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This study investigated impacts of intensive, short-term participation as a science outreach presenter on attitudes towards science and interest in lifelong learning about science. Participants included high school and university students who volunteered to assist as presenters over 1 week when Science Caravan—an extensive science outreach program in Thailand, run by the National Science Museum—visited their locality. This study employed mixed methods over two phases. Phase One involved three questionnaires. Two questionnaires were administered to current presenters (N = 690), pre-presenting (before training) and immediately post-presenting at 12 locations of the Science Caravan tour in 2017–2018. A third questionnaire collected data from previous, alumni presenters (n = 726). Phase Two involved interviews with current presenters (n = 19) and alumni presenters (n = 19). While presenters already had positive attitudes towards science, the brief but intensive experience of being a Science Caravan presenter enhanced science attitudes in four scales—with more positive attitudes about Self-concept in science, Value of science to society, and Future participation in science, and decreased Anxiety about science presenting. Participation had a greater impact of reducing anxiety in female presenters compared to male presenters. The experience of presenting with Science Caravan led to the development of more positive attitudes towards science and increased interest in lifelong learning activities regarding science, including presenters’ interest in science-related education. The increased interest in lifelong learning activities was correlated with positive attitudes about and self-efficacy in science. This study provides evidence that a short-term, intensive experience of science outreach can lead to increases in positive attitudes towards science and lifelong learning.
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INTRODUCTION
The utilization of scientific knowledge and technology facilitates life in the workplace, offers healthier and longer lives, and provides more convenient lifestyles (Triyarat, 2017). Understanding scientific knowledge and engaging with science can improve science literacy. Kawamoto et al. (2013) suggested that improving scientific literacy in modern society is relevant for determining scientific policies that support national development. Negative attitudes about studying science are of concern to governments around the world (Venville et al., 2013), and research has endeavored to find ways to increase students’ positive attitudes towards science (Kind et al., 2007). It is important to increase interest in lifelong learning in science (Cobern, 2015). The development of effective science education is a notable strategy used to promote scientific literacy (Chalamwong and Pomlakthong, 2004).
Lifelong learning is defined as “all learning activities … undertaken throughout life, with the aim of improving knowledge, skills, and competence within a personal, civic, social, and/or employment-related perspective” (European Commission, 2001, p. 9). According to Tuijnman and Boström’s (2002) review, lifelong learning has several features, which may be different from other education approaches: (1) such learning is based on learners’ needs; (2) self-directed learning is central to individual learning throughout life; and (3) such learning can take place in a variety of settings. In this sense, lifelong learning is not confined to structured, institutional settings such as schools, libraries, museums, science centers, and zoos, but can include daily experiences at home, at play, from travel, reading magazines, surfing the internet, watching television, etc. (Longnecker, 2016). Therefore, many efforts towards bridging the gap of an individual’s learning between formal and informal contexts reflect an awareness of lifelong learning approaches in society (Rajala et al., 2016). For example, Jones et al.’s (2017) study found that experiences derived from engaging in science-related hobbies, events, and leisure activities, which mostly began in childhood, influenced people’s lifelong science learning interest.
From the perspective of learners, encountering science information in a wide range of contexts outside school settings—both structured and unstructured—can influence attitudes and abilities (Lin and Schunn, 2016). In the context of both structured and free-choice learning environments, Longnecker (2016) noted that an individual’s engagement with and use of new information is influenced by the individual’s identity, a construct that comprises values, beliefs, attitudes, prior understanding, and skills. This model is consistent with findings of Kouthouris and Spontis (2005) who asked 329 university students in the United States about their intention to participate in outdoor activities. Their results indicated that students’ intentions to participate in the activities were significantly predicted by perceived behavioral control, role identity, and attitudes toward participation. Engaging in learning environments where learners are self-directed and intrinsically motivated to discover and explore for themselves can improve their perceived value of particular, domain-specific knowledge (Kong et al., 2014). Moreover, participating in science-based activities can influence students’ attitudes towards science. Gibson and Chase (2002) showed a longitudinal impact of an inquiry-based, hands-on science program, when attitudes towards science became more positive. These findings align with those of studies where there have been positive impacts on students’ interest in science and thus an eagerness to learn science by using science-based activities (Laursen et al., 2007).
It is apparent that many factors influence science attitudes, and these attitudes in turn affect science learning. Previous research has found strong links between contributing to science outreach and positive attitudes towards science (Larsen, 1994; Toolin, 2003). This study fills a gap related to short-term science outreach programs, that participation as volunteers might encourage positive attitudes towards science, which could in turn contribute to lifelong science learning behaviors. Analyses of attitudes towards science from such programs will help predict whether and how students will engage with science later in life and in their careers. Furthermore, improving understanding of how factors influence attitudes towards science can enable teachers, counsellors, and outreach organizers to enhance student achievement.
