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As the international community aims to reduce its reliance on fossil fuels, green hydrogen has great potential to replace methane as a clean source of fuel. A novel public engagement activity, The Hydrogen Bike, has been developed to demonstrate the production and use of green hydrogen from water. The aim of the activity is to educate, entertain and inform young people and adults so that they have an opportunity to form an opinion about the use of hydrogen as a fuel. Using a novel two-part data collection system participants are briefly surveyed for their opinion on hydrogen before and after participating in The Hydrogen Bike activity. Through this we have found that most participants (73%) are considered to have no opinion or a neutral opinion on hydrogen before participating in The Hydrogen Bike activity. After participation 88% of those who were originally neutral or had no opinion on hydrogen self-reported a positive feeling about hydrogen. The method of data collection was quick, intuitive and suitable for an audience attracted from passing footfall.
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INTRODUCTION
The human race relies on energy to stay warm, grow food, travel, clothe themselves and complete the myriad of survival tasks required on a daily basis. Historically our energy predominantly came from fossil fuels; Oil in particular fuels society as its components contribute to heating, transport, fertilisers and pharmaceuticals to name a few (IAOGP, 2017). However, the use of fossil fuels leads to serious planetary consequences as the combustion of fossil fuels produces carbon dioxide, a well-documented contributor to global heating (Sawyer, 1972).
Following the Paris Agreement of 2016, countries around the world pledged to ensure that the average global temperature does not exceed 1.5°C1 above pre-industrial levels by the end of the century (Hulme, 2016; IPCC, 2018). Therefore, the human race needs to rely instead on energy generated from zero-carbon sources. However, the dominant sources of renewable energy production – solar and wind – are affected by seasonality i.e. more solar power is generated in the summer months when there is less demand for energy, more wind power generated at night, again when energy demand is low. Batteries are typically used for storing excess energy but this energy can also be stored in the form of “green hydrogen”. The main advantages of hydrogen generation over batteries are as follows:
1) Hydrogen can be stored over a long period of time
2) Hydrogen can be transported
3) Batteries have a limited number of charge-discharge cycles whereas hydrogen production is non-limited.
In February 2020 the United Kingdom Government announced a £90 million pound package to tackle carbon dioxide emissions, including the development of blue and green hydrogen generation (Karteng, 2020). “Blue hydrogen” is created by stripping hydrogen from methane and capturing the resulting carbon dioxide using carbon capture technology (Evangelopoulou et al., 2019). “Green hydrogen” is hydrogen generated through the splitting of water into hydrogen and oxygen using renewable energy sources (Widera, 2020). In total, £70 million was committed to three projects, two of which were for “blue hydrogen” and one for “green hydrogen” (Karteng, 2020). A number of other hydrogen generation projects are in development in the United Kingdom, including the Hydrogen Research and Demonstration Centre at Baglan Energy Park in South Wales where a hydrogen filling station is available for hydrogen-powered cars to fill up with green hydrogen (h2wales.org.uk). Therefore, the technological capability and political ambition for a low-carbon hydrogen economy appear to be present in the United Kingdom. However, for a technology to succeed it still needs to be accepted by the end-user. For a hydrogen-economy the end-user will typically be an individual over 17 years of age driving a hydrogen-powered vehicle or an individual (young person or adult) using pure or blended hydrogen in their homes for cooking and/or heating. Therefore, it is important that young people and adults across the United Kingdom are aware of and feel safe around hydrogen as a fuel (Schulte et al., 2004).
