
 CCA IGEM SURVEY ANALYSIS AND DATA 

 Link to survey  : 
 https://docs.google.com/forms/d/e/1FAIpQLSfHsIPMaCkhGSzOXgnFd-BaZJL65 
 1ij66JxiUwKbbqEkp-l0Q/viewform 
 Goal of Survey  : 
 We used this survey to learn about our community’s thoughts and views on 
 the ethics and ways of synthetic biology. 

 GRAPHS AND DATA ANALYSIS 

 Which of the following terms are you familiar 
 with? 
 Most people were familiar with PCR and 
 CRISPR. A roughly similar amount of people 
 were familiar with transcription factors, 
 recombinant DNA, knockout genes, restriction 
 enzymes, horizontal gene transfer, western blot. 
 37 people were not aware of any of the terms 
 described. This showed a variety of educational 
 levels. Various education levels create diverse 
 responses that are not all based on highly 
 informed biologists. Diversity gives a better 
 general opinion about the public's opinions. 

 How comfortable are you with the synthetic 
 production of collagen using yeasts? 

 One of the questions in the survey included 
 how comfortable participants are with the 
 synthetic production of our collagen. 

 The results showed that participants were 
 somewhat comfortable with the production of 
 collagen using yeasts, with the average rating of 
 3.97 out of a total of 5. 

 As the data suggests, the spread between being 
 comfortable about the synthetic production of 
 collagen using yeasts and level of education 
 had correlation. Those who were less educated 
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 felt less comfortable since they have less 
 understanding because they don't have 
 knowledge about how safe the genetic 
 modification of products. Those who were more 
 educated were more comfortable because they 
 are more educated and understand that 
 synthetically modified products are still safe. 
 The stronger correlation between educated and 
 more comfortable with synthetic modification 
 is likely due to the fact that they are more 
 educated and are aware that it is not harmful 
 even if it is produced by the synthetic 
 modification of organisms. A quote from 
 Scientific American highlights this, “Queried 
 about different scientific and technological 
 developments, more Americans say they are 
 worried than say they are enthusiastic about six 
 out of seven of these developments… One 
 source of collective apprehension stems from 
 worry over potential risks and unintended 
 consequences from emergent technologies” 
 (Funk, et al. 2018). Those who are not educated 
 about the benefits of technological 
 advancements, such as the synthetic 
 modification of organisms, fear the negative 
 possibilities of the future technologies. People 
 who are uninformed about synthetic biology 
 are concerned that it could lead to biosafety 
 hazards. This is why there is a clear correlation 
 between how informed people are about 
 synthetic modification about organisms and 
 how comfortable they would be with a collage 
 product made from synthetic modification of 
 yeast. 

 The data gathered from the survey helped us 
 learn more about the views of synthetic 
 materials made from yeasts from the 
 participants, most of which were in our local 
 community. 



 How concerned are you about the current 
 biomedical waste and production? 

 The survey asked our participants how 
 concerned they were with the ethics of current 
 biomedical waste and production. 

 6.59% (12/182) of the responses indicate that 
 they were least comfortable with the ethics of 
 current biomedical waste and production. This 
 is a big issue currently but there are pros and 
 cons to this issue. One of the cons of this is that 
 it would raise the pollution level which is a huge 
 environmental issue. One of the pros of this is 
 that this is advancing future bio technology 
 because it proves that they are experimenting 
 and looking for different solutions. 

 In addition 17.58% (32/182) of the respondents 
 indicate that they were somewhat comfortable 
 with the ethics of current biomedical waste and 
 production. This is a big issue. One of the 
 reasons this is a somewhat popular opinion is 
 that some people had a little more cons on 
 ethics of biomedical waste and production. 