Focus of This Study
This study focuses on a short-term science outreach program—the Science Caravan, an initiative run by the National Science Museum (NSM), Thailand—and is guided by these research questions:
1) Does presenting in a short-term outreach program change presenters’ attitudes towards science? If so, how?
2) Does presenting in a short-term outreach program influence lifelong learning interest and behavior of volunteer outreach presenters?
Theoretical Framework
This study was informed by the Theory of Planned Behavior and self-efficacy. Both constructs are described below.
The Theory of Planned Behavior
The Theory of Planned Behavior (Ajzen, 1991) is used for predicting behavior in many various contexts (Ajzen and Driver, 1992). The Theory of Planned Behavior states that an individual’s intention can predict the possibility of engaging in action, and that this intention is influenced by attitude towards the behavior, subjective norm, and perceived behavioral control. In other words, individuals have beliefs regarding their ability, knowledge, and skills to perform the behavior, beliefs about what others think, and beliefs about whether they have sufficient resources and opportunity. According to the Theory of Planned Behavior, the more favorable the attitude and subjective norm concerning a behavior, and the higher the perceived behavioral control, the more likely a person will be to perform the behavior (Ajzen, 1985). However, internal and external factors can interfere with performing intended behavior (Ajzen, 1985). For example, to carry out the behavior of visiting a science museum on weekends, learners may require not only positive attitudes towards science and self-efficacy in science but also resources (time and money). One important external factor is support (Longnecker, 2016); in the example of visiting a science museum, children in particular would need family support and transport.
Self-Efficacy
Self-efficacy is described as “people’s judgments of their capabilities to organise and execute courses of action required to attain designated types of performances” (Bandura, 1986, p. 94). Bandura (1986) found that individuals with the same level of ability can master the same task at different levels of performance. Individuals with higher self-efficacy are more likely to have higher performance than those with lower self-efficacy (Frey, 2018). In different contexts, an individual can perform at a different level of achievement if that individual perceives a different level of self-efficacy. As such, learners are more likely to carry out a behavior if they have a high level of self-efficacy. Self-efficacy also influences outcome expectations; individuals who judge themselves with higher efficacy will expect more positive performance outcomes (Bandura, 1986). For example, a student who is confident in their ability in science may anticipate positive achievements (Lent et al., 2008).
METHODS
The case study context is described before detailing the research methods, including the participants, data collection methods, and analyses.
Case Study Context: NSM Science Caravan
This study focused on Science Caravan, an outreach program of the NSM Thailand. To serve Thai youth across the country, Science Caravan was initiated in 2006 to promote public awareness of science and technology and inspiration about science in Thai students in rural and regional communities. Another aim is to encourage skills development regarding creativity, critical thinking, problem-solving, and science process skills. Science Caravan is a large-scale science outreach program, bringing 60–80 science exhibits (Figure 1), and hands-on activities, science shows, two science labs, a mobile planetarium, and professional teacher training to communities in at least 20 Thai provinces each year. Over more than 10 years, about 8,000 volunteer presenters have facilitated and encouraged approximately 1,000,000 visitors to be actively involved in science activities.
[image: Figure 1]FIGURE 1 | A typical setting of the exhibition space of Science Caravan being prepared for opening to visitors.
The Science Caravan has developed a program for volunteer presenters and works with local communities to offer an opportunity at each venue for 60–70 local high school or undergraduate students who assist Science Caravan as presenters. Since basic science knowledge is a requirement for presenters, most presenters are recruited from undergraduate students studying science majors or high school students studying in the science stream.
A Science Caravan trip starts on a Saturday morning, with transportation to the target location. On Sundays and Mondays, while Science Caravan is being set up, 60–70 local presenters receive 2 days of training from NSM staff in essential science communication, natural science, and critical thinking in relation to solving common problems that arise at Science Caravan. During the science communication training, presenters develop their skills and are explicitly told of their value to the Science Caravan program by inspiring visitors about science. After receiving training, each presenter is assigned to a specific exhibit or activity, which they are responsible for from 8.00 a.m. to 4.30 p.m., Tuesday to Friday; they receive mentorship by NSM staff. After finishing the activities each day, presenters are given feedback about their performance and told about plans for the next day. After 4.30 p.m. on Friday afternoon, there is a debrief for presenters while Science Caravan is disassembled in preparation for moving to the next location.
This paper reports one part of results from a research project examining the impact of intensive contribution as a presenter in a short-term (6-day) program in an informal science learning environment (Sripaoraya, 2020). For this paper, a case study approach with mixed methods was adopted and comprised two phases. Phase One used a convergent parallel design to examine both research questions. Data were gathered using questionnaires administered to current and alumni presenters. Phase Two involved in-depth interviews investigating how contributing as a presenter influenced attitudes towards science and lifelong learning behavior. Phase Two used explanatory sequential design (Guest, 2013), in which the quantitative data set in Phase One provided information for further data collection involving follow-up telephone interviews and qualitative analysis. The research design provided triangulation since two sources—current and alumni presenters—provided quantitative and qualitative data, which were collected separately and then merged for analysis. This research was approved by the Human Research Ethics Committee of the University of Otago, New Zealand (Reference 17/116). The following sub-sections provide summaries of participants, survey instruments, the interviews, and data analyses.