Recent research by (Scott and Powells, 2020) with communities in the North East and North West of England has shown that individuals have safety concerns around the use of hydrogen, “some participants did have an overarching perception of hydrogen as dangerous, flammable, and explosive – in many cases to a greater extent than natural gas” (p. 101,346). Participants were also concerned about what the hydrogen flame would look like. However, education and, in particular, first hand experience of hydrogen can make individuals feel more confident and therefore more positive about the use of hydrogen (POST, 2002; Haraldsson et al., 2006). A significant number of studies have been carried out assessing the opinions of adults in the United Kingdom about hydrogen (Cherryman et al., 2008; Thesen and Langhelle, 2008; Bellaby et al., 2016; Scott and Powells, 2020). However, to the best of our knowledge, very few intervention studies have been carried out to show a change in opinion. The most relevant intervention study, as it is centered in South Wales, was carried out by Bellaby and Clark (2014). Briefly, Bellaby and Clark (2014) carried out focus groups with people in three categories “14 year old Baccalaureate students; 18–19 year old students at Tertiary College; and adult-members of a Citizens’ Panel” (p. 15,125) who had attended an organized visit to the Baglan Hydrogen Research and Demonstration Centre. The analysis of the focus groups showed that the school-age participants thought of hydrogen in the context of hydrogen-powered cars, while the Citizens’ Panel participants took a wider view. Many participants were reassured about the safety of hydrogen following their visit to the Centre and overall the authors stated that “showing the unfamiliar technology in action does enhance public understanding” (p. 15,130). Discussions within the focus group also allowed students in particular to think more widely than just hydrogen as a fuel with discussion of the energy system as a whole prompted as they thought about the intermittency of renewable energy and how hydrogen could be produced and stored to compensate. This study is encouraging but has the disadvantage of having a fixed location. Interested parties must go to the Centre, rather than the technological demonstration being portable.
As a research group with expertize in the production of green hydrogen (Phillips and Dunnill, 2016; Phillips et al., 2017; Jones et al., 2018) we have developed an accessible, interactive and engaging outreach activity, called The Hydrogen Bike. The Hydrogen Bike has an advantage over the Baglan Centre in that it is portable, as will be demonstrated in the methods section. The aims of The Hydrogen Bike activity are to
1) inform the general public about hydrogen
2) allow the participants to form an opinion about hydrogen
3) measure a change in opinion as a result of engaging with the activity
Measuring the change in opinion requires the initial opinions of respondents to be captured as a baseline for the investigation, as well an opinion at the end of the activity. A variety of different methods may be used to gather data from outreach activities, including recalling interactions (Mokros and Atkinson, 2018), Likert-scale surveys (Caref et al., 2018), or written assessments to gauge what knowledge was gained (Jones et al., 2019). Not all outreach activities that capture data are clear about measuring a change an outreach activity induces; for example, they may not establish a baseline.
We describe here how to set up and operate The Hydrogen Bike, including the variety of locations and audiences for which it is suited. Furthermore, we discuss our methodology, using a two-part data collection, to assess how participating in The Hydrogen Bike activity may have enabled the participant to form an opinion about hydrogen.
MATERIALS AND METHODS
Exhibit Overview
The Hydrogen Bike was designed with science fairs, aimed at secondary school children, in mind, but can be adapted to be suitable for primary school children, all the way up to adults with science backgrounds. Its primary focus is to engage participants in extra-curricular science, alongside the secondary objective; to collect data about the effect of the outreach activity on their feelings toward hydrogen. Interactions with the bike typically last between 5–8 min, so data collection must be quick, and not detract from the main outreach activity.
Figure 1 is a diagram of the setup used during The Hydrogen Bike demonstration. The setup consists of a bicycle equipped with a dynamo, an alkaline electrolyser, gas collection tubes, feedback collection tubes, and posters visually explaining the demonstration and two to five trained hydrogen bike facilitators.
[image: Figure 1]FIGURE 1 | (A). Schematic of The Hydrogen Bike exhibit, depicting the alkaline electrolysis cell powered by a dynamo built into the rear wheel of the stationary bicycle. Also shown are the hydrogen and oxygen gas collection containers and the central “buffer tank” into which aqueous sodium bicarbonate electrolyte is forced during gas collection. During the demonstration, stored hydrogen is continuously used by a hydrogen fuel cell to power LEDs beneath each of the gas storage columns, and the gas is also admitted to a burner to demonstrate a stable hydrogen flame. (B). Photo of a participant on The Hydrogen Bike.