 Also 36.27% (66/182) of the responses indicate 
 that they were neither comfortable or 
 uncomfortable with the ethics of current 
 biomedical waste and production. This was the 
 most popular option that our survey 
 respondents chose. This makes sense because 
 these people are happy that there is a lot of 
 research and experimentation happening in the 
 biomedical industry/field but they are also 
 noticing and acknowledging that this is also 
 contributing to the overall pollution and 
 increasing  global warming overall. 

 Also 25.2% (46/182) of the responses indicated 
 that they were more comfortable with the 
 ethics of current biomedical waste and 
 production. This was the second most popular 



 opinion. This is when our survey respondents 
 said that there were more comfortable with the 
 current ethics than they were uncomfortable 

 Lastly, 14.28% (26/182) of the responses indicated 
 that they were most comfortable with the 
 ethics of current biomedical waste and 
 production. So the people that chose this 
 answer had more pros to say that they were fine 
 with how the current solution for biomedical 
 waste and production is right now. 

 The results of the survey conclude that people, 
 on average, were concerned about the ethics 
 however did not think about it. 

 How comfortable are you with bacterial 
 collagen? 

 As the survey asked how comfortable 
 participants were with bacteria collagen, most 
 participants were neither completely agreeable 
 nor disagreeable with the idea of collagen 
 usage in their daily lives. 

 We can also see in our data that there is no 
 correlation between the level of education you 
 have and how comfortable you are with 
 bacterial collagen. 

 For example, the data was evenly distributed 
 throughout for all five levels of comfortability. 
 And also as the levels of comfortability went up 
 the respondents were majorly made up of 
 people currently still in high school. 

 A lot of people were comfortable with collagen 
 since an article from Medical News Today states 
 that , “Collagen  helps form  a fibrous network of 
 cells called fibroblasts, upon which new cells 
 can grow. It also plays a role in replacing and 
 restoring dead skin cells.  ” This proves how our 
 survey was responded to since there are a lot of 

http://www.fibroblast.org/


 great benefits to collagen. We can also see how 
 people with a higher degree are likely to be 
 more informed on scientific terms like collagen 
 which is our main project. Since they are more 
 educated they are more likely to know the 
 benefits and cons to collagen. Since there are 
 many benefits to collagen we saw that the 
 people with very high degrees like a masters or 
 higher answered that they were more 
 comfortable with bacterial collagen. Then we 
 saw that the majority  of people who chose the 
 lower options on the comfortability scale 

 However, the skew of the graph may suggest 
 that more people  are  comfortable with the 
 usage of bacteria collagen as over 60 people 
 answered positively while under 40 people 
 answered otherwise. 

 How comfortable are you with non-harmful 
 being involved in the making of synthetic 
 collagen? 

 As the survey asked how comfortable people 
 were with non harmful substances being 
 involved in the making of synthetic collagen, 
 most participants responded with 3,4, or 5, 
 suggesting that without the use of harmful 
 chemicals in the production of collagen. 

 The data in this graph compared to previous 
 questions overall implies that the majority are 
 much more open to the usage of collagen if it is 
 free of toxins. 

 The educational levels were distributed 
 somewhat evenly and the level of education 
 had no correlation to the effects of the data. 



 What do you think about the effect of 
 discarded biomedical materials in the 
 environment? 

 In this portion we are trying to see if there is a 
 correlation between the survey respondents' 
 education level and their opinion on the effect 
 of discarded biomedical materials on the 
 environment. 

 Approximately 70 people, or around 45% of the 
 survey takers responded that they believe the 
 effect of discarded biomedical materials on the 
 environment was harmful, but necessary. 
 Currently, unsold or unused collagen is 
 discarded with the rest of biomedical waste. 
 This not only causes physical harm and 
 destruction of ecosystems but also creates 
 greater risk factors in Animals’ health. This data 
 suggests that most people are aware of the 
 harm that it causes on the environment, but 
 believe that the sacrifices are still necessary in 
 order to provide everyday collagen use. 

 However, the second most responded variable 
 that the survey takers responded to was that 
 the discarded contents in the environment, and 
 the current options and initiatives taken to 
 remove the biomedical products should not be 
 used at all. 