Participants
There were two groups of participants recruited for this study: current presenters with the Science Caravan and alumni presenters. Current presenters included those at each of the 12 venues of one 2017–2018 Science Caravan tour. Approximately 60 high school students (16+ years old) or undergraduate students who volunteered to be presenters were invited to complete two surveys, and were asked for consent to be interviewed. The pre-presenting survey was administered on the morning of the first day of training, before training began (n = 764), and the post-presenting survey after presenters had finished on day six (n = 723). A month after the Science Caravan tour had finished at each location, 19 recent presenters were invited for follow-up interviews (10 high school students and nine university students).
The second group of participants included alumni who had been presenters with Science Caravan between 2005 and 2017. This group allowed investigation of the longer-term impact of being presenters. The recruitment of alumni presenters was conducted via the social media platform Facebook คาราวานวิทยาศาตร์ page (Science Caravan) with 15,052 followers, and Enjoy Science Career page with 510 followers (the numbers of followers recorded on September 13, 2017). Invitations to participate in the survey, with a link to the online survey, were posted and advertised on the Facebook pages and resulted in 938 clicks on the survey link, with 726 (77.4%) completing the survey. Nineteen alumni presenters who had completed the survey were selected for follow-up interviews to investigate in-depth views of full-time workers and students at either the undergraduate or postgraduate level.
Survey Instruments
Three questionnaires were developed in English to explore the research questions:
•   Pre-presenting survey for current presenters before participation in science communication training;
•   Post-presenting survey for current presenters at the end of the final day of NSM Science Caravan; and
•   Alumni Survey as a retrospective survey of alumni presenters.
Each survey was divided into four parts, and translated and administered in Thai via QualtricsXM, a web-based survey platform. Each survey began with demographic questions, followed by questions related to self-efficacy in science knowledge, attitudes towards science, and lifelong learning behaviors. Lifelong learning behaviors consisted of seven items focusing on free-time activities associated with science, with items developed by the researchers, informed by Venville et al. (2013).
We predicted that participation as a presenter would result in changes in four attitude dimensions: (I) Future participation in science, (II) Value of science to society, (III) Self-concept about science, and (IV) Anxiety about science presenting. Twenty-four items were included in the questionnaire; they were adapted from three sources (Weinburgh and Steele, 2000; Kind et al., 2007; Hillman et al., 2016) and developed to suit the particular Thai context. The items consisted of positive and negative statements in order to confirm that respondents were paying attention; items with five-point Likert-type responses were used, ranging from strongly agree to strongly disagree.
Exploratory factor analysis was conducted using SPSS Version 24 to summarize the 24 items into smaller sets of dimensions or scales (Pallant, 2011). In this study, three sets of statements, namely, “attitude towards science” (Table 1), “self-efficacy in science” (Table 2), and “lifelong learning behavior about science” (Table 3), were extracted. The Oblimin rotation for post-presenting surveys is presented here, revealing four factors for “attitude towards science” (Table 1) and one factor for “self-efficacy in science” (Table 2). Varimax rotation identified one factor for “lifelong learning behavior about science” (Table 3).
TABLE 1 | Summary of rotated factor analysis loading results >0.35 for 24 items on attitude towards science in the post-presenting survey.
[image: Table 1]TABLE 2 | Summary of rotated factor analysis loading results >0.35 for 3 items on Self-efficacy in science in the post-presenting survey.
[image: Table 2]TABLE 3 | Summary of rotated factor analysis loading results >0.35 for 7 items on Lifelong learning about science in the post-presenting survey.
[image: Table 3]Cronbach’s alpha is widely used to measure reliability and provide a measure of internal consistency of a set of items where all the subset of items in the survey are intended to measure the same concept (Tavakol and Dennick, 2011). Cronbach’s alpha for all scales in each survey were acceptable, ranging from 0.73 to 0.89.
Interviews
All interviews were conducted between October 2017 and April 2018 by the first author. Each interview took approximately 15–30 min, and was recorded with permission. The interview questions were developed in English, with feedback from science communication researchers at the University of Otago, and then translated into Thai for Thai participants. The main questions probed attitudes towards science and science engagements to answer the research questions associated with participants’ experience with the Science Caravan program.
Data Analyses
Paired t-tests were used to compare the differences between pre-presenting and post-presenting scores on attitude scales. A two-way, between-groups analysis of variance was used to examine the impact on the scores of attitudes towards science of the intervention of presenting with Science Caravan, gender, and education level. Wilcoxon sign rank test was employed to analyze items for Lifelong learning about science and compare results for pre-presenting and post-presenting. Hierarchical multiple regression was used to assess the ability of the combined scales of science attitudes (Future participation in science, Value of science to society, self-concept in science, and Anxiety about science presenting) and the scale for self-efficacy in science knowledge to predict intentions for Lifelong learning about science, after controlling for the influence of gender and education level.