As Wales is a bilingual country The Hydrogen Bike poster is available in both Welsh and English. The poster was translated by the Swansea University Welsh translation service, which is a professional translating service. In addition, at the National Eisteddfod, a Welsh arts and culture festival where Welsh Language is given primacy over English, exclusively bilingual (English-Welsh language) speaking facilitators were present to run The Hydrogen Bike exhibit and the question on the feedback collection tubes, depicted in Figure 2, was bilingual.
[image: Figure 2]FIGURE 2 | Tokens are placed in one of five tubes, labeled with different emoticons representing a participant’s final opinion in answer to the question: “How do you feel about a hydrogen powered future?”
During a typical exhibition, waiting participants are approached by a facilitator and their individual opinions on hydrogen are canvassed. Based on their opinion, each individual is given their own colored token and invited in turn by a facilitator to pedal a stationary bicycle with an electric dynamo in the back wheel. Each individual in turn is given approximately 1 min to pedal the bike. While participants interact with the bike, the facilitator will engage them in a discussion about the intermittency of renewable energy and the role of hydrogen as a grid stabiliser.
After all of the participants from the group have cycled on the bike, the facilitator asks the group how they feel about a hydrogen powered future. The individuals are then invited to place their colored token into the feedback collection tube with the emoticon best representing how they feel. The demonstration then begins again with a new group of waiting participants. Multiple facilitators present at the demonstration enable a seamless transition between groups.
Equipment Description
The dynamo powers an alkaline electrolyser described in detail in our previous research papers (Passas and Dunnill, 2015; Phillips and Dunnill, 2016; Phillips et al., 2017). Briefly, water in the sodium bicarbonate electrolyte is split into hydrogen and oxygen gas, (Eqn 1). Collecting the gases in custom-made gas collection tubes, allows the audience to compare the stoichiometry of hydrogen and oxygen generated from the water-splitting process. In general, the oxygen is vented to the atmosphere while the hydrogen is used for the rest of the display.
[image: image]
Hydrogen is supplied to a 3 V hydrogen fuel cell, powering a set of LEDs illuminating the base of each collection chamber. The application of fuel cells for powering cars, and conceivably homes and businesses, is discussed with the audience, aided by a Hyundai Ix35 hydrogen fuel cell vehicle depicted in Figure 3, which is used by The Hydrogen Bike’s team to transport the equipment to and from events.
[image: Figure 3]FIGURE 3 | The ESRI Hyundai Ix35, a hydrogen fuel cell-powered car that transports The Hydrogen Bike team and equipment to events.
As the climax of the demonstration, stored hydrogen is ignited at the output of the micro burner to form a stable flame, as shown in Figure 4. This demonstrates to the audience that it is possible to combust the gas in a safe and stable manner, analogous to the domestic natural gas with which they are likely more familiar. While hydrogen flames are typically colorless (Crowl and Jo, 2007), the flame displayed during the exhibit is orange in color due to the presence of sodium impurities (Driscoll, 1997) from the aqueous sodium bicarbonate electrolyte; this observation is explained to the audience and the associated implications regarding user safety are discussed, recognizing that the phenomenon fortuitously enhances flame visibility and thereby decreases the risk to the burner operator.
[image: Figure 4]FIGURE 4 | Image of the stable hydrogen flame presented as the climax of the demonstration.