 The data shows us that there is no correlation 
 since many people with the same degree had 
 different opinions and most people also chose 
 the harmful, but necessary opinion.This means 
 that many people do care about the impacts of 
 the environment and may be more willing to 
 advocate a product that does not 

 Basically however, people currently in High 
 School had a mixed opinion and chose between 
 all of the opinions. 



 What opinion do you have on collagen made 
 from the tendons of animals? 

 As the question asks what opinion they have on 
 the ethics of bovine collagen, the data varied 
 drastically. 

 An even number of people believed that 
 collagen extracted from the tendons of animals 
 was harmful while most people believed it to be 
 beneficial with drawbacks. Only about 12% of 
 people thought of it to be neither beneficial nor 
 harmful. 

 However,  we can conclude that over 50% of 
 people who answered understood the general 
 harm that comes from extracting collagen from 
 living animals, while 61% of participants 
 recognized the drawbacks that come from the 
 process. Because bovine collagen uses 
 inhumane practices such as extraction from 
 tendons and cartilage, people felt that it was 
 harmful, but also understood the various 
 beneficial uses and described that it is still 
 necessary. Close to 23% of people felt that it 
 should not be used at all, which means they felt 
 negatively about the inhumane practices used 
 to extract the bovine collagen. 

 Would you be more comfortable with medical 
 products if the chemicals used were all safe 
 and non-toxic? 

 When asked if people would be more 
 comfortable if all the materials used in the 
 product are safe and nontoxic, 74% of people 
 felt that they would be more comfortable and 
 22% of people felt that they would also be more 
 comfortable, however, the use of other 
 materials would not bother them. Only 4% of 
 people felt that it would not change the 
 comfortability of the use of the product. 
 People's uncomfortability with chemicals is 



 likely due to the fear that it will cause adverse 
 reactions. While using toxic chemicals in a 
 product will not make the product dangerous, 
 however, it's a common misconception that it 
 will cause adverse reactions. 

 What proposed implementation of our 
 project are you most interested in? 

 While the proposed implementation options 
 were evenly split, the most popular option is the 
 wound dressing. This had the highest number 
 of votes with 41 people being most interested in 
 this implementation. The wound dressing 
 would use collagen sheets or gels to repair 
 wounds by introducing collagen. This might be 
 the most popular implementation because the 
 product would be most applicable to people, 
 since people often have wounds that need to be 
 treated. 

 Gender Diversity 

 The audience who took this survey were almost 
 evenly split between male and female. 

 By ensuring an almost equal number of people 
 of each gender, we can make sure that the 
 responses are not skewed by gender. This 
 eliminates extraneous variables due to gender 
 differences. Such precautions with our survey 
 ensure the more accurate results and analysis. 
 For any survey it is important to see the 
 background of your participants - better 
 understand 5 certain background 
 characteristics of an audience. We ensured that 
 our survey was distributed to a wide audience of 
 various genders and various . Our results for 
 gender is an indicator that one group of people 
 was not favored over another. 
 We are aware that there are more than two 
 genders, so we offered a nonbinary option as 
 well as another option that allows the 



 participant to write their preferred gender. We 
 also made sure to respect the privacy of our 
 participants by including a “Prefer not to say” 
 option. 

 Age Distribution 

 As with the level of education, the age of a 
 participant in a survey is important because it 
 will help determine a person’s experience with a 
 certain topic. 

 In our survey, the ages ranged from 10 years old 
 to 55+ years old. As shown by the age 
 distribution, there were significant amounts of 
 teenagers and adults who responded, 
 demonstrating the age/experience diversity of 
 our responses. 

 Thus, we are able to record the perspectives of 
 people from a wide variety of ages and 
 experiences with the topic. See (individual 
 analysis) and (correlation analysis with age) The 
 age is important for us surveyors to see if age 
 had any effect on the mindset and opinions of 
 the participants. 