To explore the intervention in relation to longer-term impact, 678 alumni presenters who had contributed in different time frames between 2007 and 2017 were asked to rate their agreement with the 24 attitude items on a five-point Likert-type. There was no difference in responses in any of the four attitude scales of those who presented in different years, indicating that the perception of alumni presenters from each year is similar. Respondents had similar experiences while presenting with the Science Caravan program, irrespective of which year they participated and so further analysis pooled results from all alumni presenters.
A thematic analysis approach as described by O’Leary (2010) was used to analyze 38 transcripts from interviews in order to interpret meaning in speech. Coding schemes were developed based on the research questions, and meaning was extracted from a sentence, paragraph, and message, and then similar meanings were grouped into codes (Kvale and Brinkmann, 2009; Daniel and Harland, 2018). The coding scheme was examined in English by all authors, using three translated transcripts. Experts recommend that the minimum acceptable inter-coder agreement is 80% (McHugh, 2012). Fleiss’ kappa, a measure of inter-coder agreement, was also calculated to determine the level of agreement between two or more coders (Fleiss et al., 2003; Laerd Statistics, 2019). In this study, the value of kappa, κ = 0.904 (95% CI, 0.898 to 0.910), p < 0.001, showed that there was very consistent agreement between the coders (McHugh, 2012). Once intercoder reliability was determined to be adequate, the first author coded the remaining transcripts in Thai.
RESULTS AND DISCUSSION
In this section, we first present and discuss findings for changes in attitudes towards science after presenting. This is followed by findings on interest in lifelong learning and whether attitudes and self-efficacy can predict lifelong learning. In these sections, we first consider findings for current presenters and, second, those for alumni presenters. There is a discussion of study limitations. We present conclusions and implications of the findings for future work.
Changes in Attitudes About Science After Presenting
Current Presenters
Current presenters were asked their level of agreement with each statement on the 24 items of attitude scales before and after participation in the program. Paired-sample t-tests revealed the significant impact of presenting for all four subscales of the attitude scales (Table 4). Current presenters reported that they had increased Self-concept in science after their Science Caravan experience, indicating that the experience of presenting enabled self-perception of increased competence in science. Presenting with the Science Caravan offered opportunities to learn and acquire mastery through experience.
TABLE 4 | Current presenters’ attitudes towards science before and after presenting on 5-point, Likert-type scaled items, tested with paired sample t-test for the mean scores of current presenters (n = 690).
[image: Table 4]All of the high school students who presented were already studying science and most undergraduate students who presented were studying in STEM areas. As such, it was surprising that the scores for the pre-presenting “Future participation in science” scale were not as high as expected. This might be because two out of the four items in the scale relate to a specific career—“I would like to be a scientist” and “I would like to be a science teacher”. Excluding these two items, the scores were higher for pre-presenting = 3.77 and post-presenting = 4.02. Moreover, the perceived difficulty of science (Osborne et al., 2003) after taking some courses might be a factor in decisions not to continue to study science in the future. However, in the post-presenting, the current presenters reported increased positive intentions about participating in science in the future. This is consistent with answers from in-depth interviews that being a presenter confirmed the feeling about existing academic or career plans. For example,
I already liked science. Working in Science Caravan re-affirmed my feeling, it was right for me. Science is fun; therefore, I will study in science in the future.
[Current presenter, male, undergraduate]
We thought there might have been a ceiling effect for the Value of science to society scale, which had the highest mean score of all scales, both pre-presenting and post-presenting. Current presenters already had a highly positive attitude about the value of science before presenting at Science Caravan. This is consistent with a previous study which found positive public opinions in Thailand about science and technology (National Statistics Office of Thailand, 2008). Nonetheless, there was a significant, if small increase in positive attitudes about the Value of science to society after presenting.
It is interesting that, on average, current presenters “neither agree nor disagree” (mean = 3.08) on the Anxiety about science presenting scale in the pre-presenting survey (Table 4). This might be because they had no experience regarding those items, for example, “It makes me anxious about how I will deal with questions from students”. However, after their presenting experiences, respondents reported decreased Anxiety about science presenting in post-presenting. This indicates that the experience of presenting helped to reduce science anxiety when faced with a situation of explaining science to others. This is consistent with answers from in-depth interviews in that the value of feedback from NSM staff and visitors is likely to help reduce anxiety. For example,
At that time, a former director of [XXX] School, came in when I was about to pack up. He asked me a lot of questions. I answered him based on my knowledge while James (NSM staff) was there. He admired that I could solve specific problems well, making me feel good.