Training of the Facilitators
Facilitators are trained by the principal investigator, creator of The Hydrogen Bike. Training includes the set-up and technical operation of the hydrogen bike. Training also covers the impact assessment questions and token distribution. Facilitators are told to ask the question “How do you feel about hydrogen?” at the start of the interaction, thus ensuring uniformity independent of facilitator, participant or event. A token is given to each participant, of which the color is chosen by the facilitator according to the following schedule. A red token signifies that the recipient has expressed a negative opinion, such as ‘scary’, ‘explosions’ or ‘Hindenburg’. A yellow token is handed to those who say things analogous to ‘don’t know’, ‘no idea’, ‘not really sure’. Despite being asked for their feeling, participants often offer up facts about hydrogen such as ‘it’s part of water’, and these would be given a yellow token also. A green token is for those with a positive feeling, using words such as ‘great’ or ‘hydrogen is the future’. Welsh-speaking facilitators are trained in English but are fully bilingual and we are therefore not concerned that the message is changed by translation.
Assessing Impact
To assess the impact of The Hydrogen Bike on the opinion of hydrogen, a token-based emoticon feedback system was employed. Each participant is asked upon arrival to the stand about their perception of hydrogen using an unbiased “initial-question” to ascertain a baseline:
“How do you feel about hydrogen?”
Facilitators on the stand have a training session, so there is uniformity in the question. Subsequently each participant is given a circular plastic token, as illustrated in Figure 5, the color of which is dependent on their response. The color of the token should be chosen by the facilitator within the first few seconds of the interaction, based on the ‘gut-reaction’ of the participants and the information given in the facilitator’s training session described the previous section. A three point scale was chosen so that the token allocation is quick, so as not to distract from the wider demonstration. The participant holds onto their token throughout the demonstration.
[image: Figure 5]FIGURE 5 | Tokens given to participants before The Hydrogen Bike demonstration, as part of the initial interaction. Typically, a Hydrogen Bike team member begins each interaction by asking the question: “How do you feel about hydrogen?” Red tokens correspond to negative responses, whereas green tokens signify a positive opinion. Yellow tokens are given to participants who offer no opinion on hydrogen.
The nature of science fairs means discussions can be between a demonstrator and a single participant, or groups of up to approximately 12. With multiple demonstrators on the stand, multiple discussions may be happening in parallel. In order to avoid potential participants joining an existing discussion an effort is made to have enough facilitators available that facilitators can identify and approach potential participants quickly to ensure that these participants are given the demonstration from the beginning. However, at busy events, individuals do join existing discussions as not enough facilitators are available. However, these individuals do not receive a token and are therefore not included in the data collection, preventing feedback being given by those who have not had their baseline opinion taken. Only those asked the initial question will be in possession of a token.
Following the demonstration, the participant is asked a second question:
“How do you feel about a hydrogen powered future?”
The question is said verbally by a facilitator to the group, as well as being written above the emoticons on the feedback collection tubes. To answer this question, individually the participants place their token in one of five tubes, each labeled by a different emoticon, depicted in Figure 2. Participants who are not asked the initial question are not in possession of a token, so are not included in the dataset. Participants who walk away from the demonstration before being asked the second question do not deposit their token in a tube, and also aren’t included in the dataset. The placement of the token in a tube concludes the participant’s interaction with The Hydrogen Bike.
The verbalization of the feedback question and other discussions was combined with the use of tokens and emoticons to facilitate the participation in an inclusive and efficient manner, while ensuring that the collection of data did not adversely affect the ability of The Hydrogen Bike team to deliver the demonstration. The use of a single, simple question is aimed to maximize the rate of audience feedback by requiring minimal participant input. The question is phrased in a manner chosen to avoid biasing a listener’s response; it would be inappropriate to offer the question, “Is hydrogen power the future?”, as this wording introduces a subtle positive bias that could jeopardize the reliability of the assessment. Indeed, the dropping of tokens into tubes labeled with an emoticon were employed as a further strategy to avoid biasing the results of the feedback: by allowing respondents to indicate their final opinion in this way, rather than via an interaction with a member of The Hydrogen Bike team, the process minimizes the possibility of a false response resulting from a team member’s expectation of a positive result. The five color coded faces, ranging from “very happy” to “very sad”, allows even young participants to quickly identify which option corresponds to their present opinion. This procedure is similar to the Faces Pain Scale, which was developed for children to be able to consistently self-assess pain (Bieri et al., 1990), and a technique employed when requiring instantaneous customer feedback on the quality of a service such as in airports. The use of emoticons to record participant feedback also corresponds to the widespread adoption of emoticons in text-based communication. (Kaye et al., 2017).