 The graph we have gotten is right skewed. 



 The education level of our participants is 
 important to the success of a survey. We need 
 people with different years of experience and 
 education to give us a well rounded opinion. 
 Through our previous analysis on the 
 knowledge of our participants we have made it 
 clear that the majority of our participants are 
 knowledgeable enough to give good opinion so 
 their level of education matters less in terms of 
 knowledge because their knowledge is at par 
 with what we need. This was important for us to 
 see if higher education/more experiences made 
 an impact on our participant opinion of other 
 topics (we did correlational studies later on). 
 Respondents who completed a four-year 
 degree at a college or university may answer 
 questions differently than those whose 
 education ended in high school, which we hope 
 to analyze in more detail with further 
 correlational studies. 

 Our data has a bias towards highschoolers, still 
 all groups are represented. 

 The average value for male responses to how 
 comfortable with material produced from the 
 synthetic modification of yeast to produce 
 collagen  was 3.52 and 83.75 for female 
 responses. We wanted to see if this difference 
 was statistically significant because if it was 
 statistically significant, our results would 
 indicate that females and males feel the same 
 about the materials produced. The ‘prefer not to 
 say’  category for gender was chosen not to be 
 included because there were only 5 responses 
 compared to the 96 female responders and 77 
 male responders. To find if the difference 
 between the means between female and male 
 responses was significant, we performed the 
 t-test for statistical significance, which yielded a 
 t-value of  -1.4284 which corresponds to a 
 p  -value of .922 based on the t-table. This result is 



 not significant since it needs to be  p  < .05 but 
 since 0.922> .05.This means that the difference 
 between the  average values for male and 
 female responses to how comfortable with 
 material produced from the synthetic 
 modification of yeast produce collagen was 
 close enough to have happened by chance. 
 Because the differences between the  average 
 value for male and female responses to how 
 comfortable with material produced from 
 collagen was not statistically significant (at 
 p>.05, which is the standard p value used), male 
 respondents felt less comfortable with collagen 
 based products compared to their female 
 respondents based on our results. There is no 
 obvious indication of why male respondents 
 had a mean that was significantly less than 
 female respondents based on our data, so more 
 research can be done to find out the reason 
 behind this difference. 

 The average value for male responses to how 
 concerned they were with the ethics of current 
 biomedical waste and production was 3.32 and 
 3.23 for female responses. We wanted to see if 
 this difference was statistically significant 
 because if it was statistically significant, our 
 results would indicate that females and males 
 feel the same about the materials produced. 
 The ‘prefer not to say’  category for gender was 
 chosen not to be included because there were 
 only 5 responses compared to the 96 female 
 responders and 77 male responders. To find if 
 the difference between the means between 
 female and male responses was significant, we 
 performed the t-test for statistical significance, 
 which yielded a t-value of  0.5466 which 
 corresponds to a  p  -value of .293 based on the 
 t-table. This result is not significant since it 
 needs to be  p  < .05 but since 0.293> .05.This 
 means that the difference between the  average 
 values for male and female responses, how 



 concerned they were with the ethics of current 
 biomedical waste and production was close 
 enough to have happened by chance.  Because 
 the differences between the  average value for 
 male and female responses to how how 
 concerned they were with the ethics of current 
 biomedical waste and production was not 
 statistically significant (at p>.05, which is the 
 standard p value used), male respondents felt 
 less comfortable with collagen based products 
 compared to their female respondents based 
 on our results. There is no obvious indication of 
 why male respondents had a mean that was 
 significantly less than female respondents 
 based on our data, so more research can be 
 done to find out the reason behind this 
 difference. 