[Current presenter, female, undergraduate]
Although current presenters reported that they had less Anxiety about science presenting after their Science Caravan experience, the scores still indicated some Anxiety about science presenting. In interviews, some presenters explained that they felt they had insufficient knowledge regarding the exhibits. They reported that lack of sufficient knowledge made them feel nervous and anxious about explaining and answering questions from visitors. For example, a current presenter (male, high school student) said, “Sometimes I got questions when I did not have enough information, and I was afraid to give a wrong explanation.” A female high school student said “I was afraid that I could not explain to [visitors] well enough to make them understand, and answer the questions.”
The anxiety of some presenters was exacerbated when they were asked questions by teachers, especially some that were very challenging. Anecdotal observations by the first author indicated that some teachers appeared to aim to show off their own knowledge to presenters or their students. This is not surprising given the context of a predominately didactic education system where teachers are expected to be the masters (Tatar and Horenczyk, 2000). Comments from two female current presenters were that: “Teachers asked me about in-depth details” (undergraduate student) and “Some teachers made me anxious” (high school student).
The current presenters experienced the feeling of being a significant person by providing an exciting science experience, as well as inspiring visitors about science, especially young school children who were the majority of visitors. The program provided an opportunity for presenters to obtain encouragement from visitors’ positive feedback.
Attitudes can be developed from three elements—cognitive information, affective information, and behavioral information (Zanna and Rempel, 2008). The unique experience of presenting with the Science Caravan provided most presenters with a largely positive experience of explaining science to audiences, related to both affect and behavior. As a result, their attitudes towards science were more positive after presenting. As Olson and Zanna (1993) pointed out, a new affective experience can be a powerful source of influence, particularly for affect-based attitudes.
Alumni Presenters
Alumni presenters’ responses showed the greatest effect of presenting for the scales Self-concept in science (Figure 2A) and the Value of science to society (Figure 2C), with approximately 80% of respondents reporting positive impact of their previous participation. Retrospective reporting of changes in Future participation in science showed a smaller change (Figure 2B). However, a still high 70% of respondents reported that their feeling about a continued future participation in science areas was much or a little improved, while 24% of respondents felt it was about the same after presenting.
[image: Figure 2]FIGURE 2 | Alumni presenters’ retrospective rating (percentage; n = 678) of how being a presenter had impacted their attitudes towards science in four scales: Self-concept in science (A); Future participation in science (B); Value of science to society (C); and Anxiety about science presenting (D).
Even though half of the respondents reported that they had less Anxiety about science presenting, this scale had the smallest percentage change when compared to the other three scales (Figure 2D). A quarter of respondents rated “about the same” in anxiety about science presenting and approximately a quarter felt increased anxiety. These results were consistent with the results from the current presenters that their anxiety about science presenting still existed after the 6 days of their experience with the program.
Alumni comments in the end of the survey indicated that participants valued their experience as a presenter. For example: “It was worthwhile being a presenter” [Alumni presenter, female], and “I was so proud and happy working with the Science Caravan” [Alumni presenter, male].
Changes in Female and Male Participants’ Attitudes Towards Science
There was a significant interaction between gender and the presenting intervention in relation to Anxiety about science presenting (Table 5). While being presenters resulted in reports of lower levels of Anxiety about science presenting for both male and female students, there was a greater effect for female presenters who had a less negative attitude on the Anxiety about science presenting scale after their experience (Figure 3). The 6 days of experience presenting with the Science Caravan had a larger impact for female presenters than their male counterparts in fostering self-confidence in science presentation and reducing their anxiety about science presenting.
TABLE 5 | Results of a two-way ANOVA with regard to gender of current presenters (n = 690).
[image: Table 5][image: Figure 3]FIGURE 3 | Current female and male presenter responses on four attitude scales before (A) and after (B) presenting. Higher scores indicate more favorable attitudes towards science with the exception of the science anxiety in presenting scale, where higher scores indicate more science anxiety. Independent sample t-tests were conducted to detect significant differences. N.B.: *p < 0.05, **p < 0.01.
There were significant main effects of gender and of presenting for Future participation in science, but no interaction effect (Table 5). There was no significant difference in this scale between men and women before their involvement as a program presenter; however, after contributing as a program presenter, women had more positive response in Future participation in science than men, t (688) = 2.26, p < 0.05.
Alumni male presenters reported a higher Self-concept in science than female presenters and both reported higher Self-concept in science (4.1–4.2) than did current presenters post-presenting (3.7–3.8). In the long-term period, there was no significant difference between male and female alumni presenters in their attitudes about science for the other three attitude scales.
Increased Interest in Lifelong Learning Activities After Presenting
Current Presenters
After presenting, there was a significant increase in current presenters’ interest in most of the listed science-related activities in their free time, z = 8.78, p < 0.001, d = 0.76 (Figure 4). Among science-related activities, “Browsing updated science news” showed the highest increase in respondents’ interest.