Participants
The Hydrogen Bike demonstration has been conducted across the United Kingdom since 2016. The described feedback system was employed over seven events between July 2018 and March 2019. The participants were self-selecting and nearly 4,700 participants took part in the activity and gave their feedback according to the method described above.
The Eisteddfod, Swansea Science Festival, and Big Bang Fair (Saturday only) were events aimed at families with school age children. The Big Bang Fair (weekdays) and Your Green Future were aimed at school age children as an extra-curricular school outing. Wales on Wheels and Swansea Clean Air Show relied on passing public interest in a public space. The Low Carbon Heating Forum had a very different demographic, namely business professionals who work on gas and hot water distribution networks at a local and national level.
The data for each event are presented separately, alongside keywords describing the broad demographics of the attendees. The short interaction time meant collecting demographic data from participants was not appropriate.
RESULTS
Table 1 presents the datasets from each individual event. The allocation of each color of token, and the emoticon to which they are returned, are given in percentages. The proportion of people with an initial positive perception of hydrogen varied between events. Swansea Science Festival was aimed at families with school age children, attendance is free, but likely to be attended by families with an interest in extra-circular science. The lowest take-up of green tokens was from this event at 9%. The highest allocation of green tokens, 81%, was at the Low Carbon Heating forum, attended by adults who work in the heating and hot water industry.
TABLE 1 | These seven events were attended by The Hydrogen Bike with one to three keywords describing the assumed demographics of the attendees of the events. In response to the two questions about the participants’ feelings towards hydrogen, the percentage of each colour of token allocated and where those tokens were returned is listed. :)) :) :| :( and :(( represent the dark green, light green, yellow, orange and red faces on the tubes in Figure 2 respectively. Full data available in the Supplementary Table S1.
[image: Table 1]There is a general trend toward a more positive feeling about hydrogen after an interaction with The Hydrogen Bike, with every event having more tokens returned to the most positive emoticon than green tokens given out. It’s worth noting here, that not all green tokens are returned to positive emoticon; some are returned to either the neutral or negative emoticons. This is shown in Figure 6, and discussed more fully later.
[image: Figure 6]FIGURE 6 | A total of 4,673 participants’ opinions were recorded. The color of the segments in the first bar corresponds to the color of the token issued to a participant, red, yellow or green. The color of the segments in the second bar indicates where the participant left their token, according to how they felt about a hydrogen powered future, ranging from dark green indicating very positive to red indicating very negative.
Over 65% of the data below comes from The Big Bang Fair in 2019. The Big Bang Fair, aimed at secondary school children, is over four days, and attracts visitors from all over the United Kingdom. Over the first three days, Wednesday to Friday, the majority of attendees are secondary school students (11–16) brought as a year or school group by teachers, and the final day, Saturday, is mostly families bringing their 11–16 year old children. Attendance is free, but the event is held in an exhibition center on the outskirts on Birmingham, central England. Participants attend from across the United Kingdom but as this involves significant travel for most participants it’s assumed that most families or teachers attending want to increase their children’s/students’ participation in STEM activities. In total the Big Bang Festival 2019 was attended by 80,000 visitors2, of which 3,055 (∼3.8%) answered both questions about their feelings toward hydrogen. 11% of participants attending during the weekdays expressed opinions that allocated them a green token, but the majority (80%) were allocated a yellow token. In contrast, on Saturday 29% of participants expressed an opinion that allocated them a green token. This might be because of the increased average age of the participants and therefore, the possibility that they had had more exposure to the concept of hydrogen. At the end of the demonstration 62% of respondents during the weekdays indicated they felt very positive about a hydrogen powered future, lower than on Saturday where 76% of respondents were very positive. This is possibly due to facilitators working with smaller, family groups, on the family day where groups were no more than five people on average, compared to groups of up to 12 individuals on the school days. The smaller groups on the family day, gave the opportunity for a more tailored discussion with a facilitator, which may have contributed to the stronger positive feeling shown at the end of the interaction.
