innovative 
projects that incorporated with solar photovoltaic materials and to promote the wide 
application of solar photovoltaic. Through the contest, the Solar Award encourages 
professionals to utilize the solar elements in their projects. We hope to capture the 
benefits and effectiveness of the event through contestants’ experiences. Duke Nicholas 
School of the Environment and Industrial Technology and Research Institute had together 
designed this web-based questionnaire to serve the purpose.  
 
The results of the survey will facilitate develop the promotion programs by the 
Department of the Economic Affairs, Bureau of Energy and the funding allocation in the 
future. The survey is anonymous and the results of the survey are only for research 
purposes. Please feel free to stop and exit the survey anytime during your answering. If 
you received the email because you were the contact of your team, please feel free to 
forward to other team members.  
 
There are about ten questions in the survey and it will take you one to three minutes to 
complete. Finally, if you wish to receive a gift and the final report of the research, please 
leave your email in the end of the survey so that I can contact you. Thank you for your 
cooperation.       
 
Please click the link to proceed with the survey. 
http://www.surveymonkey.com/s.aspx?sm=CU_2bVjubCOP4vMtkmF_2fxaYA_3d_3d 
 
 
Regards, 
Industrial Technology and Research Institute 
Duke Nicholas of the Environment 
Adviser: Dr. Deborah Gallagher 
Graduate Student: Muhan Cheng 
Email: mc101@duke.edu 
July, 2007 
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APPENDIX 3: The Webpage of Survey and Questions 
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APPENDIX 4: The Survey Questions in English 

Dear Contestants to the Solar Award,  
 
In the past three years, the Solar Award was held to discover the excellent and innovative 
projects that incorporated with solar photovoltaic materials and to promote the wide 
application of solar photovoltaic. Through the contest, the Solar Award encourages 
professionals to utilize the solar elements in their projects. We hope to capture the 
benefits and effectiveness of the event through contestants’ experiences. Duke Nicholas 
School of the Environment and Industrial Technology and Research Institute have 
designed this web-based questionnaire to serve the purpose.  
 
The results of the survey will facilitate develop the promotion programs by the 
Department of the Economic Affairs, Bureau of Energy and the funding allocation in the 
future. The survey is anonymous and the results of the survey are only for research 
purposes. Please do not repeat the survey. If you received the email because you were the 
contact of your team, please feel free to forward to other team members. There are ten 
questions in the survey and it will take you one to three minutes to complete. Finally, if 
you wish to receive a gift and the final report of the research, please leave your email in 
the end of the survey. Thank you for your cooperation.       
 
Regards, 
Industrial Technology and Research Institute 
Duke Nicholas of the Environment 
Adviser: Dr. Deborah Gallagher 
Graduate Student: Muhan Cheng 
Email: mc101@duke.edu 
July, 2007 
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1.  Please select the year and which group you participated in the Solar Award?  

(select all apply) 

� 2004 
� Architecture 
� Campus Gate 
� Energy Generation/application on Campus  

� 2005 
� Creative Solar Design 
� Public Space Demonstration 
� Outstanding Installation   

� 2006 
� Solar Landmark Design 
� Solar Toy and educational tool/aid 
� Outdoor equipment 
� Solar Car Race 
 

2. What was your occupation when you participated in the Solar Award, please check all apply. 
 
� 2004 

� Student 
� Teacher 
� Architect 
� Interior Designer 
� Visual Art Designer 
� Industrial Designer 
� Electricity/Utility related professional  
� Others, please specify 

� 2005 
� Student 
� Teacher 
� Architect 
� Interior Designer 
� Visual Art Designer 
� Industrial Designer 
� Electricity/Utility related professional  
� Others, please specify 

� 2006 
� Student 
� Teacher 
� Architect 
� Interior Designer 
� Visual Art Designer 
� Industrial Designer 
� Electricity/Utility related professional  
� Others, please specify 
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3. Please mark which describes the best for you before and after Solar Design Award about 

solar PV products. 
     Not Understand at all Understand a little Understand fairly Understand well Understand very well before the competition           The price of Solar PV after the competition           before the competition           The feasibility of Solar PV in design after the competition           before the competition           The features and function of Solar PV, like the thermal and electricity generation, bending flexibility.  after the competition           before the competition           The power generation systems of Solar PV and its capacity after the competition           
 
 
 
 
4.   Have you tried to use solar PV product into your design project before participating the 

competition? 
� Yes 
� No 
 

5. Have you tried to use solar PV product into your design project after participating the 
competition? 
� Yes 
� No 
 
 

 
6. Based on question 5, if your answer is yes, what is the frequency that you successfully apply 

solar PV product into your design? 
� Every project 
� One in every two projects 
� One in every three to five projects 
� One in every six to ten projects 
� Others, Please specify_________ 
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7. Is there any commercial opportunity that comes to you after your participation in the solar 
design competition? For example, the manufacture approached for commercialization of your 
project from the competition or any client inquired about the similar design/concept by using 
solar PV.  
� Yes 
� No 
� Please specify if you like _______________ 

 
 
8.  Please rank below benefits/gains that you value the most from the competition. 1 is the most 

significant one and 5 is the least. 
� Gained the knowledge of solar PV technology 
� Networked and exchanged ideas with other professionals 
� The comments from the judges 
� Innovate on design with solar PV 
� Team working/Individual accomplishment for project 
 
 

9. Please select which best describe you: Due to the experience of Solar Award, I know more 
about the renewable energy other than solar power, such as wind power, geo-thermal and bio 
fuel. 
� Strongly Agree  
� Agree 
� No Opinion 
� Disagree 
� Strongly Disagree 

 
 
10. Assume that there is budget constraint for the Solar Award, based on your previous 

experiences and the gains from participation, are you willing to pay NTD3000 to register for 
this competition? 
� Yes 
� NO 

 
 
11. Based on my experience, I am willing to pay maximum and no more than ________ dollar to 
join the competition. 

 
 
12.a  Was any of your design project selected into the final run? 

� Yes 
� No 

 
12.b  If yes, did you receive an award? 

� Yes 
� No 
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Last page:  
 
Thank you for your help fill out the survey. If you would like to know the survey results, please 
leave your email address. I will provide a report and notify if you win the gift (an I-pod shuffle). 
Please use the comments column if you have any questions or suggestions, or you can email to 
mc101@duke.edu. If you would like to forward this survey to your team members, please copy 
and past the below link. Your forwarding will increase the representativeness of the survey and 
reflect the experiences of the contestants.   
http://www.surveymonkey.com/s.aspx?sm=CU_2bVjubCOP4vMtkmF_2fxaYA_3d_3d 
 

 

� I want to receive the report 
� I want to join the lottery shuffle.  

 
Please leave your email    __________________________________________________  
 
Comments to the Solar Award:  
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APPENDIX 5: Summary of the Survey Results from 209 Responses 
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