[image: Figure 4]FIGURE 4 | Current presenters’ interest in lifelong learning, assessed by response to “I am interested in these activities” from pre-presenting and post-presenting questionnaires (high school students, n = 380 combined with undergraduate science majors, n = 223). N.B.: *p < 0.05, **p < 0.01, ***p < 0.001.
In contrast, there was a decrease on intention to Visit science museum, science center, zoo and Watching science documentary or TV show, z = 2.32, p < 0.05, d = 0.19. Given presenters had just spent an intensive week in a travelling science center, it could be their interest was sated and their focus shifted to different activities. It is interesting to note that presenters studying with a science major changed their preferences for obtaining science knowledge. They were more likely to favor active learning seeking science knowledge that is of interest to them rather than passive learning, receiving information by watching science documentaries and TV shows, or visiting science museums. Although their interest in these activities significantly decreased, over 80% of respondents rated these items highly in both the pre-presenting and post-presenting surveys.
Alumni Presenters
In contrast to current presenters, over 90% of alumni presenters reported increases in their interest to Visit science museum, science center, zoo (Figure 5). In addition, over 75% of respondents agreed that they were more interested in all of the listed lifelong learning activities. Almost half of respondents agreed that presenting increased their inclination for spare time activities related to science, indicating that many respondents expected to maintain interest in ongoing engagement with science-related activities.
[image: Figure 5]FIGURE 5 | Alumni presenters’ views on impact of presenting on their interest in lifelong learning activities in science.
Qualitative Findings for Both Groups
The qualitative findings are consistent with the quantitative results, which provide clear evidence that participation in presenting enhanced interest in science-related activities for both current and alumni presenters. For example, one current presenter said:
In my free time, I liked to watch movies. After being a presenter, I am more curious. It changed me from watching movies to watching documentaries about science instead. I already liked to watch documentaries about animals. Being a presenter inspired me to learn more. [I] got more curious about science.
[Current presenter, female, undergraduate]
Furthermore, results from alumni presenters confirmed that they were still interested in the science-related activities up to 10 years after their experience of presenting. For example:
I am interested in many leisure activities. If speaking of science-related activities, I like to read research articles about physics on websites and follow up all about science and technology updates. Because I love to know about the advancement of technology, and I want to update my knowledge.
[Alumni presenter, male, undergraduate]
The quotes above indicate that presenters maintain lifelong learning behaviors related to science. The results support Hidi and Renninger (2006), that people engage with an object of their interest after interaction between the person and relevant content. According to Hidi and Renninger (2006), interest is “a motivational variable that refers to a psychological state of engaging or the predisposition to reengage with particular classes of objects, events, or ideas over time” (p. 112). People have their interest triggered when experience catches their attention (Renninger and Bachrach, 2015). One explanation may be that the positive, novel experience of being a presenter triggered their interest in science-related activities. In addition, the new experience with positive feelings enhanced presenters’ self-concept in science. There is a feedback loop as positive feelings can influence the development of interest, and interest shapes self-concept (Hannover, 1998 cited in; Wender, 2004).
Attitudes towards Science and Self-Efficacy as Predictors of Lifelong Learning Behavior
As discussed earlier, the Theory of Planned Behavior (Ajzen, 1991) states that an individual’s intention is a predictor of engaging in a behavior, and that this intention is influenced by attitudes towards the behavior, subjective norm, and perceived behavioral control. According to Ajzen (2002), the concept of perceived behavioral control aligns with the notion of self-efficacy. It was predicted that two influencing constructs would be impacted by the presenting experiences: Attitudes towards science and Self-efficacy in science knowledge. Hierarchical multiple regression used these two constructs, gender and education level as variables to predict the impact of contribution as a presenter on behaviors related to Lifelong learning about science.
Current Presenters
In the pre-presenting survey, Attitudes towards science, as measured in this study’s scales, made the strongest unique contribution to explaining intention for Lifelong learning about science with current presenters, demonstrated by hierarchical multiple regression (Figure 6). The relationship was positive; those having positive feelings in Attitudes towards science and Self-efficacy in science knowledge while being presenters were more likely to intend to practice lifelong learning behaviors related to science. Gender and education level were entered at step 1, explaining 0.4% of the variance in Lifelong learning behavior about science. After entry of the Attitudes towards science, and Self-efficacy in science knowledge at step 2, the total variance explained by the model as a whole was 28%, F(4,678) = 66.17, p < 0.001. The two constructs explained an additional 27.7% of the variance in Lifelong learning about science, after controlling for gender and education level [R2 change = 0.28, F change (2,678) = 130.51, p < 0.001]. In the final model, two constructs were statistically significant, with Attitudes towards science being a better predictor (beta = 0.47, p < 0.001) than Self-efficacy in science knowledge (beta = 0.12, p = 0.001).