Compiling data from the seven events, Figure 6, illustrates how many of each token was handed out and where those tokens were placed in answer to the second question. Of the 4,673 participants in the study, 73% of participants were judged by facilitators to have no initial opinion on hydrogen (yellow token), while 19% had a positive opinion (green token) and the remainder (8%) perceived hydrogen negatively (red token). The second series of Figure 6 shows the distribution of the tokens into the five emoticon categories, where the color of each segment corresponds to the color of the emoticon. The majority of participants felt positive about a hydrogen powered future at the end of the demonstration: by this final stage of the feedback process, 90% of participants self-reported a positive view (indicated by placing their token in either of the tubes labeled with a green smiley face), with 7% recording a neutral view (indicated by placing their token in the tube labeled with a yellow face with a neutral expression) and 3% placed their token in tubes labeled with either the red or orange sad face).
Figure 7 displays the distribution of which color tokens went into each of the five emoticon categories in response to the feedback question. The color of the segment corresponds to the color of the token given to a participant at the start of the demonstration. 73% of people were given a yellow token. People considered by the facilitators to have no initial opinion on hydrogen typically returned their tokens to either of the two collection tubes marked with green smiley faces after their participation: within this group 88% of participants reported feeling positive about hydrogen as an energy vector after taking part. After the demonstration 9% of people with no initial opinion remained neutral and the remaining 3% developed a negative stance. Therefore, 91% of those initially with no strong feelings or knowledge about hydrogen indicated they were able to form an opinion after interacting with The Hydrogen Bike. Bellaby and Clark (2014) found that adults and students who visited a hydrogen research and demonstration center were better informed after the visit; “Following the visit, on average people of every age knew more about hydrogen energy than they did beforehand” (p. 15,131). So, it is possible that the participants in the Hydrogen Bike demonstration were able to change their opinion of hydrogen as a fuel of the future as a result of their gain in information. However, we can’t meaningfully equate returned tokens to long-term opinion change, as The Hydrogen Bike does not have the scope to follow-up with participants.
[image: Figure 7]FIGURE 7 | Bar chart of participant feelings on hydrogen following The Hydrogen Bike demonstration. There were five different tubes to place a token at the end of demonstration, each marked with an emoticon. The color of the bar denotes the color of the token the participant was issued at the start of the demonstration.
Positive impact was also observed in the group containing people who were initially negative about hydrogen (8% of all participants): by the end of the demonstration, 88% of these participants felt positively about hydrogen, with more than 70% of the group selecting the most positive category. This is consistent with the findings from (Bellaby and Clark, 2014) who found that secondary school students and adults who visited a hydrogen research and demonstration center were “reassured by what they saw at the Centre” (p. 15,130) re: the safety of hydrogen and its potential as a future fuel. Twenty five people with an initially negative view, or 7% of the group issued a red token, did not have their opinions altered by the demonstration, while 6% of the group shifted to a more neutral standpoint.