 The average value for male responses to how 
 comfortable they were with bacterials collagen 
 was 3.26 and 3.46 for female responses. We 
 wanted to see if this difference was statistically 
 significant because if it was statistically 
 significant, our results would indicate that 
 females and males feel the same about the 
 materials produced. The ‘prefer not to say’ 
 category for gender was chosen not to be 
 included because there were only 5 responses 
 compared to the 96 female responders and 77 
 male responders. To find if the difference 
 between the means between female and male 
 responses was significant, we performed the 
 t-test for statistical significance, which yielded a 
 t-value of  -1.1468 which corresponds to a  p  -value 
 of 1.976 based on the t-table. This result is not 
 significant since it needs to be  p  < .05 but since 
 1.976> 0.252965.This means that the difference 
 between the  average values for male and 
 female responses, how comfortable they were 
 close enough to have happened by chance. 
 Because the differences between the  average 
 value for male and female responses to how 
 comfortable they were with bacterial collagen 
 and production was not statistically significant 
 (at p>.05, which is the standard p value used), 
 male respondents felt less comfortable with 
 collagen based products compared to their 
 female respondents based on our results. There 
 is no obvious indication of why male 
 respondents had a mean that was significantly 
 less than female respondents based on our 
 data, so more research can be done to find out 
 the reason behind this difference. 



 Most people who have heard of collagen, 
 around 75 people of the 183 people surveyed 
 (40%) , discovered collagen and were familiar 
 with the substance through skincare products. 

 This may suggest that one of the most highly 
 correlated aspects which may connect users 
 with collagen products may be for skincare, 
 which consists of face masks, topical face 
 masks, and microneedling are products that are 
 vastly used on the daily, thus depleting the 
 stock of collagen at a higher rate. Introducing 
 safer collagen extracting methods, henceforth, 
 can be beneficial and more appealing to those 
 who utilize these facial care products more 
 often. 

 Another group who have heard of collagen 
 come from Biological purposes or dietary 
 supplements, which were about 40 people out 
 of the 183 people surveyed (21.8%). 

 Dietary supplements improve skin elasticity and 
 increase bone density. Not only does this mean 
 that many with health problems and in need of 
 daily supplements are required to purchase a 
 higher amount of collagen, but developing 
 efficiency through our project may benefit 
 those who purchase collagen supplements as 
 well as the environmental impacts. 



 Individual Analysis 

 Consider extraction and spinning parameters 
 to get the right fiber structure. Consider your 
 gene inducing sequence to maximize 
 collagen production (for example SUMO or 
 copper). 

 We took this to extreme consideration because 
 this was integral to our original product and 
 could be spun and various cross linking 
 materials that could help give structure to the 
 product. This helped us gain public insight on 
 the opinions of the products' future 
 development and manufacturing. 

 Have you seen the articles about using 
 sterilized fish skin to help skin injuries? One of 
 your proposed uses makes me think of that. 
 Take a look if you haven't seen it. Burns in 
 particular are difficult to recover from. Wound 
 dressing is another goal that is more 
 attainable. There are already wound dressings 
 that are like this, however maybe this would 
 be a good option or better. 

 Our team was able to take this into careful 
 consideration about their interest in the wound 
 dressings. Similar to the fish skins mentioned in 
 the comment, our product would act as an 
 introduction of collagen which would aid in the 
 repair of non-infected wounds. This shows the 
 public interest in wound scaffolding 
 implementation. We used this insight from the 
 public to determine what biomedical 
 implementation we would use. 

 1) A bacterial protein will be rejected by the 
 human immune system, although it might 
 still work as a temporary wound covering. 2) 
 Yeast expression is unpredictable. It may work 
 like a charm, but it can also fail. 3) What is the 
 advantage of genetically engineering an 
 abundant human protein that can be purified 
 as  such? 

 Since the structure is the same, for they have a 
 glicine at every triplet, it will not be attacking 
 the immune system; no, the bacterial protein 
 will not be rejected by the human immune 
 system. With careful consideration and lab 
 experimentation, we’ve determined that yes, 
 the yeast expression is unpredictable and is a 
 risky usage, but better a better platform to 
 express our results. 