[image: Figure 6]FIGURE 6 | Results of current presenters’ hierarchical regression analyses with interest in lifelong learning activities about science as criterion variables (n = 684).
In the post-presenting survey, hierarchical multiple regression of results from current presenters revealed similar results to those pre-presenting (see Figure 6). The proposed model yields two significant variables explaining 32% of variance of Lifelong learning about science [F(4,677) = 79.39, p < 0.001]. Again, attitudes towards science was the strongest predictor (beta = 0.36, p < 0.001), followed by Self-efficacy in science knowledge (beta = 0.30, p < 0.001). In the post-presenting results, Self-efficacy in science knowledge was a stronger predictor than in the pre-presenting results. This suggests that increase of positive Self-efficacy in science knowledge after presenting added to the ability of this construct to predict behavioral intention towards lifelong learning in science.
Alumni Presenters
Alumni presenters’ experiences of presenting had long-term impacts on their self-reported actual lifelong learning behavior (see Figure 7). The proposed model yields three significant predictors explaining 38% of the variance of lifelong learning behavior scores [F(4,671) = 103.55, p < 0.001]. Attitudes towards science was the strongest predictor (beta = 0.47, p < 0.001) followed by Self-efficacy in science knowledge (beta = 0.25, p < 0.001). Education level was a third, weak predictor, unlike in the model for current presenters, where no significant effect of education level on prediction was found. The direction of the relationship suggests that having more positive feelings regarding Attitudes towards science, Self-efficacy in science knowledge, and lower education level (younger age) as a presenter significantly contributed to intentions towards lifelong learning behaviors.
[image: Figure 7]FIGURE 7 | Alumni presenters’ hierarchical regression analyses with lifelong learning behaviors regarding science as criterion variables (n = 678).
Attitudes towards science form from integration of experiences with various aspects of science (Gardner, 1975; Bennett, 2003). Attitudes one holds as a result of these experiences may influence subsequent decisions and behaviors (Bennett, 2003). People have their interest triggered when an experience focuses their attention (Renninger and Bachrach, 2015). One possible explanation of increased interest in lifelong learning behavior noted by presenters in Science Caravan was the development of interest from positive feelings. Interest shapes self-concept (Hannover, 1998, cited in Wender, 2004). The results from alumni presenters support findings of Hidi and Renninger (2006) that interaction with particular content sparks students’ engagment with an object of interest.
Study Limitations
This study had several limitations. Firstly, the findings are based on self-reports. Secondly, while all current presenters responded to the surveys (100% response rate), only 726 out of 8,000 alumni presenters completed the alumni survey (9.1%), indicating the potential for sample bias in responses of alumni presenters. Because there was no contact list of alumni presenters, it was impossible to contact them more directly. Facebook pages: คาราวานวิทยาศาสตร์ (Science Caravan), and Enjoy Science Career page were the primary avenues to reach alumni presenters and recruit participants. It seems likely that alumni presenters following these pages hold more favorable opinions about the Science Caravan program. These alumni presenters may have been more diligent in maintaining contact with the program and staff, and more receptive to responding to a survey about the program. This is an important consideration in determining potential bias (Sickler and Johnson, 2009), as are the characteristics of non-respondents (Robson, 2011).
Further indication of a biased sample of alumni presenters is that unlike current presenters, all alumni presenters who responded to the survey were involved in science studies or careers. Therefore, a long-term impact of participating in Science Caravan on presenters who had not been studying science could not be examined in this study. There was no negative feedback about the program obtained from respondents. While there was no evidence to indicate that the non-responding alumni had more negative perspectives, a conservative view would assume that the overall impact on all alumni presenters may not be as strong as the results reported in this study. Nonetheless, response from current presenters included non-science students who reported positive impacts of presenting.
CONCLUSION
There are many studies about attitudes of audience members after outreach programs or visiting an informal setting environment (Mamlok-Naaman et al., 2005; Luehmann, 2009; Salmi et al., 2016; Yawson et al., 2016; Vennix et al., 2018). Research investigating presenters’ attitudes through participation in outreach activities is more limited (Larsen, 1994; Ferry, 1995; Toolin, 2003). This paper reports impacts of participation as a presenter in Science Caravan on attitudes to science and behavioral intentions for lifelong learning.
Both current and alumni presenters at Science Caravan reported positive impacts of their participation as presenters on their attitudes towards science. Attitudes were measured using four scales: Future participation in science, Self-concept in science, Value of science to society, and Anxiety about science presenting. Results of the pre-presenting surveys demonstrate that current presenters already possessed positive attitudes towards science. These findings are consistent with the results from previous surveys that have shown that many in Thailand are knowledgeable and positive about the importance of science and technology, even if they make a decision not to study science or take on scientific careers (National Statistics Office of Thailand, 2008; Yuenyong and Narjaikaew, 2009). Nevertheless, the brief experience of being Science Caravan presenters had positive effects in all four scales of science attitudes. This demonstrates that an intensive 6-day outreach experience can increase positive attitudes towards science.