DISCUSSION
Systematic Error of Data Collection
One must address possible errors that may have arisen during collection of the data. Members of The Hydrogen Bike team reported instances of perceived “false readings” from the public, including young participants mistakenly believing that they should “color match” their token by placing it into the feedback tube marked by an emoticon of the same color. To serve as a rudimentary estimate of the error resulting from this erroneous usage of the feedback system, it is to be assumed that respondents who were initially favourable toward hydrogen were unlikely to alter to a negative or neutral opinion following their participation; from this assumption it follows that such responses may be rationalized as an incorrect feedback submission, and a similar percentage error may subsequently be assumed for the recipients of red or yellow tokens. Of the 901 people who initially responded positively to the prospect of a hydrogen powered future, 17 submitted a neutral response at the end of the presentation, with a further 17 indicating that they had correspondingly developed a negative opinion. These 34 votes account for less than 4% of the green tokens taken, and less than 1% of interactions overall; accordingly, one estimates an error of approximately 4% in the total error in the accumulated responses.
While evidence of systematic error during The Hydrogen Bike demonstration is predominantly anecdotal in nature, it is notable that no green tokens were submitted to negative or neutral feedback tubes at three of the seven events attended; indeed, changes in an initially positive perception of hydrogen were measured only at the largest three events, namely the National Eisteddfod 2018, the Swansea Science Festival 2018, and the Big Bang Fair 2019. A possible explanation for this outcome is that the three festivals attracted a high number of families containing children younger than six years of age. Despite these children not being asked the initial question and not being allocated a token by facilitators, a tiny fraction of these young attendees were given the token allocated to another participant, and loaded the token into the feedback tubes. We believe this fraction to be insignificant, nevertheless contributed to the feedback study. Other reported instances of such misuse include the placement of tokens in the feedback tubes of equivalent color, while other respondents were observed to base their selections on the likelihood of a hydrogen powered future, rather than on their own opinion of whether such a circumstance would be desirable.
This method of collecting feedback has the limitation that participants may apply some interpretation to the two questions, or the unintentionally answer questions other than those asked. The questions are designed to be neutral and not leading, and deliberately don’t ask for an opinion on the quality of the stall or the facilitators. However, we acknowledge that although the same questions are always asked, they might not be the questioned answered, particularly the post-activity question. It’s possible that some participants are reporting a positive feeling after enjoying the activity, or enjoying the science fair in general.
There was a slight difference in wording between the pre- and post-activity questions. This difference reduces confidence when interpreting results and establishing the extent to which The Hydrogen Bike actually influenced respondents' opinions about "a hydrogen-powered future".
It’s outside of the scope of this activity to capture data about the long term impact the Hydrogen Bike has on a participants’ opinion on the use of hydrogen as an energy carrier.
FUTURE ADJUSTMENTS
As an additional precaution to prevent bias in the feedback assessment, future events are likely to adopt opaque tubes to hide the tokens of past respondents from future participants. In this way, it may be ensured that the responses of new respondents are not biased by the views of those who participated previously. For the purpose of allowing both The Hydrogen Bike team members and past respondents to view the cumulative results, it may be preferable to include a measure to display the tokens within the tubes at the team’s discretion, such as by making the tubes transparent on one side.
To ensure that the baseline established pre-activity can be related to the post-activity responses, it’s recommended that the same question is asked pre- and post-activity.
CONCLUSION
The Hydrogen Bike project was designed with an aim to positively sway public perception concerning the use of hydrogen to store energy from renewable sources, and to demonstrate a novel method of measuring changes in public opinion following their participation in STEMM outreach activities. After interacting with The Hydrogen Bike, overall self-reporting of negative opinions toward hydrogen decreased from 8% to 3%, while neutral viewpoints decreased tenfold from 72% to 7%; correspondingly, the proportion of respondents reporting positive opinions on hydrogen as an energy vector increased from 20% to 90% as a consequence of their participation. Overall, 92% of participants who took a red or yellow token returned their token to a tube marked with a green smiling face.
By issuing colored tokens to participants based on their perception of hydrogen, followed by the return of those tokens into emoticon-labelled tubes at the culmination of the display, The Hydrogen Bike team were able to collect opinions before and after participation. Our data collection was a simple, quick and intuitive method that is applicable to many outreach activities.
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