Changes in behavioral intentions related to lifelong learning were investigated in this study. When asked about their interest in daily spare-time activities related to science, current presenters agreed that they were more interested in many activities related to lifelong learning after the 6-day program. Results from alumni presenters confirmed that they still felt more interested in the science-related lifelong learning activities years after presenting, providing evidence of an actual change in behavior, albeit self-reported and retrospective.
The results of this study demonstrate the value of using the Theory of Planned Behavior to explore science outreach. Attitudes towards science and self-efficacy were measured in this research. In this study, students were more likely to choose to continue to engage in science-related activities in their spare time when they reported feeling competent and having positive attitudes towards science. There is a positive relationship between attitudes towards science, self-efficacy and interest, and these lead to choosing science-related activities in lifelong learning. Future research could examine the effect of the subjective norm as another important factor that influences behavioral intention in the Science Caravan context.
This study provides evidence of a positive relationship between attitudes towards science and interest in spare-time science activities. The development of positive attitudes towards science can motivate students’ interest in science education and science-related careers (Crawley and Coe, 1990; Norwich and Duncan, 1990). Interest is a psychological construct that can be used to predict an intention to participate in science-related activities in the future (Ainley and Ainley, 2011). We suggest that an increase of students’ interest and participation in science activities in their spare time can lead to an increase of intended lifelong learning behavior about science. Several studies have found that interest is an important factor for choices of education and occupations in STEM areas (Venville et al., 2010; Bøe, 2012; Venville et al., 2013). This study revealed that presenters’ experience with Science Caravan provided a valuable experience that helped them to develop interest related to science. Furthermore, this study revealed that presenters’ positive attitudes towards science could be developed by a short-term, intensive experience as a presenter.
Implications and Future Research
The outreach learning atmosphere and experience was perceived positively by volunteer presenters. We suggest that educators, teachers, and schools should consider adding presentation and science outreach activities to their curriculum. In particular, activities with an out-of-school experiential learning element could be especially valuable supplements to curriculum for science students and pre-service teachers. The activities should enable performance and mastery of experience for the students, focusing on the understanding and application of science, connecting to the curriculum and daily life.
Findings from this study support the value of involvement of science undergraduate students in the delivery of public engagement activities. This aligns with findings of Mackay et al. (2020); as public engagement should be the business of all scientists, this approach would help to ensure that more budding scientists are adequately prepared to engage with the public about science using diverse and effective techniques. In order to ensure that science communication training and practice is offered to trainee scientists, we recommend that informal science learning institutes and universities cooperate to develop and offer programs in this area to their students.
Future research could determine the proportion of presenters continuing study in science-related disciplines in higher education. Although this study used surveys and interviews of alumni presenters to investigate the longer-term impact of the program, a longitudinal study was not within its scope. As mentioned above, the distribution of an online questionnaire survey to alumni presenters via Facebook is likely to have introduced sample bias. None of the non-science alumni presenters responded to the survey. A longitudinal design could examine the longer-term impact of contributing as a presenter with the Science Caravan program.
Research has pointed out that “attitudes toward science change with exposure to science, but that the direction of change may be related to the quality of that exposure” (Gogolin and Swartz, 1992, p. 500). This study offers evidence that there is a positive relationship between attitudes towards science and interest in science activities, indicating that Science Caravan provides quality exposure.
Many studies about outreach programs have shown that science outreach activities can positively influence visitors’ attitudes and motivation (Bell et al., 2009). Far fewer have examined impact on presenters. This report is a significant contribution in that respect. This study demonstrates that a short-term, intensive experience of presenting with Science Caravan provided a valuable experience that helped presenters develop more positive attitudes towards science and increased their intentions of future participation in lifelong learning about science.
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Self-concept in science 3.52 (0.46)
Future participation in science 3.43 (0.65)
Value of science to society 4.11 (052
Anxiety about science presenting 3.08(0.54)

Post-presenting

Mean (S

3.78 (0.51)
3.62 (0.68)
4.25 (0.52)
2.81(0.70)

)

15.58*
9.25"*
8.03
10.98"*

0.55
0.28
027
0.43

Higher scores indicate more positive attitudes towards science with a maximum score of 5. The exception is the Anxiety about science presenting scale, where lower scores indicate less

anxiety. N.B.:

0 < 0.001.

Yohen's d effect size: >0.2, small: >0.5, medium (Sawilowsky, 2009).
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Scale Item Factor loading

Lifelong learning about science Visiting science museum, science center, zoo 062
Watching science documentaries or TV show 077
Reading science articles 080
Browsing updated science news 083
Searching for science information that is interesting to you 0.83
Visiting website, Facebook, and blogs about science 081
Participating in science events or public lectures about science or related topics 076

Cronbach’s alpha 0.89
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